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450 IU versus 600 IU gonadotropin
for controlled ovarian stimulation in
poor responders: a randomized
controlled trial
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Objective: To compare the outcomes of controlled ovarian stimulation/in vitro fertilization cycles using 450 IU and 600 IU gonado-
tropin per day in women at risk of poor ovarian response.

Design: Prospective randomized controlled nonblinded study.

Setting: University-affiliated private IVF center.

Patient(s): Women considered to be at risk of poor ovarian response: aged <41 years with basal FSH >10 IU/L, antimiillerian hormone
<1 ng/mL, antral follicle count <8, or a previous IVF cycle with > 300 [U/d gonadotropin that resulted in a cancellation, <8 follicles, or
<5 oocytes.

Intervention(s): A total of 356 patients underwent a microdose GnRH agonist flare-up [VF/intracytoplasmic sperm injection protocol
with a fixed daily dose of either 450 IU FSH (n = 176) or 600 IU FSH (n = 180) equally divided between Menopur and Bravelle.
Main Outcome Measure(s): Number of mature oocytes retrieved.

Result(s): The two groups were similar in terms of age, ovarian reserve, cause of infertility, duration of stimulation, and cycle cancel-
lation rate. There were no significant differences in the number of metaphase Il oocytes retrieved (4 [range 0-6] vs. 4 [range 2-7]), fertil-
ization rate (62.4% vs. 57.0%), biochemical pregnancy rate (20.5% vs. 22.9%), clinical pregnancy rate (16.4% vs. 18.3%), and
implantation rate (29.8% vs. 30.4%) between the 450 IU and 600 IU groups, respectively.

Conclusion(s): Gonadotropin of 600 IU/d does not improve outcome of IVF cycles compared with 450 IU/d in women at risk of poor

ovarian response.

Clinical Trial Registration Number: NCT00971152. (Fertil Steril® 2015;104:1419-25. ©2015

by American Society for Reproductive Medicine.)
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flare-up protocol, gonadotropin dose

Use your smartphone
to scan this QR code
and connect to the

discussion forum for

Discuss: You can discuss this article with its authors and with other ASRM members at http://

fertstertforum.com/lefebvrej-450-600-iu-gonadotropins/

always been a challenge for cli- controlled ovarian stimulation (COS)/

P oor ovarian response (POR) has 249% of all patients undergoing
nicians and accounts for 9%- in vitro fertilization (IVF)/intracyto-

Received May 12, 2015; revised July 15, 2015; accepted August 10, 2015; published online September
8, 2015.

J.L. has nothing to disclose. R.A. has nothing to disclose. I.-J.K. has nothing to disclose. N.L.D. has
nothing to disclose. C.S. has nothing to disclose. F.B. has nothing to disclose. J.B. has nothing
to disclose. S.M. has nothing to disclose. L.L. has nothing to disclose.

Ferring Pharmaceuticals Canada supplied part of the medication used by the patients at no charge,
but had no involvement in the analysis of the results.

Presented at the 30th annual meeting of European Society of Human Reproduction and Embryology,
Munich Germany, June 29-July 2, 2014.

Reprint requests: Jessica Lefebvre, M.D., OVO Clinic, 8000 bld. Décarie, suite 100, Montréal, Quebec
H4P 254, Canada (E-mail: jessicalefebvre843@hotmail.com).

Fertility and Sterility® Vol. 104, No. 6, December 2015 0015-0282/$36.00
Copyright ©2015 American Society for Reproductive Medicine, Published by Elsevier Inc.
http://dx.doi.org/10.1016/j.fertnstert.2015.08.014

this article now.*

* Download a free QR code scanner by searching for “QR
scanner” in your smartphone’s app store or app marketplace.

plasmic sperm injection (ICSI) cycles
(1). A lower number of follicles and
mature oocytes are expected after
ovarian stimulation with gonadotro-
pins (2), and pregnancy rates are
reduced in POR patients compared
with normal responders (3). Several
treatment strategies have been pro-
posed to increase ovarian response in
this population but, to date, there is
insufficient evidence to support the
routine use of any particular protocol
(4-6). For years, one of the major
difficulties in  evaluating POR
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treatment was the variability in the definitions of POR used in
different studies (7, 8).

