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Chapter I 

Introduction 



To date, multifollicular development is an integral part of ovarian stimulation in assisted 

conception cycles. Pharmaceutical preparations of human gonadotrophins play an important 

role to achieve this goal (1). In the late 1970s, human menopausal gonadotrophin (hMG) was 

the most widely used gonadotrophin for ovarian stimulation in assisted reproduction 

containing FSH and LH in a 1:1 ratio with urinary proteins. However, the often concurrent 

problem of premature luteinizing hormone (LH) surges and premature luteinizations, 

resulted in cancellations of many cycles. (2). This was efficiently overcome by reversible 

medical 'hypophysectomy', performed by gonadotrophin releasing hormone (GnRH) 

analogs, introduced in 1982. As a consequence, human chorionic gonadotrophin (hCG) was 

necessary to induce final follicular maturation and triggering of ovulation. Accordingly, in 

the 1980s, the use of gonadotrophins, gonadotrophin-releasing hormone (GnRH) agonists 

and human chorionic gonadotrophin (hCG) became a standard successful protocol for 

ovulation induction in assisted conception cycles. 

This standard protocol was challenged in the 1990s by the introduction of two important 

products: recombinant FSH and GnRH antagonists. 

The manufacture of human follicle stimulating hormone (FSH) by recombinant DNA 

technology made production independent of urine collection and guaranteed the availability 

of an almost pure FSH preparation (>99% free from urinary protein contaminants) with 

minimal batch to batch variation. The high purity and low immunogeneity allowed S.C 

administration (3). Despite proven efficacy of recombinant FSH (rFSH), its wide-spread use 

was hampered by its relatively high cost as compared with human menopausal 

gonadotrophins (4). Both effectiveness and cost are important to decide whether to prefer 

one drug over the other. We therefore systematically reviewed current evidence comparing 

clinical pregnancy rate achieved with recombinant versus urinary gonadotrophins (hMG, 

purified FSH, and highly purified FSH) in controlled ovarian hyperstimulation in women 

undergoing IVF/ICSI cycles. Although clinical pregnancy rate is important, other outcomes 

such as amount of gonadotrophins used, live birth rate, miscarriage rate, multiple pregnancy 

rate and incidence of ovarian hyperstimulation syndrome should also be considered. Based 

on these results, a cost effectiveness analysis between hMG and recFSH was conducted to 

estimate the cost of an ongoing pregnancy in an IVF/ ICSI cycle from a perspective of a 
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developing country like Egypt. The rationales to do this are the limitations in medical 

insurance and/ or government support for infertility treatment in Egypt and other developing 

countries. 

One important step in controlled ovarian hyperstimulation is final follicular maturation 

and triggering ovulation and for the last few decades urinary human chorionic gonadotrophin 

(hCG) has been used. Recombinant technology has allowed the production of two drugs that 

can be used for the same purpose i.e. to mimic the endogenous LH surge. However, to 

change practice, the recombinant drugs should at least be as effective as the currently used 

urinary hCG. 

The GnRH antagonists emerged as an alternative to GnRH agonists in preventing 

premature LH surges. In comparison with the GnRH agonists, the pharmacological 

mechanism by which GnRH antagonists suppress the release of gonadotrophins is 

completely different. (5). While the agonists act on chronic administration through down-

regulation of receptors and desensitisation of the gonadotrophic cells, the antagonists bind 

competitively to the receptors and thereby prevent the endogenous GnRH from exerting its 

stimulatory effects on the pituitary cells. The competitive blockade of the receptors leads to 

an immediate arrest of gonadotrophin secretion (6). This mechanism of action is dependent 

on the equilibrium between endogenous GnRH and the applied antagonist. Because of this, 

the antagonistic effect is highly dose-dependent in contrast with the GnRH agonists (7). The 

efficacy and safety of GnRH antagonists was demonstrated in a number of studies (8-10). 

In addition, GnRH antagonists for controlled ovarian hyperstimulation in assisted 

conception reduced the amount of gonadotrophin needed for stimulation , lowered the risk 

for developing severe OHSS and avoided estrogen deprivation symptoms (e.g. hot flushes, 

sleep disturbances, headache) as frequently observed in the pre-stimulation phase of a long 

GnRH agonist protocol.(11,12 ) Whether the benefits mentioned above justify a change in 

routine treatment from the standard long GnRH agonist protocol to the newly designed 

GnRH antagonist regimen depends on whether the clinical outcome using these protocols is 

equivalent. Although multicenter randomized controlled trials showed that there was no 

statistically significant difference between GnRH agonist and antagonist in prevention of 

premature LH surge, there was a consistent trend towards lower pregnancy rate with the 

antagonist. (9, 13) This could be attributed to several factors. 
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First, the RCTs were not powered enough to detect a difference in clinical pregnancy rate. 

We therefore systematically reviewed the literature to summarize the evidence on 

effectiveness of GnRH agonist versus antagonist administered on a fixed day 

Second, administration of the antagonist in these studies started on a fixed day i.e day 6 

of FSH stimulation. This fixed regimen was advised to avoid any risk of premature LH 

secretion and to simplify the stimulation protocol. As there are individual variations in 

patient response to ovarian stimulation, a flexible protocol may be more justified. We 

therefore compared GnRH agonist in a long protocol) versus a flexible protocol of antagonist 

by starting the antagonist according to the size of the follicle rather than a fixed day and at 

the same time, we systematically reviewed the flexible administration of antagonist versus 

the fixed regimen. 

Third, in antagonist cycles, follicular growth depends on both exogenous and 

endogenous FSH and LH. When the antagonist is started, both endogenous FSH and LH 

secretion will fall which may be detrimental for further follicular development. Increasing 

the dose of gonadotrophins on the day of starting the antagonist may improve the pregnancy 

rate. To test this hypothesis in the best way, we conducted a randomized controlled trial to 

find out the possible effect of increasing the dose of gonadotrophins on the day of starting 

the antagonist on the pregnancy rate. 

One important observation in the multicenter randomized controlled trials evaluating 

gonadotrophins and GnRH antagonists is that they had a common exclusion criterion which 

is women with polycystic ovary syndrome (PCOS). As the cause of infertility in patients 

with PCOS is anovulation -because of a failure of the follicles to develop beyond 10 mm-, 

induction of ovulation is essential. However, the risks of ovarian hyperstimulation and 

multiple pregnancy with gonadotrophin administration are substantial in this population. 

(14). Clomiphene citrate is particularly effective in inducing ovulation in PCOS patients. 

However, not all cases respond to this drug (15,16). Effective treatment of these clomiphene 

citrate resistant patients remains a significant clinical challenge. Laparoscopic electrocautery 

of the ovaries is the most commonly used surgical treatment in patients with clomiphene 

citrate resistant PCOS but it needs hospital setting usually with an overnight stay and the risk 

of postoperative adhesions cannot be ignored. Exploring other mechanisms to induce or 

augment ovulation in CC resistant patients is needed. Thermal aqua puncture (TAP) could be 
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an attractive option, through conveying thermal energy (hydro coagulation) using hot saline 

to coagulate areas of the ovarian stroma. Hot saline provides conduction exchange medium 

through which heat is gently conveyed to the ovarian stroma tissue without tissue substance 

loss or scarring (17) The ovarian stroma tissue in cases of PCOS is quite echogenic. It can be 

accurately targeted using the puncture needle. The injected fluid can be identified on real 

time ultrasound, thus can be done as an office procedure. To evaluate the feasibility of 

transvaginal ultrasound guided ovarian stroma hydrocoagulation in clomiphene citrate 

resistant PCOS, we conducted a clinical trial. 

With increasing evidence that insulin resistance constitutes a key metabolic element, it 

seems logical that improving insulin sensitivity and glucose disposal might wholly, or 

partially, reverse certain features of polycystic ovarian syndrome, including anovulation. 

(18) Accordingly, we conducted a randomized study, in which metformin 500mg versus 

placebo was given for 6 week prior to, and in conjunction with, clomiphene citrate induction 

of ovulation for both overweight and lean polycystic ovarian syndrome women vs. the use of 

placebo. 

Another promising agent is N-acetyl cysteine (NAC). NAC is a safe and well tolerated 

mucolytic drug that softens tenacious mucous secretions. It is the acetylated precursor of 

both amino acid L-cysteine and reduced glutathione (GSH). It has been shown to have 

proven activity on insulin secretion in pancreatic cells, as well as on the regulation of the 

insulin receptor in human erythrocytes (19) In addition, it is a powerful antioxidant (20), 

anti-apoptotic (21) and induces a significant fall in testosterone levels and in free androgen 

index values (19). Accordingly, we performed a randomized controlled trial to evaluate the 

effect of NAC administration as an adjuvant to CC on ovulation and pregnancy rates as 

compared to CC plus placebo in patients with CC resistant PCOS. 
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Aim of this thesis 

The aim of this thesis is to answer the following questions:-

1. How do urinary and recombinant gonadotropins compare in terms of clinical 

pregnancy rate when used for ovarian hyperstimulation in IVF/ICSI cycles in 

normogonadotrophic ovulating women? 

2. Is recombinant FSH superior to human menopausal gonadotrophins regarding various 

clinical outcomes when used for ovarian hyperstimulation in IVF/ICSI cycles in 

normogonadotrophic ovulating women? 

3. What is more cost effective for ovarian stimulation in IVF/ICSI cycles in a developing 

country like Egypt: human menopausal gonadotrophins or recombinant FSH? 

4. How do urinary and recombinant gonadotrophins compare in terms of clinical outcome 

when used for final follicular maturation and triggering of ovulation in assisted 

conception cycles? 

5. Is gonadotrophin releasing hormone (GnRH) antagonist administered in a fixed day as 

effective as GnRH agonist long protocol? 

6. Is flexible administration of a GnRH antagonist according to follicular size more 

beneficial than starting on a fixed day? 

7. Does increasing the dose of hMG at day of GnRH antagonist administration improve 

pregnancy rates? 

8. Does office transvaginal ovarian stroma hydrocoagulation improve menstrual pattern 

and ovulation rate in clomiphene citrate resistant PCO cases? 

9. Does metformin improve clinical outcome when given as an adjuvant to clomiphene 

citrate in women with Clomiphene citrate resistant PCOS? 

10. Does N-acetyl cysteine improve clinical outcome when act as an adjuvant to 

Clomiphene citrate in women with clomiphene citrate resistant PCOS? 
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Outline of this thesis 

The first part of this thesis (Chapters 2 to 9) addresses controlled ovarian hyperstimulation 

in women undergoing 1VF/ICSI cycle. 

Chapter 2 reports on results of a systematic review and meta-analysis of randomized 

controlled trials that compared between urinary and recombinant gonadotrophins in terms of 

clinical pregnancy rate when used for ovarian hyperstimulation in IVF/ICSI cycles in 

normogonadotrophic ovulating women. The studies were included and assessed according to 

the principles of the Cochrane Menstrual Disorders and Subfertility Group. Primary outcome 

was clinical pregnancy rate. 

Chapter 3 presents a systematic review and a meta-analysis of randomized controlled trials 

that compare between recombinant FSH and human menopausal gonadotrophins regarding 

various clinical outcomes when used for ovarian hyperstimulation in IVF/ICSI cycles in 

normogonadotrophic ovulating women. The studies were included and assessed according to 

the principles of the Cochrane Menstrual Disorders and Subfertility Group. Primary outcome 

was live birth rate/ ongoing pregnancy rate. 

Chapter 4 presents a cost effectiveness analysis comparing recombinant FSH and human 

menopausal gonadotrophins to estimate the cost of an ongoing pregnancy in an IVF/ ICSI 

cycle from a perspective of a developing country like Egypt. 

Chapter 5 provides results of a systematic review and meta-analysis of randomized 

controlled trials that compared urinary and recombinant gonadotrophins when used for final 

follicular maturation and triggering of ovulation in assisted conception cycles. The studies 

were included and assessed according to the principles of the Cochrane Menstrual Disorders 

and Subfertility Group. Live birth rate was primary outcome. 

Chapter 6 reports on results of a systematic review and meta-analysis of randomized 

controlled trials that compared gonadotrophin releasing hormone (GnRH) antagonist 

administered in a fixed day to GnRH agonist long protocol. The studies were included and 

assessed according to the principles of the Cochrane Menstrual Disorders and Subfertility 

15 



Group. Primary outcomes were prevention of premature LH surge and clinical pregnancy per 

woman randomized. Secondary outcomes considered were number of oocytes retrieved, 

clinical pregnancy per oocyte retrieval and per embryo transfer, spontaneous abortion, 

incidence of severe ovarian hyperstimulation syndrome and the amount of gonadotrophins 

used. 

Chapter 7 presents the results of randomized controlled trial that compared flexible 

administration of GnRH antagonist to GnRH agonist long protocol. Primary outcome was 

clinical pregnancy rate per woman randomized. 

Chapter 8 reports the results of systematic review and meta-analysis comparing GnRH 

antagonist administration in a fixed day vs flexible administration according to follicle size. 

Primary outcome was ongoing pregnancy / live birth rate 

Chapter 9 presents the results of a randomized controlled trial that investigated increasing 

the dose of hMG at day of GnRH antagonist administration aiming to improve the results. 

Primary outcome was clinical pregnancy rate per woman randomized. 

The second part of this thesis (Chapters 10-12) deals with ovulation induction in women with 

PCOS. 

Chapter 10 presents the results of the first clinical trial of office transvaginal ovarian stroma 

hydrocoagulation to improve menstrual pattern and ovulation rate in clomiphene citrate 

resistant PCOS women. Primary outcome was ovulation rate and cycle regularity, clinical 

pregnancy rate was our secondary outcome. 

Chapter 11 documents the ability of metformin in a randomized clinical trial to improve 

clinical outcome when given as an adjuvant to clomiphene citrate in women with 

Clomiphene citrate resistant PCOS. Primary outcome was ovulation rate and biochemical 

criteria. Clinical pregnancy rate was secondary outcome. 

Chapter 12 presents the results of the first randomized controlled trial evaluating the value 

of N-acetyl cysteine to improve clinical outcome when act as an adjuvant to Clomiphene 
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citrate in women with clomiphene citrate resistant PCOS. Primary outcome was ovulation 

rate and clinical pregnancy rate per woman randomized. 

Chapter 13 presents the summary and conclusions of the preceding chapters and gives 

directions for future research. 
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Abstract 

Background: The study aim was to analyse the results of randomized controlled trials 

(RCTs) comparing recombinant FSH and urinary-derived FSH gonadotrophins [hMG, 

urinary purified FSH (FSH-P) and highly purified FSH (FSH-HP)] in an IVF/ICSI 

programme. 

Methods: All published truly RCTs using a long protocol of GnRH agonists for down-

regulation, were reviewed. Data of pregnancy rate per started cycle were extracted, and odds 

ratios (OR) calculated using a fixed effect model. Subgroup analysis was carried out to 

compare recombinant FSH (rFSH) with each product (hMG alone, FSH-P alone and FSH-

HP alone). 

Results: There was no statistically significant difference in the pregnancy rate per started 

cycle between rFSH and urinary-derived FSH gonadotrophins (OR 1.07; 95% CI 0.94-1.22). 

Subgroup analysis showed no statistically significant difference in the pregnancy rate per 

started cycle between rFSH versus hMG (OR 0.81; 95% CI 0.63-1.05), rFSH versus FSH-P 

(OR 1.24; 95% CI 0.98-1.58) and rFSH versus FSH-HP (OR 1.14; 95% CI 0.94-1.40). 

There was no significant heterogeneity of treatment effect across the trials. 

Conclusions: There is no evidence of clinical superiority in clinical pregnancy rate for rFSH 

over different urinary-derived FSH gonadotrophins. Additional factors should be considered 

when choosing a gonadotrophin regimen, including the cost, patient acceptability, safety and 

drug availability. 
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Introduction 

Pharmaceutical preparations of human gonadotrophins play an important role in the 

treatment of human infertility, and have been used widely to stimulate follicular 

development in infertile women. During the 1970s, urinary hMG was the only 

gonadotrophin used in infertility treatment, but since the 1980s a variety of subproducts of 

urinary hMG have been produced with the intention of eliminating most or all of the LH 

content (1). During the mid-1990s, recombinant FSH (rFSH) was produced in vitro from 

hamster ovarian cell cultures, and this step was considered a landmark in the production of 

gonadotrophins (2). 

The manufacture of human FSH using recombinant DNA technology (rFSH) makes its 

production independent of urine collection, and also guarantees a high availability of a 

biochemically pure FSH preparation (specific activity >10 000 IU FSH/mg) that is free from 

urinary protein contaminants. The production process yields FSH with minimal batch-to-

batch discrepancy (3). The high purity and low immunogenicity allows subcutaneous 

administration. Many reports have demonstrated the efficacy of rFSH in ovarian stimulation 

(4-6). 

A meta-analysis has demonstrated that the use of urinary FSH was associated with a 

significantly higher clinical pregnancy rate than hMG (7), while a further meta-analysis 

showed rFSH to be superior to both purified FSH (FSH-P) and highly purified FSH (FSH-

HP) in achieving clinical pregnancy rate (8). Although it may be assumed that rFSH is more 

effective than hMG, this was not the case with recent randomized controlled trials (RCTs) 

that showed equivalent efficacy (9-13). 

The aim of the present study was to update the evidence comparing rFSH and urinary-

derived FSH gonadotrophins. The concept was that urinary FSH-P and FSH-HP are 

subproducts of hMG, and hence should be grouped together when compared with rFSH, after 

which each is compared separately. In support of this concept, in clinical practice these 

products are given for the same purpose, for the same patients with similar effects, and in 

similar doses. 

Methods 

On conducting a MEDLINE search and searching the Cochrane Menstrual Disorders and 

Subfertility Review Group specialized register of randomized controlled trials, as well as the 
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abstracts of the European Society for Human Reproduction and Embryology (ESHRE) and 

the American Society for Reproductive Medicine (ASRM) meetings from 1999 to 2001, all 

RCTs comparing rFSH with urinary-derived FSH gonadotrophins were identified. The 

methodology used herein included only the true RCTs comparing rFSH with urinary-derived 

FSH gonadotrophins for ovarian stimulation in subfertile women undergoing IVF/ICSI. 

Quasi-randomized trials were excluded because they are known to give inflated treatment 

effects. Only those trials in which pituitary down-regulation was achieved using the long 

protocol were included, as amalgamation of results of the different protocols would be of 

uncertain value (14). The long protocol was selected as it has been the most widely used 

protocol for pituitary down-regulation during the past two decades (15). 

Studies were identified by a literature search using a combination of the following key 

words: FSH, recombinant, urinary, gonadotrophins, hMG, uFSH-Purified, uFSH-Highly 

Purified, pregnancy, and randomized controlled trial. Review articles and abstracts of major 

scientific meetings and conference proceedings [ESHRE, ASRM, International Federation of 

Fertility Societies (FFS)] from 1999 until 2002 were reviewed. The main outcome measure 

was limited to clinical pregnancy rate per cycle started. Data of clinical pregnancy rate per 

cycle started were extracted (15). 

The dichotomous data results for each study were expressed as an odds ratio (OR) with 

95% confidence intervals (CI). These results were combined for meta-analysis with RevMan 

software (using the Mantel-Haenszel method) (16). In the graphical display of meta

analyses, a benefit from rFSH would be displayed graphically to the right of the centre-line, 

while a benefit from urinary-derived FSH gonadotrophins would be displayed graphically to 

the left of the centre-line. Differences between the studies were tested using the Breslow-

Day test for homogeneity performed across all trials (17). 

In the present meta-analysis, the results were pooled using a fixed-effects model only 

after confirming that statistical heterogeneity was not present (i.e. the observed treatment 

effects in individual trials were not statistically significantly different from the overall 

pooled estimate of the treatment effect). A funnel plot analysis was performed in order to 

detect any publication bias. 

Subgroup analysis was carried out to check the stability of the results reached by 

pooling data of all studies in general because urinary-derived FSH gonadotrophins are not 

identical in their chemical structure, despite belonging to one family. 
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Results 

The present meta-analysis included 20 studies (Table I), 15 of which were reported in the 

updated meta-analysis comparing rFSH versus urinary FSH (18). A total of 12 trials were 

identified after the updated meta-analysis (18) had been published. Included among these 12 

trials were three that compared rFSH and hMG (10; 12-13), and two that compared rFSH 

with FSH-HP (19-20). The other trials were excluded due to no down-regulation (21), the 

use of a GnRH agonist short protocol (11), the use of rFSH versus combined rFSH and hMG 

(22), and the non-RCT nature of the study (23-25). 

Two other studies were also excluded (Manassiev et al., (26). which was cited in Daya 

and Gunby (18); and Serhal et al. (27), which was identified during the search). Both studies 

used a quasi-randomization method: Manassiev et al. randomized subjects according to their 

residence area, while Serhal et al. randomized subjects by alternating weeks. One other trial 

(Ferraretti et al. (28), cited in Daya and Gunby (18)) was also excluded as the authors did not 

use down-regulation in their study. Another trial (Kornilov et al., 29) was also excluded as 

the authors reported pregnancy rate per embryo transfer rather than per started cycle. In 

addition, the groups were non-matching (40 subjects received hMG and 28 received rFSH), 

and there was a significant age difference between the two groups despite claimed 

randomization. The method of randomization was not clear, and the authors were contacted 

for additional information; no response was obtained, however. 

Although many of the included studies were in fact small, pooling the data from all 20 

(giving a total of 4610 IVF/ICSI cycles) resulted in no statistically significant differences in 

the clinical pregnancy rate per cycle started between rFSH and urinary-derived FSH 

gonadotrophins (Figure 1) (OR 1.07; 95% CI 0.94-1.22) or between rFSH and various types 

of urinary-derived FSH gonadotrophins (hMG, FSH-P and FSH-HP) (Figures 2, 3 and 

4).Although the Kornilov trial (29) was excluded, adding these data to the meta-analysis did 

not change the overall significance (OR 1.09; 95% CI 0.95-1.24). Likewise, the addition of 

data from both the Manassiev trial (26) and the Serhal trial (27) did not affect the overall 

results (OR 1.05; 95% CI 0.93-1.20). 

It was planned to undertake sensitivity analyses if there were more than 10 trials 

included in the meta-analysis to examine the stability of the results in relation to the 

influence of pharmaceutical companies (Figures 5 and 6). There was still no significant 

difference seen between rFSH and urinary-derived FSH gonadotrophins in the studies, 

whether they were sponsored by pharmaceutical companies, or not. A funnel plot analysis 
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confirmed that selective publication was unlikely to have been a source of bias in the present 

meta-analysis (Figure 7). 

Discussion 

hMG contains FSH and LH in a 1:1 ratio with urinary proteins. Purified hMG can be 

processed so that LH is separated from bulk material by using highly specific monoclonal 

antibodies. Thus, FSH together with minimal amounts of LH and urinary protein are 

collected and lyophilized for use as FSH-P. More recently however, a more direct process 

was used in which highly specific monoclonal antibodies could be selectively bound to FSH 

molecules in the hMG bulk material. The unbound urinary protein could then be removed 

along with the LH, thus creating FSH-HP. Accordingly, the FSH content and type is the 

same in all types of the urinary-derived FSH gonadotrophins, the only difference lying in the 

content of LH and urinary proteins. The aim of the present study was to compare rFSH with 

all types of urinary-derived FSH gonadotrophins (hMG, FSH-P and FSH-HP) together. 

Furthermore, a subgroup analysis was carried out to compare, separately, rFSH with each of 

the three types of urinary-derived FSH gonadotrophins. 

It might be argued that hMG and urinary FSH are not equal, as hMG contains equal 

amounts of FSH and LH (75 IU of each per ampoule); by contrast, the FSH-P preparation 

contains only a small amount (<5%) of LH, while FSH-HP contains <1% LH. Therefore, it 

may not be justified to include the hMG/rFSH trials in the meta-analysis on urinary FSH 

versus rFSH. 

However, this argument is not believed valid, as FSH-P and FSH-HP are subproducts 

from hMG, and have the same type and content of FSH. These drugs may not be similar, but 

all of them contain the same dose of the same family of FSH—the only differences lie in 

their LH and protein contents. Accordingly, FSH-P and FSH-HP should be grouped together 

when compared with rFSH, after which subgroup analysis can be carried out between each 

type of gonadotrophin to rFSH. In support of this concept, a recent report (30) has grouped 

the three forms of urinary-derived FSH gonadotrophins together (hMG, FSH-P and FSH-HP) 

in comparing their cost-effectiveness with that of rFSH. 

In the present meta-analysis, a subgroup analysis was carried out to confirm the stability 

of results among all groups. There was no superiority for recombinant FSH over either hMG, 

FSH-P or FSH-HP (Figures 2, 3 and 4). 
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A subgroup analysis according to IVF or ICSI (8) was not carried out because it is 

believed that as long as the trials were truly randomized, then any differences observed in 

pregnancy rate could be attributed to the effect of gonadotrophins rather than to either IVF or 

ICSI. The purpose of randomization was to generate both control and experimental groups 

that were likely to be similar with respect to known and unknown co-variates. Accordingly, 

any differences observed in pregnancy rate could be attributed to the effect of 

gonadotrophins, whether recombinant or urinary in origin. 

Neither was any subgroup analysis according to the type of rFSH (Puregon or Gonal-

F j performed, as was carried out by others (8). This subgroup analysis does not allow direct 

comparison between both drugs, and this markedly limits any conclusion that can be drawn 

from such analysis. Bearing in mind that several prospective controlled trials have now been 

published in the medical literature comparing Puregon and Gonal-F (31-33), it was found 

inappropriate to carry out such subgroup analysis. These trials each showed a non-significant 

difference between the two recombinant drugs. Interestingly, no direct RCT has been carried 

out to compare FSH-HP with FSH-P, most likely because rFSH was developed soon after 

FSH-HP and there was no benefit in comparing the two. This demonstrates the lack of 

available evidence to support the efficacy of FSH-HP. 

Validity score assessment (8) was not carried out as the policy of the Cochrane 

Menstrual Disorders Subfertility Group does not recommend the use of a validity scoring 

system. Because there is no 'gold standard' for the 'true' validity of a trial, the possibility of 

validating any proposed scoring system is limited. While it is possible to apply basic 

principles of measurement to the development of a scale to assess the validity of randomized 

trials, the relationship between such a score and the degree to which a study is free from bias 

is not clear. None of the currently available scales for measuring the validity or 'quality' of 

trials can be recommended without reservation (34). 

Thus, the present meta-analysis showed that there is no clinical superiority for rFSH 

over other urinary gonadotrophins. Moreover, there are certain concerns regarding the use of 

rFSH. First, it has been suggested that GnRH agonist down-regulation in some 

normogonadotrophic women may result in profound suppression of LH concentration, 

impairing adequate estradiol synthesis (35). Therefore, in such cases when rFSH is used for 

ovarian stimulation after GnRH agonist down-regulation, very low serum LH concentrations 

may adversely affect IVF outcome (36). 

27 



Second, in spite of the proven efficacy of rFSH, its widespread use has been hampered 

by its relatively high cost as compared with urinary-derived FSH gonadotrophins (30). In 

many countries (including Egypt), patients pay for assisted reproductive treatment, and this 

has subsequent financial implications for both the infertile couple and the healthcare system. 

The decision to adopt a more expensive treatment could result in fewer couples receiving 

IVF treatment. An economic analysis is therefore required in order to guide both couples and 

aid decision-makers, based on the new data presented in the present meta-analysis. 

Recently, the National Institute of Clinical Excellence (NICE) announced that it will be 

analysing the cost-effectiveness of treatment for fertility in the United Kingdom (37). This 

analysis should be based on the best available evidence in the medical literature, and should 

not be influenced by any factor other than the benefit of patients. 

Three articles comparing the cost-effectiveness of rFSH versus urinary FSH have been 

recently published (30, 38). These reports were supported by pharmaceutical companies 

(Organon and Serono), and the issue of direct pharmaceutical company involvement in cost-

effectiveness analysis was raised by the Editor-in-Chief of the Human Reproduction journal 

(37). Concerns are based on previous reports that trials supported by outside sponsors are 

significantly more likely to report positive results than similar trials without such sponsors 

(40-41). Pharmaceutical companies and purchasers (government and insurers) have 

influenced the patterns of substitution of existing FSH products by biotechnology 

equivalents (41). The marketing strategy used by the pharmaceutical industry to promote 

rFSH has also been questioned (43). 

In three reports (30; 38-39), the cornerstone of building up the cost-effectiveness model 

was the assumption that rFSH is associated with a better pregnancy rate per cycle started 

than with urinary FSH. The present meta-analysis showed that rFSH is not superior to 

urinary-derived FSH gonadotrophins in general, nor to each subtype in particular. This 

should not be surprising, as significant medical benefits in clinical practice have never been 

convincingly demonstrated for biotech substitutes such as insulin and Factor VIII (42). It 

should be mentioned that the Cochrane systematic review comparing rFSH with urinary-

derived FSH gonadotrophins in polycystic ovary syndrome (PCOS) has shown no significant 

difference between rFSH and urinary-derived FSH gonadotrophins in PCOS patients (44). 

The primary efficacy end-point used to show the superiority of rFSH was the number of 

oocytes retrieved (44). This end-point was chosen because it is the direct goal of ovarian 

stimulation, and is the parameter most easily assessed. However, pregnancy rate is the 
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ultimate goal of infertility treatment and the take-home baby rate is the ideal parameter for 

comparison (34). The three reports (30; 38-39) have already supported this view and used 

pregnancy rate per cycle started rather than the number of oocytes retrieved. 

The present meta-analysis is the first in which hMG was compared with rFSH, and not 

restricted to the analysis urinary FSH, as other meta-analyses have done. In addition, it is an 

updated meta-analysis that included all studies in which a long GnRH agonist protocol was 

used. Subgroup analysis between each of the urinary gonadotrophins and rFSH was also 

carried out. 

The present meta-analysis concluded that there is no evidence of clinical superiority for 

rFSH over different urinary gonadotrophins. Additional factors should be considered when 

choosing a gonadotrophin regimen, including the cost, safety, patient acceptability and drug 

availability. In a society with decreasing health resources, decision makers should establish 

the cost-effectiveness of one intervention over another based on the most up-to-date 

evidence available. 
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Table I. Characteristics of included studies 

Study 

Alvinoetal.(1995) 

Bergeretal. (1999) 

Berghetal. (1997) 

Franco et al. (2000) 

Frydman et al. 
(2000) 

Ghosh etal. (1999) 

Gordon et al. 
(2001) 

Hedon etal. (1995) 

Hoomans et al. 
(1999) 

Lemon et al. (2000) 

Machado et al. 
(1999) 

O'Dea etal. (1993) 

Methods 

RCT. 
unconcealed 
allocation 

Multicentre 
RCT, allocation 
not described 

Multicentre 
RCT, allocation 
using a 
computer-
generated list 

RCT, allocation 
using a 
randomization 
table 

Multicentre 
RCT, allocation. 
using coded 
medications 

RCT with 
allocation by 
sealed 
envelopes 

4-arm RCT. 
assessor-blind. 
allocation 
concealed using 
sealed 
envelopes 

Multicentre 
RCT, allocation 
concealed using 
coded 
medications 

Multicentre 
RCT, allocation 
concealed, using 
coded 
medications. 

Multicentre 
RCT, allocation 
by using sealed 
envelopes 

RCT. allocation 
by drawing 
straws 

Multicentre 

Participants 

Couples with different 
causes of infertility. 
female age (mean 31) 
years 

Couples with all causes 
of infertility including 
male factor, female age 
<40 years 

Couples with different 
causes of infertility 
female age (mean 32) 
years 

Male factor infertility 
undergoing ICSI, 
female age (mean 31) 
years 

Couples with different 
causes of infertility. 
female age (mean 31) 
years 

Couples with different 
causes of infertility 

Couples with different 
causes of infertility. 
female age (median 32) 
years 

Couples with different 
causes of infertility. 
female age (mean 32) 
years 

Couples with different 
causes of infertility. 
PCOS cases were 
excluded; female age 
(mean 33) years 

Couples with different 
causes of infertility. 
female age (mean 32) 
years. PCOS cases 
were excluded 

Couples with different 
causes of infertility, 
female age (mean 35) 
years 

Couples with different 

Interventions 

Long luteal GnRH agonist protocol, 
then rFSH alpha s.c. versus uFSH i.m. 
225 IU daily for 5 days, then adjusted 

Long protocol, rFSH beta 150 IU 
daily fixed dose versus uFSH-HP225 
IU daily fixed dose 

Long protocol then rFSH alpha versus 
uFSH-HP 150 IU s.c. daily for 6 days, 
then adjusted 

Long protocol, then rFSH alpha 
versus uFSH-HP 150 or 225 IU daily 
for 6 days, then adjusted 

Long protocol, then rFSH alpha 
versus uFSH-HP150 IU s.c. daily for 
6 days, then adjusted 

Long protocol, then rFSH beta 150 IU 
daily versus uFSH-HP 225 IU daily 
for 5 days, then adjusted 

Long protocol, then hMG (Humegon) 
versus rFSH (Puregon, Follitropin 
beta) 225 IU daily for 5 days, then 
adjusted 

Long protocol, then rFSH beta versus 
uFSH 150-225 IU i.m. daily for 4 
days, then adjusted 

GnRH agonist in the long luteal or 
long follicular protocol with 
buserelin, then rFSH 150 IU s.c. daily 
fixed dose versus uFSH-HP 225 IU 
s.c. daily fixed dose 

Long protocol, then rFSH alpha 
versus uFSH-HP 150 IU s.c. daily for 
6 days, then adjusted 

Long protocol, then rFSH beta versus 
uFSH-HP 

Long luteal GnRH agonist protocol 

Concealment 
of allocation 

C 

B 

A 

B 

A 

A 

A 

A 

A 

A 

B 

B 
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Out et al. (1995) 

RHFSG(1995) 

Schats et al. (2000) 

Diedrich (2002) 

Ng et al. (2001) 

Westergaard et al. 
(2001) 

Germond et al. 
(2000) 

Dickey et al. (2002) 

RCT, method of 
allocation not 
described 

Multicentre 
RCT, concealed 
allocation, using 
coded 
medications 

Multicentre 
RCT, allocation 
by sealed 
envelope 

Multicentre 
RCT, assessor-
blind, allocation 
by sealed 
envelopes 

Multicentre 
RCT, allocation 
by 
randomization 
list, 
randomization 
blocks 

RCT. Allocation 
by computerized 
randomization 

RCT. Allocation 
by computerized 
randomization 

RCT, allocation 
by random list 

Multicentre 

RCT. 

