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Abstract

Purpose To compare the efficacy of two regimens of low

dose human chorionic gonadotropin (hCG) on follicular

response and oocyte maturation in women with polycystic

ovarian syndrome (PCOS).

Methods Ninety women with PCOS who underwent

assisted reproduction were eligible for this controlled,

prospective, randomized study. Our trial was performed at

Royan Institute Reproductive Research Center over a

24-month period. Ovarian stimulation in all groups was

initiated with recombinant FSH, 150 IU daily. The dose

and duration of FSH treatment were adjusted by monitor-

ing follicular development with ultrasound and estradiol

levels. Patients were randomized using a block randomi-

zation technique which assigned them to three groups:

group A (control group) continued r-FSH until oocyte

retrieval. In group B, 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 initiated. In group C, r-FSH

was discontinued and low dose hCG (200 IU/day) was

begun when the lead follicle reached 14 mm in mean

diameter. The main outcome measure was follicular

response and oocyte maturation.

Results As compared to the FSH only group, groups

which were given low dose hCG had lower gonadotropin

consumption and fewer immature oocytes than the control

group. No women in the low dose hCG groups developed

severe ovarian hyper-stimulation syndrome. Fertilization,

implantation and pregnancy rates were similar in the three

groups.

Conclusions A combination of FSH and low dose hCG

improved oocyte maturity and preserved outcomes with

improved safety and lowered cost.

Keywords Low dose hCG � Polycystic ovarian

syndrome � Follicular response � Oocyte maturation

Introduction

Women with polycystic ovary syndrome (PCOS) have

more FSH-sensitive antral follicles in their cohort com-

pared with eumenorrheic women [1]. Therefore, they often

have multi-follicular development during ovarian stimula-

tion and they are at risk for ovarian hyper-stimulation

syndrome (OHSS) or multiple pregnancy.

Controversy exists as to the best approach for ovarian

stimulation with IVF treatments in PCOS patients. The

goal is to obtain good follicular response with sufficient

mature oocytes while avoiding the risk of OHSS. One

approach [2–6] adds low dose human chorionic gonado-

tropin (hCG) in the late follicular phase. Theoretically,

substituting LH for FSH in the late follicular phase would

permit the more mature follicles to continue to develop

while the less mature follicles would undergo atresia due to

insufficient FSH stimulation [7]. It is because the more
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mature follicles have acquired the capacity to respond to

LH while the less mature ones have not.

Low dose hCG has a longer half-life and lower cost

compared with recombinant FSH or LH. In addition, full

development of large follicles [2, 4, 6, 8], adequate ovarian

hormonal levels [4, 9], oocyte maturation [9], avoidance of

premature LH surge [4, 9], and increased pregnancy rates

have been demonstrated by the addition of low dose hCG

in late folliculogenesis [9].

We undertook this study because there is no general

agreement about the ideal amount of exogenous LH or low

dose hCG needed for ovarian stimulation particularly in

PCOS patients. We hypothesized that the substitution of

hCG for r-FSH during controlled ovarian stimulation in

infertile women with PCOS would reduce 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.

The objective of this prospective randomized clinical

trial was to evaluate the effectiveness of two regimens of

low dose hCG on follicular response and oocyte maturation

in PCOS women undergoing IVF cycles and compare them

with r-FSH alone.

Materials and methods

This controlled, prospective, randomized clinical trial was

performed at Royan Institute Reproductive Research Cen-

ter over a 24-month period from January 2006 to December

2008. Ninety PCOS patients who met all of the following

inclusion criteria were randomly assigned into one of three

treatment groups (Fig. 1). Participants attended clinic visits

at the time of randomization (third day baseline), on the

day of commencement of gonadotropin stimulation, every

other day from the day of ovarian stimulation until the

day of pre-ovulatory hCG administration, on the day of

ovulation triggering and were subsequently followed until

clinical pregnancy.