In our department, the microdose GnRH agonist (GnRH-
a) flare-up protocol was one of the approaches used in the
management of poor responders (9, 10), with a daily dose of
450 IU or 600 IU exogenous gonadotropin. We based our
approach on a 1998 study that compared a GnRH-a microdose
regimen with the standard GnRH-a long-protocol COS
regimen and showed decreased cycle cancellation and
increased pregnancy rates (11). In the microdose protocol,
the initial release (flare-up) of endogenous gonadotropins
induced by the administration of low-dose GnRH-a in the
early follicular phase helps to enhance the response to the
subsequent administration of exogenous gonadotropins,
without the risk of concomitant corpus luteum rescue or a
rise in circulating LH, T, or P levels (11-13). This short
GnRH-a regimen also avoids excessive pituitary suppression
compared with the long GnRH-a regimen (12). However, after
the beginning of our trial, several studies and reviews failed to
confirm the improved outcomes with a GnRH-a flare-up pro-
tocol (5, 6). Moreover, a 2014 randomized controlled trial
(RCT) in a POR population indicated that the GnRH-a flare-
up protocol could even be less effective because of fewer
eggs retrieved (14).

The ideal daily dose of gonadotropins for COS has been
the subject of much discussion in the treatment of POR. In
IVF in general, the use of the lowest dose possible of FSH
that would optimize the number of eggs retrieved, maximize
live birth rates and minimize the risk of cycle cancellation, is
recommended. In POR, the use of high doses of gonadotropins
is common practice among clinicians. However, few random-
ized studies have evaluated different high gonadotropin doses
with the use of the same treatment protocol in POR (14-18). In
2003, a systematic review on the management of POR in IVF
concluded that high gonadotropin doses were used in the
majority of studies but that the results were still
controversial (19). The 2013 National Institute for Health
and Care Excellence guideline on fertility recommends a
maximum daily dose of 450 IU gonadotropin for COS (20).

In North America, the daily gonadotropin doses pre-
scribed for POR often range from 450 IU to 600 IU. According
to a recent survey conducted in 196 centers from 45 countries,
23.7% of patients defined as POR received daily doses from
450 IU to 600 TU gonadotropin (FSH or FSH/hMG) (21).

The aim of the present RCT was to determine, in a popu-
lation of PORs undergoing COS with a microdose agonist
flare-up IVF/ICSI protocol, the optimal daily gonadotropin
dose. We chose to compare 450 IU/d and 600 IU/d because
these two doses are the most commonly used in North Amer-
ican clinics in POR. The primary outcome was the number of
mature (metaphase II [MII]) oocytes, because it has previously
been shown that IVF success is related to the number of
mature oocytes retrieved (22-24).

MATERIALS AND METHODS
Patients and Protocols

This was a prospective randomized controlled nonblinded
study, conducted from October 2009 to September 2013 at

the OVO clinic, a university-affiliated private IVF center in
Montreal, Quebec, Canada. The study was approved by the in-
dependent Institutional Ethics Committee, and all patients
gave written informed consents. The study was registered
with clinical trial reference number NCT00971152. Random-
ization was done by means of sequential study numbers (ratio
1:1) for the two groups of intervention (450 IU/d and 600 IU/
d gonadotropin).

Patients included were aged <41 years old with a body
mass index (BMI) <35 kg/m? had a basal FSH <20 TU/L,
and had a history of primary or secondary infertility with
an indication of IVF/ICSI. The risk of POR was defined as
<5 oocytes, <8 follicles, or cancellation in a previous IVF cy-
cle with >300 IU/d, basal FSH >10 IU/L, antimiillerian hor-
mone (AMH) <1 ng/mL, or antral follicle count (AFC) <8.

We excluded all patients participating in other clinical
trials, patients with FSH level >20 IU/mL, patients using or
having used an investigational drugs in the 3 months preced-
ing the trial, patients tested positive for human immunodefi-
ciency virus or hepatitis B or C antibodies, and patients
unwilling or unable to give written informed consent.

All ultrasound measurements were performed with the
use of a 9.1-MHZ vaginal probe on a GE Voluson E8. AFC
and serum AMH, FSH, and E, levels were measured on days
2-4 of the cycle preceding the initiation of the stimulation
protocol. Response to ovarian stimulation was monitored
with the use of transvaginal ultrasound (US) to determine
the diameter (mm) and number of follicles as well as with
serum E, (pmol/L) and P (nmol/L) levels.