Computer-

generated 

randomization 

blocks 

causes of infertility. 
female age 18-38 years 

Couples with different 
causes of infertility 
(male factor excluded); 
female age (mean 32) 
years 

Couples with different 
causes of infertility. 
female age (mean 32) 
years 

Couples with different 
causes of infertility. 
female age (mean 31) 
years 

Couples with different 
causes of infertility 
except PCO, female 
age (mean 31 years) 

Severe male factor; 
female age (median 33 
years 

Couples with different 
causes of infertility; 
PCOS excluded. 
Female age (mean 31 
years) 

Couples with different 
causes of infertility. 
female age (mean 37.7 
years) 

Couples with different 

causes of infertility. 

female age (mean 32 

years) 

with leuprolide acetate 0.5 mg s.c. 
daily, then rFSH alpha versus uFSH 
225 IU daily for 5 days, then adjusted 

Long protocol, then rFSH beta versus 
uFSH 150 or 225 IU i.m. daily for 4 
days, then adjusted 

Long protocol, then rFSH alpha s.c. 
versus uFSH i.m. 225 IU daily for 5 
days, then adjusted. 

Long protocol, then rFSH alpha 
versus uFSH-HP at a fixed dose of 
150 IU s.c. daily (dose reduction 
permitted if response excessive 

Long protocol, then hMG (Menopur) 
versus rFSH (Follitropin Beta, 
Puregon), 225 IU s.c. daily for 5 days, 
then adjusted. 

Long protocol, then hMG (Pergonal) 
versus rFSH (Follitropin alpha. 
Gonal-F) given as 300 IU in the first 2 
days, followed by 150 IU daily. 

Long protocol, then hMG (Menogon) 
versus rFSH (Follitropin alpha, 
Gonal-F) given at 225 IU for 7 days. 

Long protocol, then follitropin alpha 
versus FSH-HP 225IU/d for 3 days. 
then adjusted 

Long protocol, then follitropin beta 

versus FSH-HP225 IU/d for 5 days. 

then adjusted 

A 

A 

A 

A 

A 

A 

A 

A 
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Figure 1. Comparison between recombinant FSH and Urinary-derived FSH gonadotrophins 

(hMG, uFSH-P and uFSH-HP). 
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Figure 2. Comparison between recombinant FSH and hMG. 
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Abstract 

Objective: The renewed interest in LH together with limited and decreasing health 

resources, make it essential for recombinant FSH preparations (devoid of LH) with their high 

cost to be compared to human menopausal gonadotrophins regarding clinical efficacy. 

Methods: All published randomized controlled trials comparing recombinant FSH vs hMG 

under different protocols of stimulation were examined. Eight truly RCTs included in a 

meta-analysis recruiting 2031 participants. Data of ongoing pregnancy/live birth rate , 

clinical pregnancy rate , miscarriage rate, multiple pregnancy rate and ovarian 

hyperstimulation syndrome were extracted and odds ratio were calculated with the use of a 

fixed effect model. The data combined for meta-analysis with RevMan software (using the 

Mantel-Haenszel method). 

Results: Pooling the results of these RCTs has shown no significant difference between 

recombinant FSH and hMG regarding different outcomes, (ongoing pregnancy/live birth rate 

O.R 1.18 (95% C.I 0.93-1.50), clinical pregnancy rate O.R 1.2 (95% C.I 0.99-1.47), 

miscarriage rate O.R 1.2 (95% C.I 0.70-2.16) , multiple pregnancy rate O.R 1.35 (95% C.I 

0.96- 1.90) and incidence of moderate /severe OHSS O.R 1.79 (95% C.I 0.74- 4.33). 

However, there was significant reduction in the amount of gonadotrophins in favor of hMG 

over recombinant FSH. There was no significant heterogeneity of treatment effect across the 

trials. 

Conclusion: there is no clinically significant difference between hMG and recombinant FSH 

in IVF/ICSI cycles. Decision makers should establish their choice of one drug over the other 

based on the most up-to-date available evidence 
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Introduction 

In spite of proven efficacy of recFSH, its wide-spread use was hampered by its relatively 

high cost as compared with human menopausal gonadotrophins (1). The decision to adopt a 

more expensive treatment could result in a lower number of couples receiving IVF treatment 

especially in a society with decreasing health resources where financial implications should 

always be considered. If recombinant FSH is better than hMG, this would justify its use. 

However, recent randomized controlled trials (RCTs) showed equivalent effectiveness 

between human menopausal gonadotrophin and recombinant FSH (2-6). In the present 

article, we wished to update the evidence regarding the comparison between hMG and 

recombinant FSH. 
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Methodology 

The search for relevant studies was detailed and extensive. We searched the Cochrane 

Menstrual Disorders and Subfertility Group trials register, PubMed, EMBASE, abstracts of 

the ESHRE & ASRM meetings from 1999 to 2004 and checked the references of these 

studies for additional articles; In addition, personal communication were established. Studies 

were identified by a literature search using a combination of the following key words: FSH, 

recombinant, hMG, pregnancy, randomized controlled trial. 

The methodology used in the present article has only included the truly randomized 

controlled trials comparing recombinant FSH vs hMG for ovarian stimulation in subfertile 

couples undergoing IVF/ICSI program. We excluded quasi-randomized trials because they 

are known to give inflated treatment effects. 

Included trials were analyzed for the following characteristics: method of 

randomization, presence or absence of blinding to treatment allocation, quality of allocation 

concealment, number of patients randomized, whether an intention to treat analysis was 

done, duration, timing and location of the study. 

The main outcome measure was live birth /ongoing pregnancy rate per woman. 

Secondary outcome measures were clinical pregnancy per woman, miscarriage rate, multiple 

pregnancy, total dose of gonadotrophins and severe ovarian hyperstimulation syndrome 

(OHSS). . 

A subgroup analysis was done including only trials in which pituitary downregulation was 

achieved using the long protocol as amalgamation of results of the different protocols could 

be of uncertain value (7). The long protocol was selected as it is the most widely used 

protocol for pituitary downregulation in the last two decades (8). 

The raw data was obtained from each study and summarized in a two-by-two table. The 

dichotomous data results for each study were expressed as an odds ratio with 95% 

confidence intervals. These results were combined for meta-analysis with RevMan software 

(using the Mantel-Haenszel method)(9). 

The underlying assumption when similar trials are pooled is that the differences found 

between the trials are likely to be differences in extent of treatment rather than differences in 

the direction of treatment effect (10). To test the hypothesis that the OR is constant across 

strata, several statistical methods have been developed. One way of doing this is to look at 

the graphical display of the 95% C.I. of the individual trials (Cochrane Handbook, version 

8). When C.I. do not overlap, the differences are likely to be statistically significant, thus 
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heterogeneous. "Statistically significant heterogeneity" suggests that the observed 

differences in results of the individual trials are due to factors other than chance. In this case 

one should be cautious about interpreting the overall estimated effect. To test for statistical 

heterogeneity we used the method of Breslow and Day (11). They proposed a test that sums 

up the squared deviations of observed and fitted values, each standardised by its variance. 

The statistics used follow an approximate chi-square distribution on N-l degrees of freedom, 

N being the number of trials under study. 

In the graphical display of the meta-analyses, a benefit from recombinant FSH would be 

displayed graphically to the right of the centre-line and a benefit from hMG would be 

displayed graphically to the left of the centre-line. 
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Results 

Seventeen trials were identified with the adopted search strategy. All these studies were 

identified as potentially providing data comparing recombinant FSH to hMG. Eight truly 

RCTs were included in this meta-analysis (2-6; 12-14). All were critically appraised and data 

were extracted for meta-analysis. 

We excluded nine trials as follow : Balasch et al : rFSH vs combined rFSH & hMG (15) 

; Duijkers et al : very small trial [13 participants] with unclear data and the authors did not 

respond despite repeated contact) (16), Loutradis et al: insufficient information with no 

response from the authors (17), Kornilov et al: unclear data, see below (18); Serhal et al: 

Quasi-randomized trial, randomized subjects by alternating weeks (19), Mahmoud et al : 

rFSH vs combined rFSH & hMG (20), Meo et al: retrospective study (21), Commenges-

Ducos et al: rFSH vs combined rFSH & hMG (22) and finally Eskandar et al: not a RCT 

(23). 

The Kornilov et al (18) trial was excluded as the authors reported pregnancy rate per 

embryo transfer rather than pregnancy rate per cycle started. In addition, there was a 

significant age difference between the two groups despite claimed randomization (hMG 40 

subjects and recFSH 28 subjects). The method of randomization was not clear and the 

authors were contacted for additional information, however, no response was obtained. 

The sample size of 2105 women was estimated test whether hMG is equivalent or even 

superior to recombinant FSH in an IVF/ET program. However, the included trials enrolled 

2031 participants.(96.5% of the required sample) 

Many of the included studies were really small but pooling the data from all (that 

included IVF/ICSI cycles) has shown no significant difference between recombinant FSH 

and hMG regarding different outcomes, (ongoing pregnancy/live birth rate O.R 1.18 (95% 

C.I 0.93-1.50), clinical pregnancy rate O.R 1.2 (95% C.l 0.99-1.47), miscarriage rate O.R 1.2 

(95% C.I 0.70-2.16) , multiple pregnancy rate O.R 1.35 (95% C.I 0.96- 1.90) and incidence 

of moderate /severe OHSS O.R 1.79 (95% C.I 0.74- 4.33). However, subgroup analysis 

showed better pregnancy rate with hMG in cycles where down regulation was done using 

long protocol. O.R.: 1.27 (95% CI 1.00-1.62). There was significant reduction in the amount 

of gonadotrophins in favor of hMG over recombinant FSH. (O.R -317.8 (95% CI -346.6, -

289.0). There was no significant heterogeneity of treatment effect across the trials. 
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Figure 1: comparison between recFSH and hMG (live birth rate / ongoing pregnancy) 
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Discussion 

Recent developments in recombinant DNA technology have enabled the large-scale 

production of human rFSH. It was considered a major breakthrough in the treatment of 

infertility by means of assisted reproduction technologies (ART) [25]. hMG is extracted 

from the urine of postmenopausal women while rFSH is derived from the secretions from 

Chinese hamster ovary cells that are cultured in media supplemented with fetal calf serum. 

By comparison, urinary hMG is subject to batch-to batch variation [26] but rFSH has a 

guaranteed consistency across batches and high specific activity (410 000 lU/mg) [27]. 

hMG is generally less expensive than its genetically engineered counterpart. It is clear that 

the price of rFSH has an impact on the patient's budget and on the final cost of ART 

procedures. The price of rFSH is said to be a reflection of 410 years of research and 

development [28]. However, the technology on which rFSH was based was already available 

and should not be used as a justification for the price of rFSH. 

Furthermore, this was not the first molecule to be produced by recombinant technology. 

For example, recombinant insulin has been available for 10 years and is a good example of a 

hormone produced by recombinant technology, surviving in a very competitive market, but 

selling at an affordable price [29]. Recombinant insulin opened the door for the development 

by recombinant technology of a variety of insulin products that have provided alternative 

treatments of diabetes. Thus rFSH is expected to lead to the development of new types of 

FSH as long acting and possibly other future modalities, which has an unlimited future. 

The primary efficacy endpoint used to show the efficacy of rFSH in the original studies 

was the number of oocytes retrieved [30]. This endpoint was chosen because it is the direct 

goal of ovarian stimulation and a parameter that is easily assessed.. However, pregnancy rate 

is the ultimate goal of infertility treatment and take-home baby rate is the ideal parameter for 

comparison [11]. Two previous meta-analyses compared urinary FSH (uFSH) with hMG 

regarding clinical pregnancy rate [7,31]. Daya and colleagues [31] showed favorable 

outcome for uFSH over hMG. On the contrary, pooling trials that used a long protocol of 

gonadotropin-releasing hormone analogs (GnRH-a) for pituitary desensitization, Agrawal 

and associates [7] found an OR for clinical pregnancy rate per woman of 0.88 (95% CI 0.65-

1.19). The former meta-analysis [31] did not differentiate between the GnRH-a protocols 

used. Two meta-analyses, published in 2003, compared rFSH with hMG [32,33]. showed no 

statistically significant difference between rFSH and hMG (OR 0.81, 95% CI 0.63- 1.05), 

but their meta-analysis did not differentiate between the GnRH-a protocols used. On the 
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other hand, Van Wely and colleagues [33] showed that hMG was better than rFSH when a 

GnRH agonist protocol was used. However, these authors included a quasi-randomized trial 

[22] that was excluded in the former study [32]. 

The present meta-analysis included more true RCTs with 2031 IVF/ICS1 cycles and 

showed no statistically significant difference between both drugs regarding live birth rate. 

Subgroup analysis was done to include only those women downregulated with a long 

protocol. There was a statistically significant difference in favor of hMG over recombinant 

FSH: OR 1.27 (95% CI 1.00-1.62) (and still excluding the quasi-randomized trial [22]). 

The number needed to treat (NNT) is the number of patients who need to be treated to 

prevent one additional adverse outcome or achieve one additional favorable outcome, e.g., 

pregnancy. The number needed to treat was calculated and found to be 23. 

This number has become quite a popular way of reporting the results of clinical trials 

[37] and is clinically useful because it can be applied directly to decisions regarding patient 

care. Thus, it would require 23 cycles of ART to achieve a single additional clinical 

pregnancy with hMG treatment compared with rFSH. A large treatment effect leads to a 

small NNT and vice versa. NNT for treatments should be small. It should be noted that NNT 

for the meta-analysis of Van Wely and co-investigators [33] is 18, while in ours it is 23 (with 

more trialsincluded). This figure could be changed with more trials. 

In the present meta-analysis, the results were pooled using a fixed-effects model after 

confirming that statistical heterogeneity was not present (i.e., the observed treatment effects 

in individual trials were not statistically significantly different from the overall pooled 

estimate of the treatment effect). Although all trials were statistically homogeneous, 

differences in clinical parameters are often found (clinical heterogeneity). Clinical 

heterogeneity cannot be avoided because most centers use their own 'materials and 

methods'. On the other hand, when all trials find similar results despite differences in clinical 

parameters, this strengthens the final conclusions. 

It is believed that so long as trials are truly randomized, any differences observed in 

pregnancy rate can be attributed to the effect of gonadotrophins. The purpose of 

randomization is to generate control and experimental groups that are likely to be similar 

with respect to known and unknown covariates. Accordingly, any differences observed in 

pregnancy rate can be attributed to the effect of gonadotrophins, whether recombinant or 

urinary. Randomization minimizes bias in the allocation of patients to groups and ensures 

that the only systematic difference between the groups is the intervention [38]. 
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It should be noted that results were similar from study to study but not identical. This is 

because even if all clinical studies have perfectly valid designs, chance alone would cause 

differences among the results, in part because investigators accept a 5% error to achieve a 

feasible sample size. Differences among studies also are to be expected because of 

differences in participants and clinical settings. The results of a meta-analysis usually reflect 

a wide range of clinical settings and patient characteristics; thus, the results can be 

generalized broadly among typical patients [38]. 

The statistically significant reduction in the dose of gonadotropin shown with hMG 

demonstrates that supplementation of LH activity enhances FSH activity and optimizes FSH 

ovulation induction in Figure 7. Comparison between recombinant follicle-stimulating 

hormone (rFSH) and human menopausal gonadotropin (hMG): amount of gonadotropin 

used per woman (IU). SD, standard deviation; WMD, weighted mean difference; CI, 

confidence interval; EISG, European and Israeli Study Group. Meta-analysis of hMG versus 

rFSH 167 women undergoing controlled ovarian hyperstimulation for ART (Figure 7). LH 

activity could directly stimulate follicle growth and maturation, starting in the mid follicular 

phase [39]. It is also well known that exogenous human chorionic gonadotropin (hCG) was 

previously used in commercial hMG preparations to correct imbalances in the LH/FSH ratio 

[40] and accordingly some of the LH activity in urinary hMG may be derived from hCG 

[41]. A recent compositional study showed that 95% of LH activity in highly purified hMG 

is due to hCG [42]. 

hCG has a longer plasma half-life than LH and provides a more prolonged and stable 

occupancy of LH receptors; furthermore, it was recently suggested that hCG can promote 

angiogenesis, a crucial process involved in embryo implantation [43]. 

Safety always comes first and it has been recently found that a prion protein isoform is 

present in the urine of animals and humans affected with transmissible spongiform 

encephalopathies [44]. This prion protein was also found in the urine of hamsters inoculated 

with prions. However, the urinary prion protein failed to cause prion disease in hamsters 

when inoculated intracerebellarly [45]. Urinary preparations of gonadotrophins have been 

used widely for over 40 years and no infections have been associated with their use, even in 

the past when urinary products were crude [46], 

The issue is whether urine from postmenopausal women might cause prion disease. The 

current advice from the World Health Organization is that urine has zero infectivity for prion 

disease. On the other hand, the cell culture medium for rFSH requires the presence of fetal 
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calf serum, which theoretically can be risky. However, this serum is obtained from countries 

where prion disease is absent and the serum is prepared via a validated purification process. 

Both urinary and recombinant gonadotropin preparations require purification, including a 

number of filtration, ionic exchange, chromatography and precipitation steps, and thus 

bacteria, viruses and prions may be physically removed from the final gonadotropin 

preparations. It is also reassuring to note that similar fractionation procedures are used in the 

production of human plasma. These steps are capable of removing prion proteins [47, 48]. 

The present meta-analysis has concluded that there is no difference in clinical efficacy 

between rFSH and hMG. Additional factors should be considered when choosing a 

gonadotropin regimen, including cost, safety, patient acceptability and drug availability. 

Decision-makers should therefore establish their choice of one drug over the other based on 

the most up-to-date evidence available. In general, the risk of increasing pharmaceutical 

costs without clear clinical benefits has to be set against the risk of strangling innovation. 
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Abstract 

Objective: to conduct a cost-effectiveness analysis for estimation of the cost of an ongoing 

pregnancy in IVF/ICSI cycles comparing recombinant FSH vs human menopausal 

gonadotropins 

Methods: based on results of a recent published meta-analysis by our group, a Markov 

model was developed to conduct a cost-effectiveness analysis for estimation of the cost of an 

ongoing pregnancy in IVF/ICSI cycles. In addition, Monte Carlo micro-simulation was used 

to examine the potential impact of assumptions and other uncertainties represented in the 

model. 

Results: the estimated average cost of an ongoing pregnancy is as: 13,946 EGP and 18,721 

EGP for an hMG and recFSH cycle, respectively. On performing a sensitivity analysis on 

cycle costs, it was demonstrated that the recFSH price should be 0.61 EGP/IU to be as cost-

effective as hMG at the price of 0.64 EGP/IU (i.e around 60% reductions in its current 

price). The difference in cost between hMG & recFSH in over 100,000 cycles would result 

in an additional 4,565 ongoing pregnancy if hMG was used. 

Conclusion: hMG was clearly more cost-effective than recFSH. The decision to adopt a 

more expensive, cost-ineffective treatment could result in a lower number of cycles of 

IVF/ICSI treatment undertaken, especially in the case in most developing countries. 
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Introduction 

The numbers of couples requiring advanced fertility treatment is increasing and hence, 

economic evaluation of different therapeutic interventions is important as the demand for 

services increases (1). This is especially important if we put into consideration that despite, 

remarkable advances in infertility understanding and its management, success is limited and 

multiple treatment cycles may be needed to achieve a successful pregnancy. 

Ovarian stimulation represents an excellent example. Multifollicular development via 

gonadotrophin administration is still an integral component for ovarian stimulation in IVF/ 

ICSI cycles. In the market, there are two major players: recombinant follicle stimulating 

hormone (recFSH) and human menopausal gonadotropin (hMG). Both effectiveness and 

costs should be considered together to aid the judgment about whether one drug should be 

preferred to a comparator (2). 

Despite of its proven efficacy, the relatively high cost of recFSH as compared to 

hMG has its impact on consumption (3) especially in developing countries (4) where its 

price (150 Egyptian pounds for 75 IU recFSH) is almost 3 times that of hMG (50 Egyptian 

pounds for 75 IU). In developing countries, although the cost of one trial of IVF is much 

lower than that in Europe, yet the majority of people cannot afford this treatment because of 

the low per capita income (5). Even if they can afford one IVF cycle, it is documented that 

women in who do not pursue a second IVF cycle after the first fails, the major reason was 

financial (6)In a recently published meta-analysis by our group, it was demonstrated that 

there is no significant difference between hMG & recFSH regarding different IVF outcomes 

(7) with special concern to the most important outcome: Live Birth/ Ongoing Pregnancy rate 

(O.R.: 1.21, 95% CI 0.95-1.54). Based on results of this meta-analysis, we wished to conduct 

a cost effectiveness analysis for estimation of the cost of an ongoing pregnancy in an IVF/ 

ICSI cycle from a perspective of a developing country: Egypt. Furthermore, this model is 

both representative of other developing countries in which the medical insurance and/ or 

government support for infertility treatment is markedly limited. 
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Methods 

The recurring nature of IVF/ ICSI cycles dictated the building of a state transition model, 

also called a Markov model (Figure 1) (Tree Age Pro 2005 Software Inc., Williamstown, 

MA) to simulate the IVF treatment cycle with its key steps to examine the costs and 

effectiveness of recFSH versus hMG. Monte Carlo micro-simulation was also used to 

examine the potential impact of assumptions and other uncertainties represented in the 

model. The transition probabilities for different health states used in the present analysis 

(Figure 1) were based on pooled outcome data that were collected from our recently 

published meta-analysis (7) (Table 1). 

The meta-analysis included eight truly RCTs (8-15) showing no significant 

difference between recombinant FSH and hMG regarding different outcomes (ongoing 

pregnancy/live birth rate (O.R 1.18; 95% C.I 0.93 - 1.50), clinical pregnancy rate (O.R 1.2; 

95% C.l 0.99 - 1.47), miscarriage rate (O.R 1.2; 95% C.I 0.70 - 2.16), multiple pregnancy 

rate (O.R 1.35; 95% C.I 0.96 - 1.90) and incidence of moderate/ severe OHSS (O.R 1.79; 

95% C.I 0.74 - 4.33). There was a significant reduction in the amount of gonadotrophins 

utilized in favor of hMG over recombinant FSH (O.R -317.8; 95% CI -346.6 - -289.0) (7). 

Drug costs for recFSH and hMG were based on the most recent wholesale acquisition 

costs for the two agents in Egypt obtained from the Egyptian Ministry of Health (i.e. retail 

cost). Although these are the official prices, it should be noted that there is a variation in 

these prices between centers (i.e. actual price). All other costs corresponding to the relevant 

health states were taken (Table 2) and included costs incurred for ovarian stimulation, 

monitoring, oocyte retrieval, laboratory procedures, and luteal phase support and pregnancy 

determination. The costs considered were for the year 2005, and were obtained from the 

Egyptian IVF-ET Center, Maadi, Cairo, Egypt. 

Figure 1 represents the first complete cycle with all probabilities commencing with 

ovarian stimulation to ovum retrieval (i.e. yes or no); oocytes recovered (i.e. yes or no); IVF 

or intracytoplasmic sperm injection (ICSI); the subsequent health states are identical for each 

of IVF and ICSI); fertilization (i.e. yes or no); embryo transfer (i.e. yes or no); and ending 

with either clinical pregnancy or negative p-hCG. If the patient became pregnant, then either 

ongoing pregnancy or miscarriage was obtained. If no pregnancy occurred, then either the 

patient restarted the cycle or discontinued for non-medical reasons; the probability of which 

varied by cycle number. Probability of discontinuation at the end of the cycle (failed clinical 
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pregnancy) was obtained from another recent study as it was not possible to obtain it from 

meta-analysis (16). The probability of discontinuation after the Is' cycle is 0.489, after the 

second cycle would reach 0.524 and after the 3rd cycle is 0.571 (16). Patients ending with 

miscarriage were re-entered into the cycle. Probabilities were, again, drawn from the meta

analysis (7). 

The OHSS complication is independent of IVF outcome. Hence, the cost incurred for 

OHSS management was placed early in the cycle to accumulate them regardless of where the 

cycle may end (i.e. ongoing pregnancy, re-start, or stopping 1VF). Patients, who cancelled 

early in the cycle for failed stimulation, were re-entered into the "start cycle" state, re-

incurring the costs of ovarian stimulation. 

It was decided to run a Markov model for three cycles as many patients pursue a live 

birth through infertility treatment over a long treatment course, sometimes up to 10 or more 

cycles of treatment, however, financial and other personal costs often limit most patients to 

only 3 cycles of treatment. Then, to perform the analysis, a virtual population of 100,000 

patients (the 'Markov cohort') was 'treated' in the computer simulation of ART treatment in 

Monte Carlo simulations. These large numbers of patients and simulations provided a high 

degree of statistical accuracy and allowed confidence limits around the outcome estimates to 

be generated with precision. 
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Results 

Running the Markov model through three treatment cycles for recFSH resulted in the 

individual's probability of ending at re-starting the cycle is 6.6%, an ongoing pregnancy is 

35.9%, and in discontinuing IVF is 57.5 % (Figure 2). While for hMG, by the end of the 3rd 

cycle, the individual's probability of ending at re-starting the cycle is 6%, in ongoing 

pregnancy is 40.8%, and in discontinuing IVF is 53.2 % (Figure 3). The hMG cycle costs on 

average EGP 13,946 per ongoing pregnancy, versus an average of EGP 18,721 per 

pregnancy, and a final 36% chance for recFSH (Table 4). On performing sensitivity analysis 

on cost of hMG versus recFSH, it was found that the recFSH price should be 0.61 EGP/IU to 

be as cost effective as hMG at the price of 0.64 EGP/IU (i.e. around 60% reduction in its 

current price). 

The total cost of 100,000 cycles in the hMG arm equals 1,392,633,925.40 (one 

billion and three hundred and ninety two million and six hundred and thirty three thousands). 

Total cost of 100,000 cycles in the recFSH arm equals 1,870,117,337.40 with the difference 

estimated (i.e. recFSH - hMG) equaling 477,483,412. The number of hMG cycles that can 

be done using this difference (i.e. 477,483,412/ 13,946) is 34,238 cycles with 4,565 ongoing 

more pregnancies if hMG was used. 
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Discussion 

The construction of economic models in an IVF/ ICSI setting involves multiple decision 

points and many necessary assumptions in building realistic models of a quite complex care 

process (17). The uncertainty plays an important role in dealing with assumptions and it is 

important in terms of validity and acceptability. For this reason, the best available evidence 

from practice should always support decision models. The current Markov model was based 

on results of the most recently published systematic review and meta-analysis, which is 

considered the top of hierarchy of Evidence-Based Medicine. In addition, the results of a 

meta-analysis usually reflect a wide range of clinical settings and patient characteristics; 

thus, the results can be broadly generalized among typical patients. 

Infertility management is not, and probably will not be covered anytime in the near 

future, by the health authorities in developing countries (5). Even in developed countries, 

where the government partly or completely covers infertility treatment, cost-effectiveness is 

of utmost importance. The contribution of the cost of medications to the overall cost of 

assisted reproduction is significant. In the medical literature, there is a number of cost 

effectiveness analyses comparing recFSH versus hMG (3,18-21) with number of 

similarities: direct involvement of pharmaceutical companies, model gonadotrophin drug 

therapies over three cycles of IVF, using expert clinical panels to provide estimates of 

outcomes (except Hatoum et al., 2005), all compared recombinant versus urinary FSH 

(except Lloyd et al., 2003). Differences in their approach include the choice of evidence and 

information on which they based their modeling. The present analysis is distinguished from 

other mentioned above being based on a recently published meta-analysis (7) (assumptions 

are best evidence & bias is minimized) with no involvement of pharmaceutical companies. 

As it can be seen, the hMG arm exerts "absolute dominance" over the recFSH arm 

(figure 2 - 3). Further analyses, such as Incremental Cost Effectiveness, Threshold Analysis, 

etc., were therefore not possible. 

One may argue that if there is no significant difference between both drugs and one is 

cheaper than the other, then it would be logic that hMG is more cost effective and no need 

for such a complex analysis. However, IVF/ ICSI cycles involve numerous steps. Each has 

its outcome probabilities and associated uncertainties. Therefore, it cannot simply be judged 

that the least costly treatment is the most effective or vice versa. Uncertainty plays a major 
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role here. Moreover, it is important to know precisely how big the difference between the 

two drugs is. 

Some may also argue that the meta-analysis from which the transition probabilities 

were drawn, found no statistically significant difference between hMG versus recFSH. We 

opted to repeat the calculations assuming identical effectiveness of both treatments of 25% 

of ongoing life birth rate, and re-examine their cost-effectiveness (Table 3). The results were 

in the same direction, although the difference was less. From the calculation shown in Figure 

4, price of recombinant FSH should be reduced more than 50% to be equivalent to hMG in 

its cost effectiveness 

In Egypt, only around 50 % of the Egyptian infertile couples could afford to pay for 

IVF (22). We doubt that Egypt as a developing country, which has some private health care 

structures in place to offer tertiary level infertility care, stands alone in this matter. It was 

shown that in many developing countries around 10 per cent of all women's visits to doctors 

(all categories of medical doctors) are related to problems of childlessness. (23) 

Whereas the real cost for each live test-tube birth in the US is estimated at about 

$50,000, in a developing country setting, that cost could reach as high as $100,000 (24). If 

IVF services are provided entirely by the private sector, then new reproductive technologies 

will benefit only a small proportion of infertile women, primarily elites, who can afford the 

costs associated with this technology (Inhorn et al., 1991) 

In conclusion, from an economic evaluation point of view, hMG was more cost-

effective than recFSH. The decision to adopt a more expensive treatment could result in a 

lower number of cycles of IVF/ICSI treatment especially if patients are paying for it. 
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Table 1: IVF Transition Probabilities 

Name 

P_cancel_hMG ' 

P cancel recFSH 

P c l i n j i r e g h M G ' 

p_clinjireg recFSH 

p miscar hMG ' 

pmisca r recFSH 

p_OHSS hMG ' 

p OHSS_recFSH ' 

Description 

Probability of failed stimulation or 

fertilization in the Lab hMG 

Probability of failed stimulation or 

fertilization in the Lab recFSH 

Probability of clinical pregnancy hMG 

Probability of clinical pregnancy recFSH 

Proability of miscarriage hMG 

Proability of miscarriage recFSH 

Probability of OHSS hMG 

Probability of OHSS recFSH 

Value 

0.038 

0.041 

0.310 

0.265 

0.136 

0.122 

0.019 

0.010 

' Al-Inany, Aboulghar, et al. Meta Analysis Gyn. Endocrin. Mar 2005; 20(Sykes et al., 

2001):161-9 
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Table 2 : IVF Model Costs and Units 

Name 

c ovum_pickup 

c Fertilization 

c Trans 

cOHSS 

c Miscar 

c bHCG 

c_antenatal_care 

Description 

Ovum pickup 

Lab procedure 

Embryo transfer 

OHSS 

Management 

Miscarriage 

One |3HCG test 

Antenatal care 

Value EGP 

4.000 

500 

1,000 

4,000 

(30,00-10,000) 

1,000 ±500 

50 

500 

Name 

crecFSH * 

urecFSH t 

cJiMG * 

uJiMG t 

cGnRHa * 

u GnRHa t 

c LP support* 

Description 

Cost of recFSH Unit 

Units recFSH 

required 

Cost of hMG Unit 

Units hMG required 

GnRHa unit cost 

units GnRHa 

required 

Leuteal phase 

support 

Value EGP 

1.93 

2192 ±463.5 

0.64 

2077 ±463.9 

35 

11 

1400 

* MOHP list price 

t Al-Inany, Aboulghar, et al. Meta Analysis Gyn. Endocrin. Mar 2005; 20(Sykes et al., 

2001):161-9 
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Table 3: Monte Carlo Simulation hMG versus recFSH stats per ongoing pregnancy and 

assuming identical effectiveness 

Parameter hMG recFSH 

Using transitional probabilities 

Mean 

SD 

Minimum 

Maximum 

25th percentile 

Median 

75th percentile 

13,926 

±6,512 

8,664 

3,6093 

8,664 

9.214 

27,043 

18,701 

k 8,749 

11,566 

43,247 

11,566 

12,116 

35,747 

Parameter hMG recFSH 

Assuming identical effectiveness 

Mean 

SD 

Minimum 

Maximum 

2.5 percentile 

Median 

97.5 percentile 

9,297 

k 1,058 

5,143 

12,593 

8,664 

8,664 

12,093 

13,118 

±2,541 

11,566 

21,297 

11,566 

12,066 

20,797 

100,000 runs, random allocation. Prices in EGP 
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Figure 1: The IVF Cycle State Transition (Markov) Model 
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% Start Cycle 

1 2 3 Stop 

Figure 2: recFSH: By the end of the 3rd cycle, the individual's probability of ending at 

re-starting the cycle is 6.6%, an ongoing pregnancy is 35.9%, and in discontinuing IVF 

is 57.5 % 
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Vo Pregnancy 
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Figure 3: hMG: By the end of the 3rd cycle, the individual's probability of ending at re

starting the cycle is 6%, in ongoing pregnancy is 40.8%, and in discontinuing IVF is 

53.2 % 
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Figure 4. Sensitivity analysis on cost of human menopausal gonadotrophin (HMG) 

versus recombinant FSH (rFSH) 
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Abstract 

Objectives : to assess the safety and efficacy of s.c. rHCG and the high dose r-LH compared 

with i.m. uHCG for inducing final oocyte maturation and triggering ovulation 

Methods: Electronic search strategies were developed for the Cochrane Controlled Trials 

Register (searched to issue 4, 2003), MEDLINE and EMBASE (up to February 2004). 