Eligibility criteria for inclusion were

1. PCOS diagnosis by Rotterdam criteria [10] of which a

minimum of the following two criteria were used for

approving the PCOS diagnosis: oligo- or anovulation,

clinical or biochemical hyperandrogenism, polycystic

ovaries;

2. normal uterine cavity and patent tubes by hysterosal-

pingogram, laparoscopy or hysteroscopy;

3. normal semen analysis according to WHO criteria

[11].

Patients with previous IVF or ICSI cycles or patients

who received gonadotropins for ovarian stimulation during

the three previous months were also not eligible for study

participation.

The trial was performed in accordance with the Decla-

ration of Helsinki and subsequent revisions and approved

by the Ethics Committee at Royan Institute Research

Center. Written informed consents were obtained before

entering into the study.

Based on 0.8 power to detect a significant difference

(p = 0.05, two-sided), 30 patients were required for each

study group.

Patients were randomized by block randomization

technique which assigned them to three groups: group A

(rFSH alone, 150 IU daily), group B (rFSH ? 100 IU

hCG), and group C (rFSH ? 200 IU hCG) (Fig. 2). The

blocks were generated by using a permuted block design.

The block lengths were 6. Patients remained on the same

allocation throughout the duration of the study. A com-

puterized random number sequence was generated by the

statistician. Each possible permuted block was assigned a

number. Using each number in the random number

sequence in turn selected the next block, determining the

next six participant allocations. Numbers in the random

number sequence greater than the number of permuted

block combinations were not used to select blocks. The

physician responsible for patient visits allocated the next

available number upon entry into the trial (in the PCOS

clinic or the ultrasound department).

Outcome assessors including laboratory technicians and

data analysts were blinded to group assignment.

Stimulation protocol for all the patients was according to

the standard long protocol [12]. Gonadotropin stimulation

commenced 14 days following subcutaneous GnRH ago-

nist injection with recombinant FSH (Gonal F, Serono,

Switzerland), 150 IU daily. The dose and duration of FSH

treatment were adjusted by monitoring follicular develop-

ment with ultrasound and estradiol levels. The maximum

FSH dose was 225 IU/day. The goal of ovarian stimulation

was to achieve an average of two ovarian follicles with a

mean diameter of C17 mm on the day of hCG

administration.

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 2–3 follicles with a mean

diameter of C17 mm were achieved.

In group C, ovarian stimulation with r-FSH was dis-

continued and low dose hCG (200 IU/day) was adminis-

tered when the lead follicle reached 14 mm in mean

diameter and continued until at least 2–3 follicles with a

mean diameter of C17 mm were achieved.

For all women in all groups, if the follicle mean diam-

eter failed to grow sufficiently after 2 weeks of ovarian

stimulation, monitoring was stopped and the cycle was
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canceled. Furthermore, patients who had no embryos for

transfer did not continue their treatments.

In all groups, gonadotropin stimulation was continued

until 2–3 follicles with sizes C17 mm were achieved.

Then, 10,000 IU of hCG (Choriomon, IBSA, Switzerland)

was administered and oocyte retrieval was performed

34–36 h later. All oocyte retrievals were performed by a

skilled gynecologist through follicles with a size more than

12 mm.

After ICSI procedure, normal fertilization was con-

firmed when two distinct pronuclei were present, 16–18 h

later. The cleaved embryos with good quality were trans-

ferred 2–3 days later (grade A, B, or AB, with 4–6 blas-

tomeres on day 2, or 6–8 blastomeres on day 3). Embryo

quality was assessed according to morphology, cleavage

stage, and fragmentation rate [13]. Good quality spare

embryos were frozen.

Luteal-phase support was provided with vaginal pro-

gesterone (Aburaihan Co., Tehran, Iran), 400 mg twice a

day until the day of b-HCG assay. If patients had a positive

b-HCG, then progesterone was continued until 10 weeks of

gestation.

The primary endpoint was the mean for immature

oocytes in PCOS patients. In the current study, we tested

the hypothesis that low dose hCG supplementation in the

late follicular phase can decrease less mature follicles in

addition to less mature oocytes in PCOS women. Medi-

cation consumption, OHSS, clinical pregnancy and multi-

ple pregnancy rates were the secondary outcomes.