Stimulation Protocol

All participants were primed with 4 mg 173-E, tablets (Es-
trace), started on day 20 of the cycle preceding ovarian stim-
ulation and continued up to the beginning of COS.
Stimulation was achieved with 225 IU/d Menopur and 225
IU/d Bravelle in the 450 group and 300 IU/d Menopur and
300 IU/d Bravelle in the 600 group (Ferring Pharmaceuticals
Canada). Buserelin (Suprefact; Sanofi-Avantis) at 0.05 mg
subcutaneously, administered twice daily, was started simul-
taneously. The first US was performed on day 9 of stimulation
combined with serum hormonal measurements and then
repeated as needed. Final follicular maturation was induced
with 5,000 IU of hCG (Pharmaceutical Partners of Canada)
when at least two follicles were > 18 mm. Oocyte retrieval
was carried out 36 hours after administration of hCG. Luteal
phase support was achieved with intramuscular P in oil (Cytex
Pharmaceuticals) and 176-E, patches (100 ug Climara; Bayer
Canada). Acetylsalicylic acid tablets (80 mg; Asaphen EC;
Pharmascience) were given until the 12th week of pregnancy,
and ciprofloxacin was given for 5 days after oocyte collec-
tion. Embryo transfer was usually performed on day 3 with
the use of a Wallace catheter. A serum ($-hCG test was per-
formed 15 days after oocyte retrieval (biochemical pregnancy)
and a transvaginal ultrasound at 7 weeks for the detection of
an intrauterine fetal heart beat (clinical pregnancy).

The primary outcome measure was the number of mature
(MII) oocytes retrieved. Secondary outcomes were: duration
of stimulation, FSH dosage, number of mature follicles, total
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number of oocytes retrieved, number of available embryos,
fertilization and implantation rates, and biochemical preg-
nancy and clinical pregnancy rates.

Disclosure

Ferring Pharmaceuticals Canada contributed to the study by
supplying part of the medication used by the patients at no
charge, but they had no involvement in the analysis of the re-
sults. Ferring also assumed the costs of the statistician
involved in designing the initial protocol and of the Ethics
Committee fees. There was no financial remuneration to
any member of the research team by the aforementioned
company.

Statistical Analysis

The calculation of the sample size required to demonstrate a
clinically relevant minimally important difference for the
number of mature oocytes (primary outcome) retrieved was
based on the observed differences in existing literature as
well as the results from our clinic. With the use of the two-
group t test model, the tolerance margin was set at 1.6 mature
oocytes, the power to 90%, and the alpha error to 0.025 to
provide a 95% two-sided confidence interval (CI). These re-
sults indicated that 164 subjects were required in each treat-
ment group. Factoring in a dropout rate of 100, 183

Fertility and Sterility®

subjects were required for each treatment group, giving a total
of 366 patients.

Analyses were performed by intention to treat per started
cycle. The baseline data and outcome data were summarized
separately. For continuous variables, data were reported as
median values and interquartile ranges according to the Wil-
coxon test. Discrete variables were reported as percentages
with respective P values reported according to the x* test. A
secondary analysis with the use of logistic regression and per-
mutation tests was performed to evaluate if the women'’s age
(<38 vs. >38 years) made a difference in IVF/ICSI outcomes.

RESULTS

A total of 366 women were recruited for the study. Five with-
drew after consenting, and five had a spontaneous pregnancy.
Finally, 356 subjects were randomized between the two
groups, 176 patients in the 450 group, with five being
excluded after randomization, and 180 patients in the 600
group, with five being excluded after randomization. No pa-
tients were lost to follow-up, and there was an adherence rate
0f 97.2%. This resulted in 346 patients receiving the interven-
tion protocol that they were assigned to (Fig. 1).

The two groups were similar regarding age, AFC, basal
FSH (IU) and AMH (ng/mL) levels, duration of infertility,
and indication for IVF/ICSI. BMI (kg/m?) was significantly
lower in the 600 group (24.2 vs. 25.5; P=.01). There was no

Enrollment

Assessed for eligibility (n=366)

Excluded (n=10)
+ Withdrew consent (n=5)
+ Spontaneous pregnancies (n=5)

A 4

| Randomized (n=356) ‘

!

Allocation

A4

A 4

Allocated to 450 IU FSH/day (n=176)
+ Received allocated intervention (n=171)
+ Did not receive allocated intervention with reasons (n= 5)
e Error in administration of medication (n=1)
« 1 modification of dosage during cycle (n=1)
e Taking DHEA/CoQ10 (n=2)
e OHSSrisk (n=1)

Allocated to 600 IU FSH/day (n=180)

+ Received allocated intervention (n=175)

+ Did not receive allocated intervention with reasons (n= 5)
e Abnormal endometrium (n=1)

Side effects (n=1)

Estrace® added during stimulation (n=1)

More than 41 years old (n=1)

Withdrawal (n=1)

Follow-Up

Lost to follow-up (give reasons) (n=0)

A 4

Discontinued intervention (give reasons) (n=0)

Analysed (n=171)
+ Excluded from analysis (give reasons) (n=0)

CONSORT flow diagram.
Lefebvre. 450 vs. 600 IU in poor ovarian responders. Fertil Steril 2015.