Searches were not limited by language. The bibliographies of included, excluded trials and 

abstracts of major meetings were searched for additional trials. Authors and pharmaceutical 

companies were contacted for missing and unpublished data. Two reviewers independently 

scanned titles and abstracts, and selected those that appeared relevant for collection of the 

full paper. Only truely randomised controlled trials comparing rhCG or high dose r-LH with 

urinary hCG for triggering ovulation in assisted conception for treatment of infertility in 

normogonadotrophic women were included. Assessment of inclusion/exclusion, quality 

assessment and data extraction were performed independently by at least two reviewers. 

Discrepancies were discussed in the presence of a third reviewer and a consensus reached. 

Quality assessment included method of randomisation, allocation concealment, blinding of 

participants and assessors, reporting of a power calculation, intention to treat analysis, and 

handling of dropouts. Data extraction included characteristics of participants, the 

intervention and control procedures, and outcomes. 

Results : High dose recombinant LH was found to be associated with statistically significant 

lower pregnancy rate and the manufacturer decided not to further develop it. There was no 

statistically significant difference between rhCG vs uhCG regarding the ongoing prgnancy/ 

live birth rate or incidence of OHSS. There was no statistically significant difference 

between both drugs regarding clinical pregnancy rate or miscarriage rate. rhCG was 

associated with statistically significant reduction in the incidence of local site reactions. 

Conclusions: there is no difference in clinical outcomes between urinary and recombinant 

gonadotrophins for induction of final follicular maturation. Additional factors should be 

considered when choosing gonadotrophin type, including safety, cost and drug availability. 
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Introduction 

Luteinizing hormone (LH) surge is essential in the final stages of follicular maturation for 

triggering follicle rupture, expelling the oocyte from the follicle and leading to its capture by 

the fallopian tube. In addition, the LH surge promotes luteinization forming an active corpus 

luteum. These effects of LH are essential for conception to occur. 

In assisted conception, urinary human chorionic gonadotrophin (hCG) has been used for 

several years to mimic the endogenous LH surge as there are considerable structural 

similarities between hCG and human LH, and hence both hormones stimulate the same 

receptor (!). HCG is readily available in the urine of pregnant women whereas only low 

concentrations of LH are found in the urine of post-menopausal women. 

Urinary preparations, however, are associated with a number of disadvantages, 

including an uncontrolled source, lack of purity, and batch-to-batch variation in activity 

leading to variable clinical results (2). In addition, administration of hCG will lead to a 

higher and more prolonged biological signal than one induced by natural LH. Evidence 

suggests that this could be a possible contributing factor to the development of ovarian 

hyperstimulation syndrome (3) which is a potentially lethal condition when severe (4-5). 

Recombinant hCG (rhCG) and recombinant LH (r-LH) preparations are derived from 

genetically engineered Chinese hamster ovary cell through recombinant DNA technology. 

The production process begins after growth and expression of the cells from a well-

characterized cell bank. The hCG is secreted into the culture medium and harvested over 30 

days. The product is purified by repeated chromatographic steps to yield a product with a 

high specific activity. The high purity of this product facilitates characterization and 

quantitation by physicochemical means, reducing the need for animal bioassays, and makes 

the drug suitable for subcutaneous injection and hence self-administration (6). We wish to 

assess the safety and efficacy of recombinant hCG and recombinant LH compared to urinary 

hCG (used for more than 25 years) for induction of final follicular maturation and 

luteinization in women undergoing assisted conception. 
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Objectives 

To investigate the efficacy and safety of recombinant human chorionic gonadotrophin 

(rhCG) or recombinant LH preparation relative to urinary human chorionic gonadotrophin 

(uhCG) for inducing final follicular maturation and early luteinization in patients undergoing 

assisted conception 

Criteria for considering studies for this review 

Types of studies 

Only randomised controlled trials comparing recombinant human chorionic gonadotrophin 

or recombinant LH preparation to urinary human chorionic gonadotrophin for inducing final 

follicular maturation and early luteinization in patients undergoing assisted conception were 

included. The method of randomisation and allocation concealment were considered. 

Types of participants 

Subfertile couples undergoing triggering ovulation as part of an assisted reproductive cycle 

using either recombinant human chorionic gonadotrophin or recombinant LH preparation vs 

urinary human chorionic gonadotrophin in the protocol of ovulation induction. 

Types of interventions 

Recombinant human chorionic gonadotrophin (rhCG) or recombinant LH preparation versus 

urinary human chorionic gonadotrophin (uhCG) for triggering of ovulation. Dose, route and 

schedule of rhCG and uhCG injected were considered. 

Types of outcome measures 

Primary outcomes: 

• Ongoing pregnancy rate / Live birth rate (per woman or per couple). If live birth rates 

are not reported then ongoing pregnancy rate per woman or per couple will be used 

• Pregnancy rate per woman or per couple. Pregnancy is defined by:- fetal heart 

activity on ultrasound assessment -trophoblastic tissue on pathologic exam at time of 

miscarriage or surgery for ectopic pregnancy 

• Incidence of ovarian hyperstimulation syndrome (OHSS) and women who 

experienced cancelled cycles as a result of high perceived risk of OHSS (as detected 
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in by clinical grading of OHSS. laboratory investigations as haematocrit, 

haemoglobin, renal functions and imaging techniques as ovarian and abdominal 

ultrasound and chest X-ray) 

Secondary outcomes : Miscarriage rate per woman randomised , Number of oocytes 

retrieved , Tolerance and Cost-effectiveness 

Search strategy for identification of studies 

All reports which described randomised controlled trials in which triggering of ovulation 

was performed with recombinant human chorionic gonadotrophin or recombinant luteinizing 

hormone versus urinary human chorionic gonadotrophin were obtained using the following 

search strategy:- (1) We searched the Cochrane Menstrual Disorders and Subfertility Review 

Group specialised register of controlled trials (27 August 2003). See the Review Group for 

more details on the make-up of the register. (2) We searched the Cochrane Central Register 

of Controlled Trials (Issue 4, 2003) on The Cochrane Library. (3) We searched MEDLINE 

(1966 to Feb 2004) and EMBASE (1980 to Feb 2004) databases using following key-words 

and/or MeSH: recombinant human luteinizing hormone, Recombinant hCG , 

choriogonadotropin alfa , Ovidrel ,Luveris ,LHadi ,Profasi ,Pregnyl , OHSS , randomised 

controlled trial, pt., controlled clinical trial. pt„ Randomised Controlled Trials/, Random 

allocation/, Double-blind method/, Single-Blind Method/ 

(4) Hand searching the reference lists of included studies, review and relevant textbooks. The 

search was not be restricted to language. (5) Abstracts of The American Society for 

Reproductive Medicine and European Society for Human Reproduction and Endocrinology 

meetings. (6) Contacted pharmaceutical industries in view of possibility of prospective 

registration of trials. When important information was lacking from the original publications 

the authors or pharmaceutical companies were contacted. 

Methods of the review 

The selection of studies for inclusion in the review together with data extraction were 

undertaken by two reviewers (Al-Inany H & Mansour R) with disagreements resolved by a 

third reviewer (Aboulghar M). The authors were contacted where papers contain insufficient 

information to make a decision about eligibility. 
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The quality of all studies eligible for the review were assessed independently by the two 

reviewers (Al-Inany H & Mansour R), with discrepancies resolved by discussion with third 

reviewer (Aboulghar M). 

The checklist used to assess quality of studies included 

Section I: Internal Validity (1) Was the assigned treatment adequately concealed prior to 

allocation? (2) Were the outcomes of patients who withdrew or were excluded after 

allocation described and included in an "intention to treat" analysis? (3) Were the outcome 

assessors blind to assignment status? (4) Were the treatment and control group comparable at 

entry (descriptive information)? (5) Were the subjects blind to assignment status following 

allocation? (6) Were the treatment providers blind to assignment status? (7) Were the care 

programmes, other than the trial options, identical? (8) Were the withdrawals <10% of the 

study population 

Section II: External Validity 

(1) Were the inclusion and exclusion criteria for entry clearly defined? (2) Were the outcome 

measures used clearly defined? (3) Were the accuracy, precision, and observer variation of 

the outcome measures adequate? Meaning that was Confidence interval mentioned or can be 

calculated (4) Was the timing of the outcome measures appropriate (follow up to ongoing 

pregnancy/ live birth)? 

The quality of allocation concealment was graded as either adequate (A), unclear (B), or 

inadequate (C) following the detailed descriptions of these categories provided by the 

Menstrual Disorders and Subfertility Review Group. Other aspects of study quality including 

the extent of blinding (if appropriate), whether groups were comparable at baseline, the 

extent of losses to follow-up, participation levels, whether the outcome assessment 

standardised, and whether an "intention to treat" analysis was undertaken, were also 

assessed. 

For each included trial, information were collected regarding the following quality 

criteria and methodological details. (Where possible, missing data were sought from the 

authors.) (1) Method of randomisation. (2) Presence or absence of blinding to treatment 

allocation. (3) Number of participants randomised, excluded, or lost to follow-up. (4) 
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Whether an "intention to treat" analysis was done. (5) The presence of a power calculation. 

(6) Duration, timing and location of the study. (7) Study design: parallel or crossover (extract 

first phase data and treat as a parallel design) (8) Sources of any funding 

Characteristics of the study participants (1) Definition and duration of pre-existing 

subfertility in both male and female (2) Previous administered treatment(s) (3) Age of 

participants, both male and female 

Interventions used (1) Type of treatment used. (2) Methodology of technique used. (3) 

Number of interventions (4) Number of cycles (5) Methods of fertilisation (intrauterine 

insemination (IUI), in vitro fertilisation (IVF), intracytoplasmic sperm injection (ICSI) 

Outcomes 

(1) Definition of clinical pregnancy used (2) Methods used to assess all outcomes (3) The 

number of started and completed cycles for each treatment modality. 

(4) The number of clinical pregnancies (total and ongoing). (5) The number of women with 

OHSS or women who experienced cancelled cycles as a result of high perceived risk of 

OHSS (6) The number of miscarriages. Miscarriages include all pregnancy losses prior to a 

gestation of 20 completed weeks, not the reduction of multiples during fetal development. 

Analysis 

Statistical analysis was performed in accordance with the statistical guidelines developed by 

the Cochrane Menstrual Disorders and Subfertility Group. The heterogeneity of the studies 

was identified by inspecting the scatter in the data points and the overlap in the confidence 

intervals and more formally by checking the results of the chi-squared test. Where possible 

results of trials were pooled. 

For dichotomous data, two by two tables were be generated for each trial and expressed 

as an odds ratio (OR) with 95% confidence intervals (CI). These data were combined for 

meta-analysis with RevMan software -using the Peto-modified Mantel-Haenszel method and 

a fixed effects model. Any continuous data were combined for meta-analysis with RevMan 

software using the weighted mean difference (WMD) with 95% CI and a fixed effects 

model. 
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In the graphical display of the meta-analyses, recombinant hCG is considered the 

experimental treatment. An increase in the odds of outcome with recombinant hCG is 

displayed graphically to the right of the centre-line. For an outcome such as pregnancy, an 

increase in odds is considered a benefit of intervention and thus a benefit would be displayed 

to the right of the centre-line. For an outcome such as OHSS, an increase in the odds is a 

detrimental effect of the intervention and thus a detriment would be displayed to the right of 

the centre-line. This should be noted when the summary graphs are viewed for the 

assessment of the relative beneficial and detrimental effects of each intervention. 

It was planned to undertake sensitivity analyses if there are more than ten trials included 

in the review to examine the stability of the results in relation to differences in 

methodological quality (inclusion of all trials compared to trials of high quality only), 

however, our review did not meet this criteria 

Description of studies 

Fifteen studies, that used recombinant hCG or recombinant LH for triggering ovulation, were 

identified and critically appraised. 

Excluded studies 

Eight studies were excluded from the analysis as they did not meet our inclusion criteria (7-

14). The reasons for excluding these studies are described in table of "Characteristics of 

Excluded Studies" 

Included studies 

The seven remaining randomised trials met the inclusion criteria. Publication dates ranged 

from 2000 to 2003. Six trials were published as peer-reviewed papers (6, 15-19). One study 

was unpublished (20). The six peer-reviewed papers represent a total of 1027 women 

seeking assisted reproduction. Details of each study are provided in the table "Characteristics 

of Included Studies". 

90 



Recombinant hCG was used in four trials (6; J_5; 16; J_8) and recombinant LH was used 

in three trials (17: 19; 20), Most studies were pharmaceutically supported by the same 

company (Serono) except (19) which was supported by grants from the Fondo de Investigaci 

Sanitaria. 

In all trials healthy female partners from subfertile couples were included and the 

inclusion and exclusion criteria were very similar. Main common inclusion criteria were: age 

at least 18 but not older than 39 years, regular menstrual cycle ranging from 24 to 35 days 

and FSH < 12 IU/L during the early follicular phase, with no history of OHSS before. All 

trials involved IVF/ICSI cycles except (j_8) that used IU1 or timed intercourse. 

The categories of infertility usually included tubal disease, endometriosis, unexplained 

infertility and male factor infertility. 

Most trials were multicenter, with the exception of (19). Six trials used long protocol of 

gonadotrophin releasing hormone agonist for pituitary down regulation. GnRH agonist was 

started in the mid-luteal phase (cycle day 21 to 24) by either daily intranasal or subcutaneous 

administration. Ovarian stimulation was started after two weeks if pituitary downregulation 

was established (serum estradiol level <50pg/ml). In both treatment groups, ovarian 

stimulation was started with a daily dose of 75 -450 IU recFSH (Gonal-F, Serono) for the 

first five stimulation days. Thereafter, the dose of gonadotrophin was adapted depending on 

the ovarian response as monitored via ultrasonography. Recombinant FSH (Gonal F) was 

used in all trials. Pituitary down regulation using long protocol of GnRH agonist was done in 

all except one trial (18). 

Patients were given either 250 meg rHCG or rec LH SC & IM placebo or 5000 IU 

uHCG IM & SC placebo in five trials to ensure blinding (15-18; 20). The urinary hCG used 

was Profasi, Serono. Thirty to thirty-six hours after triggering, oocyte pick-up was performed 

in all trials except (J_8) (which was focused on ovulation induction). IVF or ICSI in all trials 

except (J_8) and no more than three embryos were to be replaced 2 to 5 days thereafter. 

Luteal-phase support was given per the clinic's routine practice and was started no later than 

the day of embryo transfer. Pregnancy test was done 18 to 21 days after HCG if no 

menstruation then ultrasound was done on day 42. All trials reported clinical pregnancy rates 

and ongoing pregnancy/live birth rate were obtained by contacting the authors. 
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Methodological quality of included studies 

Seven trials were included with publication dates ranging from 2000 to 2003. Six trials were 

published as peer-reviewed papers (6; 15-19). Limited data from the last trial were obtained 

by contacting the pharmaceutical company (20). 

Trial design 

All seven trials were designed as non-inferiority trials to show that the efficacy of 

recombinant drug is not clinically inferior to the current care i.e. urinary gonadotrophins. All 

trials had a parallel design and six were multi-centre trials. All trials provided intention-to-

treat analyses. Each couple contributed data from only the first cycle of treatment. 

Randomisation, allocation concealment, and blinding 

Six trials used a computer generated randomisation list to allocate participants. 

Randomisation was done in blocks of four in one trial (17). In one trial the method of 

randomisation was not stated (18). 

Allocation concealment refers to whether the randomisation sequence was adequately 

concealed until interventions were assigned. In the multicentre trials which used a central 

computer to generate randomisation allocation concealment appeared to be adequate (6; _L5-

17; 20). In the remaining two trials there was not enough information in the trial to determine 

whether allocation concealment was adequate. Five trials used double blinding (15-18; 20), 

the remaining two were open trials. 

None of these trials reported power calculation for equivalence or to detect differences 

in pregnancy rates. Methodologically sound and adequately powered clinical trials are 

needed to be able to withdraw firm conclusions but this usually require a large number of 

participants. 

Baseline similarity of groups 

In all trials, healthy female partners from subfertile couples were included and the inclusion 

and exclusion criteria were very similar. In each trial, the two treatment groups were similar 

with respect to age, height, weight and body mass index (BMI). Participants of these trials 

had different types of subfertility (see "Description of Studies"). Heterogeneity between the 

92 



trials could be introduced by differences between the studies in ICSI use, means of GnRHa 

administration (nasal or by injections), reason of infertility. However, subgroup analysis to 

compare the outcomes within the various categories of subfertility was not possible because 

such detailed data were not available. There was no indication of co-intervention in any of 

the trials. 

Results 

Seven trials were identified and included in the review (6; 15-18; 20). 

Recombinant hCG versus urinary hCG : Four trials were included enrolling 747 

participants (6; 15-16; J_8). 

Ongoing/delivered pregnancy rate per woman : Pooling the data of the ongoing 

pregnancy / live birth rate from the four trials resulted in no statistically significant 

difference between both drugs (ongoing/delivered pregnancy rate per woman of 24.1% in the 

recombinant hCG group and 22.8% in the urinary hCG group; OR 0.98, 95% CI 0.69 to 

1.39). 

Clinical pregnancy rate per woman Pooling the results from the four trials showed no 

statistically significant difference between both drugs (clinical pregnancy rate of 29.6% in 

the recombinant group and 29.3% in the urinary group; OR 0.98, 95% CI 0.71 to 1.36). 

Severe ovarian hyperstimulation syndrome Pooling the results from the four trials showed 

no statistically significant difference between both drugs regarding the occurrence of severe 

OHSS (3.3% in the recombinant group vs 1.9 in the urinary group; OR 1.89, 95% CI 0.74 to 

4.82). Use of the dose of 500 ug rhCG resulted in more cases of severe OHSS; 3.4% of 

women compared to 1.1% in those given 250 ug of rhCG and no cases in those receiving 

uhCG, although this difference was reported as not statistically significant (p = 0.124, 

Fishers exact test) (6). 

Miscarriage rate per clinical pregnancy 

There was no statistically significant difference between both drugs regarding the 

miscarriage rate (16% in the recombinant group vs 17.4% in the urinary group; OR 1.89, 

95% CI 0.74 to 4.82). 
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Number of oocytes retrieved 

There was no statistically significant difference regarding the number of oocytes retrieved 

(WMD 0.78, 95% CI -0.60 to 2.16) 

Tolerability 

The three, randomised, placebo-controlled, double-blind and double-dummy studies, J_5; 16; 

J_8 found a reduction in the incidence of local site reactions in favour of rhCG (OR 0.47, 

95% CI 0.32 to 0.70). One trial recorded 12/44 mild or moderate adverse events (such as 

pain in the injection site) in the rhCG group compared to 17/40 in the uhCG group (15). In 

another trial 22/97 women receiving rhCG reported adverse events compared to 42/93 in the 

uhCG group (16). 26/85 women receiving rhCG in the J_8 trial reported at least one adverse 

event compared to 39/92 in the uhCG group. (6), an open RCT reported no difference 

between both drugs in terms of tolerability of the injections. Adverse events were reported 

by 46.3%, 57.3% and 38.5% of women in the 250ug rhCG, 500u.g rhCG and 200ug uhCG 

groups. 

Cost-effectiveness 

This outcome was not reported by any of the included studies. 

Recombinant hLH versus urinary hCG 

Three trials enrolling 472 women were identified (17; J_9; 20). One trial did not report any 

data that could be pooled with the other trials (20). 

Ongoing/delivered pregnancy rate per woman 

Pooling the data of the ongoing pregnancy / live birth rate from the two trials with available 

data resulted in no statistically significant difference between both drugs with an 

ongoing/delivered pregnancy rate per woman of 18.6% in the recombinant hLH group and 

19.7% in the urinary hCG group. The odds ratio was 0.94 (95% CI 0.50 to 1.76). 

One of the studies comparing rhLH and uhCG (20) reported that pregnancy rates and clinical 

pregnancy rates were significantly lower in the rhLH group than in the uhCG group (p = 

0.018 and p = 0.023, respectively). This information were sent by the pharmaceutical 

company who was conducting the trial after contacting them for additional data. 

Clinical pregnancy rate per woman 
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Pooling the results from the two trials with available data showed no statistically significant 

different between both drugs with clinical pregnancy rate of 24.8% in the recombinant hLH 

group and 26.3% in the urinary group; OR 0.93, 95% CI 0.53 to 1.63). 

Severe ovarian hyperstimulation syndrome Pooling the results from the two trials with 

available data showed no statistically significant difference between both drugs regarding the 

occurrence of severe OHSS (10.3% in the recombinant group vs 12.4% in the urinary group; 

OR 0.82, 95% CI 0.39 to 1.69). 

Miscarriage rate per clinical pregnancy 

There was no statistically significant difference between both drugs regarding the 

miscarriage rate (24.3% in the recombinant group vs 23.7% in the urinary group; OR 0.82, 

95% CI 0.39 to 1.69). 

Number of oocytes retrieved One trials reported a mean number of oocytes retrieved of 

11.56 in the rhCG group and 11.44 in the uhCG group (17). 

Tolerability 

Only one trial reported tolerability (17). The most frequent non-serious adverse events were 

abdominal enlargement (29 cases), abdominal pain (19 cases), injection site pain (14 cases), 

diarrhoea (10 cases) and nausea (7 cases). Over the trial 158 events occurred in 71 women 

treated with rhLH (55%) and 171 events in 77 women treated with uhCG (63.6%) (OR 0.70, 

95% CI 0.42 to 1.16). Three serious adverse events requiring hospitalisation (excluding 

OHSS) occurred in the uhCG treatment group; back pain, missed abortion and an ectopic 

pregnancy. In the rhLH group six patients experienced serious adverse events requiring 

hospitalisation; retention of fetal placenta, abdominal pain, suspected ovarian torsion, 

diarrhoea (2 women), and pre-eclampsia. 

Cost 

This outcome was not reported by any of the included studies. 

Discussion 

In infertile women undergoing ovulation induction, the use of human chorionic 

gonadotropins to achieve final follicular maturation and triggering follicular rupture is well 

established. Urinary hCG has been used for several years but recombinant technology 
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allowed for the production of recombinant hCG with high purity and its batch-to-batch 

consistency. 

The present systematic review included seven randomised controlled trials of high 

quality with almost similar inclusion and exclusion criteria, similar design and methodology. 

We included one trial that did not use down-regulation (J_8) but this did not affect the 

homogeneity of the studies. 

The patient profiles in the trials included in this systematic review were almost similar 

and the IVF and ICSI procedures used were standard, and moreover , there was no difference 

in the type of gonadotropin preparation administered. These factors have eliminated 

heterogeneity to a large extent as seen in the graphs. 

None of the individual trials demonstrated a statistically significant difference in clinical 

outcomes especially livebirth / ongoing pregnancy rate and OHSS incidence between 

recombinant and urinary drugs except (20). Pooling the results of these trials showed similar 

outcome except that local injection site adverse effects were significantly less frequent with 

rhCG than with uhCG (less than one third). 

Results of the two published trials and the unpublished trial comparing rhLH and uhCG 

showed no statistically significant difference in clinical outcomes. Due to the results of the 

unpublished trial (20), Serono (the pharmaceutical company producing rhLH) has decided 

not to register high dose recombinant LH for clinical use. The results of this trial 

demonstrated to the company that to prevent, OHSS, the dose of recombinant drug needed to 

be increased to a level which resulted in a decrease of pregnancy rate, (personal contact with 

company) 

Results of one trial showed that increasing the dose of recombinant hCG (single 500 ug 

dose of rhCG) may led to a higher rate of ovarian hyperstimulation syndrome compared with 

a 250 ug dose (this difference was not statistically significant) with no significant 

improvement in pregnancy rate. As both safety and efficacy are required for any medication, 

the dose of 250 ug seems the dose of choice for triggering ovulation. 

The problem of high BMI and response in obese patients to a standard amount of hCG 

may be an inherent problem of obesity, and there are no data available yet on the use of 
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recombinant hCG in obese patients. It may not be solved by a recombinant product as with 

uhCG. 

Conclusions 

There is no evidence of a difference the clinical outcomes of life birth / ongoing pregnancy, 

pregnancy, miscarriage and OHSS between urinary and recombinant gonadotrophins for 

induction of final follicular maturation. The dose of 250 ug of rhCG provides the optimal 

dose of rhCG for final follicular maturation in treatment cycles for timed intercourse and 

IUI, as well as IVF and IVF/ICSI. 

Minor adverse reactions such as skin irritation at injection site were more likely to occur 

after treatment with the uhCG. Additional factors should be considered when choosing a 

gonadotrophin type, including cost and drug availability. 

Implications for research 

Cost effectiveness analysis is needed between urinar and recombinant hCG. The role of 

recombinant hCG in bringing oocyte maturation should extend to the field of in vitro 

maturation in order to avoid the possibility of OHSS in women at risk. 
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- ^ -
. t ; T3 Ci- ""* 

8 5 9 A C_ VT >? V, /- " 

— 0 

^ 

« 
^ W 

'-

E 

. M 

H 

1) 

* r-

C_ 

"-Tri 

-
r/l 

_ Tl 

^ TT 
i * - o . • 

-— t- "P 

103 



Characteristics of excluded studies 

Study 

Antoine 1997 

Balasch 2003 

Emperaire 1994 

Hreinsson 2003 

Littman 2003 

Ludwig 2003 

Penarrubia 1999 

Zelinski-Wooten 

1997 

Reason for exclusion 

not RCT 

case report (not RCT) 

not RCT 

research for in vitro maturation of oocytes rather than for triggering 

ovulation 

used combinantion of urinary and recombinant hCG (not against each 

other) 

review article (not RCT) 

not RCT 

animal study 
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Review: Recombinant versus urinary human chorionic gonadotrophs tor ovulation induction in assisted conception 

Comparison: 01 rhCG versus uhCG for triggering ovulation 

Outcome 02 ongoing pregnancy / live birth rate per woman 

Study 
or sub-category 

rhCG 
nJN 

Drisooll 2000 6/44 

ERHCG Group 2000 26/97 

Chang 2001 56/183 

IRJHCG Group 2001 14/99 

Total (95% CI) 423 

Total events: 102 (rhCG), 74 (uhCG) 

Test tor heterogeneity: ChP = 1.73, dt - 3 (P = 0.63), P = 0% 

Test for overall effect: I = 0.12 (P = 0.91) 

uhCG 

-': 
5/40 

21/93 

28/92 

20/99 

324 

OR (fixed) 
95% CI 

Weight 

% 

7.15 

24.81 

40.89 

27.15 

100.00 

OR (fixed) 

95% CI 

1.11 10.31, 3.95] 

1.26 10.65, 2.43] 

1.01 10.58, 1.74] 

0.65 10.31, 1.38] 

0.98 10.69, 1.39] 

01 02 05 1 2 5 10 

Favours uhCG Favours rhCG 

Figure 1: ongoing pregnancy / live birth rate per woman 

Review: Recombinant versus urinary human chorionic gonadotrophs for ovulation induction in assisted conception 
Comparison: 02 rhLH versus uhCG for triggering ovulation 
Outcome: 01 ongoing pregnancy I live birth rate per woman 

Study 
or sub-category 

rhLH uhCG 

ruN 

OR (fixed) 
95% CI 

Weight OR (fixed) 
95% CI 

ERLH Group 2001 19/129 
Viari.au 2002 8/15 

Total (95% CI) 144 
Total events: 27 (rhLH), 27 (uhCG) 
Test for heterogeneity: Chi1 = 0.10, df = 1 (P = 0.75), I1 

Test for overall effect Z • 0.19 (P • 0 85) 
= 0% 

18/121 
9/15 

136 

1 1 79.04 
20.96 

100.00 

0.99 [0.49, 1.99] 
0.76 [0.18, 3.24] 

0.94 [O.50, 1.76] 

0.2 0.5 1 2 5 10 

Favours uhCG Favours rhLH 

Figure 2: ongoing pregnancy rate / live birth rate per woman (rLH vs uhCG) 
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Abstract 

Objectives: To compare the efficacy of gonadotrophin-releasing hormone (GnRH) 

antagonists with the standard long protocol of GnRH agonists for controlled ovarian 

hyperstimulation in assisted conception. 

Search strategy: Search strategies included on-line searching of the MEDLINE and 

EMBASE databases and the Cochrane Menstrual Disorders and Subfertility Group's 

Specialised Register from 1982 to 2001, and hand searching of bibliographies of relevant 

publications and reviews, and abstracts of scientific meetings. 

Selection criteria: Only randomised controlled studies comparing different protocols of 

GnRH antagonists with GnRH agonists in assisted conception cycles were included. 

Data collection & analysis: Data were extracted into 2 x 2 tables. For the primary outcome, 

prevention of premature LH surge and clinical pregnancy per woman randomised , the 

overall common odds ratio (OR) and the risk difference with 95% confidence interval (C.I.) 

were calculated after verifying the presence of homogeneity of treatment effect across all 

trials. Secondary outcomes considered were number of oocytes retrieved, clinical pregnancy 

per oocyte retrieval and per embryo transfer, spontaneous abortion, incidence of severe 

ovarian hyperstimulation syndrome and the amount of gonadotrophins used. Where relevant 

data were missing or unclear, the authors have been consulted. 

Main results : Five trials comparing the new fixed protocol of GnRH antagonist to the long 

protocol of GnRH agonist fulfilled the inclusion criteria and were included. In four studies, 

the multiple low-dose (0.25 mg) antagonist regimen was applied and, in one study, the single 

high-dose (3 mg) antagonist regimen was investigated. In all trials, reference treatment 

included a long protocol of GnRHa (buserelin, leuprorelin or triptorelin) starting in the mid-

luteal phase of the preceding cycle. In comparison to the long protocol of GnRHa, the overall 

OR for the prevention of premature LH surges was 1.76 (95%C.I. 0.75-4.16), which is not 

statistically significant. There was a significantly fewer clinical pregnancies in those treated 

with GnRH antagonists ( OR 95% C.I.,0.62-0.97). The absolute treatment effect (ATE) was 

calculated to be 5%. The number needed to treat (NNT) was 20. There was no statistically 

significant reduction in incidence of severe ovarian hyperstimulation syndrome between the 

two regimens ( RR 0.51 (95% C.I. 0.22, 1.18). 
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Conclusion: The new fixed GnRH antagonist protocol (i.e. with antagonist start fixed on 

day 6 of gonadotrophin stimulation) is a short and simple protocol with good clinical 

outcome but the lower pregnancy rate compared to the GnRH agonist long protocol and the 

non significant difference between both protocols regarding prevention of premature LH 

surge and prevention of severe ovarian hyperstimulation syndrome necessitates counseling 

subfertile couples before recommending change from GnRH agonist to antagonist. The 

clinical outcome may be further improved by developing more flexible antagonist regimens 

taking into account individual patient characteristics. The GnRH antagonist flexible regimen 

should be the area of research in the near future. 

Introduction 

Induction of ovulation is one of the major advances in the treatment of subfertility in the 

second half of the 20th century. One aspect of ovulation induction that requires attention is 

the occurrence of an LH surge which may occur prematurely before the leading follicle 

reaches the optimum diameter for triggering ovulation by human chorionic gonadotrophin 

(hCG) injection. Such premature LH surge prevents effective induction of multiple follicular 

maturation for in-vitro fertilisation (IVF) in a significant number of women (1). 

Gonadotrophin-releasing hormone agonists (GnRHa) have played an important role in 

reducing the incidence of premature LH surges by reversibly blocking pituitary 

gonadotrophin secretion. As a result, the rate of cancellation of assisted conception cycles 

was decreased and pregnancy rates were increased(2,3). However, the use of GnRH agonists 

is not without disadvantages. The prolonged protocol of GnRH agonists that proved to be the 

most efficacious (4) needs 2 to 3 weeks for desensitization with relatively high costs due to 

increased requirement of gonadotrophin injections and increased need for hormonal and 

ultrasonographic measurements (5). 

Gonadotrophin-releasing hormone antagonists have emerged as an alternative in 

preventing premature LH surges. In comparison with the GnRH agonists, the 

pharmacological mechanism by which GnRH antagonists suppress the release of 

gonadotrophins is completely different. While the agonists act on chronic administration 

through down-regulation of receptors and desensitisation of the gonadotrophic cells, the 

antagonists bind competitively to the receptors and thereby prevent the endogenous GnRH 
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from exerting its stimulatory effects on the pituitary cells. The competitive blockade of the 

receptors leads to an immediate arrest of gonadotrophin secretion (1). This mechanism of 

action is dependent on the equilibrium between endogenous GnRH and the applied 

antagonist. This antagonistic effect is highly dose-dependent in contrast with the agonists 

(6). While the first generation of GnRH antagonists showed allergic side-effects due to an 

induced histamine release, which hampered the clinical development of these compounds, 

third generation GnRH antagonists such as ganirelix (NV Organon, Oss, The Netherlands) or 

cetrorelix (ASTA-Medica, Franfurt am Main, Germany) have solved these problems and 

have recently been approved for clinical use (5). 

Applying GnRH antagonists for ovulation induction in assisted conception will result in 

a dramatic reduction in the duration of GnRH analogue treatment and reduce the amount of 

gonadotrophin needed for stimulation. Other potential benefits include a lower risk for 

developing severe OHSS and avoiding estrogen deprivation symptoms (e.g. hot flushes, 

sleep disturbances, headache) as frequently observed in the pre-stimulation phase of a long 

protocol. Whether the previously mentioned benefits justify a change in routine treatment 

from the standard long GnRHa protocol to the newly designed GnRH antagonist regimen 

depends on whether the clinical outcome using these protocols is equivalent. The present 

systematic review aims at determining the efficacy of the fixed GnRH antagonist regimen 

(i.e. with fixed start on day 6 of gonadotrophin stimulation)and the standard long GnRHa 

protocol in patients undergoing controlled ovarian hyperstimulation for assisted reproduction 

techniques (ART). 