In our ICSI cycles, cumulus-enclosed oocytes were

treated with 0.1% hyaluronidase, and the cumulus cells

were mechanically removed by pipetting. Oocyte matura-

tion stage and morphology were assessed under an inverted

microscope at 4009 magnification. Oocytes were classified

as follows: (a) metaphase II oocyte (mature oocyte) which

was characterized by the presence of the first polar body

and a light colored ooplasm with fine homogeneous gran-

ularity; (b) metaphase I oocyte, characterized by the

 
 
 
 
 
 

 
 

 
 
 
 
 
 
 

Not meeting inclusion 
criteria (n= 11) 

Refused to participate 
 (n= 9) 

Group A  
(30 allocated to receive 

150 IU rFSH alone) 
30 received allocated intervention 

Analyzed (n= 24) 
6 excluded from analysis 

because of cycle cancellation  

Reasons: (Insufficient follicle 
growth) 

90 patients 
randomly allocated 

Group B 
(30 allocated to receive 

75 IU rFSH + 100 IU hCG) 
30 received allocated intervention 

0 lost to follow-up 

Analyzed (n= 27) 
3 excluded from analysis because 

of cycle cancellation  

Reasons: [Insufficient follicle 
growth (n=2), No embryo (n=1)] 

110 participants 
accessed for eligibility 

Group C  
(30 allocated to receive 

200 IU hCG & discontinued FSH) 
30 received allocated intervention 

0 lost to follow-up 0 lost to follow-up 

Analyzed (n= 27) 
3 excluded from analysis because 

of cycle cancellation  

Reasons: [Insufficient follicle 
growth (n=1), No embryo (n=2)] 

Fig. 1 Flow diagram of

patients invited to participate in

the research, number of subjects

who declined to participate,

randomization process, and

number of patients in each

group that began ovarian

stimulation
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absence of both the germinal vesicle and the first polar

body, round and even in form; and (c) prophase I oocyte

which was characterized by its distinct germinal vesicle

and refractile nucleolus, irregular shape, darkened center

and coarse granular ooplasm. Oocytes were classified

according to Veeck [14].

A detailed history and physical evaluation, along with

pelvic ultrasound and laboratory analysis for OHSS, was

performed for all patients who presented with abdominal

pain. Patients with respiratory distress or clinical abdomi-

nal ascites with hemoconcentration (hematocrit [ 15) were

considered to have severe OHSS [15].

The fertilization rate was defined as the ratio of the

number of embryos formed relative to the number of

oocytes injected. The implantation rate was defined as the

number of gestational sacs visualized by transvaginal pel-

vic ultrasound relative to the number of embryos trans-

ferred. Clinical pregnancy was defined as a positive

pregnancy test followed by the presence of a gestational

sac visualized by transvaginal ultrasound 4 weeks after

transfer. The pregnancy rate was calculated by dividing the

number of clinical pregnancies detected by the number of

transfers performed (clinical pregnancy/transfer).

Monitoring and hormone assays

All patients were initially monitored by vaginal ultrasound

(Aloka, a10, Japan) on the third day of menses and on the

day of commencement of gonadotropin stimulation. From

the day of ovarian stimulation until the day of pre-ovula-

tory hCG administration, ultrasound assessments were

repeated at least every 1–2 days for all patients.

Day 3 serum levels of FSH, LH, estradiol (E2), pro-

gesterone (P) and testosterone (T) were determined in all

patients (first sample). Blood samples were also obtained

on the day of ovulation triggering and pre-ovulatory hCG

injection (second sample).

Statistical analysis was performed using the Statistical

Packages for Social Sciences version 13.0 (SPSS Inc., IL).

Normality of distribution of continuous variables was

assessed with the Kolmogorov–Smirnov test. Between-

group differences of normally distributed continuous vari-

ables were assessed with parametric statistics, analysis of

variance (one-way ANOVA), whereas non-parametric

statistics (Kruskal–Wallis H test) were used when the data

were not normally distributed. We adjusted for multiple

comparisons using Bonferroni and Tukey’s procedures.