Lost to follow-up (give reasons) (n=0)

Discontinued intervention (give reasons) (n=0)

Analysed (n=175)
+ Excluded from analysis (give reasons) (n=0)
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TABLE 1

Demographic parameters.

Characteristic 450 IU/d FSH (n = 171) 600 IU/d FSH (n = 175) P value
Baseline characteristics®
Age (y) 37.9 (35.0-39.5) 37.8 (34.6-39.5) 91
BMI (kg/mz) 25.5(22.4-28.9) 24.2 (21.3-27.5) .01
Antral follicle count 8(6-11) 9 (7-11) .52
Basal FSH (IU) 8.7 (6.9-10.5) 8.0 (6.5-10.0) 16
AMH (ng/mL) 0.42 (0.21-0.74) 0.44 (0.22-0.70) 1.00
Infertility duratlon (mo) 48.0 (27.0-83.8) 55 (36.0-86.3) .06
ICSI cycles, n (%)° 72 (42.1) 74 (42.3) 1.00
IVF/ICSI indication, n (%)°
Male factor 62 (36.3) 72 (41.1) 41
Tubal or peritoneal factor 13(7.6) 17 (9.7) .61
Endometriosis 15 (8.8) 19(10.9) .64
Unexplained infertility 61(35.7) 53(30.2) .34
Multiple factors 20 (11.7) 14 (8) 33
Stimulation characteristics®
Duration of stimulation (d) 2 (10-13) 1(11-13) .96
Total dose of FSH (IU) 5, 400 (4,500-5,850) 6, 600 (6,600-7,800) <.0001
E, at last US (pmol/L) 5, 509 (3,655-7,092) 5, 464 (3,904-7,966) .32
P at last US (nmol/L) 1(1.6-2.8) 3(1.9-2.9) .02
Endometrial thickness at last US (mm) 9 8 (8.0-11.9) 10 2 (8.6-11.6) 21

Note: Data are presented as median (interquartile range) or n (%). AMH = antimdllerian hormone;
2 Wilcoxon test.
® 2 test.

Lefebvre. 450 vs. 600 IU in poor ovarian responders. Fertil Steril 2015.

difference in number of cycles, duration of stimulation (days),
E, levels (pmol/L), and endometrial thickness (mm) at last US.
The total FSH dose (IU; P<.0001) and the P level at last US
(nmol/L; P=.02) were significantly higher in the 600 group
than in the 450 group. The difference in P level was not
deemed to be clinically significant, because levels were low
in both groups: 2.1 and 2.3 nmol/L (25) (Table 1).

TABLE 2

, BMI =

body mass index; ICSI = intracytoplasmic sperm injection; US = ultrasound.

Cycle outcomes are listed in Table 2. Our primary
outcome, the number of mature (MII) oocytes retrieved, was
similar between the two groups: 4 (range 0-6) in the 450
group versus 4 (range 2-7) in the 600 group (P=.17). There
were no significant differences in number of follicles at last
US, number of oocytes retrieved, fertilization rate, number
of normally developing embryos on day 2, and number of

Cycle outcomes.

Characteristic 450 |U/d FSH (n = 171) 600 IU/d FSH (n = 175) Pvalue
Cancelled before egg retrieval, n (%)P 45 (26.3) 4(19.4) 16
No. of cancelled cycles, n (%)P 2(18.7) 9(16.5) .70
No. of cycles converted to IUI, n (%)° 3(7.6) 5(2. ) .08
No. of cycles with no egg retrleved n (%)° 1(0.6) 1(0.6 NA
Stimulation characteristics®
No. of follicles at last US 7.0 (4.0-10.5) 8.0 (5.0-11.0) 3
No. of oocytes retrieved 5 (0-8) 5(3-9) 15
No. of mature (MIl) oocytes 4 (0-6) 4 (2-7) A7
Fertilization rate 0.67 (0.50-0.86) 0.61 (0.33-0.80) 22
No. of normally day 2 embryos 1(0-3) 1(0-3) .54
No. of embryos (day of transfer) 1(0-2) 1(0-2) .60
No. of transferred embryos 1(0-1) 1(0-1) 91
No. of vitrified embryos 0 (0-1) 0 (0-1) .26
Cycle outcome, %°
Cycles with embryo transfer 56.7 60.0 .61
Biochemical pregnancy rate® 20.5 22.9 .68
Clinical pregnancy rate® 16.4 18.3 74
Implantation rate® 29.8 30.4 1.00

Note: Data are presented as median (interquartile range) or n (%). IUl =
¢ Wilcoxon test.

532 test.

€ Pregnancy rate per started cycle.

