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Abstract This report reviews and discusses the existing
evidence on recommended FSH doses in IVF cycles. A
comprehensive search for relevant data was performed in
the Cochrane Library, MEDLINE, EMBASE and NICE
clinical guidelines database, and the reference lists of
manuscripts. A good body of evidence exists looking at
starting doses of FSH for first IVF attempts. Only one
randomised controlled trial was identified looking at the
efficacy of increasing doses during an IVF cycle. Some
observational studies dealt with the question whether a
suboptimal ovarian response should be managed by an
increased FSH dose in a subsequent cycle, but no
randomised trials addressed this issue.
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Introduction

Ovarian stimulation

The discovery of controlled ovarian hyperstimulation has
been regarded as a crucial breakthrough for IVF without

which it may never have become a viable infertility
treatment [1]. Although natural cycle IVF is still practiced
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by some centers, the ongoing pregnancy rate is estimated
to be only 7.2% with a cancellation rate of almost 30% [2].
In contrast to natural cycle IVF, controlled ovarian
hyperstimulation leads to the retrieval of multiple oocytes
in one attempt. The careful selection of the best quality
embryo(s) is a critical step in achieving the high clinical
pregnancy rates most centers now enjoy. In addition, the
potential cryopreservation of supernumerary embryos can
further add to the cumulative pregnancy rate achieved with
one egg retrieval.

Several strategies exist to bring about the recruitment
and growth of multiple follicles. By far, the most widely
used techniques are based on a combination of suppression
of the pituitary-gonadal axis to prevent ovulation and direct
ovarian stimulation.

Ovarian stimulation for IVF is generally performed with
follicle stimulating hormone (FSH). Both urinary-derived
and recombinant FSH preparations are available. Despite
purification, urinary-derived FSH preparations contain low
levels of contaminants, including LH. The co-administra-
tion of low levels of LH can be beneficial in conditions
where trace amounts are absent, such as in women with
Kallman syndrome. A review funded by the National
Institute of Clinical Excellence (NICE), however, showed
no difference in clinical effectiveness between the two
types of preparations (Evidence level 1a) for women with
normal LH levels [3]. In Australia, however, only recom-
binant human FSH (recFSH) is approved for the induction
of multiple follicular growth [4].

Given its acknowledged importance in the success of
IVF one would expect there to be clear guidelines regarding
the appropriate dose of FSH for different clinical situations.
However, no such consensus seems to exist and a variety of
dosing regimens are advocated. Whether the dose should be
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Table 1 Summary of criteria used in studies on “poor responders’

Criteria

No. of mature follicles

FSH levels in early follicular phase
“Efficacy index”

Maximum estradiol levels

Age>40 years

Mean daily gonadotropin dose
Total gonadotropin dose

Days of gonadotropin treatment
Number of mature oocytes retrieved
Single dominant follicle
Spontaneous LH surge

Failed “Lupron screening test”
Failed conception

Undefined

Adapted from: Surrey et al. Fertil Steril 2000 [6].

adjusted to the initial response or kept constant throughout
stimulation is a similar source of contention.

Poor responders

An even more difficult problem is the treatment of the ‘poor
responder.” From a practical point of view a distinction can
be made between those women we expect to respond
poorly and those who have already had—not necessarily
expected—a poor response in a previous cycle.

Women expected to have a poor response might be those
of older age, those with fewer antral follicles, those with
high basal FSH concentrations or low basal inhibin B and/
or AMH concentrations. These measures and others are all
soft markers for an individual’s ovarian response to
stimulation. None of these markers, either separately or in
combination, are predictive enough to justify refusal of
treatment in non-menopausal patients [5].

Women with a previous poor response to ovarian
stimulation make up the other group. There appears to be
no consensus about the definition of a poor response in the
literature, however. As Surrey and Schoolcraft [6] point out
in their review of the topic, this lack of agreement on who
constitutes a poor responder also makes it very difficult to
critically evaluate the different treatment strategies for this
challenging patient subset (Table 1).

Aims
This review will examine what starting doses of FSH
may be appropriate in the first and subsequent IVF

attempts. Dosing strategies for the ‘poor responder’ will
be reviewed in more detail. This patient population presents
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Fig. 1 Clinical pregnancy rates at Monash IVF grouped per starting
dose for nafarelin down-regulated cycles (with or without pill-
scheduling) between 1997-2006

a specific problem because there appears to be little
consensus on the maximum effective dose. This is not a
mere pharmacological question, as it also raises concerns
from a health economic point of view, illustrated by the
inverse relationship between FSH starting dose and clinical
pregnancy rate (Fig. 1).