The Kruskal–Wallis non-parametric test, followed by the

Mann–Whitney test when there was a significant differ-

ence, was used for data that were not normally distributed.

Significant differences were evaluated by the Chi-square

test to compare the non-continuous variables. The data

were expressed as mean ± standard error of mean (SE)

unless otherwise specified. Statistical significancy was set

at p values \ 0.05.

Results

The baseline patient characteristics for the three treatment

groups are shown in Table 1. There were no statistically

Fig. 2 Treatment plans in the three study groups
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significant differences in age, body mass index (BMI),

duration of infertility, or basal hormonal assessments,

except for LH levels.

Hormonal measurements were repeated on the day of

ovulation triggering (Table 2). Our results showed higher

serum FSH levels in group B (rFSH ? 100 IU hCG)

compared with group C (rFSH ? 200 IU hCG; p = 0.012).

Testosterone level was significantly higher in group C

(rFSH ? 200 IU hCG) compared to group A (p = 0.004).

The clinical results of three treatments are shown in

Table 3. The total number of immature oocytes was sig-

nificantly higher in group A than group B (p = 0.044). The

total dosage of rFSH used was also significantly higher in

the control group (group A) than the low dose hCG groups

(p \ 0.001). However, there were no statistically signifi-

cant differences in stimulation day, total number of MII

oocytes retrieved, total number of oocytes retrieved and

number of embryos transferred. The number of large

(diameter [ 14 mm), and medium (diameter = 10–14 mm)

follicles were also similar among groups on the day of hCG

administration for ovulation induction.

The fertilization, implantation, pregnancy and multiple

pregnancy rates were comparable among groups. Four

patients of group A showed severe OHSS; however, there

was no severe OHSS in the other groups (groups B and C;

p = 0.019; Table 4).

Discussion

The advantages of using 100 or 200 IU hCG in normal

ovulatory patients were pioneered almost a decade ago by

Filicori et al. [2–4, 16]. Several studies also demonstrated

the benefits of using LH in controlled ovarian stimulation,

especially in the final stages of follicular maturation

[17–21]. Low dose hCG, like LH, selectively binds to LH

receptors and has the same actions as LH itself. In the

present study, we assessed the effect of two low dose hCG

regimens on folliculogenesis and cycle outcome in PCOS

patients.

The baseline characteristics, except for LH levels, were

similar among PCOS patients in the three groups. All

patients used oral contraceptive pills 1 month before

ovarian stimulation for modulating the baseline endocrine

measures such as FSH and LH levels. Therefore, the LH

levels were similar at the time of gonadotropin initiation

despite the different LH levels at the baseline assessment.

Our results showed that replacement of rFSH with low

dose hCG (100 or 200 IU, daily) stimulated follicle growth

and estradiol production to levels comparable with those of

patients who continued to receive rFSH alone. Although

group B (100 IU hCG) showed higher serum FSH levels

than group C (200 IU hCG), the similar E2 level and

number of large pre-ovulatory follicles could be the rea-

sons for similar folliculogenesis in low dose hCG groups.

In other words, the combination of FSH and low dose hCG

(100 IU) has similar folliculogenesis when compared with

low dose hCG alone (200 IU).

Nevertheless, we found lower immature oocytes in

group B patients who received a combination of FSH and

low dose hCG compared with those of patients who con-

tinued to receive rFSH alone. The granulosa cell commu-

nication in cumulus oophorus is critical to maintain the

oocyte in the dictyate stage of meiosis until ovulation [22].

The disruption of this communication could be responsible

for abnormal oocyte maturation. It seems that adding low

dose hCG in the late follicular phase to the FSH regimen

has a positive impact on oocyte maturation.

In the present study, we designed stopping or lowering

FSH administration in the study groups to evaluate the

efficacy of two low dose hCG protocols on follicle growth.