9 Number of gestational sacs divided by the number of embryos transferred.

Lefebvre. 450 vs. 600 IU in poor ovarian responders. Fertil Steril 2015.

intrauterine insemination; MIl = metaphase II; US = ultrasound.
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vitrified embryos between the two groups, and the number of
cycles converted to intrauterine insemination (7.6% vs. 2.9%;
P=.08), percentage of cycles reaching embryo transfer
(56.7% vs. 60.0%; P=.61), and implantation rates (29.8%
vs. 30.4%; P=1) were similar in the 450 and 600 groups,
respectively (Table 2).

A subanalysis of the two study groups was performed ac-
cording to the patient’s age. Patients <38 years old repre-
sented 51.200 of the population. The age groups were
similar for BMI, FSH, AMH, duration of infertility, days of
stimulation, and cancellation rate. The AFC was higher in
the 450 group, but there was no difference in the number of
MII oocytes retrieved. There were no significant differences
in the fertilization rates, biochemical pregnancy rates, clinical
pregnancy rates, and implantation rates (Table 3).

DISCUSSION

Our randomized controlled trial showed that in POR, a micro-
dose GnRH-a flare-up protocol with a daily dose of 600 IU
gonadotropin does not significantly increase the number of
mature (MII) oocytes compared with 450 IU/d. To our knowl-
edge, this is the largest RCT comparing daily doses of 450 [U
versus 600 IU gonadotropin in a microdose GnRH-a protocol.
We also demonstrated that the dose increase to 600 IU/d did
not shorten the duration of stimulation and did not improve
total number of oocytes retrieved, number of embryos avail-
able for transfer, fertilization and implantation rates, number
of cancelled cycles, and biochemical or clinical pregnancy
rates.

Our findings are consistent with earlier studies demon-
strating that increases in the daily dose of gonadotropins
above a certain level of FSH does not increase the number
of mature oocytes or pregnancy rates (15, 17, 18, 26-28). A

Fertility and Sterility®

recent randomized study assessing IVF outcomes in 119
patients with the use of a microdose GnRH-a protocol showed
no significant differences in number of mature oocytes
retrieved or pregnancy rates when comparing three different
high rFSH doses (300 IU, 450 IU, and 600 IU) with the same
duration of stimulation (15). Dilbaz et al. compared COS
with the use of 375 IU/d gonadotropin or 450 IU/d in 91
POR women and showed that embryologic and pregnancy
outcomes were similar in both groups, but costs were lower
with the use of 375 UI/d (27). Previously, a randomized study
with a GnRH-a microdose flare protocol comparing high
fixed-dose (450 IU/d) with a decremental-dose regimen (450
IU/d to 300 IU/d) had shown similar pregnancy rates but
increased cancellation rates with the decremental-dose
regimen (18). Moreover, a systematic review of the literature
determined that studies reporting on COS with high gonado-
tropin doses in POR had inconsistent conclusions and that
prospective studies had demonstrated either minimal or lack
of benefit (19). According to Pellicer et al., the most plausible
explanation for low response is decreased ovarian reserve
(29). Klinkert et al. reported that patients with decreased
ovarian reserve respond poorly to aggressive doses of gonad-
otropins because the number of FSH-sensitive follicles is very
limited and is not increased with higher doses (16). Other the-
ories for POR have been proposed and include a decreased
number of FSH receptors available in granulosa cells, a defect
in signal transduction after FSH receptor binding, presence of
an FSH receptor-binding inhibitor with FSH agonist activity
in human follicular fluid, an abnormal follicular blood flow
impedance, and antiovarian autoantibodies directed against
the @-subunit of FSH (27, 29-32). Some reports even
suggest that higher doses of gonadotropins may have a
negative effect on oocyte quality, with more perivitelline
space granularity and atretic follicles (33, 34).

TABLE 3

Cycle outcomes with different age groups.

< 38 years
Characteristic 450 IU/d 600 1U/d
Baseline characteristics
BMI 25.4 23.7
Antral follicle count 8 10
Basal FSH (IU) 8.9 7.9
AMH (ng/mL) 0.5 0.5
Infertility duration (mo) 53 54
Duration of stimulation (d) 11 11
Total dose of FSH (IU) 4,950 6,600
E, at last US (pmol/L) 5,692 5,929
Cycle outcomes
% of cancelled cycles 18.6 11.0
% of cycles converted to IUI 8.1 2.2
No. of mature (MIl) oocytes 4 5
Fertilization rate 0.67 0.58
No. of transferred embryos 1 1
No. of cycles with transfer 58.1 63.7
Biochemical pregnancy rate (%) 20.9 26.4
Clinical pregnancy rate (%) 17.4 24.2
Implantation rate (%) 30.7 38.8

Note: Tests: logistic regression and permutation tests. Abbreviations as in Tables 1 and 2.