Objectives 

To compare the efficacy of gonadotrophin-releasing hormone (GnRH) antagonists and 

GnRH agonist administration for controlled ovarian hyperstimulation in assisted conception. 

Criteria for considering studies for this review 

Types of studies 

Only randomised controlled studies were included in this review comparing different 

protocols of GnRH antagonists with GnRH agonists in assisted conception cycles. 
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Types of participants 

Subfertile couples undergoing ovulation induction as part of an assisted reproductive 

program using GnRH antagonists for the prevention of premature LH surges. The following 

characteristics of the participants were considered: age of the woman; duration of 

subfertility; semen analysis results, ovulatory status confirmed with luteal progesterone (P) 

or sonographic evidence of ovulation; tubal patency. 

Types of interventions 

Pituitary suppression with GnRH antagonist or GnRHa together with ovarian stimulation 

with recombinant or urinary human follicle stimulating hormone (hFSH) and/or human 

menopausal gonadotropin (hMG) as part of an assisted reproduction technique. 

Types of outcome measures 

Primary outcomes: 

prevention of premature LH surge-pregnancy rate per woman 

pregnancy rate per cycle as determined by serum B-hCG and ultrasound examination 

for fetal heart activity 

Secondary outcomes: 

number of oocyte retrieved per cycle 

pregnancy rate per oocyte retrieval 

pregnancy rate per embryo transfer 

spontaneous miscarriage rate 

E2 level on day of hCG 

duration of GnRH analogue treatment 

amount of gonadotrophins used 

incidence of ovarian hyperstimulation syndrome 

cost effectiveness as determined by the amount of gonadotrophin units used and cost 

/pregnancy 
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Search strategy for identification of studies 

Search strategy for identification of studies: 

1. The Cochrane Menstrual Disorders and Subfertility Review Group specialised register 

of controlled trials was searched using the key-words: gonadotrophin-releasing hormone 

antagonists - gonadotrophin-releasing hormone agonists - controlled ovarian 

hyperstimulation 

2. MEDLINE database using the same key-words (MeSH words) 

3. EMBASE database using the same key-words 

4. Handsearching the reference lists of included studies 

5. Abstracts of The American Society for Reproductive Medicine (1987-2001) 

and European Society for Human Reproduction and Endocrinology (1987-2001) 

meetings. 

6. Contacting pharmaceutical industries in view of possibility of prospective registration of 

trials. When important information was lacking from the original publications the 

authors were contacted. 
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Methods of the review 

The present systematic review was done in a prospective manner. The title was registered in 

1998 and the protocol was released in 1999 before the results of any RCT was published. 

This allowed us to have prospective application of selection criteria and a priori statements 

of intended analyses to be made before the results of individual trials were known. 

Included trials data were processed as described in the Cochrane Handbook. The quality 

of all selected studies were assessed and evaluated for methodological quality and 

appropriateness for inclusion without consideration of their results. The studies were 

analysed for the following quality criteria and methodological details: 

Trial Characteristics 

Study design. 

Method of randomization. 

Multi-centre or single-centre design. 

Presence or absence of blinding to treatment allocation. 

Number of patients randomised, excluded or lost to follow up. 

Whether an "intention to treat" analysis was done. 

The presence of a power calculation. 

Duration, timing and location of the study. 

Sources of any funding. 

Characteristics of the Study Participants 

Cause and duration of pre-existing subfertility 

Age of the woman 

Body mass index (BMI) 

Number of previous IVF-ET cycles. 

Interventions used 

Method of ovarian hyperstimulation 

Method of GnRH antagonists and agonists administration: timing, route, duration and 

dose 
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Amount of gonadotroph in needed for stimulation 

Outcomes: 

Number of oocytes retrieved per cycle 

Success rate (pregnancy / woman , pregnancy , cycle) as determined by serum B-

HCG and ultrasound examination for fetal heart activity, 

-pregnancy rate per embryo transfer 

spontaneous miscarriage rate 

E2 level on day of hCG (as a risk factor for ovarian hyperstimulation syndrome 

(OHSS) 

duration of GnRH analogue treatment 

amount of gonadotrophins used 

Incidence of ovarian hyperstimulation syndrome (OHSS) (detected by clinical 

grading of OHSS, laboratory investigations as haematocrite, haemoglobin, renal 

functions and imaging techniques as ovarian and abdominal ultrasound and chest X-

ray) 

Number of cycle cancellation 

- Cost effectiveness (as determined by cost of medications, cost per pregnancy, cost of 

complications as severe OHSS) 

All assessments of the quality of trials and data extraction were performed independently by 

two reviewers (HA and MA) using forms designed according to Cochrane guidelines. 

Additional information on trial methodology and/or actual original trial data were sought 

from the authors of trials which appeared to meet the eligibility criteria but had aspects of 

methodology that were unclear, or where the data was in a form unsuitable for meta-analysis. 

Authors from the five trials were contacted, to request additional information and/or data, 

and response was obtained from the two sponsoring pharmaceutical companies (Organon, 

Asta-Medica). Subgroup analysis was done to check the stability of the results reached by 

pooling data of all studies in general especially that the two drugs tested (cetrorelix and 

ganerelix) although close in their chemical structure but are not identical. Also, subgroup 

analysis according to the regimen of administration was done. 

Heterogeneity between the results of different studies were examined by inspecting the 

scatter in the data points and the overlap in their confidence intervals and more formally by 
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checking results of chi-square tests. It was planned to look at the possible contribution of 

differences in trial design to any heterogeneity identified in this manner. Where possible the 

outcomes were pooled statistically. 

The dichotomous data results for each study were expressed as an odds ratio with 95% 

confidence intervals. These results were combined for meta-analysis with RevMan software 

(using the Peto-modified Mantel-Haenszel method). Relative risk or absolute risk difference 

were presented where appropriate. 

The review will be updated whenever new randomised controlled trials are published or 

when a new regimen for GnRH antagonist is applied. 

Description of studies 

Please see the table of included studies for features of the five trials included in the analysis 

Five trials were identified to meet our inclusion criteria (7-11). In the first two trials, the 

GnRH antagonist cetrorelix was applied (sponsor Asta-Medica whereas the remaining three 

trials the efficacy and safety of the GnRH antagonist ganirelix was investigated by Organon. 

In these trials, a fixed protocol of GnRH antagonist (GnRH antagonist was given in a 

fixed day of the cycle ) was compared to the long protocol GnRH agonist. Olivennes 2000 

used the single high dose regimen (3mg) while the other studies used the multiple low 

dose(0.25mg) antagonist regimen. 

In the five trials, GnRH agonist was of the long luteal protocol. 

The GnRH agonist regimens applied were a depot formula of 3.75 mg triptorelin (11), daily 

subcutaneous 0.1 mg triptorelin (8-9), daily subcutaneous 1-0.5 mg leuprorelin (10) and 

daily intranasal 0.6-1.2 mg buserelin (7;8). Luteal phase support was given to all patients. In 

all trials only one treatment cycle was performed, thus, there was no modifying effect due to 

the studied cycle. 

In all trials healthy female partners from subfertile couples were included and the 

inclusion and exclusion criteria were very similar. Main common inclusion criteria were: age 

at least 18 but not older than 39 years, regular menstrual cycle ranging from 24 to 35 days 

and FSH < 10 IU/L during the early follicular phase. Patients with PCOD were excluded in 
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all trials. Albano 2000 and Olivennes 2000 have also excluded cases with moderate or severe 

endometriosis (see " table of included studies"). 

Multiple low-dose regimen 

In the four multiple low-dose antagonist studies, randomisation was performed using a 2:1 

ratio (antagonist/agonist) 

Patients randomized to treatment with GnRH antagonist started ovarian stimulation with 

recFSH on day 2or 3 of the menstrual cycle with a once daily subcutaneous injection. The 

GnRH antagonist was started on stimulation day 6 by daily SC administration up to and 

including the day of human chorionic gonadotrophin (hCG) administration. 

The GnRH agonist reference treatment was started in the mid-luteal phase (cycle day 

21-24) by either daily intranasal or subcutaneous administration. Ovarian stimulation was 

started after 2 weeks if pituitary downregulation was established (serum estradiol level 

<50pg/ml). In both treatment groups, ovarian stimulation was started with a fixed daily dose 

of 150 or 225 IU recFSH or hMG for the first 5 stimulation days. Thereafter, the dose of 

gonadotrophin was adapted depending on the ovarian response as monitored via 

ultrasonography. Triggering of ovulation was induced with HCG (10,000 IU) if at least 3 

follicles >17mm were observed by USS. 

Single high-dose regimen 

In the single high-dose antagonist study, randomisation was performed using a 3:1 ratio 

(antagonist/agonist). In the single high-dose antagonist regimen a single dose of 3 mg 

antagonist was administered on day 7 of hMG stimulation unless the E2 level was below 400 

pg/mL, in which case the injection was delayed. If triggering of ovulation was not done 

within 4 days of administration of the 3-mg dose of antagonist, a daily injection of 0,25 mg 

was given until hCG administration. 

The GnRH agonist reference treatment was started in the mid-luteal phase (cycle day 

21-24) by administering the triptorelin depot formula and ovarian stimulation was started 

after 2 weeks if pituitary downregulation was established (serum estradiol level <50pg/ml). 

118 



In both treatment groups, ovarian stimulation was started with a fixed daily dose of 150 or 

225 IU hMG for the first 4 stimulation days. Thereafter, the dose of gonadotrophin was 

adapted depending on the ovarian response. Triggering of ovulation was induced with HCG 

(10,000 IU) when at least 1 follicle >18 mm were observed by USS and the E2 level was 3 

1200pg/ml. 

Thirty to thirty-six hours after triggering, oocyte pick-up was performed. This was 

followed by IVF or ICSI and no more than 3 embryos were to be replaced 2 to 5 days 

thereafter. Luteal-phase support was given per the clinic's routine practice and was started no 

later than the day of embryo transfer. 

Methodological quality of included studies 

In general, the quality of the five trials was high. All were multicenter randomized controlled 

trials. Olivennes et al 2000 included 7study centers in France (11) whereas the others were 

multinational in Europe ( 9 centers in Albano et al 2000 and 20 centers in European 

orgalutran study group 2000 and 12 centers in the Europan-Middle East 2001 trial) (1-9). 

The North American trial was done in nine centers in USA and two centers in Canada.(lO) 

All trials had parallel design with true randomisation. Albano 2000 used centralized 

telephone procedure as a method of randomization (7). European orgalutron study group 

2000, The North American trial 2001 and Europan-Middle East 2001 trial used an 

Interactive Voice Response System (IVRS) which stratified for age, type of subfertility and 

planned fertilization procedure. Randomization was done at time of recruitment of 

participants^8-10) None of the trials used double blinded treatment allocation as blinding 

was difficult to be conducted in such trials, because, in the GnRH long protocol, ovarian 

suppression is required before starting ovulation induction by gonadotrophins. In contrast, 

the GnRH antagonist is given after starting gonadotrophin stimulation. 

All trials were randomized in ratios that favored GnRH antagonist (2:1 , 2:1, 3:1, 2: 1, 2:1 

respectively) to retrieve as much information as possible about the new treatment regimen. 

(7-11) In all trials, healthy female partners from subfertile couples were included and the 

inclusion and exclusion criteria were very similar. The antagonist regimen was identical in 

the European trial, European-Middle -East and the North American trials except for the 

starting dose of FSH (fixed for the first 5 days), which was 150IU per day in the European 
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trial, European-Middle -East and 225 IU per day in the North American trials. In the single 

high-dose regimen the starting dose was either 150 IU or 225 IU per day (8-10) 

In each trial, the two treatment groups were similar with respect to age, height, weight 

and body mass index (BMI). In the European Middle-East trial, women were on average 2 

years younger than in the other trials. In each trial, the two treatment groups were similar 

with respect to cause of subfertility, duration of subfertility, and the percentage of subjects 

with primary subfertility. In the European Middle-East trial, the incidence of primary 

subfertility was highest (71-73%) as was the incidence of male factor (60-63%) (9). 

Participants of these trials had different types of subfertility (see "Description of Studies"). 

However, subgroup analysis to compare the outcomes within the various categories of 

subfertility was not possible because such detailed data were not available. Consequently, 

the effect of clinical heterogeneity was not discernible. 

None of these trials used power calculation to detect differences in pregnancy rates. A 

comparative study designed to assess a 5 percentage point difference in pregnancy rate 

situated in the region of 20% would require over 1200 women in each treatment group to 

draw a conclusion on pregnancy rate (11). Thus, each trial was not designed to adequately 

test the null hypothesis of no difference in pregnancy rates between the new GnRH 

antagonist regimen and the long protocol of GnRHa. 

All trials reported subjects who did withdraw during the study. In all trials, collected 

data included only one treatment cycle. Center adjusted analysis was done in all trials. 

However, Intention-to-treat analysis was done for efficacy analysis in the ganirelix studies 

only. These trials were designed as non-inferiority trials to show that the efficacy of 

antagonist is not clinically inferior to the current care i.e. GnRH agonist treatment in a long 

protocol. Only in the ganirelix studies, implantation rates were included in the results, 

whereas endometrial thickness was not reported in any trial. The authors of the trials were 

contacted for extra information. 

Results 

The included studies enrolled 1796 subjects who were randomised although the sample size 

varied across the trials. In total 1211 subjects were randomised to treatment with the GnRH 
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antagonist and 585 subjects were randomized to treatment with GnRHa. The analysis was 

done on the number of women randomised not on all subjects treated. 

Individual trials 

subjects treated with the GnRH antagonist required significant less FSH/hMG and the 

duration of stimulation was significantly shorter in each trial. On the day of triggering 

ovulation, the cohort of follicles was smaller and serum E2 levels were significant lower 

after treatment with the GnRH antagonist in all trials. Accordingly, significant fewer oocytes 

were retrieved in subjects treated with the antagonist regimen. 

The individual trials showed no statistically significant differences between the agonist 

and antagonist regime regarding clinical pregnancy rate. 

Premature LH surge 

The overall OR for premature LH surge was 1.76 (95%C.I. 0.75-4.16) demonstrating the non 

significant difference between the GnRH agonist and antagonist in the prevention of 

premature LH surge. The chi-square test for homogeneity of treatment effect was not 

statistically significant. The relative risk was 1.54 (0.65,3.64). Risk difference was 0.01 

(0.00, 0.02). Subgroup analysis was done after exclusion of Olivennes trial (used single high 

dose regimen) and the relative risk was 2.02 (0.76-5.33). Subgroup analysis was also done 

for ganerilix trials and relative risk was estimated to be 2.16 (0.73, 6.38). 

Number of oocytes retrieved 

There was a statistically significant lower number of oocytes retrieved in the antagonist 

protocol. The over all OR was -1.86 (95% C.I. -2.47 , -1.25). The chi-square test for 

heterogeneity of treatment effect was not statistically significant. This result was consistent 

in the subgroup analysis 

Clinical pregnancy per woman 
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After pooling the data from all five included studies, the clinical pregnancy rate was 

significantly lower in the antagonist group. The overall OR for clinical pregnancy per 

woman randomised was 0.79 (95% C.I.,0.63-0.99) in favor of the long GnRHa protocol. The 

chi-square test for heterogeneity of treatment effect was not statistically significant. The 

absolute treatment effect (ATE) was calculated to be 5%. The number needed to treat (NNT) 

was 20. This means that for every 20 subfertile couples undergoing IVF/ ICSI program, one 

additional successful pregnancy can be expected in the GnRH agonist treated group 

Subgroup analysis was done to check the stability of the results. In Ganerilix sponsored 

trials, the OR was 0.78 (0.61, 1.01) just reaching the unity. The ATE and NNT were not 

different from those of the included five trials. On estimating the results after excluding 

Olivennes trial (which used single high dose administration), the OR was 0.80 (0.63, 1.01). 

Again the ATE and NNT were not different. 

Clinical pregnancy per oocyte retrieval 

The overall OR was 0.77 (95% C.I., 0.61-0.96) in favor of the long protocol over the 

antagonist protocols. The chi-square test for heterogeneity of treatment effect was not 

statistically significant. 
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Clinical pregnancy per embryo transfer 

The overall OR was 0.76 (95% C.I., 0.60-0.97) in favor of the long protocol over the 

antagonist protocols. The chi-square test for heterogeneity of treatment effect was not 

statistically significant. The Olivennes study was not included as the number of transfer 

could not be obtained. 

Spontaneous miscarriage rate 

Comparison of spontaneous miscarriage per clinical pregnancy in the five trials showed that 

the overall OR was 1.03 (95% C.I., 0.52,2.04), demonstrating a non significant difference 

between the two protocols. Risk difference was 0.00. This result was consistent in the 

different subgroup analysis 

Multiple pregnancy rate 

There was no statistically significant difference between the two protocols regarding the 

incidence of multiple pregnancy. The overall OR is 0.74 (0.48, 1.16). Olivennes trial was not 

included as data were not mentioned in the text and could not be obtained. 

Cycle cancellation 

There was no significant difference between both groups regarding cycle cancellations (OR 

0.88 (0.56-1.40). However, the chi-square test for heterogeneity of treatment effect was 

statistically significant. (P=0.004) 

E2 level on day of hCG: 

Data of the level of E2 on day of hCG were available in all trials, but variance estimates 

were only provided in two trials (Albano 2000, Olivennes 2000 (as shown in the analysis 

figure). The weighted mean difference in amount of gonadotropin used was -570.25 (95% 

C.I. -662.95, -477.54 ) pg less for the antagonist protocols. It should be noted that this 

estimate was calculated by pooling the data from the 2 trials which provided variance 

estimates and may not be a true representation of the difference in E2 level between the long 

protocol and the antagonists. However, observing the level of E2 in the remaining three trials 

(European Orgalutran study group 2000, North American trial 2001 and Europan-Middle 
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East 2001 ), one can recognize that lower E2 level in the antagonist protocol which is 

consistent with the weighted mean difference mentioned above. Consequently, it can be 

concluded GnRH antagonist protocol is associated with a statistically significant lower level 

of E2 on day of hCG. 

Incidence of severe OHSS 

Using the Peto modified Mantel-Haenszel Method, data were combined across the five 

studies showing statistically non significant reduction in incidence of severe OHSS. The 

common odds ratio was 0.47 (95% C.I. 0.18, 1.25). Relative risk was estimated ( RR) was 

0.51 (95% C.I. 0.22, 1.18). The chi-square test for heterogeneity of treatment effect was not 

statistically significant. 

Risk difference was estimated to be -0.01 ( -0.02, 0.00). Subgroup analysis was done after 

exclusion of Olivennes trial (used single high dose regimen) and the relative risk was 0.56 

(0.22-1.42). Subgroup analysis was also done for ganerilix trials and relative risk was 

estimated to be 1.46 (95% C.I. 0.33, 6.41). 

Duration of ovarian stimulation 

After pooling the data from all five included studies, the duration of ovarian stimulation was 

significantly shorter in the antagonist treated group. The overall OR was -1.12 (95% C.I., -

1.45, -0.80) in favor of the antagonist regimen. The chi-square test for heterogeneity of 

treatment effect was not statistically significant. This result was consistent in the different 

subgroup analysis. 

Duration of cycle treatment 

After pooling the data from all five included studies, the duration of cycle treatment was 

significantly shorter in the antagonist treated group. There was a dramatic reduction in the 

duration of the cycle , OR was -20.69 (95% C.I., -21.33, -20.06) in favor of the antagonist 

regimen. This result was consistent in the different subgroup analysis 
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Amount of Gonadotropin used 

Data of the average amount of gonadotrophin used were available in all trials, but variance 

estimates were only provided in two trials (Albano 2000 , Olivennes 2000 (as shown in the 

analysis figure). The weighted mean difference in amount of gonadotrophin used was -3.34 

(95% C.I. -5.2, -1.47 ) ampoules more for the long protocol compared to the antagonist 

protocols. 

It should be noted that this estimate is calculated by pooling the data from the 2 trials 

which provided variance estimates and may not be a true representation of the difference in 

total gonadotrophin use between the long protocol and the antagonists. However, observing 

the dose of gonadotrophins in the remaining three trials one can recognise that on average 

300 IU more recombinant FSH was required in the long protocol which is consistent with the 

weighted mean difference mentioned above. Consequently, it can be concluded that with the 

use of the long protocol, more gonadotrophin is required for ovarian stimulation. 

Cost effectiveness 

This outcome could not be estimated as no available data in the text and no extra information 

on this issue could be obtained. Ideally, cost effectiveness should be expressed in term of 

cost / pregnancy. Then cost of complications should be added (OHSS , multiple pregnancy). 
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Discussion 

This is the first prospective meta-analysis on GnRH antagonist and the first prospective 

systematic review in the field of gynecology. The protocol has been designed and released 

before any of the included studies has been published. It was designed to compare the 

efficacy of the GnRH agonist and the newly introduced GnRH antagonists. Over the last two 

decade, GnRH agonists have been used in ovarian stimulation protocols in assisted 

reproductive techniques (ART) in combination with gonadotrophins to prevent a premature 

LH surge. The concept of suppressing gonadotrophins by competitive receptor blockage 

rather than through pituitary desensitization with its inevitable flare-up is compelling. (12). 

Controlling the endogenous LH surge by GnRH antagonists may increase the efficiency both 

in an unstimulated and clomiphene citrate cycles (13). 

In total five, randomized, controlled trials were included. All studies were multi-centre 

trials, with significant differences between the participating centres (10). There was no 

significant difference between the agonist and antagonist treated groups regarding the 

prevention of premature LH surge. However, the number of oocytes retrieved was 

consistently smaller in subjects treated with the GnRH antagonist, which was in good 

agreement with the smaller cohort of growing follicles, the lower amount of gonadotrophin 

used and the shorter duration of stimulation. 

It can be recognized that there was a consistent trend in favor of GnRH agonists whether 

in terms of oocytes retrieved at OPU or number of embryos obtained. These findings 

together with lower concentrations of serum oestradiol during ovarian stimulation with the 

antagonists may support the hypothesis that GnRH antagonists interact with the mitoic 

programming of cells involved in folliculogenesis, blastomere formation and endometrium 

development. (14) However, Most of the studies cited in support of this suggestion are in-

vitro studies (15) 

There was also a consistent lower pregnancy rate in the GnRH antagonist treated 

subjects in the five trials but did not reach statistical significance in any of them. On pooling 

the results of these studies, there was a statistically significant reduction in pregnancy rate in 

GnRH antagonist group. This reduction was despite of transfer of an equivalent number of 

good quality embryos in both groups. This observation may raise questions on the impact of 
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GnRH antagonist on the endometrium and subsequently on implantation. In the current 

studies no data on endometrial thickness were retrieved. However, further controlled 

research including examination of endometrium biopsies may provide further insight into the 

possible effects of GnRH antagonists on endometrial development. 

Pooling of the results of the included trials showed that there was no significant 

difference in the reduction in the incidence of severe OHSS between the antagonist or the 

agonist. 

We could not evaluate the economic differences between the two protocols. We may 

assume that the significant reduction of the amount of gonadotrophines and the much shorter 

duration of GnRH analogue treatment, could have direct impact on reduction of the cost of 

the cycle in favor of the antagonist regimen. However, it should be noted that cost 

effectiveness should be estimated by cost per pregnancy rather than cost per cycle. One 

should also keep in mind the Indirect costs: e.g. absence from work (both partners), 

Productivity loss, other indirect costs due to differences in treatment duration 

As Olivennes 2000 trial used single or dual high dose GnRH antagonist which was 

different from the multiple dose protocol in the remaining trials, we performed subgroup 

analysis excluding this study. However, the exclusion of the data from this trial did not affect 

the overall conclusion of this meta-analysis. 

Although the methodological quality of the trials was high, the following points can be 

made. The use of a fixed protocol that starts GnRH administration on a fixed day of the cycle 

with a fixed dose should be re-evaluated. The open label of all studies might bias the 

stimulation strategy and concomitantly the results and complications. Recently it has been 

reported that serum antagonist levels have a linear inverse relationship with body weight. 

Therefore slightly lower doses may be required for smaller women and increased doses may 

be required for substantially larger women. The included trials were restricted to normal 

healthy patients with a regular cycle and a normal BMI ( > 18 and <30kg/m2). Similarly, 

data on women with polycystic ovary syndrome and baseline FSH values >10IU/L need to 

be obtained. In addition, there was no evaluation of menopausal symptoms that develop with 

agonist administration. 

127 



It is expected that with the developing experience in using the antagonist, clinicians will 

be able to finely tune its use. The time of the antagonist administration needs to be managed 

through the size of the leading follicle rather than on oestradiol levels, meaning that GnRH 

antagonist regimen should be flexible rather than fixed. Pretreatment with an oral 

contraceptive may be valuable in cycle programming which is of practical importance to 

physicians. Conclusions 

Implications for practice 

GnRH antagonists' fixed protocol facilitates short and simple protocol for ovarian 

stimulation in assisted conception. However, in view of the available data, there is a small 

but statistically significant lower pregnancy rate that necessitates counseling subfertile 

couples before recommending change from GnRH agonist to antagonist. 

Implications for research 

The GnRH antagonist flexible protocol should be the area of research in the future through 

adjusting the dose of GnRH antagonists according to the LH levels during stimulation and 

according to the body weight. Cost effectiveness analysis should be carried out to evaluate 

the difference between the two protocols regarding cost per pregnancy. 
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Review: Gonadatrophin-releasing hormone antagonists for assisted conception 

Comparison: 02 Premature LH surge 
Outcome: 01 Premature LH surge 

Study 
or sub-category 

GnRH antagonist 

nfll 

GnRH agonist 
n/N 

PetoOR 
95% CI 

Weight PetoOR 
95% CI 

Albano 2000 
Euro Orgalutran 2000 
Olivennes 2000 
Euro-Midd East 2001 
North American 2001 

3/198 

13/463 

0/126 

1/226 

2/198 

1/95 

3/237 

1/43 

0/111 

0/99 

Total (95% CI) 1211 
Total events: 19 (GnRH antagonist), 5 (GnRH agonist) 
Test for heterogeneity: Chi' = 4.51, df = 4(P = 0.34), \' 
Test for overall effect: Z = 130 (P = 0.19) 

11.3% 

-> 16.S9 

67.08 

3.63 

-> 4.23 

-> 8.47 

1.41 [0.17, 11.55] 

1.99 [0.70, 5.68] 

0.02 [0.00, 1.77] 

4.44 [0.07, 287.551 

4.50 [0.24, 85.63] 

1.76 [0.75, 4.16] 

0.1 0.2 0.5 1 2 5 10 

Favours treatment Favours control 

Figure 1: comparison between GnRH angonist and antagonist (Premature LH surge ) 
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Review Gonadotropdin-reteasing hormone grtagonist: 

Comparison: 01 Ovarian slimulstion 

OUcane: 02 Number ol oocytes retrieved 

Sil l* 

or sub-category 
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Figure 5: comparison between GnRH angonist and antagonist (Miscarriage rate) 
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Figure 6: comparison between GnRH angonist and antagonist (severe OHSS ) 
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Update of the meta-analysis 

The first version of this Cochrane review aimed at determining the efficacy of the GnRH 

antagonist regimen and the standard long GnRHa protocol in patients undergoing controlled 

ovarian hyperstimulation for assisted reproduction techniques (ART). Since its release in 

2001, many studies have been conducted addressing the same topic. We found it necessary 

to update the best available evidence comparing GnRH antagonist vs. long agonist protocol. 

In this update amendment, twenty-seven RCTs were identified to meet our inclusion 

criteria (original review included five only). Clinical pregnancy rate was significantly lower 

in the antagonist group. (OR = 0.84, 95% CI = 0.72 - 0.97). The ongoing pregnancy/ live-

birth rate showed the same significant lower pregnancy in the antagonist group (P = 0.03; 

O.R = 0.82, 95% CI = 0.69 - 0.98). 

However, there was statistically significant reduction in incidence of severe OHSS with 

antagonist protocol. The relative risk ratio was (P = 0.01; R.R. = 0.61, 95% CI = 0.42 - 0.89). 

In addition, interventions to prevent OHSS (e.g. coasting, cycle cancellation) were 

administered more frequently in the agonist group (P = 0.03; O.R = 0.44, 95% CI = 0.21 -

0.93). 

Thus, GnRH antagonist protocol is a short and simple protocol with good clinical 

outcome with significant reduction in incidence of severe ovarian hyperstimulation 

syndrome and amount of gonadotrophins but with lower pregnancy rate compared to the 

GnRH agonist long protocol 
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Abstract 

Objective : GnRH antagonists have been introduced into clinical practice as an attractive 

alternative to GnRH long protocol under the concept of a patient friendly medication. We 

wished to evaluate the cost effectiveness of a human menopausal gonadotrophin (hMG) / 

GnRH antagonist flexible protocol versus a long GnRH agonist / hMG protocol. 

Design: single center randomized controlled trial using sealed envelopes as a method for 

randomization. 

Methods: One hundred women undergoing IVF/1CSI were randomized to receive either 

hMG/GnRH agonist long protocol (group I) or hMG/GnRH antagonist when follicle reaches 

15mm (group II). 

Results: both background characteristics and different clinical outcomes of both groups are 

presented in Table I. Two cases had premature LH surge in group II. Fifteen cases (30%) got 

pregnant in the first group as compared to 12 cases(24%) in the second group. The difference 

was statistically non-significant. The mean cost of medications per cycle was estimated to be 

S608 (3740 Egyptian Pounds) in the hMG/antagonist group, while it was $680 (4180 E.P) in 

the long GnRH agonist protocol treated group. This difference was statistically non 

significant. However, the total cost per pregnancy was $6531 (40166 EP) in the 

hMG/antagonist protocol and S5008 (30800 EP) in the GnRH-a/hMG protocol which is 

statistically significant. 

Conclusion: the use of the hMG/antagonist protocol is not a cost effective strategy although 

it provides short and simple stimulation protocol. 
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Introduction 

The use of gonadotropin-releasing hormone (GnRH) agonists with gonadotrophins has 

resulted in greater ease of planning the Superovulation stimulation than was possible with 

the earlier use of clomiphene citrate (CC) with gonadotrophins (1). The long GnRH-a 

protocol has been proven to be superior to other GnRH agonist protocols. (2, 3). 

However, with the introduction of GnRH antagonists, reduction of treatment time, 

avoidance of estradiol withdrawal symptoms, and no ovarian cyst formation mean an 

important reduction of burden for the patients. However, GnRH antagonist-treated patients 

showed lower clinical pregnancy rates compared to GnRH agonist-treated patients (odds 

ratio 0.79, 95% CI 0.63-0.99) (4.) It was suggested that a flexible regimen of GnRH 

antagonist, started when the lead follicle measures Vl 5 mm, yields more oocytes than a fixed 

protocol (starting on day 6). (5) 

The aim of this study was to compare - in a randomized controlled trial- a flexible 

regimen of GnRH-antagonist and hMG versus long protocol of GnRH-a and hMG as 

controlled ovarian stimulation in IVF/ICSI cycles. 
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Participants & Methods 

One hundred subfertile couples were recruited from IVF unit Nile Badrawi Hospital. All 

participants were primary infertility patients, 18-39 years old, with regular menstrual cycle 

and FSH levels < 10 IU/L done at cycle day 3 and ultrasound examination showed normal 

uterus. Women with severe endometriosis (American Fertility Society stage III and IV), and 

azoospermic males were excluded from the study. The Ethical committee approved the trial 

and consent was obtained from all participants. 

Patients were recruited and randomized into two groups using sealed envelopes: Group 

1: Included fifty patients who received Gonadotrophin releasing hormone agonist (GnRH-a) 

Suprefact (Hoechst Marion Roussel) "long luteal protocol" / human menopausal 

Gonadotrophin (hMG Menogon, Ferring Germany). Group 2: Included fifty patients who 

received Gonadotrophin releasing hormone (GnRH) antagonist Ganirelix 0.25 mg (the active 

Ingredient of Orgalutran ® and Antagon, Org 37462; NV Organon OSS, Netherland) / 

human menopausal Gonadotrophin (hMG Menogon, Ferring Germany). 

In Group I, GnRH-a (Suprefact, Hoechst, UK) was administered as nasal spray 600 

pig/day divided into 6 daily doses, starting in the mid luteal phase of the cycle preceding the 

treatment cycle and continued until the day of Human chorionic gonadotropin (HCG) 

administration. Estradiol was done 14 days later to confirm downregulation and then human 

menopausal gonadotropin (HMG) was administered (225 IU) (hMG Menogon, Ferring 

Germany). 

In Group II, hMG was first administered on the second day of the cycle, 3 ampoules 

(225 IU Menogon) daily and Ganirelix 0.25 mg (Organon OSS, The Netherland) was 

administered S.C. daily, starting when the lead follicle measures 14 mm up to and including 

the day of hCG administration. 

HCG 10,000 IU (Chorimon IBSA, Suisse) was administered deeply IM when the 

leading follicle reached 20mm in mean diameter with at least three follicles >18 mm. The 

endometrial thickness was 6mm or more and estradiol level was >1200 pg/ml. 

34-36 hours later after hCG administration. Transvaginal ultrasound-directed oocyte 

recovery was performed in the operating theater under full aseptic technique using Double-

lumen needle (Rocket UK) aspiration needle for OPU 

Follicular aspirate was examined immediately after recovery in tissue culture quality 

dish (Falcon, Decton Dickinson, UK) using a stereomicroscope (Nikon, SMZ-2T, Japan). 
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The whole set up is put inside a horizontal laminar flow hood (Forma Scientific, USA) to 

help maintain sterile conditions. 