Our findings illustrated statistically significant reduction in

Table 1 Comparison of baseline characteristics of PCOS patients in the three treatment groups

Group A (rFSH),

n = 27

Group B (rFSH ? 100 IU hCG),

n = 27

Group C (rFSH ? 200 IU hCG),

n = 24

p value

Age (years) 29.5 ± 0.64 28.5 ± 0.74 29.4 ± 0.81 0.549a

BMI (kg/m2) 27.5 ± 0.81 27.8 ± 0.99 27.7 ± 0.89 0.974

Infertility duration (years) 9.2 ± 0.78 8.3 ± 0.88 7 ± 0.76 0.175a

Day 3 FSH (IU/l) 5.11 ± 0.52 5.6 ± 0.33 6.6 ± 0.77 0.152

Day 3 LH (IU/l) 5.6 ± 0.85* 10.3 ± 1.64* 6.7 ± 1.06 0.047

Day 3 E2 (pg/ml) 43.07 ± 5.77 77.2 ± 26.11 73.8 ± 14.89 0.201

Day 3 P (ng/ml) 0.44 ± 0.10 0.26 ± 0.04 0.29 ± 0.05 0.408

Day 3 T (ng/ml) 0.53 ± 0.04 0.53 ± 0.05 0.66 ± 0.09 0.541

Values are mean ± SE

* Significant statistical differences between two groups
a One-way ANOVA test. The other variables were assessed by Kruskal–Wallis test
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the total dose of recombinant FSH which was required for

ovarian stimulation in low dose hCG treatment groups

(groups B and C), when compared to group A. Although

this was our protocol, however, patients benefited from

lower FSH consumption which leads to lowered cost and

increased safety for them. Previous studies also observed a

significant decline in the FSH consumption in COH with

concomitant administration of LH or hCG [3, 23, 24]. The

addition of LH has been reported to heighten ovarian

response to FSH [16, 25, 26]. Since a high dose of FSH has

Table 2 Hormonal levels of PCOS patients on hCG day (the day of ovulation triggering) in the three treatment groups

Group A (rFSH), n = 27 Group B (rFSH ? 100 IU hCG), n = 27 Group C (rFSH ? 200 IU hCG), n = 24 p valuea

FSH (IU/l) 5.32 ± 0.56 7.3 ± 1.17* 3.8 ± 0.66* 0.012

LH (IU/l) 0.7 ± 0.14 1.3 ± 0.27 1.02 ± 0.22 0.122

E2 (pg/ml) 1501.8 ± 159.9 1664.6 ± 211.4 1903.8 ± 315.5 0.937

P (ng/ml) 0.42 ± 0.05 0.56 ± 0.11 1.13 ± 0.48 0.907

T (ng/ml) 0.58 ± 0.04* 0.8 ± 0.07 0.97 ± 0.12* 0.037

Values are mean ± SE

* Significant statistical differences between two groups
a Kruskal–Wallis test

Table 3 Clinical characteristics of PCOS patients in the three treatment groups

Group A (rFSH),

n = 27

Group B (rFSH ? 100 IU hCG),

n = 27

Group C (rFSH ? 200 IU hCG),

n = 24

p value

Stimulation duration (days) 11.3 ± 0.43 10.9 ± 0.36 11.3 ± 0.48 0.791a

Total rFSH consumptionb 20.6 ± 1.04 17.04 ± 0.83 15.7 ± 1.24 \0.001

MII oocytes retrieved 5.9 ± 0.73 8.5 ± 0.98 6.6 ± 1.07 0.134

Immature oocytes 7.8 ± 1.37* 3.7 ± 0.85* 4.8 ± 1.11 0.044

Total number of oocytes retrieved 13.7 ± 1.66 12.3 ± 1.38 11.5 ± 1.71 0.574

No. of embryos formed 8.4 ± 1.22 6 ± 0.7 6.5 ± 1.2 0.313

No. of embryos transferred 2.8 ± 0.16 2.6 ± 0.12 2.2 ± 0.2 0.081

No. of embryos cryopreserved 3.1 ± 0.98 1.07 ± 0.53 1.7 ± 0.8 0.162a

No. of medium growing follicles on

hCG day

7.6 ± 1.68 7.6 ± 1.16 5.62 ± 1.31 0.209

No. of large growing follicles on hCG

day

14 ± 1.64 13.7 ± 1.68 12.4 ± 1.3 0.782

Endometrial thickness on hCG day

(mm)