Methods

A comprehensive search for data was performed in the
Cochrane Library, MEDLINE, EMBASE and NICE clinical
guidelines database up until July 2006. Search terms
included FSH, dose, stimulation, poor responder, random-
ized and RCT. Reference lists of relevant manuscripts were
hand searched. All studies, retrospective and prospective,
addressing dosing strategies as outlined in the aims were
reviewed. The main outcome measure of interest was the
clinical pregnancy rate per cycle started. Secondary
outcome measures were the number of oocytes, high
quality embryos and frozen embryos. The debate of
whether the addition of LH improves the ovarian response
is a separate one. Thus, preference was given to studies
investigating the effectiveness of recFSH where sufficient
data was available.

A subgroup of five RCTs with very similar designs
comparing 100 vs. 200 IU recFSH in normal responders
was identified. For this subgroup the clinical pregnancy
rates per cycle started were expressed as an odds ratio, with
95% confidence intervals using a random effects model.
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Starting dose for the first IVF attempt
Expected normal responders

Several clinical predictors are reported to assist in deter-
mining which patients might be normal responders [7].
These factors include, amongst others, female age, early
follicular phase serum concentrations of FSH, inhibin B
and anti-Miillerian hormone and ultrasound findings. A
reasonable assessment of a patient’s expected response can
often be made [8] despite the fact that none of the currently
available tests are predictive enough to provide clear
diagnostic cut-offs [5].

A significant number of randomised controlled trials
(RCTs) were identified that address the question of the FSH
starting dose in expected normal responders. Using gonad-
otrophin-releasing hormone (GnRH) agonists for pituitary
downregulation, five studies [9—13] compared a starting
dose of 100 IU with 200 IU and three studies [14—16]
compared a starting dose of 150 IU with 250 TU. Two
studies were identified that used GnRH-antagonists for
pituitary suppression. One compared a starting dose of
150 TU with 200 IU [17], whereas the other compared
150 TU with 225 TU [18]. A summary of the relevant data is
provided in Table 2 and Fig. 2. All the studies were
designed to detect differences in the number of oocytes
collected and the total dose of FSH used and were of
similar quality. Although the studies were not powered to
detect small, but possibly clinically relevant differences in
pregnancy rates, they did report them as secondary out-
comes. Figure 2 summarizes the results of a meta-analysis
for the five studies comparing 100 IU with 200 IU. It

reveals little prospect for larger trials to detect a statistically
significantly higher pregnancy rate in favor of the higher
dose.

Taken together these RCTs suggest that higher starting
doses do not lead to improved pregnancy rates, despite
lower cancellation rates. One could argue that the higher
oocyte numbers associated with higher starting doses will
lead to more frozen embryos and therefore better cumula-
tive pregnancy rates. However, seven of the ten RCTs
found no significant difference. A higher number of frozen
embryos was only found in three of the five studies
comparing 100 vs. 200 IU. Although it remains to be
proven, it perhaps suggests that a starting dose of 100 TU
may be associated with lower cumulative pregnancy rates
per oocyte collection.

Even so, the improved egg yield was only apparent
in younger patients, arguably those that need it the least. In
a study by Out et al. [14] in the patient group of
30-33 years an average of four more eggs was collected
(15 vs. 11 eggs) if patients were given 250 IU instead
of 150 IU. In the two other groups (34-36 years and
37-39 years) there was no difference. This observation
was echoed by findings from the study from Yong
et al. [15]. They reported that approximately five more
eggs were retrieved in women aged <33 years in the 225-1U
compared with the 150-IU group, but in older women
(>33 years), the number of eggs retrieved in both groups
was similar.

In view of the above, the higher rate of hormone-related
side-effects and extra cost associated with the higher dose
protocol, it would be reasonable to conclude that most
patients should start on a dose of 150 IU.

Table 2 RCTs comparing different starting doses in expected normal responders

Patient numbers Age group Oocytes collected CPR(%)/Start

GnRH Agonist

100 vs. 200 IU

Tan et al. [9] 192 18-39 10.9 vs. 12.2 (NS) 27 vs. 24 (NS)

Out et al. [10] 199 18-39 6.2 vs. 10.6 (P<0.001) 24 vs. 23 (NS)

Out et al. [11] 179 18-37 5.7 vs. 12.0 (P<0.001) 20 vs. 25 (NS)

Pruksananonda et al. [12] 60 25-38 6.0 vs 9.2 (NS) 23 vs. 13 (NS)

Hoomans et al. [13] 330 18-39 5.0 vs. 9.6 (P<0.001) 20 vs. 18 (NS)
150 vs. 250 U

Out et al. [14] 138 30-39 9.1 vs. 10.6 (NS) 24 vs. 18 (NS)

Yong et al. [15] 124 2341 6.3 vs. 8.3 (P<0.05) 15 vs. 19 (NS)

Latin-American Puregon IVF Study Group. 2001 [16] 404 30-39 8.9 vs. 10.2 (NS) 23 vs. 24 (NS)
GnRH Antagonist