As soon as the oocyte is identified, it is transferred with sterile Pasteur pipette to the 

outer well of the oocyte and embryo culture dish (Falcon, Decton Dickinson, UK). This outer 

well contains 4 ml of stock medium based on the MEM-EBBS prepared and adjusted in the 

unit. In this outer well the oocyte cumulus complex is rinsed in the clean medium by few 

passages in and out the tip of the glass Pasteur pipettes. Finally, the oocyte is transferred to 

the central culture well, which contains 1ml of ready-made culture medium (Medicult, 

Denmark). This medium contains G serum substitute. The dish was then promptly 

transferred to the carbon dioxide incubator (Forma Scientific, USA) and the oocyte grade 

was recorded. 

The husband produces a semen sample 2 hours later to the procedure (Around 38 hours 

following hCG injection) by masturbation in a sterile container (Elkay, UK). The sample is 

assessed 30 minutes after production. A separate Lamina flow hood (Hotten, Gudevang. 

Denmark) is dedicated for semen work. All semen parameters are recorded and evaluation in 

accordance to the WHO standards of semen evaluation. Then standard ICSI procedure was 

done using an inverted microscope (Nikon Diaphot 300, JAPAN) equipped with 

micromanipulators and microinjectors (Narishige, JAPAN) Magnification of X 200 and X 

400 assisted by hofman optic system to steriognose the picture 

The procedure was carried out in a plastic microinjection culture dish (Falcon, U.K.) 

containing a number of 10}Xl droplets of HEPES-buffered medium (MILIEU BM1, France) 

covered with mineral oil (Mineral Oil, Sigma M-8410). Each micro droplet contains one 

mature oocyte which was denuded from the surrounding cumulus and corona cells using 

enzymatic (Hyaluronidase enzyme Sigma, H-4272). 

In the injection pipette, a single living morphologically normal-looking spermatozoon 

was aspirated. After immobilization, the spermatozoon was aspirated. The oocyte was held 

in the correct position and sperm was injected. Then, they were incubated at 37°c in an 

atmosphere of 5% C02 (Forma Scientific Incubator, USA). The injected oocytes were 

examined for fertilization at about 16-18 hours after ICSI. 

After another 24hours of invitro culture, the cleaving embryos were scored according to 

equality of size of the blastomeres and proportion of anucleate fragments. Embryo transfer 

was performed 2-3 days after OPU. The patient remained resting with a slight head-down tilt 

to her bed for 2h before being allowed home. 
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Luteal phase support is given to all patients who have been on analog protocols. 

Cyclogest (Shire Pharmaceuticals Ltd., Andover, UK) vaginal pessaries, 400mg twice a day; 

inserted per vaginum, or per rectal and continued for 2 weeks._ B-HCG was done 2 weeks 

following embryo transfer and if negative cyclogest is stopped. If, however, pregnancy test 

(B-HCG) was positive, cyclogyst is continued until 12 weeks gestation. 

Statistical evaluation 

Data are presented as mean ± SD. Different outcome measures were compared using 

Student's t-test or Fisher's exact test where appropriate. P values < 0.05 were considered to 

be significant. Statistics were done using Arcus Quickstat version I. 
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RESULTS 

There was no statistically significant difference between both groups regarding their 

background characteristics (Table I). Different clinical outcomes are illustrated in table II. 

There were 15 conception cycles in group I (30%) including two miscarriages (13.3%) at 

mean of 5.5 weeks gestation, resulting in 13 deliveries of healthy children born. In group II 

there were 12 (25.5%) conception cycles with one miscarriage (8.3%) at 5weeks duration 

resulting in 12 healthy children born (one twin pregnancy). These data were not statistically 

different (P= 0.657). The pregnancy rate per attempt was 30% in Group I & 24% in group II 

which was not significantly different (P=0.652) 

The mean cost of medications per cycle was estimated to be 3740 E.P in the 

hMG/agonist group (group I), while it was 4140 E.P in the antagonist (group II) protocol 

treated group. This difference was statistically insignificant. However, the total cost per 

pregnancy was 40166 EP in the hMG/antagonist protocol and 30800 EP in the GnRH-

a/hMG protocol which is statistically significant. 

Table I: Background characteristics of group I compared to group II 

Age 

Infertility duration / years 

baseline FSH mIU/ml 

day 3 LH mIU/ml 

Basal E2 pg/ml 

E2 pg/ml on day of HCG 

Grou 

Mean 

30.28 

6.06 

5.94 

5.6 

40.92 

2096.9 

P i 

0 

SD 

5.19 

3.12 

1.54 

4.76 

30.54 

578.58 

Grc 

n 

Mean 

30.81 

5.46 

6.13 

7.1 

67.4 

1620.5 

up II 

=50 

SD 

4.8 

3.28 

1.89 

4.89 

51.4 

442.28 

Significance 

P=0.604 

P=0.356 

P=0.588 

P=0.043 

P= 0.003**.. 

P=<0.001** 
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Table II: Different clinical outcomes of group I compared to group II 

Group I 

n=50 

Mean SD 

Group II 

n=47 

Mean SD 

Significance 

HMG Ampoule 36.88 7.77 34.09 3.35 P= 0.025 

Stimulation duration 11.42 2.31 10.32 1.38 P= 0.005** 

Number of follicles 16.34 11.S3 5.59 P= 0.001** 

Size of follicles (mm) 17.6 1.54 18 1.05 P= 0.135 

Endometrial thickness 11.08 1.16 10.87 1.48 P= 0.443 

Number of Oocytes retrieved 12.6 6.15 9.68 5.28 P= 0.014* 

Number of Mil Oocytes 10.46 5.25 8.26 4.96 P= 0.036* 

Number of Oocytes Fertilized 7.SS 4.15 6.38 3.05 P= 0.047* 

Fertilization rate 77.7% 82.5% P=0.179 

Embryos 7.78 4.2 6.11 3.1 P= 0.029* 

No of transferred embryos 2.68 0.81 2.4 1.01 P 0.015* 

Pregnancy Rate/ET 15/35 30% 12/35 25.5% P=0.657 

Abortion Rate 2 13.3% 1 8.3% P= 0.84 

OHSS 2 4 2 4.3 P= 0.668 
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Table III: Cost-effective analysis of the hMG/antagonist protocol as compared to the 

long agonist protocol 

hMG/antagonist( Group! I) 

hMG/GnRHa(GroupI) 

Difference 

Cost of drugs/cycle 

4140 

3740 

400 

PR (%) 

24 

30 

6 

Cost / pregnancy 

40166 

30800 

9366 

*cost is in Egyptian pounds 

Cost of medications (GnRH a) = 2065 (hMG/GnRHa) + 275 [1% (hidden cost) 25 x 11 (days of stimulation) + 1400 cost of luteal phase 

support (cyclogest 100 xl4 days) 

Total: - 3740 E.P 

Cycle cost: 5500 EP 

Total Cost per cycle 9240 EP 

Cost of Medications (antagonist) 2490 (hMG/antagonist) + 250 [1% (hidden cost) 25 x 10 (days of stimulation)] + 1400 cost of luteal phase 

support (cyclogest 100 xl4 days) 

Total:-4140 E.P 

Cycle cost: 5500 EP 

Total Cost per cycle 9640 EP 

hMG 45 EP / ampoule (see results) 

GnRHa 200 EP / nasal spray (average 2) 

Antagonis 160 EP / injection (average 6 ) 
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Discussion 

The application of GnRH antagonists has been used in ovarian stimulation regimens aiming 

to prevent premature LH surges In the presented work we have found that the duration of 

stimulation and number of HMG ampoules used were both significantly lower in the 

antagonist (group II). These findings correspond with the findings of other clinical trials (6-

8). A likely explanation is that the agonist suppresses the natural cycle follicular recruitment 

initiated by inter cycle FSH rise so that longer treatment with gonadotrophins is required 

which allows more follicles to enter the growing phase. 

On the day of HCG administration we have found that in the antagonist group there 

were significantly fewer follicles, and lower E2 levels. This corresponds to the findings of 

other clinical trials (7,8).This may be partly explained by the shorter mean duration of 

treatment and lower total dose of HMG administration in subjects treated with ganirelex 

(antagonist).We have Also noticed that E2 done on day of ET was significantly lower in the 

antagonist group. 

At oocyte retrieval the number of oocytes retrieved was significantly lower in the 

antagonist group,. More over the number of Mil & cleaved oocytes (embryos) were 

significantly lower in that group. This data was consistent with the findings of other clinical 

trials (4,7). 

As regards the fertilization rate and quality of embryos in the two groups we have found 

no significant difference. These findings are in agreement with those of previous controlled 

studies with GnRh antagonist (6,7). 

The cost of ovulation induction drugs is one of the main limiting factors in assisted 

reproduction. Costs and effectiveness can be brought together to aid the judgment about 

whether one drug should be preferred to a comparator. Relative to a comparator a drug 

could: (A) save costs; (B) result in no difference in costs; or (C) increase costs. In relation to 

the clinical effectiveness a drug could achieve (1) greater effectiveness (2) the same level of 

effectiveness or (3) less effectiveness relative to a comparator. 

For any drug the optimum position of an experimental treatment would be both to save 

costs and have greater effectiveness relative to a comparator. In a recently published 
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guidelines for the management of infertility (The British National Formulary, 2004), the cost 

of antagonists for a five-day treatment schedule is around £120 and the cost of agonists for a 

much longer schedule (24 to 31 days) is £111. However the cost of agonists increases with 

longer schedules of treatment (from around £88 for a shorter schedule to around £111 for a 

longer schedule). This could be an underestimate if a woman requires a few more doses of 

agonists, which may only be available in 30-dose or 60-dose units. 

The cost of gonadotrophins is the same for both treatments since it typically involves 

around ten days of treatment. The total cost of gonadotrophins (using The British National 

Formulary prices) is around £544 for a low dose schedule for women who are expected to 

respond well to ovulation induction and around £1,050 for a high dose schedule. The overall 

cost of a schedule of ovulation induction with antagonists is between £645 and £1,170 per 

cycle of treatment. The cost of agonists is between £623 and £1,138 per cycle of treatment. 

In practice, the cost of the antagonist schedule is likely to be toward the lower end of the cost 

range as the patient uses fewer doses of gonadotrophins. The agonist schedule of treatment is 

likely to cost toward the higher end of the range since women tend to use the agonist for 

longer periods of time before starting gonadotrophins. Therefore, The British National 

Formulary (2004) concluded that it is likely that the agonist schedule is less costly than 

antagonist schedule. (9) 

In the present study, all patients were treated for only one cycle and both treatment 

protocols were found to be effective in producing a satisfactory ovulation rate. However, the 

pregnancy rate was insignificantly less in the hMG/antagonist treated group (groupll) 

compared to the other one. The mean cost of medications per cycle was estimated to be 

4,140 E.P in the hMG/antagonist group, while it was 3,740 E.P in the long GnRH agonist 

protocol treated group. This difference was statistically significant. However, the total cost 

per pregnancy was 40,166 EP in the hMG/antagonist protocol and 30,800 EP in the GnRH-

a/hMG protocol which is also statistically significant. 

It is true that IVF procedures are costly, as the intensive use of human resources must be 

covered and the rapid technological advances in the laboratory and in pharmaceutical 

product development must be recapitalized. These issues lead to tremendous pressures, both 

economic and no economic, to maximize success. Against this backdrop, therefore, it is 

critical to consider any monetary savings that can accrue from the decreased use of less 
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effective therapies (e.g., Tubal surgery) while moving patients rapidly into therapeutic 

algorithms that offer an improved likelihood of success. The rapid achievement of pregnancy 

may also produce a significant monetary and societal cost saving due to a lower incidence of 

infertility-related depression resulting from untreated or unsuccessfully treated infertility. In 

addition to discouraging the use of less effective therapies, it is also incumbent on us as a 

specialty to realize any potential cost savings associated with effective therapies. Although 

the use of GnRHa may not lower the cost of an individual IVF cycle, the observation that its 

use requires fewer cycles to achieve a pregnancy suggests that the total cost of treating a 

population of patients will be significantly reduced. 

In summary the use of GnRH antagonists results in shorter duration of stimulation, and 

reduction of HMG use. However it the use of GnRH agonists is more cost effective. 

156 



References 

1. Saadat P, Boostanfar R, Slater CC, Tourgeman DE, Stanczyk FZ, Paulson RJ. 

Accelerated endometrial maturation in the luteal phase of cycles utilizing controlled 

ovarian hyperstimulation: impact of gonadotropin-releasing hormone agonists versus 

antagonists. Fertil Steril. 2004 Jul;82(l): 167-71. 

2. Tan SL, Farhi J, Homburg R, Jacobs HS.Induction of ovulation in clomiphene-resistant 

polycystic ovary syndrome with pulsatile GnRH. Obstet Gynecol. 1996 Aug;88(2):221-

6 

3. FIVNAT 1996 report. French National Register on In Vitro Fertilization. Contracept 

Fertil Sex. 1997;25(7-8):499-502 

4. Al-lnany H, Aboulghar M.GnRH antagonist in assisted reproduction: a Cochrane 

review. Hum Reprod. 2002 Apr;l 7(4):874-85 

5. Ludwig M, Katalinic A, Banz C, Schroder AK, Loning M, Weiss JM, Diedrich K. 

Tailoring the GnRH antagonist cetrorelix acetate to individual patients' needs in ovarian 

stimulation for IVF: results of a prospective, randomized study. Hum Reprod. 2002 

Nov;17(ll):2842-5 

6. Albano C, Felberbaum RE, Smitz J, Riethmuller-Winzen H, Engel J, Diedrich K, 

Devroey P. Ovarian stimulation with HMG: results of a prospective randomized phase 

III European study comparing the luteinizing hormone-releasing hormone (LHRH)-

antagonist cetrorelix and the LHRH-agonist buserelin. European Cetrorelix Study 

Group. Hum Reprod. 2000 ;15(3):526-31. 

7. The European Middle East Orgalutran Study Group. Comparable clinical outcome using 

the GnRH antagonist ganirelix or a long protocol of the GnRH agonist triptorelin for the 

prevention of premature LH surges in women undergoing ovarian stimulation Hum. 

Reprod. 2001 16:644-651 

8. Fluker M, Grifo J, Leader A, Levy M, Meldrum D, Muasher SJ, Rinehart J, Rosenwaks 

Z, Scott RT Jr, Schoolcraft W, Shapiro DB; North American Ganirelix Study Group. 

Efficacy and safety of ganirelix acetate versus leuprolide acetate in women undergoing 

controlled ovarian hyperstimulation. Fertil Steril. 2001 Jan;75(l):38-45. 

9. The British National Formulary.2004 http://www.bnf.org/bnf/ 

157 

http://www.bnf.org/bnf/


158 



Chapter 8 

Optimizing GnRH antagonist administration : 

meta-analysis of fixed vs flexible protocol 

Hesham Al-Inany, Mohamed A Aboulghar, Ragaa T. Mansour, Gamal I. Serour. 

Reprod Biomed Online. 2005 May;10(5):567-70 

159 



Abstract 

Objectives: The aim is to investigate whether flexible GnRH antagonist administration 

according to follicular size would be more beneficial than starting it in a fixed day. 

Methods: A comprehensive search strategy was applied including searching Cochrane 

Menstrual Disorders and Subfertility Review Group specialised register, MEDLINE and 

EMBASE databases, Hand searching the reference lists of included studies, review and 

relevant textbooks and abstracts of major international meetings.Only randomised controlled 

trials in which Subfertile couples undergoing ovulation induction using GnRH antagonist as 

part of an assisted reproductive cycle were included. The raw data was obtained from each 

study and summarised in a two-by-two table. The dichotomous data results for each study 

were expressed as an odds ratio with 95% confidence intervals. These results were combined 

for meta-analysis with RevMan software (using the Mantel-Haenszel method). 

Types of outcome measures: Primary outcomes included pregnancy rate (per woman or per 

couple) and incidence of premature LH surge. Secondary outcomes included number of 

oocytes retrieved, amount of antagonist ampoules used, amount of gonadotroph ins needed. 

Results: Eleven trials were identified but only four RCTs met out inclusion criteria (Ludwig 

et al, 2001, Kolibianakis et al, 2003, Mochtar et al, 2004 and Escudero et al, 2004). There 

was no statistically significant difference in pregnancy rate per woman randomized although 

there was a trend towards a lower pregnancy rate in favor of the fixed protocol especially 

with delayed administration beyond day 8 O.R 0.7 (95% CI 0.45-1.1). There was no 

premature LH surge in any participants in both protocols. However, there was statistically 

significant reduction both in number of antagonist ampoules and amount of gonadotrophins 

used in the flexible protocol (O.R -1.2 95% CI -1.26-1.15). 

Conclusion: there was no statistically significant difference regarding pregnancy rate 

between flexible & fixed protocols. There was statistically significant reduction in amount of 

recombinant FSH with flexible protocol. 
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Introduction 

Recently, GnRH antagonists were introduced as a means of prevention of premature LH 

surge. Unlike the indirect form of pituitary suppression by GnRH agonists, which requires '2 

weeks of administration, the GnRH antagonists cause an immediate and direct suppression 

by competitive binding with the GnRH receptors. GnRH antagonists can therefore be 

administered just before the expected LH surge and need to be administered only for a few 

days. The efficacy of the antagonist has been demonstrated by a number of studies.(1-3). 

The most commonly used method for administration of the antagonist is on a fixed day 

(day 6 of gonadotrophin stimulation). This fixed regimen was advised to avoid any risk of 

premature LH secretion and to simplify stimulation protocol. As there are individual 

variations in patient response to ovarian stimulation, then a starting GnRH antagonist 

according to follicular size (flexible protocol) could be of value. The flexible protocol should 

be based on the follicular size rather than oestradiol level (4). The GnRH antagonist has been 

found to result in lower oestradiol levels than in agonist cycles (2,3). Therefore, the time of 

hCG administration needs to be managed through the size of the leading follicle rather than 

on oestradiol levels. 
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Results 

Eleven trials were identified (5-15). Only four RCTs met out inclusion criteria (6-9). 

Beloborodov et al trial was excluded although multicenter RCT because it compared flexible 

protocol based on follicle 14 vs follicle 16 mm (14). Taskin et al. was RCT focusing on 

endometrial receptivity (15). Other studies were excluded because they were retrospective 

trials. 

There was statistically no significant difference in pregnancy rate per woman 

randomized although there was a trend towards a lower pregnancy rate in favor of the fixed 

protocol [O.R = 0.7 95% CI = 0.47 to 1.05]. There was no statistically significant difference 

in incidence of premature LH surge in both protocols. However, there was statistically 

significant reduction both in number of antagonist ampoules and amount of gonadotrophins 

used in the flexible protocol (O.R -1.2 95% CI -1.26- -1.15). There was a trend to an increase 

in the number of oocytes retrieved with the flexible protocol (OR 1.28 95% CI 0.9-1.6). 

Discussion 

GnRH antagonists have been used in a fixed regimen in most of the clinical studies 

published so far. In those regimens, GnRH antagonist was introduced on day 6 of ovarian 

stimulation regardless of follicular size. Women with a relatively slower follicular 

recruitment (PCOS, low responders) could be negatively affected by a too early GnRH 

administration (8) 

In addition, the potential direct effects of GnRH antagonists on ovarian function, 

endometrium and embryo quality are not well known, hence the flexible protocol could 

reduce the amount of GnRH antagonist consumed per cycle. Whether this reduction would 

be cost effective, or affects implantation rate, needs to be studied with large sample size. One 

big advantage of conducting Meta-analysis is pooling the results of studies with similar 

methodology and addressing the same topic, hence achieving large sample size and 

tightening the confidence in the results obtained. It was estimated that a sample size of 450 

participants would be required to detect a difference of 5% in pregnancy rate and the 

included trials enrolled 459 participants. 
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Included studies were truly randomised except Kolibianakis et al, who used a pseudo 

randomization method (date of birth) (7). Randomization was computer generated in 

Escudero et al trial (8), using sealed envelopes in Ludwig et al trial (6) and opaque sealed 

envelopes in Mochtar et al trial (in blocks as per study center)(9). All were single center 

studies except Mochtar et al, which was multicenter trial. Mochtar et al study received 

financial support, Kolibianakis et al did not state, and the other two trials did not receive any 

financial support. 

All trials used recombinant FSH for multiple follicular development with starting dose 

ranged between 150IU (6-7) to 300 1U (8) et al while Mochtar et al (9) used 200IU). Ludwig 

et al, & Escudero et al, administered GnRH antagonist when the leading follicle was > 14mm 

(6,8) while Kolibianakis et al, Mochtar et al, administered it when leading follicle was > 

15mm (7,9). However, Kolibianakis et al increased the dose of recombinant FSH in the 

flexible group at the start of the GnRH antagonist which can be considered as a confounder 

(7). Exclusion of Kolibianakis et al trial (that used a pseudorandomisation technique) did not 

affect the overall results. 

In three studies (7-9) the implantation and pregnancy rates were higher when the 

antagonist was initiated on a fixed manner (stimulation day 6). It was observed in Mochtar et 

al trial that patients who received their first GnRH antagonist administration on stimulation 

day 8 or later, the pregnancy rates decreased remarkably (9). This was further supported by 

the excluded multicenter RCT (14) that found initiation of GnRH antagonist when leading 

follicle 14mm is better than 16mm regarding pregnancy rate. 

It could be the relatively high LH levels combined with the delayed start of GnRH 

antagonist is the cause of the negative effect on pregnancy rate, by means of prolonging the 

E2/LH exposure to the endometrium. This was supported by the excluded study of 

Bonvantura & Adanyia in which the authors applied the flexible protocol accordingly to LH 

level rather than follicle size (11). The pregnancy rate in the flexible protocol was twice that 

in the fixed protocol (43% vs 21.5%). (P= 0.021). The importance of maintaining an 

intrafollicular environment with LH activity during folliculogenesis to reach proper oocyte 

maturation has been well documented (16,17) 

In conclusion, there was no statistically significant difference regarding pregnancy rate 

between flexible & fixed protocols. However, there was a trend towards lower pregnancy 

rate in favor of fixed protocol. There was statistically significant reduction in amount of 

recombinant FSH with flexible protocol. 
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In flexible protocol, it is advisable that antagonist administration should not be delayed too 

far, so that pregnancy rate would not be affected and for prevention of the LH surge to be 

adequate. 
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Comparison: 01 pregnancy rate 

Outcome: 01 clinical 

Study 

pregnancy rate 
Flexible 

n/N 
Fixed 
n/N 

OR 
(95%CI Fixed) 

Weight OR 
% (95^0 Fixed) 

Escudero 2003 

Ludwig 2001 

Mochtar 2003 

kolibianakis 2003 

20/50 

7/40 

23/101 

14/58 

Total(95%CI) 64/249 

Test for heterogeneity chi-square=0.56 df=3 p=0.91 

Test for overall effect z=-1.72 p=0.09 

26/59 

4/20 

34/103 

14/45 

73/227 

25.3 

7.8 

451 

21.1 

0.851.0.39,1.82] 

0.85[0.22,3.33] 

0.60(0.32,1.11] 

0.70[0.29,1.68] 

0.70(0.47,1.05] 

.1 .2 

Favours flexible 

5 10 

Favours fixe J 

Figure 1: comparison between flexible and fixed antagonist protocols (clinical pregnancy 

rate) 
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Comparison: 02 units of gonadotropin 
Outcome: 01 amount 

flexible 
Study n mean(sd) 

Fixed 
n mean(sd) 

WMD 
(95%CI Fixed) 

Weight WMD 
% (95%CI Fixed) 

Escudero 2003 50 2394.00(874.00) 59 2637,00(1044.00)4-

Ludwig 2001 40 1838.00(576.00) 20 2232.00(624.00) < 

Mochtar 2003 101 1924.00(525.00) 103 1879.00(406.00) f -

koiibianakis 2003 63 1700.00(50.00) 48 1600.00(60.00) 

Total(95%CI) 254 230 

Test for heterogeneity chi-square=12.79 df=3 p=0.0051 

Test for overall effect z=907 p<0.00001 

-> 0.3 -24300[-603.08,117.08] 

0.4 -394.00[-720.58,-67.42] 

4 2.6 45.00[-83.96,173.96] 

> 96.7 100.00[79.01,120.99] 

y 100.0 95.49(74.85,116.13] 

•10 -5 
Favours flexible 

5 ID 
Favours f«ed 

Figure 2: comparison between flexible and fixed antagonist protocols (gonadotrophin 

amount) 
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Comparison: 01 pregnancy rate 
Outcome: 01 clinical pregnancy rate 

Study 

Escudero2003 

Ludwig 2001 

Mochtar 2003 

Tatal(95%CI) 

Test for heterogeneity chi-square 

Test for overall effect z=-1.53 p= 

Flexible 

njtl 

20/50 

7/40 

23/101 

50/191 

=0.56 df=2 p=0.76 

0.13 

Fixed 

nM 

26/59 

4/20 

34/103 

64/182 

OR 

(95%CI Fixed) 

• 
• 

Weight 

32.0 

9.8 

58.2 

100.0 

OR 

(95%CI Fixed) 

0.85(0.39,1.82] 

0.85(0.22,3.33] 

0.60(0.32,1.11] 

0.70(0.45,1.10] 

.1 1 1 5 10 

Favour; fleiibls Favours fixed 

Figure 3: comparison between flexible and fixed antagonist protocols (clinical pregnancy 

rate in truly randomized trials) 
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Abstract 

Objective: to investigate whether increasing dose of gonadotrophins on the day of 

antagonist administration in GnRH antagonist protocols would increase the pregnancy rate. 

The background behind this work is the reporting of a significantly lower pregnancy rates in 

GnRH antagonist protocol as compared to the long GnRH agonist protocol. The cause of this 

difference is not exactly known. 

Design: an open labeled, single center, randomized controlled trial conducted in the 

Egyptian IVF-ET Centre, Maadi, Cairo and allocation was done using sealed envelopes. 

Participants & Methods: One hundred and fifty one subfertile couples undergoing IVF 

/ICSI cycles were included in this study. Ovarian stimulation started on day 3 of the cycle by 

giving 150-300 I.U hMG / day depending on the age of the patient for five days then the 

dose was modified according to the ovarian response. From day 8 onward, daily vaginal 

ultrasound and daily urinary luteinizing hormone (LH) estimation were performed. If 

premature LH rise was detected the cycle was cancelled. The antagonist (0.25mg daily) was 

started when the leading follicle reached 15 mm in mean diameter and LH testing in urine 

was negative till and including the day of hCG injection. Patients were randomized into two 

groups: (group A : 72 with no increase in hMG dose) and group B (79 in whom the dose of 

hMG was increased by 75IU on the day of antagonist administration) and continued this 

increased dose until the day of hCG administration. 

Results: Both groups showed similar patients characteristics. There was no statistically 

significant difference between both groups regarding number of oocytes retrieved, embryos 

obtained, implantation rate, clinical pregnancy rate, multiple pregnancy rate (Implantation 

rate 19.1% in group A and 17.2% in group B / Clinical pregnancy rate 34.0% vs 35.1% [O.R 

for PR (1.3 (95% C.I 0.63-2.6)] / multiple pregnancy rate (41.2% vs 38.9%). 

Conclusion: there is no evidence of clinical value for increasing the dose of hMG on day of 

antagonist administration 
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Introduction 

The introduction of GnRH antagonists in controlled ovarian hyperstimulation, namely 

Cetrorelix (Serono, Switzerland) and Ganirelix (Organon, Oss, The Netherlands) has set up a 

new concept in assisted reproduction techniques. GnRH antagonist resulted in a dramatic 

reduction in the treatment period and lower amounts of gonadotrophin requirement (1,2). 

Several large randomized multicenter trials compared the clinical pregnancy rate in 

antagonist versus agonist protocols (1,3,4). There was no statistically significant difference 

in the pregnancy rate between both arms. However, there was a consistent insignificant 

lower pregnancy rate in the antagonist arm. 

A recent Cochrane systematic review (5) showed a significant lower pregnancy rate in 

the antagonist group. There was no clear explanation of this statistically significant 

difference. Several possibilities were raised, including the lower E2 level on the day of hCG 

and possible impact of the antagonist on the endometrium. With GnRH agonists the pituitary 

is down regulated and secretion of endogenous gonadotrophins is extremely low during 

stimulation and follicular growth will depend only on exogenous gonadotrophins whereas in 

antagonist cycles, follicular growth depends on both exogenous and endogenous FSH and 

LH. However, both endogenous FSH and LH secretion will fall when antagonist is started. 

Clinicians - in an attempt to enhance the response - may increase the dose of 

gonadotrophins. Whether this could bring better results in IVF/ICSI cycles is still unclear. 

The objective of the present work is to find out the possible effect of increasing the dose of 

gonadotrophins on the day of starting the antagonist on the pregnancy rate. 
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Materials and Methods 

This is a prospective randomized single center study comparing patients who received an 

increased dose of hMG on the day of starting GnRH antagonist, versus no increase on the 

outcome of IVF and ICSI in patients using GnRH antagonist protocol. 

Participants: 

The study enrolled 15 lsubfertile couples undergoing IVF/ICSI cycles within four month 

period during the year 2002. The inclusion criteria were female age < 40 years old with 

different causes of infertility including tubal factor, endometriosis and unexplained infertility 

and male factor of infertility not necessitating surgically retrieved sperms. All patients signed 

an informed consent prior to study entry. Patients with a history of poor responses, general 

contraindications for pregnancy and the presence of a clinically significant systemic disease 

were excluded from the study. No patients with more than 3 failed cycles were included in 

the study. 

Ovarian stimulation: 

Started on day 3 of the cycle by giving 150-300 I.U hMG / day depending on the age and the 

weight of the patient for five days (Menogon, Ferring, the Netherlands) Patient below the 

age of 30 years had 2 ampoules, 30-35 years had 3 ampoules, above 35 years 4 ampoules. 

One extra ampoule was added to patients with BMI above 30, then the dose was modified 

according to the ovarian response. 

From day 8 onward, daily vaginal ultrasound (using a 7-MHz transducer model 8538, 

ultrasound scanner model 1849 D, DK-2850; Bruel and Kjaer, Naerum, Denmark) and daily 

urinary luteinizing hormone (LH) estimation (Clearplan; Unipath Limited, Bedford, United 

Kingdom) were performed. If premature LH rise was detected the cycle was cancelled. 

The antagonist was started when the leading follicle reached 15 mm in mean diameter 

and LH testing in urine was negative. Cetrorelix (Serono International S.A., Geneva, 

Switzerland), was administered daily in the form of 0.25 mg (S.C) till and including the day 

of hCG injection. 

Participants were randomized into two groups (A & B). Randomization was done using 

sealed envelopes on the day of the start of GnRH antagonist. Participants in group A 

continued to receive the predetermined dose of hMG and those of Group B we increased the 

dose of hMG by 75IU daily until the day of hCG. 
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Ten thousand units of hCG (Pregnyl; Nile Co., Cairo, Egypt) were given I.M. when two or 

more follicles reached 18 mm in mean diameter. Oocyte retrieval using transvaginal 

ultrasound was scheduled 36 h after hCG injection. 

All participants were enrolled in our IVF/ICSI program, which is described elsewhere 

(6). Embryo transfer was done on day 2 or 3 after OPU using the Wallace catheter 

(H.G.Wallace Ltd, West Sussex, UK) or a Cook catheter (Cook , Australia) if the Wallace 

catheter could not be inserted. Luteal phase support was given routinely in the form of a 

daily progesterone injection (100 mg, progesterone; Steris, Phoenix, AZ, USA). A serum B-

hCG test was done to confirm pregnancy two weeks after embryo transfer. Clinical 

pregnancy was diagnosed 3 weeks after a positive test by the presence of a gestational sac 

with fetal echoes and pulsations on ultrasound. 

Our primary outcome was clinical pregnancy rate / cycle started, while our secondary 

outcomes were number of hMG ampoules, fertilization rate, number of oocytes retrieved, 

number of embryos. 

Power calculation showed that 350 patients will be required to achieve 5% difference in 

pregnancy rate between the two arms. The number was very large and we planned to stop at 

this phase and if there is a tendency towards improvement in pregnancy rate after increasing 

hMG dose, we would continue the study. Ethical approval from an internal ethical committee 

was obtained before the start of the trial. 

Statistical evaluation 

Data are presented as mean ± SD. Different outcome measures were compared using 

Student's t-test or Chi-Square test where appropriate. P values < 0.05 were considered to be 

significant. Statistics were done using Arcus Quickstat version I. 
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Results 

The present study enrolled two groups (Table I) : Group 1 (no increase in hMG dose) 

included 72 subjects while group II (increase hMG dose) included 79 subjects. Both groups 

showed similar patients characteristics. There was no statistically significant difference 

between both groups regarding number of oocytes retrieved, embryos obtained, implantation 

rate, clinical pregnancy rate, multiple pregnancy rate (Implantation rate 19.1% in group A 

and 17.2% in group B / Clinical pregnancy rate 36.2% vs 32.1% [O.R for PR (1.3 (95% C.I 

0.63-2.6)] / multiple pregnancy rate (41.2% vs 38.9%). 
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Table I: characteristics of study groups 

Increase No increase P value 

Age 

Infertility duration 

HMG ampoules 

Oocytes 

2 PN oocytes 

Embryos transferred 

Clinical P.R 

Implantation rate 

32.8 ±5.1 

9.3 ± 5.5 

44.3 ±14.6 

9.2 ±2.1 

4.3 ± 3.7 

2.8± 0.9 

36.2% 

19.1% 

31.9 ± 6.1 

9.2 ± 5.9 

34.4 ±10.5 

10.1±3.8 

5.8 ± 3.3 

2.9 ±0.7 

32.1% 

17.2% 

NS(p=0.17) 

NS (P= 0.46) 

S(P<0.001) 

NS 

NS 

NS 

N.S 

N.S 
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Discussion 

The ideal protocol for antagonist use during ovarian stimulation has not been achieved as 

yet. The antagonist must be started early enough in the course of stimulation to prevent 

premature LH rise, but late enough so as to not increase gonadotrophin requirements by 

excessive suppression of endogenous gonadotrophins. 