Lefebvre. 450 vs. 600 IU in poor ovarian responders. Fertil Steril 2015.

38-40 years

P value (between age groups) 450 1U/d 600 1U/d
09 25.5 25.1
001 9 8
07 8.5 8.1
83 0.4 0.4
43 47 58
64 12 12
58 5,400 7,200
60 5,370 4,960
14 18.8 22.6
55 7.1 3.6
37 4 3
.87 0.57 0.67
.76 1 1
56 553 54.8
49 20 19
23 15.3 11.9
17 28.9 21.7
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The cost of treatment is another important factor that
should be taken into account when choosing gonadotropin
doses for COS. We have shown that an additional 1,200 IU
gonadotropin was required for the 600 IU/d regimen
compared with 450 IU/d. This would obviously result in a
higher cost for the patient without any improvement in
IVF outcome or even a reduced duration of stimulation.
Our findings are similar to many earlier reports that failed
to show significant benefits despite a significantly higher to-
tal dose (15, 27).

On the other hand, data on the ideal COS protocol for POR
are scarce and heterogenous. Kahraman et al. (35) found that
cycle outcomes in POR are similar when comparing a micro-
dose GnRH-a flare-up protocol and a multiple-dose GnRH
antagonist protocol (35), whereas Akman et al. did not report
any difference in implantation and pregnancy rates when
comparing a GnRH antagonist protocol with simple COS
with gonadotropins (36). More recently, Sunkara et al. (14),
in a randomized study comparing different treatment regi-
mens with 450 IU/d in 111 POR patients, concluded that the
long GnRH-a protocol resulted in a significantly higher num-
ber of oocytes retrieved compared with the GnRH-a short
regimen (14). That study was not powered enough to detect
significant differences in pregnancy outcomes, but there
was a trend in favor of a higher ongoing pregnancy rate in
the GnRH antagonist group (16.2%) compared with 8.1%
with long and short agonist regimens. Finally, a recent
meta-analysis concluded that there is insufficient evidence
to support the routine use of any particular intervention in
the management of POR in IVF (5).

For years, the main reason behind the heterogeneity of
data comparing different COS protocols in POR was the differ-
ence in definition of POR. In 2011, the European Society of
Human Reproduction and Embryology, in an attempt to stan-
dardize the definition of POR in a simple and reproducible
manner, published the Bologna criteria (37). This definition
of POR has since been uniformly adapted by reproductive
centers worldwide. Unfortunately, we did not use the Bologna
criteria for the definition of POR, because our study had
already started 2 years before its first publication. We used
criteria from the literature available at the time (2009) to
define patients at high risk of POR. Kailasam et al. had found
that cancellation of an IVF cycle following COS with >300
IU/d FSH was associated with a significantly worse prognosis
and could define poor response (37). Furthermore, a recent
meta-analysis indicated that as standalone tests, AFC and
AMH can both predict POR and that a higher FSH level was
associated with higher chances of a poor response (38). The
age limit was set at <41 years based on the evidence that older
women differ in their rate of poor response and embryo qual-
ity compared with younger women (39).

Female age is strongly related to IVF outcomes (38) and is
the best predictor of the probability of achieving a live birth
(40). To assess the impact of age on IVF outcomes, we per-
formed a secondary analysis of our study groups. We evalu-
ated cycles from women <38 years compared with women
aged 38-40 years in both groups. Even for women
<38 years, there were no significant differences in the num-
ber of mature oocytes and IVF outcomes between 450 IU/d

and 600 IU/d. Therefore, a higher dose of gonadotropin does
not seem to have any benefit on IVF outcomes in POR, even
at a younger age.

Finally, one of the major weaknesses of our study was the
difference in BMI between the two groups: BMI was signifi-
cantly lower in the 600 group (24.2 vs. 25.5; P=.01). Howev-
er, we do not think that this difference had any impact on
cycle outcomes. If anything, a lower BMI would be expected
to improve the ovarian response to stimulation, which was
not the case in our study.

CONCLUSION

In conclusion, our study demonstrated that a microdose
agonist flare-up IVF/ICSI regimen with a daily dose of 600
IU gonadotropin does not improve cycle outcomes in POR
compared with 450 IU/d. Therefore, clinicians should not
use more than a daily dose of 450 IU in POR.

Acknowledgments: The authors thank the doctors, medi-
cal, scientific, and research staff, S. Brugerie, C. le Saint,
S. Larrivée, statistician at the Centre de Recherche du
CHUM, and patients at the OVO clinic for their support
and participation in this study.