150 vs. 200 U

Out et al. [17] 257 18-39 10.3 vs. 11.9 (NS) 31 vs. 25 (NS)
150 vs. 225 1IU

Wikland et al. [18] 120 20-39 9.1 vs. 11.0 (P<0.023) 26 vs. 25 (NS)
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Fig. 2 Odds ratio (OR) for
clinical pregnancy rates for
RCTs comparing 100 vs. 200 TU
recFSH. Circles represent point
estimates of OR. Circle size is
proportionate to number of
patients. The 95%CI are illus-
trated by error bars. The overall
OR was calculated using the
Peto method. There was no
statistically significant heteroge-
neity between the studies
(x*=1.97; P=0.74)

Hoomans et al., 2002
Pruksananonda et al., 2004
Out et al., 2001

Out et al., 1999

Tan et al., 2005

Average: 1.07 (0.79, 1.46)
Total nr. of patients: 960

Expected poor responders

There is only one randomised controlled trial that looked
at the efficacy of doubling the starting dose in women who
are anticipated to respond poorly [19]. Those patients with
<5 antral follicles just prior to starting gonadotrophins
were recruited for the study. Fifty-two patients were
randomised to the normal starting dose of 150 IU/day or
the higher dose of 300 IU/day. The median number of
oocytes and embryos was the same for both groups (three
and two, respectively).

Increasing the dose during the course of an IVF cycle

When cycle monitoring indicates that the ovarian response
has been unsatisfactory, some centers advocate adjusting
the dose to rescue the cycle. How effective such dose
increases are, is not well established.

Despite this, the practice still appears well accepted. For
example, two major RCTs [20, 21] reported at the 2006
Annual Meeting of European Society of Human Reproduc-
tion and Embryology allowed for the recFSH dose to be
adjusted, after a 67 days course of a fixed dose. This belief
that the ovary may respond better after increasing the dose
does not seem to be borne out by the evidence.

This review identified one prospective randomized study
and two retrospective studies. The RCT clearly demon-
strated that doubling the human menopausal gonadotrophin
(hMG) dose in patients with a low response after 5 days of
225 TU hMG, did not result in a higher number of oocytes
retrieved compared to patients treated with a fixed dose
[22]. The two retrospective studies also concluded that a
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low response after 5 days of hMG therapy may not be
averted by doubling or increasing the dose of hMG
[23, 24].

Dose following a poor response

There are probably as many suggested treatment strategies
as there are definitions for patients who have had a previous
poor response [25]. An often-cited strategy is to increase
the dose of gonadotrophins in the next cycle. Instinctively,
this may appear unavoidable when faced with the lack of
any initial ovarian responsive to a lower dose, but the lack
of good quality supportive evidence is remarkable. Indeed,
in the NICE guidelines this common problem is reduced to
the following line: “There is minimal or no benefit with the
use of increased dose of gonadotrophins” [26].

Although no RCTs were found that directly addressed
the issue, the answer can perhaps be deduced from other
RCTs. As mentioned previously, the RCTs by Out et al.
[14] and Yong et al. [15] elegantly demonstrated that higher
starting doses of FSH in normal responders do not result in
more eggs once they are over the age of 33 years. Similarly,
expected poor responders experienced no benefit from
being started on a dose of 300 IU instead of 150 IU [19].
If they do not already do so in the first cycle, it seems
irrational to expect older women to respond better to a
higher dose in a subsequent cycle.

There is also some evidence from observational studies.
Klinkert et al. did an interesting study showing that 64% of
the unexpected poor responders and 31% of the expected
poor responders had a normal response in the second cycle,
most of them after receiving a higher dose of gonadotrophins
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Table 3 The “regression to the mean” effect

Group A (n=135)

Group B (n=37) Group C (n=42)

Ist cycle 7.3+3.6
2nd cycle 9.2+4.9
P=0.00003

4.5+£3.7 20.2+4.6
8.7£5.8 15.6£6.2
P=0.0005 P=0.0002

Numbers represent mean of oocytes collected +SD.

Group A: women who had received 225 TU of recFSH in the first cycle and 300 IU in the second cycle.

Group B: women who had <10 oocytes collected when receiving 225 IU of recFSH in the first cycle and remained on 225 IU in the second cycle.
Group C: women who had >15 oocytes collected when receiving 225 IU of recFSH in the first cycle and remained on 225 IU in the second cycle.
Pairwise comparison between 1st and 2nd cycle using Paired Student’s ¢ Test.

[27]. According to the authors the difference between both
groups suggests that dose increases alone do not always
explain a better response in the subsequent cycle. Natural
cycle-to-cycle variation, which are more likely in unex-
pected poor responders, may also account for some of the
observed “improvement.”