Although the large randomized controlled trials (3,4) used the multiple daily protocol 

with lowest possible dose (0.25mg) with a maximum of 1.5mg antagonist administered. Yet, 

the pregnancy rate was lower in the antagonist compared to the agonist. A significant lower 

pregnancy rate in the antagonist arm was demonstrated in a Cochrane review (OR 95% C.I., 

0.62-0.97) (5). The potential direct effects of GnRH antagonists on ovarian function, 

endometrium and embryo quality are not known (7). 

The cause of increased pregnancy rate in the long GnRH agonist protocol over the 

antagonist protocol is unknown. It has been proposed that there may be a negative effect of 

the antagonist on endometrial receptivity (8) The learning curve could be another possible 

explanation (9) 

One of the advantages of the antagonist protocol is the lower dose of FSH used (1). This 

may be because the hypothalamo-pituitary axis was not down regulated and subsequently 

endogenous FSH together with the exogenous FSH stimulates the growing follicles while in 

the long GnRH protocol stimulation depends only on exogenous FSH. 

We hypothesized that on the day of starting GnRH antagonist, the endogenous FSH will 

suddenly stops and this will reduce the total FSH available for the growing follicles until the 

day of hCG. In an attempt to test this hypothesis, we randomized patients to an arm which 

will continue the same dose and an arm with an increased dose with idea of compensating 

for the endogenous FSH. 

Some doctors may have tended to increase the dose of gonadotrophins in the 3 mg 

Cetrotide tailored protocol because they were afraid of estradiol drop as a potential 

detrimental outcome. However, if such an oestradiol drop occurs, it does not appear to harm 

follicular growth on pregnancy rates in 3 mg Cetrotide protocol (9). In our center, we do not 

measure E2 during our routine cycles except in poor responders and very high responders 

threatened to develop OHSS. We decided to follow our protocol during the study. 
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There were many modifications on the original multiple dose GnRH antagonist 

protocol, as flexible GnRH protocol (10), adjusting dose to body weight (11) were all 

introduced hoping to improve the pregnancy rate. Unfortunately, there was no improvement 

in the pregnancy rate following the modified antagonist protocol. The possible profound 

suppression of endogenous LH activity after administration of GnRH antagonists could not 

be responsible for the lower pregnancy rate in the antagonist protocol (12). 

If there is any question of profound LH suppression, it is anticipated that FSH 

preparation containing LH will be favored, and subsequently it is not expected that 

recombinant FSH would be better. In a recent meta-analysis (13) urinary gonadotrophins 

were compared to recombinant FSH and there was no significant difference in the pregnancy 

rate between the two arms of the analysis. 

All the multicenter clinical studies used the fixed dose of antagonist from day 6 of the 

cycle, however, it was found that delaying the starting day of the antagonist will reduce the 

dose required with a minimal risk of premature LH rise (9-10). In fixed protocols, ultrasound 

examination starts day 6 of the cycle, however, in flexible protocols the ultrasound is 

delayed to day 8 because it is not expected that follicles will reach size of 15mm before that. 

In conclusion, there is no evidence of clinical value for increasing the dose of hMG on day 

of antagonist administration. The cost of increasing the dose of hMG should discourage such 

policy. Although in this study, we are reporting negative results, we believe that publishing 

these data will save time and efforts of other gynecologists who may try to test the same 

hypothesis. Reporting our results also helps avoiding more costs. This will ultimately result 

in better patient care. 
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Abstract 

Objective: to evaluate the safety and effectiveness of transvaginal ultrasound guided 

injection of hot saline into the ovarian stroma in polycystic ovary syndrome (PCOS) cases in 

an office based gynecology practice under local anaesthesia. 

Setting: outpatient gynecologic office; private and University Hospital based 

Study design: case series study 

Participants: Sixty anovulatory infertile females diagnosed as PCOS by clinical, chemical 

and ultrasound criteria were recruited for the study. All cases were resistant to clomiphene 

citrate for more than 6 months. Fifty two cases completed the follow up period for six cycles. 

Intervention: injection of hot sterile saline (75C) into the ovarian stroma under transvaginal 

monitoring using ovum pickup needle. 

Outcome measures: cycle regularity, ovulation rate and safety were primary outcomes. 

Pregnancy rate and patient convenience were our secondary outcomes 

Results: ovulation has been achieved in 73.1% of clomiphene citrate resistant PCOS cases 

and resulted in pregnancy in 26.9% of these cases. No adverse effects were recorded and the 

procedure was tolerable in most of cases. 

Conclusion: Transvaginal ultrasound guided ovarian stroma hydrocoagulation in an office 

setting seems to be a safe, economic and practical procedure that is acceptable by the 

patients. If larger studies confirmed its effectiveness it may be an attractive alternative to 

conventional ovarian drilling. 
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Introduction 

Polycystic ovarian syndrome (PCOS) is one of the commonest causes of anovulation. It is 

estimated that about 25% of PCOS women will not respond to clomiphene citrate and are 

considered to be clomiphene resistant. Ovarian drilling, is an effective alternative to 

gonadotrophins in clomiphene resistant PCOS (1-2). Laparoscopic ovarian drilling, using 

laser or diathermy, needs hospital setting usually with an overnight stay. However, apart 

from risks of general anaesthesia and laparoscopy, the right dose of diathermy to reliably 

stimulate the resumption of ovulatory cycles is still not clear in the medical literature. 

Subsequently, the risk of postoperative adhesions cannot be ignored. Reported adhesion 

formation rates following laparoscopic ovarian drilling range between 0-100% (3-4). 

Current pressures of quality versus cost in an era of managed care has resulted in an 

emerging trend whereby surgical procedures are gradually migrating to less complex 

environments. Office gynecologic procedures are now becoming more popular as seen in 

office microlaparoscopy (5), office hysteroscopy (6), office salpingoscopy (7) and more 

recently, transvaginal hydrolaparoscopy.(8). 

In a previous trial, we reported the validity of thermal aqua puncture (TAP) in induction 

of ovulation in PCOS cases. The idea is to coagulate areas of the ovarian stroma through 

conveying thermal energy (hydrocoagulation) using hot saline (9). The ovarian stroma tissue 

in cases of PCOS is quite echogenic. It can be accurately targeted using the puncture needle. 

The injected fluid can be identified on the real time ultrasound monitor. 

In the present study, we aim at the evaluation of the feasibility of applying transvaginal 

ultrasound guided ovarian stroma hydrocoagulation (TOSH) as an office procedure. 
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Material & Methods 

The study was conducted between April, 1999 and September,2000 in an outpatient 

gynaecologie clinic. Sixty anovulatory infertile females with oligomenorrhoea or 

amenorrhoea were recruited for the study. All had complete infertility workup. Participants 

were diagnosed as PCOS based on clinical, ultrasonographic and biochemical investigations. 

All cases were resistant to clomiphene citrate (CC) for more than 6 cycles. We considered 

patients to be resistant to ovulation if they fail to ovulate in spite of continuous induction of 

ovulation using clomiphene citrate for 6 months. The selected cases were younger than 35 

years of age and had no history of pelvic surgery. The procedure and its experimental nature 

were explained to our cases and a written consent was obtained. We got the consent from our 

local ethical board to carry out the study. 

The procedure 

The patient was placed in the dorsal lithotomy position and the vagina and perineum were 

prepared with an antiseptic solution. A preliminary transvaginal sonography was done to 

scan the pelvis before attempting the procedure and to measure the ovarian volume using the 

endovaginal probe (model 8561, 6.5 MHz. M.F.I.) of the Ultrasound Machine (Bruel and 

Kuer 2003 Cheetah, B-K Medical, Sandtofen 9, 2820 Gentofte, Denmark). We recorded the 

core temperature immediately before and after the procedure through a rectal thermometer 

We used sterile saline (0.9% Sodium Chloride U.S.P XIX) in 500 ml glass bottle (The 

Nile Company for Pharmaceuticals and Chemical industries, Cairo, Egypt). The bottle was 

placed in a temperature controlled electric water bath. We used an electronic digital 

thermometer monitored the water bath temperature: (D2000, TfA-Germany) as detailed in 

our original publication (9). An infusion set was fitted to a 500 ml. saline or lactated ringer 

solution hanged on a 2m stand. A single channel puncture needle (Art. # 8141230 - Swemed 

Lab, International Ab., 40145-42604 V. Frolunda - Sweden) with 1.4 gauge and 300 mm 

useable length was used for the procedure. The needle was inserted into the needle guide (B-

K UA 1241) followed by the injection of 1-2 ml. of lidocaine into the vaginal puncture site 

to reduce the pain and heat sensation. The infusion set was then attached to the luer of the 

needle. Guided by transvaginal ultrasound the site of the ovary was identified in the best 

accessible location guided by the built in electronic puncture line set by the ultrasound 

machine. The idea was to design a single vaginal surface puncture nearest to the pouch of 

Douglas that will make the largest area of the ovarian stroma accessible to injection. 
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We explained the representation of the image on the ultrasound monitor and the patient was 

encouraged to follow up the procedure step by step thereafter. We notified the patient before 

the needle was advanced to puncture the vaginal skin monitoring its course on the ultrasound 

screen and intermittently monitoring the infusion set drip chamber. Free flow of the saline 

drip meant that the needle tip is properly located within the pelvic pouch. We usually 

allowed 150-200 ml. of sterile saline at room temperature to accumulate into the Douglas 

Pouch (hydrofloatation) over a period of about 10 minutes. This amount of fluid is an extra 

safety measure taken from our side to protect the viscera against any spill of the hot saline 

injected. We then replaced the infusion set tip a glass syringe filled with 10 ml. of hot saline. 

We notified the patient once more before we started to inject the hot saline (85C water bath 

temperature- calculated approximate 75C injected saline temperature at the needle tip) into 

the ovarian stroma. The puncture site angle and depth were carefully and minimally changed 

to allow access to nearby areas of the ovarian stroma from the same puncture site. We 

allowed a delay of about 30 seconds to pass before changing the site of the injection. 

Follow up 

Our study design was to follow up our patients for 6 months after the procedure. We 

monitored the ovulation rate (as determined by regular cycles with symptoms suggestive of 

ovulation and regular transvaginal ultrasound on day 10-14 to detect a mature follicle). We 

arranged for serum B-hCG assay to diagnose pregnancy whenever the cycle was delayed 

following a period of ovulatory cycles. Out of the 60 patients, 52 continued our follow up 

plan and were included in our results. Results were estimated on an intention to treat 

analysis. The data obtained were represented in terms of means and standard deviation. 
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Results 

The mean age of our patients is 28.8 + 3.5 years (range 22-34) with a mean period of 

infertility of 4.9 + 1.8 years (range 1-8). The mean BMI of our patients is 27.2 + 2.8 (range 

20.8-33.4). The mean ovarian volume for each ovary was 10.6 + 2.2 ml.. We injected a mean 

of 3.5 + 1.0 ml. of hot saline in each ovary. The mean time for the whole procedure was 

11.3 + 2.2 minutes. 

There was no adverse effects recorded in any participant. Twenty three patients (38.3%) 

experienced pain during the procedure. This was during the ovarian surface puncture and 

during the injection of the hot saline into the stroma of the ovary (volume related). The pain 

was tolerable in all cases and all the patients responded negatively when asked if we should 

abort the procedure. Some patients reported a cool sensation during pelvic hydrofloatation. 

Some reported it to be a pleasant sensation. Some reported a heat sensation during the 

injection of the ovary. None reported pain or hot sensation at the vaginal puncture site 

(anaesthetized). We noticed no change in core temperature before and after the procedure. 

Forty-three patients (71.7%) had an episode of bleeding a few days after the procedure. 

Forty-six patients (76.7%) had three spontaneous successive regular cycles and ovulation 

was documented by serum progesterone on day 20-22 in at least one cycle. Thirty eight 

subjects (63.3%) continued to do so for at least six cycles. Fourteen participants (23.3%) 

became pregnant within the first 6 months of the procedure. Three patients (21.4%) aborted 

spontaneously within the first trimester. There was no statistically significant difference in 

the demographic characteristics of all participants, those who ovulate regularly and those 

who became pregnant (Table I). 
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Table 1: Demographic characteristics of the study participants 
i t e m All Ovulatory cases Pregnancy cases P value 

participants 

Age 28.8 +3.5 28.1+ 1.6 26.9+2.7 NS 

Infertility 4.9+1.8 5.0+1.9 4.8+1.8 NS 

duration 

Ovarian 10.6+2.2 10.6+2.3 10.8+1.9 NS 

volume 

BMI 27.2 + 2.8 27.1+2.3 27.2+3.5 NS 

Discussion 

Patients with clomiphene resistant PCOS are often treated with gonadotrophins. Although 

effective, it is an expensive, stressful and time-consuming form of treatment requiring 

intensive monitoring. Besides, patients are exposed to the risks of ovarian hyperstimulation 

syndrome (OHSS) and multiple pregnancy. On the contrary, multiple pregnancy rates are 

reduced in those women who conceive following laparoscopic drilling and no significant 

difference in ovulation or pregnancy rates when compared to gonadotrophins therapy as a 

secondary treatment for clomiphene resistant women (10). 

The last decade has witnessed increasing interest in office procedures. The ideal office 

procedure should be safe, undertaken in a short period of time with minimal morbidity and 

inconvenience to the patient. In the field of infertility, the scope of transvaginal office 

procedures is rapidly widening. (11-12). Mio et al,1999 have tried transvaginal guided 

follicular aspiration in the midluteal phase for all persistent follicles. None of the participants 

in this trial conceived in the aspiration cycle (13). However, the response to ovulation 

induction was improved in subsequent cycles. 

Hot saline provides conduction exchange medium through which heat is gently 

conveyed to the ovarian stroma tissue without tissue substance loss or scarring. Different 

planes within the ovarian stroma can be accessed without affecting the follicular forming 

tissues within the ovarian cortex.(9) These findings together with the positive results we 

obtained in laparoscopic TAP from our previous study (9) has directed our interest to 
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evaluate and assess the safety and efficacy of transvaginal ultrasonographic guided ovarian 

stroma hydrocoagulation (TOSH) for ovarian stimulation in polycystic ovary syndrome. We 

got enough experience in the practice of interventional ultrasonography obtained mainly 

through oocyte retrieval, cyst aspiration and amniocentesis. Thus, the learning curve for 

TOSH had been developed rapidly. In contrary to laparoscopic ovarian drilling where 

immobilisation is done by holding the ovarian ligament. During TOSH the ovary is focused 

in the view angle and by a jerky needle action the puncture is usually successful in the first 

attempt. 

The success of TOSH depends on the appropriate selection of the patient, the absence of 

contraindications, adequate instrumentation and meticulous technique. In the present study, 

we carefully selected our participants as anovulatory infertile females diagnosed on clinical, 

ultrasonographic and biochemical basis as having PCOS, and proved resistant to clomiphene 

citrate therapy by follow up for 3-6 month. 

The present study demonstrated the effectiveness of TOSH for ovulation induction, resorting 

cycle regularity and improving the response to clomiphene citrate. These findings match well 

with those of other investigators who have undergone transvaginal ultrasound guided cyst 

aspiration in anovulatory PCOS women for research into in vitro maturation and have found 

so far that ovulatory cycles are resorted without the aid of adjuvant ovulation induction 

therapy. (14) 

Regarding the safety, Injection of fluid within the pelvis through vaginal puncture in the 

lithotomy position during scanning renders effective hydrofloatation and helps keep the 

intestine away from the low positioned injection site. TOSH was performed in the office. 

Allowing the patient to follow up the procedure on the ultrasound monitor reassured the 

patient and helped her to be distracted from the state of anxiety that may accompany office 

interventional procedures. Patients almost did not need pain management in the early 

postoperative period, and the patients were discharged within 1 hour of the completion of the 

procedure. Another factor in favor of our novel procedure is the cost savings as compared to 

the hospital charges needed for the conventional laparoscopic ovarian drilling. This is a 

valuable aspect that has to be considered if the patient is paying for her infertility treatment. 

The same point may sound valuable to third party medical services 

In the present study we did not carry out hormone assays including LH, FSH or 

androstenedione before and after the procedure as we have reported in our original study a 

statistically significant postoperative reduction in the mean basal LH levels and a significant 
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rise in the mean basal FSH levels. No significant reduction in the mean level of 

androstenedione was observed. In that same study we recorded no ovarian atrophy or pelvic 

adhesions following the procedure in those patients who failed to ovulate and were 

subsequently scheduled for laparoscopic ovarian drilling(9). 

We may assume that colour flow mapping (colour Doppler) and 3D technology may be 

applicable to this novel approach. Colour flow mapping will mark the ovarian stroma 

vasculature and will represent vivid live imaging during the process of injection. Using 3D-

TVS we can portray not only individual image planes, but also store complex tissue volumes 

which can be digitally manipulated to display a multiplanar view, allowing a systematic 

tomographic survey of the injected stromal tissue. The same technology can also display 

surface rendering and transparency views to provide a more realistic 3D portrayal of various 

structures. (15) 

In conclusion, TOSH can be adopted as an outpatient office procedure. The ease of 

scheduling, reduced costs and rapid recovery suggest it may be the preferred initial 

procedure for PCO cases resistant to CC. The effectiveness of this procedure depends on the 

appropriate patient selection. To evaluate the effectiveness of this procedure we need larger 

sample of PCOS cases to be compared to a control group of PCOS cases managed without 

surgical intervention. 
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Abstract 

Objective: to investigate the potential value of metformin prior to and concomitant with the 

use of clomiphene citrate and its impact on improving ovulation rate and regularity of the 

cycle in Polycystic ovarian syndrome women both overweight and lean types 

Setting: Kasr El-Aini Hospital 

Design: open labeled randomized controlled trial. Randomisation was done on alternate 

number. 

Patients & Methods: sixty infertile women were divided into two groups: Group I: (n=30) 

had BMI> 28 and Group II :(n=30) had BMK 28. Each group was further subdivided into 2 

subgroups A& B. Group A: no = 15 patients given metformin 500 mg t.d.s for 6 weeks prior 

to clomiphene citrate, induction for three cycles and continued throughout induction. The 

other subgroup B: no =15 patients were given placebo instead of metformin. Both subgroups 

were compared regarding BMI, biochemical criteria, regularity of the cycles and success of 

ovulation induction before and after taking metformin or placebo respectively 

Results: A statistically significant difference both in the individual cycles and in the 

cumulative response regarding ovulation induction was observed between the two subgroups 

of each group. However, no conception has occurred in both groups. 

Conclusion: A significantly higher successful ovulation induction rates can be achieved with 

the use of metformin (prior to and as an adjuvant to clomid), both in overweight and lean 

women with polycystic ovarian syndrome. 
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Introduction 

Polycystic ovary syndrome (PCO) is a heterogenous syndrome characterized by persistent 

anovulation.oligomenorrhoea or amenorrhoea and hyperandrogenism in the absence of 

thyroid, pituitary, or adrenal disease and is the most common cause of anovulation in adult 

women.(1). Insulin and insulin-like growth factors (IGFs) integrate endocrine and metabolic 

axes relevant to polycystic ovarian syndrome. In addition, intraovarian IGFs and related 

proteins and peptides most likely have a role in hyperandrogenaemia and the arrest of 

follicular development observed in this disorder. (2) 

The association of hyperinsulinaemia and hyperandrogenaemia in women with insulin 

resistance and PCOS is striking, underscoring the endocrine aspect of the disorder. The use 

of insulin-sensitizing agents and their effects on ovulation in insulin resistance is an exciting 

area of clinical reproductive endocrinology. It is hoped that increased understanding of the 

roles of insulin and IGFs in normal follicle growth and steroidogenesis and in the setting of 

PCOS will help in the design of therapies directed at restoring ovulation and decreasing 

hyperandrogenaemia in women at high risk for long-term hyperandrogenic and anovulatory-

related health consequences. (2). 

With increasing evidence that insulin resistance constitutes a key metabolic element, it 

seems logical that improving insulin sensitivity and glucose disposal might wholly, or 

partially, reverse certain features of polycystic ovarian syndrome, including anovulation, 

However, there were disagreement between different studies (1,3). In the present study, we 

investigated the potential value of metformin prior to and concomitant with the use of 

clomiphene citrate (CC) and its impact on improving ovulation rate and regularity of the 

cycle in polycystic ovarian syndrome women both overweight and lean types. 
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Participants & Methods 

The present study included sixty patients presented to the Outpatient Clinic of Gynecology 

of Kasr El-Aini Cairo University Hospital, complaining of infertility and diagnosed as 

having polycystic ovarian syndrome. The study was done in the period from March 2001 to 

November 2002 after approval of Cairo University research board. 

A full history taking and clinical examination was done. Body Mass Index BM1 was 

calculated. A complete fertility workup was done including recent semen analysis 

hysterosalpingography or diagnostic laparoscopy report. Pelvic ultrasound was performed 

using a 6,5 MHz transvaginal transducer (Model Sonoace 5000, Medison Corporation, 

Korea, serial number C070302300) to confirm the presence of polycystic ovaries and to 

exclude organic pelvic pathology. 

Patients presenting with anovulatory infertility in the absence of other causes that could 

explain their problem were selected into our study. Diagnosis of the cases was based on the 

criteria for PCOS defined by Homburg; polycystic ovaries shown by vaginal ultrasound (> 8 

subcapsular follicles of 3-8 mm diameter in one plane in one ovary and increased stroma.) 

and at least one of the following symptoms: oligomenorrhea, or amenorrhea, hirsutism 

(Ferriman-Gallwey score > 7), or acne. (4) 

Patients having bilateral tubal block, organic uterine or ovarian pathology, patients with 

infertile semen analysis of their husbands or patients having hyperglycemia were excluded. 

We excluded patients with hypo/hyper-thyroidism, hyperprolactinemia and Cushing 

syndrome as detected by history, examination and investigations.. 

For all patients hormonal profile was done on the third day of normal cycle or progestin 

withdrawal bleeding after fasting for 8 hours. FSH, LH, PRL, DHEAS, free Testosterone, 

and fasting Insulin in serum were measured by ELISA chemiluminescence on immulite 

analyzer using immulite® Rapid FSH, LH, PRL, DHEAS, Testosterone, Insulin kits 

supplied by DPC (diagnostic product corporation Los Angeles, CA). 

Blood sugar was done collecting samples in polypropylene tubes containing sodium 

floride.Samples were analyzed using autoanalyzer Hitachi 704, Hitachi Inc.; Japan. BMI was 

calculated according to which they were classified into two groups viz. those with BMI more 

than or equal to 28 and those with BMI less than 28. Patients were instructed not to change 

their eating habits. 
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The patients were divided into two groups: Group I:(n=30) had BMI> 28 and Group II: 

(n=30) had BMI< 28. Each group was further subdivided to subgroup A: no = 15 patients 

given metformin 500 mg tds (Metformin HC1; Chemical Industries Development (CID) 

,Giza, Egypt) for 6 weeks prior to CC. induction for three cycles and continued throughout 

induction. The other subgroup B: no = 15 patients were given placebo instead (vit. B-

complex; The Alexandria Co. For Pharmaceuticals. Alexandria- Egypt.). Both subgroups 

were compared regarding BMI, biochemical criteria, regularity of the cycles and success of 

ovulation induction before and after taking metformin or placebo respectively. 

After 6 wks of taking either drug, hormonal profile and BMI were re-assessed and 

regularity of the menstrual cycles was rechecked. We performed transvaginal 

ultrasonographic serial folliculometry to check ovulation on metformin monotherapy during 

the 6 wks. of therapy. In addition to either drug induction of ovulation was then started using 

CC 50 mg tab. (Clomid ; Global Napi Pharmaceuticals under license of Hoechst Marion 

Roussel France.) using a dose of 100 to 250 mg daily according to BMI and previous 

response, starting second day of the cycle (normal cycle or progestin withdrawal bleeding ) 

for 5 days. 

Success of ovulation induction was monitored by transvaginal ultrasound done on 

eighth day of the cycle and every two days. Human chorionic gonadotropin 10,000 IU 

(HCG; Pregnyl, NV Organon International, The Netherlands.) was administered via 

intramuscular single injection when the leading follicle reached 20 mm in diameter. 

Ovulation induction was repeated for all patients for three cycles in addition to Metformin or 

placebo using the same dose or increasing it according to the response. 

Data were statistically represented in terms of range, mean, frequency tables, & standard 

deviation (S.D.) where appropriate. For statistical analysis, the Fisher exact test or the chr 

test was used where appropriate. Continuous data were analyzed with the unpaired (two 

sample) student's t test where appropriate. All statistical calculations were done using the 

computer programs Arcus Quickstat Biomedical versionl.0 & Microsoft Excel version 2000 
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Results 

Comparing the change in biochemical features of each subgroup after the administration of 

metformin or placebo we found that there was statistically significant lowering in LH level 

in subgroup 1-A (overweight-metformin) after the intake of metformin however this was 

observed also in subgroup 1-B (overweight-placebo) after the intake of placebo. 

Highly significant lowering in LH level was also observed in subgroup 2-A(lean-

metformin) after the intake of metformin , which was not the case in subgroup 2-B(lean-

placebo) after the intake of placebo. There was also statistically significant lowering in FSH 

level in subgroup 2-A(lean-metformin) after the intake of metformin. This was not observed 

in the other subgroups. No significant change in the other hormones levels in any of the 

subgroups (tables I). Also no significant change in BMI occurred in either subgroup after the 

intake of the corresponding drug (table II) 

Comparing the clinical data of the two corresponding subgroups of each group after the 

intake of either drug (metformin vs. placebo) we found that there was no significant change 

in the regularity of cycles in each subgroup, where none of the patients who had irregular 

cycles before metformin nor placebo had regular cycles after. 

A comparison of the results of the successful ovulation induction between the two 

subgroups of each group showed statistically significant difference both in the individual 

cycles and in the cumulative response (tablelll). However there was no statistically 

significant difference between successful ovulation inductions in the first cycle in the two 

subgroups of group 2. In addition, no conception has occurred in both groups. 
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ĉ 

rn 
CN 

oc 

-H 
oo 

( N 

m 
r~ 

-H 
m 

o 

0 0 

r - i 

-

n 

H 

b~' , - « 

V5 ö 

o ; j 

E 

— c S 
— 

, o 

o , 
a 
o 
E3) 

s. 

-r 
-5 

C3 

e 
u 
£ 
o 

G 
•-> u 

o 

Q H 

ca 

< 

ca 

< 

ö 
g 

i 

q 

g 

g 

X 

re 
u 
Ë 

'tS 

E 

00 

E 

= 

-

| 

•* 
o> 

C l 

' i n 

Ö 
CN 

CN 

m 

f N 

r i 

Ö 
CN 

oc 
f N 

O 
O 
CN 
m 

se 
ON 

GO 

oc 
f N 

OC 

m 

•* 

f N 

f > 
oc 
-" 1 

m 

% 1 
5 'j 

1 

f N 

0 0 

ö 

f N 

r-i 

rN 

f N 
Ö 
r i 

CN 

f N 

r» 
CN 

ri m 

0 0 
f 1 

C N 

p -

CN 

OC 

< 1 

Ö 

o 

o 
OC 

ö 

-

199 



Table (III): Comparison of ovulation induction success between the 2 subgroups of 

group 1 (overweight) 

Ovulat ion rate 

l -A(overweight-

met formin) 

l -B(ovenveight-

placebo) 

P value 

1st 

cycle 

40% 

0% 

0.022 

cycle 

66.6% 

0% 

0.001 

3rd 

cycle 

73.3% 

13.3% 

0.003 

Cumulat ive 

Ovulat ion 

rate 

73.3% 

13.3% 

0.003 

Response 

2-A(lean-

metformin) 

2-B(lean-

placebo) 

P value 

Is ' 

cycle 

53.3% 

20% 

0.130 

2„d 

cycle 

80% 

26.6% 

0.010 

3'd 

cycle 

86.6% 

40% 

0.023 

Cumulat ive 

Ovulat ion 

rate 

86.6% 

40% 

0.001 

Discussion 

The most recent class of pharmacologic agents to gain popularity in treatment of polycystic 

ovarian syndrome women is the "insulin sensitizers". Most studies or case reports of 

metformin (5-14), but not all (15-17), have demonstrated that metformin administration at a 

dose of 500 mg. three times daily increases menstrual regularity, improves spontaneous 

ovulation, and promote fertility. In this prospective randomized study, we used the same 

dose of metformin for only 6 week prior to, and in conjunction with, clomiphene citrate 

induction of ovulation for both overweight and lean polycystic ovarian syndrome women vs. 

the use of placebo. 

In the present study, comparing the biochemical features of the two main groups 

(overweight and lean), there was statistically significant difference between their fasting 

insulin levels, hyperinsulinemia was seen only in the overweight group. This does not mean 

that lean polycystic ovarian syndrome patients are not insulin resistant, given the wide range 

of normal fasting insulin level. Because the majority of women with polycystic ovarian 

syndrome are overweight, it seemed initially that their insulin resistance could be accounted 

for on this basis alone; however the studies of other investigators firmly established that the 

magnitude of insulin resistance is greater in women with polycystic ovarian syndrome than 
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in controls matched either for total or fat-free body mass (18-20). The lean women with 

polycystic ovarian syndrome appear to have a form of insulin resistance that is intrinsic (and 

perhaps) unique to the syndrome and is poorly understood. (21) But the overweight woman 

with polycystic ovarian syndrome possesses not only the form of insulin resistance intrinsic 

to the syndrome, but also has an added burden of insulin resistance that is related to her 

excess adiposity. 

It has never been tested whether the fasting glucose- to- insulin ratio is predictive of 

response to insulin - sensitivity therapy. (22). Finally, overweight women with polycystic 

ovarian syndrome are by definition insulin-resistant on the basis of their obesity alone(23), 

and studies have demonstrated that insulin sensitivity drugs are efficacious in lean women 

with polycystic ovarian syndrome (24,25). 

Therefore, from a practical point of view, it is reasonable to regard all women with 

polycystic ovarian syndrome as being insulin-resistant, and many investigators stated that 

their practice in the clinical setting not to attempt to document or quantify insulin resistance 

(26). 

It is also worth mentioning that the hormonal response to metformin among the 2 

groups was different. As in the lean group there was a significant lowering in the levels of 

both LH and FSH as compared to lowering of the LH only in the overweight group. This 

may be related to the duration of the treatment being limited to 6 weeks. Different hormone 

response may need longer duration of treatment. Another explanation may be related to the 

hypothalamic pituitary response to the insulin sensitizing medications and/or the intrinsic 

ovarian metabolic changes. 

In group 1 (overweight patients with BMI more than or equal to 28) there was no 

statistically significant difference between the clinical or biochemical data of the two groups 

(those given metformin vs. those given placebo). Comparing the effect of administration of 

meformin vs. placebo for 6 weeks on their biochemical features we found that both lead to 

statistically significant lowering of LH level. This could be attributed to the central effect of 

taking a placebo. Also evidence suggesting that insulin may enhance LH secretion 

originated from the studies of rat pituitary cells in vitro, in which hyperinsulinemia 

potentiated both LH and FSH release to GnRH stimulation of the pituitary gland which was 

not the case when tested in vivo (27). 
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Decreases in plasma insulin by the administration of metformin or troglitazone have 

been associated with a reduction in mean plasma LH in some (19) but not all studies (15). 

Additionally, overweight women with polycystic ovarian syndrome have higher levels of 

plasma insulin in spite of comparable high LH levels when compared with the level in lean 

women with polycystic ovarian syndrome. (28). Thus, the effects of insulin on 

gonadotrophins secretion remain unclear. 

There was no statistically significant reduction in fasting insulin nor testosterone levels 

after intake of metformin or placebo, this is in agreement with other investigators who stated 

that both the glucose and insulin responses to an oral glucose challenge and the profound 

insulin resistance of overweight women with polycystic ovarian syndromeS were not 

improved by metformoin (17). 

Reviewing the clinical benefits of metformin therapy, there was no statistically 

significant change in the BMI of patients who were treated with metformin nor in the 

subgroup taking placebo, i.e. the benefits seen with metformin are independent of weight 

loss. 

As for regularity of menstrual cycles and spontaneous ovulation none was observed 

with either drug, this could be attributed to the small size of the sample (15 patients) or to the 

short course of monotherapy with metformin (6 weeks). 

Recently two randomized, prospective, placebo controlled trials found striking and 

sustained improvements in menstrual abnormalities and resumption of ovulation but after 

relatively long-term metformin treatment in overweight women with polycystic ovarian 

syndrome viz Moghetti et al, 2000 who used metformin for 6 months and Fleming et al, 

2002 who used metfomin for 16 weeks. The authors also identified higher plasma insulin, 

lower serum androstendione and less severe menstrual abnormalities as baseline predictors 

of clinical response to metformin (10,29). 

On the other hand, in this work a statistically significant difference in successful 

ovulation induction was observed in overweight patients taking metformin and CC vs. those 

who took placebo(73.3% vs. 13.3%). This is consistent with the results of Nestier et al, who 

found an ovulatory response of 90 % compared with an 8% response rate in women who 

took placebo in concert with CC. Their results also agreed with ours in the lack of reduction 

in free testosterone levels in the metformin treated group. They inferred from their results 

that metformin could act to enhance ovulation without changing the steroid milieu (8). 
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In our study the subgroup that took metformin has shown highly significant lowering of 

LH levels and a significant fall in FSH level too than the subgroup that took placebo. This is 

consistent with the findings of other investigators (25). This is in contrast to the lowering of 

LH level in both the metformin and placebo subgroups in the overweight group, i.e. there 

was more substantial biochemical benefit in the lean metformin subgroup than in the 

overweight patients who took metformin. Such results agree with Morales et al, who 

concluded that the effects of insulin on gonadotrophins secretion remain unclear. They 

observed that there is a discrepancy between the higher plasma insulin levels in overweight 

polycystic ovarian syndrome and comparable high LH levels between overweight and lean 

polycystic ovarian syndrome women (28). 