REFERENCES

1. Keay SD, Liversedge NH, Mathur RS, Jenkins JM. Assisted conception
following poor ovarian response to gonadotrophin stimulation. Br J Obstet
Gynaecol 1997;104:521-7.

2. Karande V, Gleicher N. A rational approach to the management of low re-
sponders in in-vitro fertilization. Hum Reprod 1999;14:1744-8.

3. Jenkins JM, Davies DW, Devonport H, Anthony FW, Gadd SC, Watson RH,
et al. Comparison of “poor” responders with “good” responders using a
standard buserelinfhuman menopausal gonadotrophin regime for in-vitro
fertilization. Hum Reprod 1991;6:918-21.

4. Shanbhag S, Aucott L, Bhattacharya S, Hamilton MA, McTavish AR. Inter-
ventions for “poor responders” to controlled ovarian hyperstimulation
(COH) in in-vitro fertilisation (IVF). Cochrane Database Syst Rev 2007:
CD004379.

5. Pandian Z, McTavish AR, Aucott L, Hamilton MP, Bhattacharya S. Interven-
tions for “poor responders” to controlled ovarian hyper stimulation (COH) in
in-vitro fertilisation (IVF). Cochrane Database Syst Rev 2010:CD004379.

6. Kyrou D, Kolibianakis EM, Venetis CA, Papanikolaou EG, Bontis J,
Tarlatzis BC. How to improve the probability of pregnancy in poor re-
sponders undergoing in vitro fertilization: a systematic review and meta-
analysis. Fertil Steril 2009;91:749-66.

7. Surrey ES, Schoolcraft WB. Evaluating strategies for improving ovarian
response of the poor responder undergoing assisted reproductive tech-
niques. Fertil Steril 2000;73:667-76.

8. Polyzos NP, Devroey P. A systematic review of randomized trials for the treat-
ment of poor ovarian responders: is there any light at the end of the tunnel?
Fertil Steril 2011;96:1058-61.e7.

9. Surrey ES. Management of the poor responder: the role of GnRH agonists
and antagonists. J Assist Reprod Genet 2007;24:613-9.

10. Scott RT, Navot D. Enhancement of ovarian responsiveness with microdoses
of gonadotropin-releasing hormone agonist during ovulation induction for
in vitro fertilization. Fertil Steril 1994;61:880-5.

11. Surrey ES, Bower J, Hill DM, Ramsey J, Surrey MW. Clinical and endocrine
effects of a microdose GnRH agonist flare regimen administered to poor
responders who are undergoing in vitro fertilization. Fertil Steril 1998;
69:419-24.

12.  Garcia JE, Padilla SL, Bayati J, Baramki TA. Follicular phase gonadotropin-
releasing hormone agonist and human gonadotropins: a better alternative
for ovulation induction in in vitro fertilization. Fertil Steril 1990;53:302-5.

1424

VOL. 104 NO. 6/ DECEMBER 2015


http://refhub.elsevier.com/S0015-0282(15)01851-8/sref1
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref1
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref1
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref2
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref2
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref3
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref3
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref3
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref3
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref3
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref3
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref3
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref3
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref4
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref4
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref4
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref4
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref4
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref4
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref5
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref5
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref5
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref5
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref5
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref6
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref6
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref6
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref6
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref7
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref7
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref7
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref8
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref8
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref8
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref9
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref9
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref10
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref10
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref10
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref11
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref11
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref11
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref11
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref12
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref12
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref12

13.

14.

15.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Padilla SL, Dugan K, Maruschak V, Shalika S, Smith RD. Use of the flare-up
protocol with high dose human follicle stimulating hormone and human
menopausal gonadotropins for in vitro fertilization in poor responders. Fertil
Steril 1996,65:796-9.

Sunkara SK, Coomarasamy A, Faris R, Braude P, Khalaf Y. Long
gonadotropin-releasing hormone agonist versus short agonist versus antag-
onist regimens in poor responders undergoing in vitro fertilization: a ran-
domized controlled trial. Fertil Steril 2014;101:147-53.

Berkkanoglu M, Ozgur K. What is the optimum maximal gonadotropin
dosage used in microdose flare-up cycles in poor responders? Fertil Steril
2010;94:662-5.

Klinkert ER, Broekmans FJ, Looman CW, Habbema JD, te Velde ER. Expected
poor responders on the basis of an antral follicle count do not benefit from a
higher starting dose of gonadotrophins in IVF treatment: a randomized
controlled trial. Hum Reprod 2005;20:611-5.

van Hooff MH, Alberda AT, Huisman GJ, Zeilmaker GH, Leerentveld RA.
Doubling the human menopausal gonadotrophin dose in the course of an
in-vitro fertilization treatment cycle in low responders: a randomized study.
Hum Reprod 1993;8:369-73.