10.04 ± 0.4 9.6 ± 0.51 9.4 ± 0.35 0.597

Data are expressed as mean ± SE, otherwise it has mentioned

* Significant statistical differences between two groups
a One-way ANOVA test. The other variables were assessed by Kruskal–Wallis test
b Significant statistical differences between groups A and B, and group A and group C

Table 4 Cycle outcomes of PCOS patients in the three treatment groups

Group A (rFSH),

n = 27

Group B (rFSH ? 100 IU hCG),

n = 27

Group C (rFSH ? 200 IU hCG),

n = 24

p valuea

Fertilization rate, n (%) 202/346 (58.4) 155/287 (54) 145/250 (58) 0.494

Implantation rate, n (%) 24/75 (32) 16/69 (23.2) 14/53 (26.4) 0.487

Clinical pregnancy rate/ET, n (%) 14/27 (51.9) 13/27 (48.1) 13/24 (54.2) 0.910

Multiple pregnancy rates, n (%) 4/27 (14.8) 2/27 (7.4) 1/24 (4.2) 0.389

Severe OHSS, n (%) 4/27 (14.8) 0/27 (0) 0/24 (0) 0.019*

* Significant statistical difference
a Chi-square test
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been associated with severe OHSS and multiple gestations,

the lower FSH exposure reduced adverse outcomes [27].

Thus, a combination of FSH and low dose hCG preserved

outcomes with improved safety and lowered cost.

The number of MII oocytes generated by the three

ovarian stimulation protocols was similar in this study

(Table 3). This finding was similar to Filicori et al. [3]

who reported a similar number of mature oocytes that

developed in both the conventional protocol and low dose

hCG regimen. Our results also showed comparable fer-

tilization rates among the three groups of patients. Similar

pregnancy rates in PCOS women who received low dose

hCG in the late proliferative phase and those treated with

standard GnRH agonist protocol also gives credibility to

this alternate approach for PCOS patients undergoing IVF

cycles.

PCOS patients are at increased risk for OHSS due to a

high cohort of antral follicles. Our results showed no severe

OHSS in the two regimens of low dose hCG. This is similar

to those reported by other researchers [2, 28] who found no

OHSS with the use of low dose hCG. Kyono et al. [23]

have also shown a lower incidence of OHSS in the low

dose hCG group. It seems that low dose hCG or LH results

in lower vasopressin and less vascular endothelial growth

factor (VEGF) produced by granulosa cells in superovu-

lated patients [29, 30]. The lower concentration of VEGF

minimizes the increase in vascular permeability that leads

to OHSS [28]. However, since we did not measure this

factor in our study, additional investigation is needed.

Patients with higher numbers of small or intermediate

follicles are predisposed to the development of OHSS.

These patients need high doses of FSH for follicular

growth. By lowering or stopping FSH administration, the

small or intermediate follicles did not grow and go to

atresia. Therefore, although there were no significant dif-

ferences between follicle sizes among the three groups,

lowering or stopping FSH administration in the low dose

hCG groups leaded to low OHSS in these patients.

HCG has a longer half-life and thus is at least six times

more potent than LH [30]. There is a concern for premature

follicular luteinization with the low dose hCG administra-

tion. However, we could not find any pre-ovulatory pro-

gesterone levels of 2.0 ng/ml or greater in any of the groups.

We found a higher pre-ovulatory serum level of T in

patients who received 200 IU low-dose hCG (group C)

compared with group A. This could have been related to

the effect of hCG upon theca cell production of androgens.

Significant correlation between the amount of LH activity

administered and serum testosterone levels has previously

been demonstrated [31]. The increase in androgen levels in

the low dose hCG groups may also be due to decreasing

FSH concentration and inability of the small follicles to

aromatize androgens to estrogen.