On the other hand lean patients too did not show any significant change in their fasting 

insulin or testosterone levels after the intake of metformin as in overweight patients. This 

may mean that hyperandrogenism and insulin-resistance do not completely solve the 

endocrinologie mystery of the patient with polycystic ovarian syndrome. For example how 

does the partial destruction of the ovary (e.g. Wedge resection or ovarian drilling by laser or 

cautary), which does not affect insulin resistance result in ovulatory cycles? Why does the 

administration of excessive exogenous insulin in the case of the insulin-dependent diabetic 

fail to cause hyperandrogenism?(30) 

Similarly as in the overweight group2 the clinical effects of metformin in our study did 

not cause any significant change in BM1 or regularity of cycles in lean women, however 

there was a significant difference in ovulation induction success on adding CC, compared to 

women who took placebo. This success was more in the lean (86.6%) than in the overweight 

(73.3%) subgroup taking metformin without a statistically significant difference. Moreover, 

there was no conception in both groups. The lower ovulation rate and failure to achieve 

pregnancy could be explained by the small sample size of our study. 

Therefore, the question arises: is the administration of metformin in combination with 

clomiphene more efficacious than treatment with either drug alone? From our data there 

was no improvement in regularity of cycles nor spontaneous ovulation on metformin alone, 

this could be explained by the short duration of metformin monotherapy. However we 

observed that there was a significant benefit for ovulation induction in the overweight, and 

even more so in the lean subgroups who took metformin in conjunction with CC. 
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Moreover, can those women who are clomiphene resistant be rendered clomiphene 

responsive by addition of metformin to clomiphene treatment? Only three studies to date 

have addressed this issue -two with metformin and one with troglitazone. The results were 

promising. (26). Our results should be taken with cautious as the sample size of each study 

groups does not satisfy significant power for most of the outcomes except ovulation rates. A 

large-scale, head-to-head, randomized, prospective study of metformin vs. clomiphene for 

initial ovulation induction in women with polycystic ovarian syndrome is warranted to 

definitively address this important clinical issue. 

In conclusion, the present study showed a significant clinical benefit not accompanied by 

biochemical changes (as regards fasting insulin, androgen levels) for metformin intake prior 

and as an adjuvant to CC induction of ovulation, both in overweight and lean women with 

polycystic ovarian syndrome manifested by significantly higher successful ovulation 

induction rates. However, for an infertility patient it is inconvenient to let her wait for the 

long periods needed by the meformin monotherapy to accomplish clinical benefit, and it is 

our recommendation to use combination protocol i.e. metformin 500 mg tds for 6 wks prior 

and as an adjuvant to clomiphene citrate induction of ovulation. 
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Abstract 

Objective: To evaluate the effect of N-acetyl-cysteine (NAC) -a mucolytic drug with insulin 

sensitizing properties- as an adjuvant therapy in subjects with PCOS resistant to clomiphene 

citrate (CC). 

Design: placebo-controlled, double blind randomized trial. 

Setting: University based hospital and private infertility practice. 

Patients: One hundred -fifty women diagnosed with CC resistant PCOS, aged 18-39 years 

undergoing therapy for infertility were included. 

Interventions: The patients were assigned randomly to receive either NAC 1.2 gm/day 

(group I) or placebo (group II) with CC 100 mg/day for 5 days starting at day 3 of the cycle. 

Main outcome measures: ovulation rate and pregnancy rate. 

Result(s): Combination of CC and NAC significantly increased both ovulation rate and 

pregnancy rate in women with CC resistant PCOS (49.3% vs 1.3 and 21.3% vs 0% 

respectively). No cases of ovarian hyperstimulation syndrome were reported in the NAC 

group. Two cases of miscairriage (12.5%) 

Conclusion(s): NAC as an adjuvant to clomiphene citrate was more effective than placebo 

for CC resistant patients with PCOS. It is safe and well tolerated. 
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Introduction: 

Polycystic ovary syndrome (PCOS) affects up to 10% of women of reproductive age, in 

which hyperandrogenism, enlarged cystic ovaries, and chronic anovulation often coexist 

with obesity, hyperinsulinemia. and insulin resistance [1, 2]. Obesity in women with PCOS 

is rather high, ranging from 30% to 60% [3], whereas hyperinsulinemia is present in more 

than 50% of patients with PCOS. 

Clomiphene citrate therapy has variable success rates in anovulatory women; 

however it is the lowest in women with PCOS particularly those with insulin resistance. 

Currently there is increasing evidence that insulin sensitizers are particularly effective in 

inducing ovulation in PCOS patients [4]. However, not all cases respond to insulin 

sensitizers [5], Exploring other mechanisms to induce or augment ovulation in CC resistant 

patients is a desirable goal in reproductive medicine. 

A promising agent is N-acetyl cysteine (NAC). NAC is a safe and well tolerated 

mucolytic drug that softens tenacious mucous secretions. It is the acetylated precursor of 

both amino acid L-cysteine and reduced glutathione (GSH)[6]. It has been shown to have 

proven activity on insulin secretion in pancreatic cells, as well as on the regulation of the 

insulin receptor in human erythrocytes [7]. In addition, it is a powerful antioxidant and a 

potential therapeutic agent in the treatment of cancer, and other diseases characterized by the 

generation of free oxygen radicals [8]. The peak plasma level of NAC is attained one hour 

after an oral dose and it disappears from the plasma after twelve hours. The biological 

activity of NAC is attributed to its sulfhydryl group, which enhances glutathione - S -

transferase activity aiding in the protection of all cells & membranes (9). 

To our knowledge, the potential reproductive effects of NAC were never evaluated. 

NAC may be a novel treatment option for augmenting and/or inducing ovulation in patients 

with chronic anovulation including PCOS. Consequently, the current study was performed 

to evaluate the effect of NAC administration as an adjuvant to CC on ovulation and 

pregnancy rates as compared to placebo in patients with CC resistant PCOS. 

211 



Materials & Methods 

The present study was conducted in a university based hospital and private infertility practice 

between March 2002 and November 2003. We studied 150 women affected by PCOS, aged 

18-39 years. As described elsewhere [10], PCOS was diagnosed by a finding of bilaterally 

normal or enlarged ovaries (ovarian volume >12 cm3) with the presence of at least 7-10 

peripheral cysts per ovary. No patient showed hyperprolactinemia or clinical evidence of 

hypercorticism or thyroid dysfunction. 

All patients had to have at least one patent fallopian tube observed at 

hysterosalpingography or laparoscopy. The patients' male partners underwent a semen 

analysis and the results were determined to be adequate according to the latest WHO 

guidelines. 

Eligible patients could not have been receiving any hormonal medications except 

progesterone for withdrawal bleeding for 2 months before the study. No patient had taken 

any medication known to affect carbohydrate metabolism for at least 3 months before the 

study. The body mass index (BMI) was calculated according to the following formula: body 

weight in kilograms/height in meters squared and obesity was defined as BMI > 30 kg/m2. 

Informed consent was obtained from each patient before the entry into the study. The study 

was approved by Benha School of Medicine Institutional Review Board. 

Patients who met the inclusion criteria were found to have CC resistance, which 

was defined as lack of ovulation after treatment with CC, 100 mg, for 5 days in 3 

consecutive cycles [11]. 

Experimental Protocol 

Amenorrheic patients began treatment with induction of menses using progesterone in oil, 

100 mg. On day 3, each patient underwent a baseline ultrasonographic examination. 

Clomiphene citrate, 100 mg, was given from day 3 until day 7. In addition to the CC, each 

patient was selected randomly to receive either NAC (Sedico, Cairo, ARE), in a dose of 1.2 

g/day orally, or a placebo (sugar) of the same volume twice daily from day 3 until day 7. 

Monitoring of the cycle included transvaginal determination of the mean follicular diameter 

and measurement of serum E2 levels. Monitoring intervals were determined by patient 

response. Human chorionic gonadotropin was administered when at least one follicle 

measured 18 mm and the E2 level had raised. 

212 



Timed intercourse was advised 24-36 hours after hCG injection. A serum 

progesterone level was checked on cycle day 21-22. A serum hCG level was determined 14 

days after hCG injection if menses had not yet occurred. Pregnancy was defined as a rise in 

the serum hCG level on serial determinations at least 2 days apart. 

Randomization and Blinding 

In both groups, patients were randomized to receive CC and either NAC or placebo using 

sealed envelopes. Each participant had only one treatment cycle. Allocation was done by a 

third party (nurse). The NAC and placebo were supplied in identical sachets. The patients 

and the physician monitoring the cycles were blinded to the identity of each medication. 

Outcome measures 

The primary outcome was the ovulation rate in the treatment cycle. Secondary outcomes 

included pregnancy rate, number of follicles of > 18 mm, the serum E2 concentration, serum 

progesterone, endometrial thickness. The major safety end points were the incidence of 

ovarian hyperstimulation syndrome (OHSS) and multiple gestations. An on going pregnancy 

was defined as a viable pregnancy at least 12 weeks after hCG administration. 

Hormonal Assay 

Estradiol was measured with a radioimmunoassay (RIA) using direct double-antibody kits 

(Pantex, Santa Monica, CA). The assay sensitivity was 10 pg/mL. The interassay and 

intraassay precision of low, middle, and high controls were 14.2% and 16%, 10.6% and 

7.9%, and 11.4% and 4.2%, respectively. 

Follicle-stimulating hormone and Luteinizing hormone were measured with the Flourimetric 

Enzyme Immunoassay kits (Baxter Diagnostics Inc., Miami, FL). The assay sensitivity of 

both assays was 0.3 mlU/mL. The interassay and Intraassay precision of low, middle, and 

high controls were 1.5% and 4.3%, 2.95% and 2.1%, and 3.15% and 3%, respectively, for 

FSH. For LH, the values were 6.35% and 8.1%, 2.9% and 1.9%, and 2.8% and 2.5%, 

respectively. Progesterone was measured with an RIA using the antibody coated-tube 

method (Coat-A-Count; Diagnostic Products Corporation, Los Angeles, CA). The sensitivity 

of this assay was 0.02 ng/mL. 

The interassay precision of low; middle, and high controls for the assay was 8.8%, 

3.6%, and 3.9% respectively. Insulin was measured with Axsym insulin diagnostic division 
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100 Abott IL MEI A USA ABOTT. The sensitivity of the assay 6-24 mIU/ml. The interassay 

and intraassay precision of low ,middle and high controls were(6-10) (32-48) (96-144) 

respectively. 

Statistical Analysis 

The proportion of pregnancies that occurred in each group was compared with Fisher's exact 

test. Comparisons of serum levels between the NAC and placebo groups were analyzed with 

Student's t-test. A P level of <0.05 was considered significant. 

Results 

A total of 150 patients were randomized to (NAC: n = 75; placebo: n = 75) in a total of 150 

CC cycles. As shown in Table 1, there was no difference in age, infertility duration, BMI, 

W/H, FSH/LH the cycles in which NAC or placebo was given. All participants had BMI 

more than 25 kg/m2 and the mean BMI in both groups was more than 30 kg/m2 (obese). 

The mean E2 level and the number of follicles >18 mm at the time of hCG administration in 

the NAC were significantly higher than the placebo group. Similarly, significantly higher 

ovulation rates as well as pregnancy rates were noted in the NAC group. 

There were five cases of multiple pregnancy in the NAC group. No cases of 

ovarian hyperstimulation syndrome were reported. There were two cases of miscarriage 

(12.5%) (one singletone and one multiple pregnancy). On performing subgroup analysis in 

the NAC group, it was found that at insulin level >20 u/mL; 8 pregnancies (one twin) out of 

35 (22.8%) while at insulin < 20 u/mL; 8 pregnancies (three multiple pregnancies) out of 40 

(20%) were observed ( Odds Ratio =1.14 95% CI = 0.38 to 3.36). 

Discussion 

Clomiphene citrate failure is a frequent encounter in PCOS patients. Insulin resistance is a 

cause of CC failure in PCOS patients not only in obese, but lean patients as well [12,13], In 

addition, hyperinsulinaemia might influence ovarian as well as adrenal steroidogenesis. 

Consequently, insulin-lowering drugs were proved effective in the treatment of PCOS 

patients. The potential insulin-sensitizing properties of NAC in patients with PCOS were 

recently explored [14,15].To our knowledge, no previous study focused on the reproductive 

functions as an end point as a result of NAC treatment in PCOS patients. 
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Besides its insulin sensitizing effect NAC treatment induced a significant fall in 

testosterone levels and in free androgen index values [15]. NAC is commonly used as a safe 

mucolytic drug, and at higher doses it increases the cellular levels of reduced glutathione 

(GSH), an antioxidant, which has been shown to influence insulin receptor activity [16] It 

has been shown that NAC is able to improve insulin secretion in response to glucose. 

Moreover, its administration was proposed for the prevention of endothelial damage due to 

oxidant agents in non insulin-dependent adult diabetic subjects [17]. 

More recently, it has also been shown to have other diverse biological effects 

notably; antiapoptotic [18], antioxidant [19], protection against focal ischemia [20], 

inhibition of phospholipid metabolism, proinflammatory cytokine release, and protease 

activity [21]. NAC may exert the same effects at the ovarian level and these activities may be 

as important as its insulin enhancing effects in inducing ovulation. 

In the current study, NAC was well tolerated by all the patients and no adverse 

effects were observed. The results of our study are encouraging; indeed, we obtained a 

significant increase of both ovulation and pregnancy rates in the NAC group. All participants 

in our study had only one cycle and this facilitated completion of our study. In addition, the 

study material was on oral medications of well known tolerability and compliance. The 

above two factors made this study achieved high level of compliance and completion. 

Furthermore, no manifestations of OHSS were reported. 

Based on the previous hypothesis that NAC treatment is effective only in those patients who 

were compromised from a metabolic point of view [15], the lack of any positive reproductive 

outcome in placebo-treated patients further confirmed the effectiveness of NAC 

administration. 

The magnitude of the observed clinical changes is significant from a clinical point 

of view, especially when compared with previously reported data about the use of metformin 

or troglitazone [22,23]. In addition, the antiapoptotic effects of NAC [18] may be responsible 

for the significantly higher number of follicles in the NAC group compared to placebo as it 

is well known that apoptosis is the main mechanism involved in follicular cohort atresia. Its 

protective effects against ischemic insults [20] as well as the its inflammatory modulating 

capacity [21] may be additional contributory mechanisms that add to the NAC positive 

reproductive effects. However, our study was limited to one treatment cycle, whereas the 

above reported data about other insulin sensitizing agents are the result of 12-24 weeks of 
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treatment. Moreover, the effects of NAC on the hormonal and metabolic profiles of PCOS 

patients should be further investigated as other insulin-sensitizing agents do affect both [24] 

In conclusion, NAC may be a novel adjuvant treatment for PCOS patients. It is a simple, 

well tolerated and inexpensive agent. It could be used as an alternative to other insulin 

sensitizing agents like metformin or troglitazone. The effects of NAC therapy on the 

hormonal and metabolic profiles, symptoms of hyperandrogenism, and cardiovascular risk 

factors need further assessment. 

Table I: Comparison of the baseline features and clinical outcomes of the 2 treatment 

groups. 

Variable 

Age (years) 

Duration of infertility(years) 

Wt (Kg) 

Height (m) 

BMI 

Waist / Hip ratio 

LH (IU/mL) 

FSH (IU/mL) 

LH FSH ratio 

Fasting insulin (U/mL) 

Fasting Glucose (mg/dL) 

E2 at time of HCG(pg/mL) 

Ovulation rate 

Follicles >18 mm 

Progesterone 

End. Thickness (mm) 

Pregnancy 

Group I 

(n=75) 

28.9 ±4.7 

5.0 ±2.9 

101.3 ±12.4 

164.1 ±5.31 

30.5 ±2.6 

0.86 ±0.05 

10.4±2.2 

4.7±2.5 

2.2 

18.8 ±4.7 

81.9±12.6 

360.3±367.9 

49.3% 

2.4±0.97 

6.87 ±5.6 

5.9±0.7 

16 

Group II 

(n=75) 

28.4±5.7 

4.4±2.6 

99.2±12.3 

162.5±5.7 

30.1 ±3.1 

0.87 ±0.08 

10.8±2.4 

5.2±4.8 

2.1 

17.2±4.4 

85.9±14.1 

120±10.0 

1.3% 

0.01 ±0.11 * 

1.8 ±2.2 

4.9±1.9 

0 

P value 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

P = .0007 

P < 0.0001 

P < 0.0001 

P < 0.0001 

NS 

P =0.00006 

*only one follicle was shown to be more than 18 mm in one patient 
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Summary 

The aim of this thesis was to find the best available evidence of various treatment regimens 

in ovarian hyperstimulation and to find new treatment options for ovulation induction in 

women with poly cystic ovaries. 

In ovarian hyperstimulation, pharmaceutical preparations of gonadotrophins play an 

integral role to induce multiple follicle growth. To avoid premature LH surges with 

subsequent cycle cancellation, it is commonly agreed to use GnRH analogues. With the 

introduction of new drugs like recombinant FSH and GnRH antagonists, it has become 

necessary to choose one drug over a comparator based on the best available evidence. This 

can be obtained through conducting systematic review of medical literature or to perform 

randomized controlled trials. 

Accordingly, the first part of this thesis aimed -as outlined in chapter 1- to answer seven 

specific questions 

Chapter 2 addresses the first question 

How do urinary and recombinant gonadotrophins compare in terms of clinical pregnancy 

rate when used for ovarian hyperstimulation in IVF/ICSI cycles in normogonadotrophic 

ovulating women? 

To answer this question, we conducted a systematic review and meta-analysis of randomized 

controlled trials comparing urinary gonadotrophins (nMG, uFSH and HP-FSH) versus 

recombinant FSH for ovarian hyperstimulation in women undergoing IVF/ICSI. Our concept 

was that uFSH-P and uFSH-HP are subproducts of hMG and hence should be grouped 

together when compared to recombinant FSH, rather than to compare each separately. In 

support of this concept, in clinical practice, these products are given for the same purpose, 

for the same patients with similar effects and in similar doses. 

We searched the Cochrane Menstrual Disorders and Subfertility Review Group 

specialized register of randomized controlled trials, MEDLINE and the abstracts of the 

ESHRE & ASRM meetings from 1999 to 200! to identify all randomized controlled trials 

comparing recombinant FSH with FSH containing urinary gonadotrophins. 

All published truly randomized controlled trials -using a long protocol of gonadotrophin 

releasing hormone (GnRH) agonist for downregulation- were reviewed. Data of clinical 

pregnancy rate / cycle started were extracted and odds ratio were calculated with the use ot a 
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fixed effect model. Subgroup analysis was done to compare recombinant FSH to each 

product (hMG alone, FSH-P alone, and FSH-HP alone). 

Pooling the data from twenty randomised trials (that included 4610 IVF/ICSI cycles) 

resulted in no statistically significant differences in clinical pregnancy rate / started cycle 

between recombinant FSH and FSH containing urinary gonadotrophins (O.R 1.07 (0.94-

1.22)). Subgroup analysis showed no statistically significant difference in the clinical 

pregnancy rate per started cycle between recombinant FSH vs hMG (O.R 0.81 (95% C.I 

0.63-1.05)), recombinant FSH vs uFSH-P, (O.R 1.24 (95% C.I. 0.98 -1.58)) and 

recombinant FSH vs uFSH-HP (O.R 1.14(95% C.I 0.94-1.40). There was no significant 

heterogeneity of treatment effect across the trials. 

In summary, there is no evidence of clinical superiority in clinical pregnancy rate for the 

recombinant FSH over different FSH containing urinary gonadotrophins. Additional factors 

should be considered when choosing a gonadotrophin regimen, including safety, cost, patient 

acceptability and drug availability. 

Chapter 3 addresses the second question: 

Is recombinant FSH superior to human menopausal gonadotrophins regarding various 

clinical outcomes when used for ovarian hyperstimulation in IVF/ICSI cycles in 

normogonadotrophic ovulating women? 

Due to the renewed interest in LH, more randomized controlled trials were published after 

the above mentioned meta-analysis comparing hMG versus recFSH for ovarian 

hyperstimulation in women undergoing IVF/ICSI cycles. To answer this specific question, 

we performed a systematic review in 2005 including eight truly RCTs enrolling 2031 

participants. 

Pooling data from included trials showed no significant difference between recombinant 

FSH and hMG regarding different outcomes (ongoing pregnancy/live birth rate O.R 1.18 

(95% C.I 0.93-1.50), clinical pregnancy rate O.R 1.2 (95% C.I 0.99-1.47), miscarriage rate 

O.R 1.2 (95% C.I 0.70-2.16), multiple pregnancy rate O.R 1.35 (95% C.I 0.96- 1.90) and 

incidence of moderate /severe OHSS O.R 1.79 (95% C.I 0.74- 4.33). 

However, subgroup analysis showed a better clinical pregnancy rate with hMG in cycles 

where down regulation was done using long protocol. O.R.: 1.27 (95% CI 1.00-1.62). There 

was significant reduction in the amount of gonadotrophins in favor of hMG over 
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recombinant FSH. (OR -317.8 (95% CI -346.6 to -289.0). It would seem that in some women 

using recombinant FSH after GnRH agonist down-regulation, very low serum LH 

concentrations may occur, adversely effecting IVF outcome. However, identifying which 

women will require additional LH is costly and unreliable. 

Chapter 4 addresses the third question: 

What is more cost effective for ovarian stimulation in IVF/ICSI cycles in a developing 

country like Egypt: human menopausal gonadotropins or recombinant FSH? 

To answer this question, a Markov model was developed to simulate the IVF treatment cycle 

with its key steps, to examine the costs and effectiveness of recFSH versus hMG. In 

addition, Monte Carlo micro-simulation was used to examine the potential impact of 

assumptions and other uncertainties represented in the model. The results of this study 

revealed that the estimated average cost of an ongoing pregnancy is 13,946 EGP and 18,721 

EGP for an hMG and recFSH cycle, respectively. On performing a sensitivity analysis on 

cycle costs, it was demonstrated that the recFSH price should be 0.61 EGP/IU to be as cost-

effective as hMG at the price of 0.64 EGP/IU which means a reduction of approximately 

60% of its current price. The difference in costs between hMG and recFSH in over 100,000 

cycles would result in an additional 4,565 ongoing pregnancies if hMG was used. 

In conclusion, from an economic point of view, hMG is more cost-effective than 

recFSH. The decision to adopt a more expensive treatment could result in a lower number of 

cycles of IVF/ICSI treatment, especially if patients are paying for it. 

Chapter 5 addresses the fourth question: 

How do urinary and recombinant gonadotrophins compare in terms of clinical outcome 

when used for final follicular maturation and triggering of ovulation in assisted conception 

cycles? 

To answer this question, a systematic review was conducted relying on an extensive search 

strategy [the Cochrane Menstrual Disorders and Subfertility Group trials register (27 August 

2003), the Cochrane Central Register of Controlled Trials (CENTRAL on The Cochrane 

Library, issue 4, 2003), MEDLINE (1966 to Feb 2004) and EMBASE (1980 to Feb 2004)]. 

Only truly randomised controlled trials comparing rhCG or high dose rhLH with urinary 
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hCG for triggering ovulation in assisted conception for treatment of infertility in 

normogonadotrophic women were included. 

Seven RCTs were identified, four comparing rhCG and uhCG and three comparing 

rhLH and uhCG. There was no statistically significant difference between rhCG vs uhCG 

regarding the ongoing pregnancy/ live birth rate (OR 0.98, 95% CI 0.69 to 1.39), pregnancy 

rate, miscarriage rate or incidence of OHSS. rhCG was associated with a reduction in the 

incidence of local site reactions and other minor adverse effects (OR 0.47, 95% CI 0.32 to 

0.70). 

Pooling the data from the trials comparing recombinant rhLH versus urinary hCG 

demonstrated that clinical pregnancy rates were significantly lower in the rhLH group than in 

the uhCG group (p = 0.018 and p = 0.023, respectively). This information was sent to the 

pharmaceutical company after contacting them for additional data. As a consequence the 

manufacturer of rhLH has decided not to further develop this product. 

In summary, there is no evidence of a difference in clinical outcomes of life birth / 

ongoing pregnancy, pregnancy, miscarriage and OHSS between urinary and recombinant 

gonadotrophins for induction of final follicular maturation. Minor adverse reactions such as 

skin irritation at injection site were more likely to occur after treatment with the uhCG. 

Additional factors should be considered when choosing gonadotrophin type, including 

safety, cost and drug availability. 

Chapter 6 addresses the fifth question: 

Is gonadotrophin releasing hormone (GnRH) antagonist administered on a fixed day as 

effective as GnRH agonist long protocol? 

To answer this question, a systematic review was conducted. Search strategies included on

line searching of the MEDLINE and EMBASE databases and the Cochrane Menstrual 

Disorders and Subfertility Group's Specialised Register from 1982 to 2001, and hand 

searching of bibliographies of relevant publications and reviews, and abstracts of scientific 

meetings. Only five randomised controlled studies enrolling 1796 participants and 

comparing different protocols of GnRH antagonists with GnRH agonists in assisted 

conception cycles were included in this review. 

225 



In comparison to the long protocol of GnRHa, the overall OR for the prevention of 

premature LH surges was 1.76 (95%C.I. 0.75-4.16), which is not statistically significant. 

There were significantly fewer clinical pregnancies in those treated with GnRH antagonists 

(OR 0.79 95% C.I., 0.62-0.97). The absolute treatment effect (ATE) was calculated to be 

5%. The number needed to treat (NNT) was 20. There was no statistically significant 

reduction in incidence of severe ovarian hyperstimulation syndrome between the two 

regimens (RR 0.51 (95% C.I. 0.22, 1.18). 

The fixed GnRH antagonist protocol (i.e. start of the antagonist on day 6 of 

gonadotrophin stimulation) is a short and simple protocol with good clinical outcome but the 

lower pregnancy rate compared to the GnRH agonist long protocol and the non significant 

difference between both protocols regarding prevention of premature LH surge and 

prevention of severe ovarian hyperstimulation syndrome necessitates counseling subfertile 

couples before recommending a GnRH antagonist. The clinical outcome may be improved 

by developing more flexible antagonist regimens taking into account individual patient 

characteristics. 

Chapters 7-8 address therefore the sixth question 

Is flexible administration of a GnRH antagonist according to follicular size more beneficial 

than starting on a fixed day? 

To answer this question we conducted a systematic review and meta-analysis of randomized 

controlled trials that compared GnRH antagonist administration on a fixed day versus 

starting it according to follicular size. In the mean time we performed a randomized 

controlled trial comparing GnRH agonist long protocol vs GnRH antagonist flexible 

administration according to follicle size. 

In the systematic review, eleven trials were identified, but only four Randomized 

Controlled Trials were included. The other seven trials were only published as abstracts and 

attempts to obtain more data from the authors failed. There was statistically no significant 

difference in pregnancy rate per woman randomized although there was a trend towards a 

lower pregnancy rate in favor of the fixed protocol [O.R = 0.7 95% CI = 0.47 to 1.05], There 

was no statistically significant difference in incidence of premature LH surge in both 

protocols. However, there was a statistically significant reduction both in number of 

antagonist ampoules and amount of gonadotrophins used in the flexible protocol (O.R -1.2 
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95% CI -1.26- -1.15). There was a trend to an increase in the number of oocytes retrieved 

with the flexible protocol (OR 1.28 95% CI 0.9-1.6). 

In the clinical trial, one hundred women undergoing IVF/ICSI were randomized to 

receive either hMG/GnRH agonist long protocol or hMG/GnRH antagonist when the follicle 

reached 15mm in diameter using sealed envelopes as a method for randomization. The 

pregnancy rate per attempt was 30% in agonist group and 24% in antagonist group. Two 

women had a premature LH surge in the GnRH antagonist group. An economic evaluation 

was setup based on the results of this RCT. This analysis showed that the total cost per 

pregnancy was $6985 in the antagonist group and $5356 in the GnRH-a group, a difference 

found to be statistically significant. 

In summary, flexible administration of a GnRH antagonist according to follicular size is 

not more beneficial in terms of obtaining pregnancies. 

Chapter 9 addresses the seventh question: 

Does increasing the dose ofhMG at day of GnRH antagonist administration improve 

pregnancy rates'.' 

To answer this question, a RCT was conducted in which one hundred and fifty one subfertile 

couples were randomly allocated using sealed envelopes on the day of starting the antagonist 

into two groups: no increase in hMG dose (group A), or an increase of75U of hMG on the 

day of antagonist administration (group B), and continued till the day of hCG administration. 

There was no statistically significant difference between both groups regarding number of 

oocytes retrieved, embryos obtained, implantation rate, clinical pregnancy rate, multiple 

pregnancy rate. The implantation rate was 19.1% in group B and 17.2% in group A. Clinical 

pregnancy rate was 32.1% in group A vs 36.2% in group B [O.R (1.3 (95% C.I 0.63-2.6)], 

The multiple pregnancy rate was 41.2% vs 38.9%. 

In summary, there is no evidence of clinical value for increasing the dose of hMG on 

day of antagonist administration. The cost of increasing the dose of hMG should discourage 

such policy. 

The second part of this thesis focused on new treatment options in polycystic ovary 

syndrome, a syndrome that affects about 5-10% of women in the reproductive age group and 

is associated with both reproductive and metabolic disorders. 
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Recent changes in treatment philosophy have implied a greater focus on the 

management of the metabolic disorders of PCOS. Insulin resistance has proven to be a key 

factor in the pathogenesis of PCOS, hence metformin -an insulin sensitizer- is a promising 

compound. Exploring other mechanisms to induce or augment ovulation in Clomiphene 

Citrate resistant patients is nevertheless desirable. N-acetyl cysteine could be such a 

promising agent as it is a safe, well tolerated antioxidant with insulin sensitizing properties. 

Not all women with PCOS respond to medical therapy and laparoscopic ovarian 

electrocoagulation is in these women a surgical option of proven benefit. To avoid general 

anesthesia and to implement the concept of office procedure, transvaginal ovarian 

electrocoagulation could be an interesting alternative. 

Accordingly, the second part of this thesis aimed -as outlined in chapter I- to answer 

three specific questions. 

Chapter 10 addresses the eighth question: 

Does office transvaginal ovarian stroma hydrocoagulation improve menstrual pattern and 

ovulation rate in clomiphene citrate resistant PCO cases? 

To answer this question, sixty anovulatory infertile women diagnosed with PCOS by 

clinical, chemical and ultrasound criteria were recruited for the study. All women were 

resistant to clomiphene citrate for more than 6 months. After local anesthesia, hot sterile 

saline (75C) was injected into the ovarian stroma under transvaginal monitoring using a 

standard ovum pickup needle. Twenty three women (38.3%) experienced pain during the 

procedure, which was tolerable and insufficient to abort the procedure. Follow up was for 6 

months to monitor ovulation rate as determined by regular cycles, transvaginal ultrasound 

and serum progesterone, and to diagnose pregnancy whenever the cycle was delayed after a 

period of ovulatory cycles. 

Forty-three patients (71.7%) had an episode of bleeding a few days after the procedure. 

Forty-six patients (76.7%) had three spontaneous successive regular cycles and ovulation 

was documented by serum progesterone on day 20-22 in at least one cycle. Thirty eight 

women (63.3%) continued to do so for at least six cycles. Fourteen women (23.3%) became 

pregnant within the first 6 months of the procedure. Three of these women (21.4%) 

miscarried within the first trimester. There was no adverse effect recorded in any woman. 
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In conclusion, transvaginal ultrasound guided ovarian stroma hydrocoagulation in an 

office setting seems to be a safe, economic and practical procedure that is well tolerated by 

the patients. Obviously, more data are needed to collaborate these findings. 

Chapter 11 addresses the ninth question: 

Does metformin improve clinical outcome when given as an adjuvant to clomiphene citrate 

in women with Clomiphene citrate resistant PCOS? 

A randomized controlled trial was conducted to answer this question and sixty infertile 

women were randomly divided into two groups: Group I: (n=30) had a BMI> 28 and Group 

II :(n=30) had a BMK 28. Each group was further subdivided into 2_subgroups A& B. 

Subgroup A: consisted of 15 patients who were given metformin 500 mg t.d.s for 6 weeks 

prior to clomiphene citrate for three cycles and continued throughout induction. Subgroup B: 

consisted ofl5 patients who were given placebo instead of metformin. Both subgroups were 

compared regarding BMI, biochemical criteria, regularity of the cycles and success of 

ovulation induction before and after taking metformin or placebo respectively 

There was a statistically significant lowering in LH level in subgroup 1-A (overweight-

metformin) and subgroup 2-A (lean-metformin) after the intake of metformin. However, this 

was observed also in subgroup 1-B (overweight-placebo) after the intake of placebo. There 

was also statistically significant lowering in FSH level in subgroup 2-A (lean-metformin) 

after the intake of metformin. This was not observed in the other subgroups. There were no 

significant changes in the other hormones levels in any of the subgroups. A statistically 

significant difference both in the individual cycles and in the cumulative response regarding 

ovulation induction was observed between the two subgroups of each group. However, there 

were no pregnancies in both groups. 

In conclusion, use of metformin (prior to and as an adjuvant to clomid), may be 

beneficial both in overweight and lean women with polycystic ovarian syndrome. 

Chapter 12 addresses the tenth question: 

Does N-acetyl cysteine improve clinical outcome when act as an adjuvant to Clomiphene 

citrate in women with clomiphene citrate resistant PCOS? 
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To answer this question, a RCT was conducted to evaluate the effect of NAC administration 

as an adjuvant to Clomiphene citrate. One hundred fifty CC resistant PCOS women 

undergoing therapy for infertility were assigned randomly to receive either NAC 1.2 gm/day 

(group I) or placebo (group II) with CC 100 mg/day for 5 days starting at day 3 of the cycle. 