Three non-randomised studies showed that increasing
the dose of hMG up to 450 [U/day in a second cycle did not
increase the number of available embryos, nor did it
improve the outcome of the treatment cycle compared to
the previous cycle in which the patients had been started on
a lower hMG dose [28-30]. A retrospective analysis by
Land et al. [30] analysed outcomes of 126 patients who had
undergone two IVF cycles, the first cycle starting on
225 IU/day and the second cycle starting on 450 IU/day.
More oocytes were collected on the higher dose, but the
total number of available embryos did not differ.

A similar study by Lashen et al. [31] 2 years later looked
at 244 patients who had had at least two cycles of IVF
treatment with a higher dose in the second treatment cycle.
Although more oocytes were collected in the second cycle,
a more detailed analysis revealed that this was only true for
those patients who had received <150 IU/day in their first
cycle. Those who were given 225 or 300 IU/day in the first
cycle did not perform any better in their subsequent cycle
despite a dose increase.

At best, more eggs appear to be retrieved in a subsequent
cycle on a higher dose and it would be tempting to
conclude that this is in the patient’s best interest. It should,
however, come as no surprise that these non-randomised
studies are prone to erroneous conclusions. Firstly, Land’s
study failed to show an increase in the number of embryos.
Secondly, a lot of the observed improvements can be
readily explained by a phenomenon called “regression to
the mean,” a term first coined by Galton [32].

The concept of regression to the mean can be illustrated
with data from the Monash IVF database. Clinical out-
comes from all long down-regulation cycles (with or
without pill-scheduling) using nafarelin and 225 IU of

recFSH were retrieved. The average number of oocytes
retrieved for the whole data set was 11.5.

The first subset of data (Group A) included women who
had received 225 IU of recFSH in the first cycle and 300 U
in the second cycle. It is reasonable to assume that the dose
was increased because the patient was perceived to have
had a sub-optimal response (few oocytes collected). The
first column of Table 3 shows that significantly more
oocytes were collected in the second cycle on higher dose.

The second subset (Group B) included women who (a)
had received 225 TU of recFSH in the first cycle and (b) had
fewer than ten oocytes collected but (c) had remained on
225 IU in the second cycle. Remarkably, there was again a
statistically significant increase in the number of oocytes
collected in the second cycle despite the fact that no dose
increase was ordered.

The third subset (Group C) included women who (a) had
received 225 IU of recFSH in the first cycle and (b) had more
than 15 oocytes collected and (c) had remained on 225 IU in
the second cycle. This time a significant drop in the number
of oocytes collected was observed in the second cycle.

The outcomes for Groups B and C clearly illustrate that
if a subset of data is selected for outcomes that deviate
significantly from the overall mean, it is inevitable that the
outcomes in a subsequent cycle will move back or
“regress” towards the mean by chance alone. So, while
IVF specialists had the best intentions when they increased
the dose for women with a low number of oocytes in the
first cycle, the observed “improved” outcome can be
explained by chance alone. As always, definite proof of
treatment effect can only be obtained from a properly
designed RCT.

Review of current practice
Tarlatzis et al. have systematically reviewed studies offering
treatment alternatives for poor responders and provide an

insight in what is considered standard practice [33].
Tarlatzis et al. state that, according to most authors, the
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most widely used initial dose for poor responders is at
least 300 IU/day. A further analysis of the studies in
their review reveals that the maximum dose recommen-
ded by most authors was 300-450 IU/day. The maxi-
mum dose was <300 [U/day in two studies, 300 IU/day
in 12 studies, 450 IU/day in 13 studies and 600 IU/day
in five studies.

Summary

Lashen et al. concluded their study with two recommenda-
tions. Firstly, they suggested that “a national or internation-
al analysis of data from many centers using recombinant
gonadotropin in IVF might establish a maximum effective
dose for this preparation (probably 300 IU/day).” and
secondly they argued that “a starting dose of 150 IU per
day in the first IVF cycle represents the best compromise
between safety and efficacy for the younger IVF patient
with a good prognosis for conception within one or three
cycles of IVF treatment.”

From the available evidence presented it would seem
reasonable to draw the following conclusions:

Normal Responders

Higher starting doses in normal responders lead to more oocytes, but
only in young patients.

Clinical pregnancy rates do not improve when higher doses are

administered (100 vs. 200 IU or 150 vs. 250 IU).

The majority of RCTs fail to show that the retrieval of more oocytes

translates in the availability of more frozen embryos.

In their first cycle most patients should respond well to 150-200 U/
day. Whether special allowances need to be made for BMI, PCOS,
age or other factors is unclear.

Poor Responders

Increasing the dose of FSH during a cycle is not effective in averting
a poor response.

There is insufficient evidence for an increased FSH dose after a
previous poor response.

Although not supported by good evidence most authors seem to be
comfortable with a starting dose of 300 1U/day. Similarly, a
maximum dose of 450 [U/day seems to be universally accepted.
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