In conclusion, daily low dose hCG supplementation in

the late follicular phase (100 or 200 IU/day) can improve

folliculogenesis and oocyte maturation in PCOS women. In

addition, low dose hCG is less expensive compared with

recombinant FSH. Therefore, this regimen can be more

cost-effective than the FSH alone regimen.

Acknowledgments The authors gratefully thank all the couples

who participated in the study and the co-workers of the Royan

Institute of Infertility and Reproductive Health, which would have

been impossible without their contributions.

Conflict of interest We declare that we have no conflict of interest

in this study.

References

1. Van Der Meer M, Hompes PG, De Boer JA, Schats R, Schoe-

maker J (1998) Cohort size rather than follicle-stimulating hor-

mone threshold level determines ovarian sensitivity in polycystic

ovary syndrome. J Clin Endocrinol Metab 83:423–426

2. Filicori M, Cognigni GE, Tabarelli C, Pocognoli P, Taraborrelli

S, Spettoli D, Ciampaglia W (2002) Stimulation and growth of

antral ovarian follicles by selective LH activity administration in

women. J Clin Endocrinol Metab 87:1156–1161

3. Filicori M, Cognigni GE, Taraborrelli S, Parmegiani L, Bernardi

S, Ciampaglia W (2002) Intracytoplasmic sperm injection preg-

nancy after low-dose human chorionic gonadotropin alone to

support ovarian folliculogenesis. Fertil Steril 78:414–416

4. Filicori M, Cognigni GE, Gamberini E, Parmegiani L, Troilo E,

Roset B (2005) Efficacy of low-dose human chorionic gonado-

tropin alone to complete controlled ovarian stimulation. Fertil

Steril 84:394–401

5. Lee KL, Couchman GM, Walmer DK (2005) Successful pregnan-

cies in patients with estrogenic anovulation after low-dose human

chorionic gonadotropin therapy alone following hMG for controlled

ovarian hyperstimulation. J Assist Reprod Genet 22:37–40

6. 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. J Clin Endocrinol

Metab 84:228–232

7. Zeleznik AJ, Hillier SG (1984) The role of gonadotropins in the

selection of the preovulatory follicle. Clin Obstet Gynecol 27:

927–940

8. Thompson KA, LaPolt PS, River J, Henderson G, Dahl KD,

Meldrum DR (1995) Gonadotropin requirements of the devel-

oping follicle. Fertil Steril 63:273–276

9. Branigan EF, Estes A (2005) Use of micro-dose human chorionic

gonadotropin (hCG) after clomiphene citrate (CC) to complete

folliculogenesis in previous CC-resistant anovulation. Am J

Obstet Gynecol 192:1890–1894. doi:10.1016/j.ajog.2005.02.072

10. The Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus

Workshop Group (2004) Revised 2003 consensus on diagnostic

criteria and long-term health risks related to polycystic ovary

syndrome. Fertil Steril 81:19–25

11. World Health Organization (2001) Laboratory manual of the

WHO for the examination of human semen and sperm-cervical

mucus interaction. Ann Ist Super Sanita 37:I–XII, 1–123

12. Madani T, Ashrafi M, Abadi AB, Kiani K (2009) Appropriate

timing of uterine cavity length measurement positively affects

Arch Gynecol Obstet (2011) 284:1431–1438 1437

123

http://dx.doi.org/10.1016/j.ajog.2005.02.072


assisted reproduction cycle outcome. Reprod Biomed Online

19:734–736

13. Baczkowski T, Kurzawa R, Glabowski W (2004) Methods of

embryo scoring in in vitro fertilization. Reprod Biol 4:5–22

14. Veeck LL (1992) Oocyte quality and assisted conception. Acta

Eur Fertil 23:275–288

15. Aboulghar MA, Mansour RT (2003) Ovarian hyperstimulation

syndrome: classifications and critical analysis of preventive

measures. Hum Reprod Update 9:275–289

16. Filicori M (1999) The role of luteinizing hormone in folliculo-

genesis and ovulation induction. Fertil Steril 71:405–414

17. The European and Israeli Study Group on Highly Purified

Menotropin versus Recombinant Follicle-Stimulating Hormone

(2002) Efficacy and safety of highly purified menotropin versus

recombinant follicle-stimulating hormone in in vitro fertilization/

intracytoplasmic sperm injection cycles: a randomized, compar-

ative trial. Fertil Steril 78:520–528

18. Agrawal R, Holmes J, Jacobs HS (2000) Follicle-stimulating

hormone or human menopausal gonadotropin for ovarian stimu-

lation in in vitro fertilization cycles: a meta-analysis. Fertil Steril

73:338–343

19. Kilani Z, Dakkak A, Ghunaim S, Cognigni GE, Tabarelli C,

Parmegiani L, Filicori M (2003) A prospective, randomized,

controlled trial comparing highly purified hMG with recombinant

FSH in women undergoing ICSI: ovarian response and clinical

outcomes. Hum Reprod 18:1194–1199

20. Ng EH, Lau EY, Yeung WS, Ho PC (2001) HMG is as good as

recombinant human FSH in terms of oocyte and embryo quality:

a prospective randomized trial. Hum Reprod 16:319–325

21. Zeleznik AJ (2001) Follicle selection in primates: ‘‘many are

called but few are chosen’’. Biol Reprod 65:655–659

22. Yoshimura Y, Wallach EE (1987) Studies of the mechanism(s) of

mammalian ovulation. Fertil Steril 47:22–34

23. Kyono K, Fuchinou K, Nakaj Y, Yag A, Sasaki K (2004) A

prospective randomized study of three ovulation induction pro-

tocols for IVF: GnRH agonist versus antagonist with and without

low dose hCG. Fertil Steril 82:S31

24. 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. Fertil

Steril 86:830–838

25. Commenges-Ducos M, Piault S, Papaxanthos A, Ribes C, Dallay

D, Commenges D (2002) Recombinant follicle-stimulating hor-

mone versus human menopausal gonadotropin in the late follic-

ular phase during ovarian hyperstimulation for in vitro

fertilization. Fertil Steril 78:1049–1054

26. Gordon UD, Harrison RF, Fawzy M, Hennelly B, Gordon AC

(2001) A randomized prospective assessor-blind evaluation of

luteinizing hormone dosage and in vitro fertilization outcome.

Fertil Steril 75:324–331

27. Mitwally MF, Casper RF (2004) Aromatase inhibition reduces

the dose of gonadotropin required for controlled ovarian hyper-

stimulation. J Soc Gynecol Invest 11:406–415. doi:10.1016/j.jsgi.

2004.03.006

28. Nargund G, Hutchison L, Scaramuzzi R, Campbell S (2007)

Low-dose HCG is useful in preventing OHSS in high-risk women

without adversely affecting the outcome of IVF cycles. Reprod

Biomed Online 14:682–685

29. Gomez R, Lima I, Simon C, Pellicer A (2004) Administration of

low-dose LH induces ovulation and prevents vascular hyperper-

meability and vascular endothelial growth factor expression in

superovulated rats. Reproduction 127:483–489. doi:10.1530/rep.

1.00129

30. Stokman PG, de Leeuw R, van den Wijngaard HA, Kloosterboer

HJ, Vemer HM, Sanders AL (1993) Human chorionic gonado-

tropin in commercial human menopausal gonadotropin prepara-

tions. Fertil Steril 60:175–178

31. Filicori M, Cognigni GE, Pocognoli P, Tabarelli C, Spettoli D,

Taraborrelli S, Ciampaglia W (2002) Modulation of folliculo-

genesis and steroidogenesis in women by graded menotropin

administration. Hum Reprod 17:2009–2015

1438 Arch Gynecol Obstet (2011) 284:1431–1438

123

http://dx.doi.org/10.1016/j.jsgi.2004.03.006
http://dx.doi.org/10.1016/j.jsgi.2004.03.006
http://dx.doi.org/10.1530/rep.1.00129
http://dx.doi.org/10.1530/rep.1.00129

	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
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Monitoring and hormone assays

	Results
	Discussion
	Acknowledgments
	References