Ovulation was monitored (number of follicles of > 18 mm, serum E2 concentration, serum 

progesterone, endometrial thickness) and pregnancy rate was reported. Interestingly, the 

combination of CC and NAC significantly increased both ovulation rate and pregnancy rate 

in women with CC resistant PCOS (49.3% vs 1.3 and 21.3% vs 0% respectively) with two 

cases of miscarriage (12.5%). On performing subgroup analysis in the NAC group, it was 

found that at insulin level >20 u/mL; 8 pregnancies (one twin) out of 35 (22.8%) while at 

insulin < 20 u/mL; 8 pregnancies (three multiple pregnancies) out of 40 (20%) were 

observed ( Odds Ratio =1.14 95% CI = 0.38 to 3.36). 

In conclusion, NAC may be a novel adjuvant treatment for PCOS patients. It is a 

simple, well tolerated and inexpensive agent but more randomised, controlled trials are 

needed before clinical guidelines can be determined. 
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Implications for future research 

What can we expect from recombinant drugs? 

Recombinant gonadotrophins (FSH, hCG, LH) are effective in IVF/ICSI program; however, 

the results of this thesis question whether they should replace urinary gonadotrophins. 

Recombinant gonadotrophins offer future advances in reproductive medicine but ihe issue of 

price is a significant one internationally that needs to be addressed by the pharmaceutical 

companies as they gradually recover their expenses in R & D of recombinant hormones. The 

current thesis showed that human menopausal gonadotrophins is more cost effective in 

ovulation induction, hence, it would be sensible to direct research efforts towards discovery-

based research in the form of oral or long acting gonadotrophins even if initial results are not 

encouraging (Balen et al, 2004). 

What is the place of exogenous luteinizing hormone (LH) supplementation in different 

protocols? 

The need for LH in ovulation induction was the issue of debate for a long time with 

conflicting results and it is now even believed by some that human chorionic gonadotrophin 

(HCG) can play an important positive role if administered in the follicular phase in IVF 

cycles (Filicori et al., 2005). The current thesis showed that some downregulated women 

(long protocol) would benefit from hMG rather that recombinant FSH but there is lack of 

evidence regarding the need of LH in GnRH agonist microdose protocol, short protocol or 

ultrashort protocol. The same question can be applied for women undergoing IVF/ICSI 

cycles using GnRH antagonist. 

It would also be of interest to answer the question: Which gonadotrophin is more suitable 

for poor responders and which is more suitable for older women!! 

Little evidence is available in the literature but it seems that outcome differs by age and 

ovarian function between the urinary and recombinant gonadotrophins, with younger patients 

benefiting from the FSH/LH combination offered by urinary products, while older women 

and young women with ovarian resistance apparently benefiting from pure FSH stimulation. 

On the other hand, a post hoc analysis (Marrs et al., 2004) suggested supplemental LH is 

potentially beneficial in older women and this needs to be confirmed in prospective trials 
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If both have similar effectiveness, then research efforts should be directed to How to 

prevent ovarian hyperstimulation syndrome. OHSS is an iatrogenic condition caused by 

administration of gonadotrophins and it is unclear which drug to use in women of high risk 

to develop OHSS (polycystic ovary). There is no published study directly comparing rFSH 

with HMG in ovulation induction in polycystic ovary women. 

It was demonstrated from the current thesis, the necessity of continuing to use HCG to 

trigger ovulation but these results were driven after GnRH agonist desensitization, and with a 

high dose recombinant LH, thus more efforts should be devoted to undertake the necessary 

trials in order to tailor the correct use of LH especially it was evident to reduce the 

incidence of OHSS. 

The production of GnRH antagonists allowed avoiding many of the agonist side effects but 

the lower pregnancy rate observed with the antagonist should devote research to find out 

whether or not GnRH antagonist has direct effect on the ovary and the endometrium !! 

and If GnRH antagonist has direct effect on the ovary, could it be used in women down 

regulated with GnRH agonist and with high risk of OHSS !!!! The reduction in E2 level 

after administration of GnRH antagonist would allow retrieval of oocytes without coasting . 

It would be interesting to study this in a randomized controlled trial 

Clomiphene citrate is still the gold standard for treatment of polycystic ovary patient but 

resistance to CC occur in 20% of cases. During the last years, metformin has become a co-

treatment to enhance successful ovulation. N-Acetyl-cystein appears to be promising agent 

and other randomized controlled trials are needed to confirm its beneficial effect as a co-

treatment to clomiphene citrate. 
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Samenvatting en implicaties 

Samenvatting 

Het doel van dit proefschrift was het beste beschikbare bewijs te vinden over verschillende 

behandelingsschema's bij ovariële hyperstimulatie en nieuwe behandelingsmogelijkheden te 

vinden voor ovulatie inductie bij vrouwen met polycysteus ovarium syndroom. 

Bij ovariële hyperstimulatie spelen gonadotrofinen een integrale rol om multipele follikel 

groei te induceren. Om premature LH pieken te voorkomen met als gevolg afbreken van de 

cyclus is het tegenwoordig gebruikelijk GnRH analogen te gebruiken. Met de introductie van 

nieuwe geneesmiddelen als recombinant FSH and GnRH antagonisten is het noodzakelijk 

geworden te kiezen na onderlinge vergelijkingen die gebaseerd zijn op het beste beschikbare 

bewijs. Dit bewijs kan worden verkregen door systematisch de medische literatuur samen te 

vatten of door gerandomiseerd klinisch onderzoek te verrichten. 

Derhalve was het doel van het eerste deel van dit proefschrift -zoals aangegeven in 

hoofdstuk I- zeven specifieke vragen te beantwoorden. 

Hoofdstuk 2 behandelt de eerste vraag 

Hoe verhouden urinaire en recombinant gonadotrofinen zich in termen van kans op een 

klinische zwangerschap wanneer zij gebruikt worden voor ovariële hyperstimulatie in 

IVF/ICSI cycli bij normogonadotrope ovulerende vrouwen? 

Om deze vraag te beantwoorden, hebben wij een systematische review en meta-analyse 

uitgevoerd van gerandomiseerde klinische trials die urinaire gonadotrofinen (hMG, uFSH en 

HP-FSH) vergeleken met recombinant FSH voor ovariële hyperstimulatie bij vrouwen die 

IVF/ICSI ondergingen. Ons idee hierbij was dat uFSH-P en uFSH-HP subproducten zijn van 

hMG en daarom beter als een groep beschouwd kunnen worden in de vergelijking met 

recombinant FSH, in plaats van hen ieder apart te vergelijken. Bovendien worden deze 

producten in de klinische praktijk voor hetzelfde doel gegeven, voor dezelfde patiënten met 

dezelfde effecten en in dezelfde dosering. 

Om alle gerandomiseerde klinische trials te identificeren die recombinant FSH 

vergeleken met FSH bevattende urinaire gonadotrofinen, hebben we gezocht in het 

gespecialiseerde register van gerandomiseerde klinische trials van de Cochrane Menstrual 
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Disorders and Subfertility Review Group, MEDLINE en de abstracts van de jaarlijkse 

congressen van ESHRE & ASRM van 1999 tot 2001 

Alle gepubliceerde gerandomiseerde klinische trials die een lang protocol van 

gonadotrofine releasing hormoon (GnRH) agonist als downregulatie gebruikten- werden 

bekeken. Gegevens over de kans op klinische zwangerschap per begonnen cyclus werden 

verzameld en odds ratio's werden berekend met behulp van een fixed effect model. 

Subgroep analyse werd verricht om recombinant FSH met ieder product afzonderlijk te 

vergelijken (hMG alleen, FSH-P alleen en FSH-HP alleen). 

Samenvoegen van de resultaten van twintig gerandomiseerde trials (die 4610 IVF/ICSI 

cycli includeerden) leidde niet tot statistisch significante verschillen in klinische 

zwangerschap per begonnen cyclus tussen recombinant FSH en FSH bevattende urinaire 

gonadotrofinen (OR 1.07 (95% BI 0.94-1.22)). Subgroep analyse toonde geen statistisch 

significant verschil in klinische zwangerschap per begonnen cyclus tussen recombinant FSH 

en hMG (OR 0.81 (95% BI 0.63-1.05)), recombinant FSH en uFSH-P, (OR 1.24 (95% BI 

0.98 -1.58)) en recombinant FSH versus uFSH-HP (OR 1.14(95% BI 0.94-1.40)). Er was 

geen significante heterogeniteit in behandeleffect tussen de trials. 

Samenvattend is er geen bewijs voor klinische superioriteit in kans op klinische 

zwangerschap van recombinant FSH boven de verschillende FSH bevattende urinaire 

gonadotrofinen. Bij de keus voor een bepaald gonadotrofine schema dienen dan ook andere 

factoren te worden betrokken zoals veiligheid, kosten, patiëntenvoorkeur en beschikbaarheid 

van het geneesmiddel. 

Hoofdstuk 3 heeft betrekking op de tweede vraag: 

Hoe verhoudt recombinant FSH zich tot humane menopausale gonadotrofinen wat diverse 

klinische uitkomsten betreft bij gebruik als ovariële hyperstimulatie in IVF/ICSI cycli bij 

normogonadotrope ovulerende vrouwen? 

fen gevolge van de hernieuwde belangstelling voor LH, zijn er meer gerandomiseerde 

klinische trials gepubliceerd na de hierboven vermelde meta-analyse die hMG vergeleek met 

recFSH voor ovariële hyperstimulatie bij vrouwen die IVF/ICSI cycli ondergaan. Om deze 

specifieke vraag te beantwoorden, verrichtten wij een systematisch review met acht 

gerandomiseerde klinische trials en 2031 patiënten. 
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Samenvoegen van de gegevens van de geïncludeerde trials toonde geen significant 

verschil tussen recombinant FSH en hMG wat betreft de verschillende uitkomsten, 

(doorgaande zwangerschap/levend geborenen OR 1.18 (95% BI 0.93-1.50), klinische 

zwangerschap OR 1.2 (95% BI 0.99-1.47), miskramen OR 1.2 (95% BI 0.70-2.16), meerling 

zwangerschappen OR 1.35 (95% BI 0.96- 1.90) en voorkomen van matig/ernstig OHSS OR 

1.79 (95% BI 0.74-4.33)). 

Subgroep analyse toonde echter een hogere kans op een klinische zwangerschap met 

hMG in cycli waar down regulatie was gedaan met een lang protocol (OR 1.27 (95% BI 

1.00-1.62)). Er was een significante vermindering van de hoeveelheid gonadotrofinen in het 

voordeel van hMG boven recombinant FSH (OR -317.8 (95% BI -346.6, -289.0)). Het zou 

kunnen dat bij sommige vrouwen die recombinant FSH na GnRH down-regulatie met een 

agonist, zeer lage serum LH concentraties voorkomen, die de uitkomst van IVF nadelig 

beïnvloeden. Echter, het identificeren welke vrouwen extra LH nodig hebben, is duur en 

onbetrouwbaar. 

Hoofdstuk 4 is gericht op de derde vraag: 

Wat is meer kosten effectief voor ovariële stimulatie in IVF/1CSI cycli in een 

ontwikkelingsland als Egypte: humane menopausale gonadotrofinen of recombinant FSH? 

Om deze vraag te beantwoorden, werd een Markov model ontwikkeld om de IVF 

behandelingscyclus met zijn belangrijkste onderdelen te simuleren, om daarmee de kosten en 

effectiviteit van recFSH versus hMG te onderzoeken. Bovendien, werd een Monte Carlo 

microsimulatie gebruikt om de mogelijke invloed van aannames en andere onzekerheden van 

het model te onderzoeken. De resultaten van dit onderzoek toonden dat de geschatte 

gemiddelde kosten van een doorgaande zwangerschap 13,946 EGP is en 18,721 EGP voor 

een hMG, respectievelijk voor een recFSH cyclus. Een sensitiviteitsanalyse toonde dat de 

prijs voor recFSH 0.61 EGP/IU zou moeten zijn om net zo kosteneffectief te zijn als hMG 

bij een prijs van 0.64 EGP/IU, hetgeen een reductie van ongeveer 60% van de huidige prijs 

is. Het verschil in kosten tussen hMG en recFSH in meer dan 100,000 cycli zou resulteren in 

4,565 extra doorgaande zwangerschappen als hMG zou worden gebruikt. 

Concluderend is hMG vanuit een economisch gezichtspunt kosten-effectiever dan 

recFSH. Het besluit te kiezen voor een duurdere behandeling zou kunnen leiden tot minder 

IVF/ICSI cycli, zeker als patiënten het zelf moeten betalen. 
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Hoofdstuk 5 gaat over de vierde vraag: 

Hoe verhouden urinaire en recombinant gonadotrofinen zich in termen van klinische 

uitkomst bij gebruik voor finale folliculaire uitrijping en ovulatie inductie bij geassisteerde 

conceptie cycli? 

Om deze vraag te beantwoorden werd een systematisch review uitgevoerd, gebaseerd op een 

uitgebreide zoekstrategie[Het Cochrane Menstrual Disorders and Subfertility Group trials 

register (27 Augustus 2003), het Cochrane Central Register of Controlled Trials (CENTRAL 

on The Cochrane Library, nummer 4, 2003), MEDLINE (1966 tot Feb 2004) and EMBASE 

(1980 tot Feb 2004)]. Alleen gerandomiseerde klinische trials die rhCG of hoge dosis rhLH 

met urinair hCG voor ovulatie inductie vergeleken bij geassisteerde conceptie voor 

behandeling van infertiliteit bij normogonadotrope vrouwen werden geïncludeerd. 

Zeven RCTs werden geïdentificeerd, vier vergeleken rhCG met uhCG en drie 

vergeleken rhLH and uhCG. Er was geen statistisch significant verschil tussen rhCG en 

uhCG wat betreft doorgaande zwangerschap per levendgeborenen (OR 0.98, 95% BI 0.69 tot 

1.39), kans op zwangerschap, miskraam of incidentie van OHSS. rhCG was geassocieerd 

met een reductie in de incidentie van locale reacties en andere minder belangrijke 

bijwerkingen (OR 0.47, 95% BI 0.32 tot 0.70). 

Samenvoegen van de gegevens van de trials die recombinant rhLH met urinair hCG 

vergeleken, resulteerde in significant lagere klinische zwangerschapkansen in de rhLH groep 

vergeleken met de uhCG groep (p = 0.018 and p = 0.023, respectievelijk). Deze informatie 

werd naar de fabrikant gestuurd, waarna deze besloot rhLH niet verder te ontwikkelen. 

Samenvattend is er geen bewijs voor een verschil in de klinische uitkomsten levend 

geborenen / doorgaande zwangerschap, zwangerschap, miskraam en OHSS tussen urinaire 

en recombinant gonadotrofinen voor inductie van finale folliculaire uitrijping. Minder 

belangrijke bijwerkingen als huid irritatie ter plaatse van de injectie kwamen vaker voor na 

behandeling met uhCG. Andere factoren, waaronder veiligheid, kosten en beschikbaarheid 

van het geneesmiddel moeten bij de keus voor een bepaald gonadotrofine type worden 

betrokken. 
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Hoofdstuk 6 concentreert zich op de vijfde vraag: 

Is een gonadotrofine releasing hormoon (GnRH) antagonist, toegepast op een vaste dag net 

zo effectief als een GnRH agonist toegepast via een lang protocol? 

Om deze vraag te beantwoorden, werd een systematisch review uitgevoerd. Wij hebben 

gezocht in de MEDLINE en EMBASE databases en het Cochrane Menstrual Disorders and 

Subfertility Group's Register van 1982 tot 2001. Daarnaast werden de referentielijsten van 

relevante publicaties en reviews, en abstracts van congressen nagetrokken. Slechts vijf 

gerandomiseerde klinische trials met 1796 patiënten die verschillende protocollen van GnRH 

antagonisten vergeleken met GnRH agonisten in geassisteerde conceptie cycli werden 

geïncludeerd in dit review. 

In vergelijking met het lange GnRHa protocol, was de OR voor de preventie van 

premature LH pieken 1.76 (95% BI. 0.75-4.16), hetgeen niet statistisch significant is. Er 

waren significant minder klinische zwangerschappen bij vrouwen die met GnRH 

antagonisten waren behandeld (OR 0.79 95% BI. 0.62-0.97). Het absolute behandeleffect 

was 5%. Het aantal te behandelen patiënten was 20. Er was geen statistisch significante 

reductie in de incidentje van ernstig ovarieel hyperstimulatie syndroom tussen de twee 

schema's (RR 0.51 (95% BI. 0.22, 1.18)). 

Het vaste GnRH antagonisten protocol (dwz. start van de antagonist op dag 6 van de 

stimulatie met gonadotrofinen) is een kort en eenvoudig protocol met goede klinische 

resultaten, maar de lagere kans op zwangerschap vergeleken met het lange protocol met een 

GnRH agonist en het niet significante verschil tussen beide protocollen wat betreft de 

preventie van een premature LH piek en preventie van het ernstig ovarieel hyperstimulatie 

syndroom betekent dat subfertiele koppels goed moeten worden geïnformeerd voordat een 

GnRH antagonist kan worden aanbevolen. Misschien kan de klinische uitkomst verbeterd 

worden door het ontwikkelen van meer flexibele antagonist schema's die rekening houden 

met individuele patiënt karakteristieken. 

Hoofdstukken 7-8 behandelen daarom de zesde vraag: 

Is een flexibele toediening van een GnRH antagonist op geleide van de follikel diameter 

gunstiger dan starten op een vaste dag? 
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Om deze vraag te beantwoorden hebben we een systematische review en meta-analyse van 

gerandomiseerde klinische trials die toediening van een GnRH antagonist op een vaste dag 

vergeleken met starten op geleide van de follikel diameter uitgevoerd. Terzelfder tijd hebben 

we een gerandomiseerde klinische trial uitgevoerd waarbij we een lang protocol met een 

GnRH agonist vergeleken met flexibele toediening van een GnRH antagonist op geleide van 

de follikel diameter. 

In de systematische review werden elf trials geïdentificeerd, maar slechts vier 

gerandomiseerde klinische trials werden geïncludeerd. De andere zeven trials waren alleen 

gepubliceerd als abstracts en pogingen nadere gegevens van de auteurs te krijgen mislukten. 

Er was geen statistisch significant verschil in kans op zwangerschap per gerandomiseerde 

vrouw, hoewel er een trend was naar een lagere zwangerschapskans bij het vaste protocol 

[OR = 0.7 95% Cl = 0.47 tot 1.05]. Er was geen statistisch significant verschil in voorkomen 

van premature LH pieken in beide protocollen. Er was echter wel een statistisch significant 

verschil in zowel het aantal ampullen antagonist als de hoeveelheid gebruikte gonadotrofinen 

in het flexibele protocol (OR -1.2 95% Cl -1.26- -1.15). Er was een trend naar een toename 

in het aantal oöcyten verkregen met het flexibele protocol (OR 1.28 95% Cl 0.9-1.6). 

In de klinische trial werden honderd vrouwen die 1VF/ICSI ondergingen na 

randomisatie met behulp van verzegelde enveloppen toegewezen aan een lang protocol met 

een hMG/GnRH agonist of een hMG/GnRH antagonist bij een follikel diameter van 15mm. 

Het zwangerschapspercentage per poging was 30% in de agonist groep en 24% in de 

antagonist groep. Twee vrouwen hadden een premature LH piek in de GnRH antagonist 

groep. Een economische evaluatie werd verricht gebaseerd op de resultaten van deze RCT. 

Deze analyse toonde dat de totale kosten per zwangerschap $6985 was in de antagonist 

groep en S5356 in de GnRH-a groep, een verschil dat statistisch significant was. 

Samenvattend kunnen we stellen dat flexibele toediening van een GnRH antagonist 

volgens een bepaalde follikel diameter niet gunstiger is in termen van verkregen 

zwangerschappen. 

Hoofdstuk 9 richt zich op de zevende vraag: 

Verbetert het ophogen van de hMG dosis op de dag van toediening van de GnRH antagonist 

de kans op zwangerschap? 
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Om deze vraag te beantwoorden, verrichtten wij een gerandomiseerde klinische trial waarin 

honderdvijftig subfertiele koppels op de dag van starten van de antagonist met behulp van 

verzegelde enveloppen werden toegewezen aan groep A of B: In groep A was geen ophoging 

van de hMG dosering. In groep B werd de hMG dosering met 75U opgehoogd op de dag van 

toediening van de antagonist tot de dag van de hCG gift. Er was geen statistisch significant 

verschil tussen beide groepen wat betreft het aantal verkregen oöcyten, verkregen embryo's, 

implantatie graad en de kans op klinische zwangerschap en meerling zwangerschap. De 

implantatie graad was 19.1% in groep B en 17.2% in groep A. De kans op klinische 

zwangerschap was 32.1% in groep A versus 36.2% in groep B [OR 1.3 (95% BI 0.63-2.6)]. 

De kans op een meerlingzwangerschap was 41.2% versus 38.9%. 

Samenvattend is er geen bewijs voor de klinische waarde van het verhogen van de 

dosering hMG op de dag van starten met de antagonist. De kosten van het verhogen van de 

dosering van hMG zouden een dergelijk beleid moeten ontmoedigen. 

Het tweede deel van dit proefschrift richtte zich op nieuwe behandelopties bij het 

polycysteus ovarium syndroom, een syndroom dat bij ongeveer 5-10% van vrouwen in de 

reproductieve leeftijd voorkomt en is geassocieerd met zowel reproductieve als metabole 

stoornissen. 

Recente veranderingen in behandelfilosofie hebben een grotere nadruk gelegd op het 

beleid bij metabole stoornissen van PCOS. Insuline resistentie is een sleutelfactor gebleken 

bij de pathogenese van PCOS. Vandaar dat metformine -een insuline sensitizer- een 

veelbelovend medicijn is. Het blijft desalniettemin de moeite waard andere mechanismen om 

ovulatie te induceren in clomifeencitraat resistente patiënten te exploreren. N-acetyl cysteine 

zou een dergelijk middel kunnen zijn omdat het een veilig goed te verdragen antioxidant is 

met insuline sensitizing eigenschappen. Niet alle vrouwen met PCOS reageren op 

medicamenteuze therapie en laparoscopische electrocoagulatie van de ovaria is bij deze 

vrouwen een chirurgische optie met bewezen effectiviteit. Om algehele anesthesie te 

voorkomen en om het concept van een poliklinische procedure te implementeren, zou 

transvaginal electrocoagulatie van de ovaria een interessant alternatief kunnen zijn. 

Het tweede deel van dit proefschrift had dan ook als doel - als uiteengezet in hoofdstuk 

I- drie specifieke vragen te beantwoorden. 

Hoofdstuk 10 heeft betrekking op de achtste vraag: 

239 



Verbetert poliklinische transvaginal hydrocoagulatie van het ovariële stroma het 

menstruele cyclus patroon en ovulatie bij vrouwen met clomifeencitraat resistente PCOS? 

Om deze vraag te beantwoorden werden zestig anovulatoire infertiele vrouwen 

gediagnostiseerd met PCOS door middel van klinische, biochemische en echoscopische 

criteria gerekruteerd voor dit onderzoek. All vrouwen waren resistent voor clomifeencitraat 

voor meer dan 6 maanden. Na locale anesthesie werd een hete steriele zoutoplossing (75C) 

in het ovariële stroma geïnjecteerd onder transvaginale monitoring met behulp van een 

standaard ovum pick-up naald. Drie en twintig vrouwen (38.3%) ervoeren pijn tijdens de 

procedure, die overigens goed uit te houden was en onvoldoende om de procedure te staken. 

De patiënten werden gedurende 6 maanden vervolgd om het aantal ovulaties vast te stellen, 

aan de hand van regulaire cycli, met behulp van transvaginale echoscopie en serum 

progesteron, en om het aantal zwangerschappen vast te stellen. 

Drie en veertig patiënten (71.7%) hadden een episode van bloedverlies een paar dagen 

na de procedure. Zes en veertig patiënten (76.7%) hadden drie spontane opeenvolgend 

regulaire cycli en ovulatie werd gedocumenteerd met een serum progesteron op dag 20-22 in 

tenminste een cyclus. Acht en dertig vrouwen (63.3%) bleven gedurende tenminste zes cycli 

ovulatoir. Veertien vrouwen (23.3%) warden zwanger binnen de eerste 6 maanden na de 

procedure. Drie van deze vrouwen (21.4%) kregen een miskraam binnen het eerste trimester. 

Bij geen enkele vrouw was sprake van een schadelijke bijwerking 

In conclusie lijkt transvaginale echo geleide hydrocoagulatie van het ovariële stroma in 

een poliklinische setting een veilige, economische en praktische procedure die door de 

patiënten goed wordt verdragen. Uiteraard zijn meer gegevens nodig om deze bevindingen te 

bevestigen. 

Hoofdstuk 11 gaat in op de negende vraag: 

Verbetert metformine de klinische uitkomst wanneer het als adjuvante behandeling bij 

clomifeencitraat wordt gegeven bij vrouwen met clomifeencitraat resistente PCOS? 

Een gerandomiseerde klinische trial werd verricht om deze vraag te beantwoorden en zestig 

infertiele vrouwen werden door loting verdeeld in twee groepen: Groep I (n=30) had een 

BMI> 28 en Groep II (n=30) had a BMI< 28. Iedere groep werd verder onderverdeeld in 2 

subgroepen A& B. Subgroep A: bestond uit 15 patiënten die metformine 500 mg t.d.s kregen 
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gedurende 6 weken voor clomifeencitraat gedurende 3 cycli en daarmee doorgingen 

gedurende de gehele behandeling. Subgroep B: bestond uit 15 patiënten die placebo kregen 

in plaats van metformine. Beide subgroepen werden vergeleken wat betreft BMI, 

biochemische criteria, cyclus regelmaat en succes van ovulatie inductie voor en na het 

gebruik van metformine of placebo. 

Er was een statistisch significante verlaging van LH in subgroep 1-A (overgewicht-

metformine) en subgroep 2-A(mager-metformine) na inname van metformine. Dit werd 

echter ook waargenomen in subgroep 1-B (overgewicht-placebo) na inname van placebo. Er 

was ook een statistisch significante verlaging van FSH in subgroep 2-A(mager-tnetformine) 

na inname van metformine. Dit werd niet waargenomen in de andere subgroepen. Er waren 

geen significante veranderingen in de andere hormonen in welke subgroep dan ook. Er werd 

wel een statistisch significant verschil waargenomen in zowel de individuele cycli als in de 

cumulatieve response wat betreft ovulatie inductie tussen de twee subgroepen van iedere 

groep. Er waren echter geen zwangerschappen in beide groepen. 

Concluderend kan het gebruik van metformine (ervoor en als adjuvante behandeling bij 

clomid), gunstig zijn in zowel vrouwen met overgewicht en magere vrouwen met het 

polycysteus ovarium syndroom. 

Hoofdstuk 12 richt zich op de tiende vraag: 

Verbetert N-acetyl cysteine de klinische uitkomst bij gebruik als adjuvans bij 

clomifeencitraat bij vrouwen met clomifeencitraat resistente PCOS? 

Om deze vraag te beantwoorden werd een gerandomiseerde klinische trial verricht om het 

effect van NAC toediening als adjuvans bij clomifeencitraat te evalueren. Honderdvijftig 

clomifeencitraat resistente vrouwen met kinderwens werden na loting toegewezen om NAC 

1.2 gm/dag (groep I) te krijgen of placebo (groep II) met 100 mg clomifeencitraat per dag 

gedurende 5 dagen te beginnen op dag 3 van de cyclus. Ovulatie werd vervolgd (aantal 

follikels >18 mm, serum E2 concentratie, serum progesteron, endometrium dikte) en het 

aantal zwangerschappen werd gerapporteerd. De combinatie clomifeencitraat en NAC 

verhoogde het percentage ovulaties en zwangerschappen significant (49.3% versus 1.3 en 

21.3% versus 0% respectievelijk) met 2 miskramen (12.5%). Bij subgroep analyse in de 

NAC groep bleek dat bij een insuline >20 u/mL; 8 zwangerschappen (1 tweeling) optraden 
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van de 35 vrouwen (22.8%), terwijl bij een insuline < 20 u/mL; 8 zwangerschappen (3 

tweelingen) optraden van de 40 vrouwen (20%) (OR 1.14 95% Cl 0.38 tot 3.36). 

Samenvattend zou NAC een nieuwe adjuvante behandeling voor PCOS 

patiënten kunnen zijn. Het is een eenvoudig, goed verdragen en goedkoop geneesmiddel, 

maar meer gerandomiseerde klinische trials zijn nodig voordat richtlijnen kunnen worden 

opgesteld. 
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Implicaties voor toekomstig onderzoek 

Wat kunnen we venvachten van recombinant preparaten? 

Recombinant gonadotrofinen (FSH, hCG, LH) zijn effectief in IVF/ICSI programma's, maar 

de resultaten van dit proefschrift laten zien dat het nog maar de vraag is of zij urinaire 

gonadotrofinen zouden moeten vervangen. Recombinant gonadotrofinen bieden 

mogelijkheden tot vooruitgang in de voortplantingsgeneeskunde, maar de kwestie van de 

prijs is belangrijk, ook internationaal gezien. Deze kwestie verdient de aandacht van de 

farmaceutische industrie, temeer omdat zij geleidelijk hun investeringen in de recombinant 

hormonen terugverdienen. Dit proefschrift liet zien dat humane menopauzale gonadotrofinen 

kosten effectief zijn bij ovulatie inductie en daarom zou het niet onlogisch zijn de 

onderzoeksinspanning te richten op het ontwikkelen van orale of lang werkzame 

gonadotrofinen, zelfs als de eerste resultaten niet gunstig zijn (Balen et al, 2004). 

Wat is de rol van exogene LH supplementatie in verschillende protocollen? 

De noodzaak van LH bij ovulatie inductie is lange tijd onderwerp van debat geweest met 

tegenstrijdige resultaten en sommigen menen nu zelfs dat humaan chorion gonadotrofine 

(HCG) een belangrijke positieve rol kan spelen als het wordt toegediend in de folliculaire 

fase in IVF cycli (Filicori et al, 2005). Dit proefschrift liet zien dat sommige vrouwen die 

waren downgereguleerd met een lang protocol baat kunnen hebben bij hMG, maar er zijn 

geen gegevens over het nut van LH in een GnRH agonist microdosis protocol, kort protocol 

of ultrakort protocol. Hetzelfde geldt voor vrouwen die IVF/ICSI cycli ondergaan met een 

GnRH antagonist. 

Het zou ook interessant zijn de vraag te beantwoorden: Welke gonadotrofinen zijn 

geschikt voor "poor responders" en welke zijn meer geschikt voor oudere vrouwen. 

Hoewel er weinig gegevens over zijn, lijken de verschillen in uitkomst tussen urinaire and 

recombinant gonadotrofinen afhankelijk te zijn van leeftijd en ovarium functie, waarbij de 

jongere patiënten baat hebben van de FSH/LH combinatie in urinaire producten, terwijl 

oudere vrouwen en jonge vrouwen met verminderde ovariële reserve kennelijk baat hebben 

bij pure FSH stimulatie. Aan de andere kant heeft een post hoc analyse (Marrs et al., 2004) 

gesuggereerd dat LH supplementatie mogelijk gunstig is bij oudere vrouwen, maar dit dient 

bevestigd te worden in prospectieve trials 
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Als beide even effectief zijn, dan zou de onderzoekinspanning gericht kunnen worden op 

Hoe het ovarieel hyperstimulatie syndroom te voorkomen. OHSS is een iatrogene 

aandoening veroorzaakt door toediening van gonadotrofmen en het is onduidelijk welk 

middel te gebruiken bij vrouwen met een hoog risico op OHSS. Er zijn geen gepubliceerde 

studies die direct rFSH met HMG vergelijken bij ovulatie inductie bij vrouwen met 

polycysteus ovarium syndroom. 

Dit proefschrift toonde aan dat het nog steeds nodig is HCG te gebruiken als ovulatietrigger, 

maar deze resultaten werden verkregen na desensitisatie met een GnRH agonist en met een 

hoge dosis recombinant LH. Het zou de moeite lonen de nodige trials uit te voeren naar het 

correcte gebruik van LH. met name vanuit het perspectief van vermindering van de 

incidentie van OHSS. 

De productie van GnRH antagonisten heeft de mogelijkheid geboden veel van de 

bijwerkingen van de agonisten te voorkomen, maar de lagere zwangerschapscijfers na 

gebruik van de antagonist zou tot onderzoek moeten leiden om uit te vinden of de GnRH 

antagonisten een direct effect hebben op het ovarium en endometrium. Als de GnRH 

antagonisten een direct effect op het ovarium zouden hebben, dan zouden zij gebruikt 

kunnen worden bij vrouwen die zijn downgereguleerd met een GnRH agonist en met 

een hoog risico op OHSS. De verlaging van de E2 spiegel na toediening van de GnRH 

antagonist zou ovum pick up mogelijk maken zonder coasting . Het zou interessant zijn dit te 

bestuderen in een gerandomiseerde klinische trial. 

Clomifeencitraat is nog steeds de goudstandaard bij de behandeling van patiënten met het 

polycysteus ovarium syndroom, maar resistentie tegen clomifeencitraat komt in 20% van 

deze vrouwen voor. Gedurende de laatste jaren is metformine opgekomen als adjuvante 

behandeling om de kans op succesvolle ovulatie inductie te vergroten. N-Acetyl cysteine zou 

ook een veelbelovend middel kunnen zijn, maar andere gerandomiseerde klinische trials zijn 

nodig om het gunstige effect als adjuvante behandeling bij clomifeencitraat te bevestigen. 
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