Cedrin-Durnerin |, Bstandig B, Herve F, Wolf J, Uzan M, Hugues J. A compar-
ative study of high fixed-dose and decremental-dose regimens of gonado-
tropins in a minidose gonadotropin-releasing hormone agonist flare
protocol for poor responders. Fertil Steril 2000;73:1055-6.

Tarlatzis BC, Zepiridis L, Grimbizis G, Bontis J. Clinical management of low
ovarian response to stimulation for IVF: a systematic review. Hum Reprod
Update 2003;9:61-76.

National Institute for Health and Care Excellence. Fertility: assessment and
treatment for people with fertility problems. Available at: www.nice.org.
uk/guidance/cg156. Last accessed November 3, 2015.

Leong M, Patrizio P. IVF worldwide survey. Poor responders: how to define,
diagnose and treat? Available at: www.ivf-worldwide.com/survey/poor-res
ponders/results-poor-responders.html. Last accessed November 3, 2015.
de Vries MJ, de Sutter P, Dhont M. Prognostic factors in patients continuing
in vitro fertilization or intracytoplasmic sperm injection treatment and drop-
outs. Fertil Steril 1999;72:674-8.

Sharma V, Allgar V, Rajkhowa M. Factors influencing the cumulative
conception rate and discontinuation of in vitro fertilization treatment for
infertility. Fertil Steril 2002;78:40-6.

Ulug U, Ben-Shlomo |, Turan E, Erden HF, Akman MA, Bahceci M. Conception
rates following assisted reproduction in poor responder patients: a retrospec-
tive study in 300 consecutive cycles. Reprod Biomed Online 2003;6:439-43.
Santos-Ribeiro S, Polyzos NP, Haentjens P, Smitz J, Camus M, Tournaye H,
et al. Live birth rates after IVF are reduced by both low and high progester-
one levels on the day of human chorionic gonadotrophin administration.
Hum Reprod 2014;29:1698-705.

Manzi DL, Thornton KL, Scott LB, Nulsen JC. The value of increasing the dose
of human menopausal gonadotropins in women who initially demonstrate a
poor response. Fertil Steril 1994,62:251-6.

Dilbaz S, Demir B, Cinar O, Dede S, Aydin S, Beydilli G, et al. Does 75 IU dif-
ference improve the cycle performance in poor responders? Comparison of

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Fertility and Sterility®

daily 375 versus 450 IU gonadotrophin doses. Gynecol Endocrinol 2011;27:
1001-6.

Siristatidis CS, Hamilton MP. What should be the maximum FSH dose in IVF/
ICSI'in poor responders? J Obstet Gynaecol 2007;27:401-5.

Pellicer A, Ardiles G, Neuspiller F, Remohi J, Simon C, Bonilla-Musoles F. Eval-
uation of the ovarian reserve in young low responders with normal basal
levels of follicle-stimulating hormone using three-dimensional ultrasonogra-
phy. Fertil Steril 1998;70:671-5.

Lee DW, Grasso P, Dattatreyamurty B, Deziel MR, Reichert LE Jr. Purifica-
tion of a high molecular weight follicle-stimulating hormone receptor-
binding inhibitor from human follicular fluid. J Clin Endocrinol Metab
1993;77:163-8.

Haller-Kikkatalo K, Salumets A, Uibo R. Review on autoimmune reactions in
female infertility: antibodies to follicle stimulating hormone. Clin Dev Immu-
nol 2012;2012:762541.

Pellicer A, Ballester MJ, Serrano MD, Mir A, Serra-Serra V, Remohi J, et al.
Aetiological factors involved in the low response to gonadotrophins in infer-
tile women with normal basal serum follicle stimulating hormone levels.
Hum Reprod 1994;9:806-11.

Hassan-Ali H, Hisham-Saleh A, El-Gezeiry D, Baghdady I, Ismaeil I,
Mandelbaum J. Perivitelline space granularity: a sign of human menopausal
gonadotrophin overdose in intracytoplasmic sperm injection. Hum Reprod
1998;13:3425-30.

Ben-Rafael Z, Strauss JF 3rd, Mastroianni L Jr, Flickinger GL. Differences in
ovarian stimulation in human menopausal gonadotropin treated woman
may be related to follicle-stimulating hormone accumulation. Fertil Steril
1986,46:586-92.

Kahraman K, Berker B, Atabekoglu CS, Sonmezer M, Cetinkaya E, Aytac R,
et al. Microdose gonadotropin-releasing hormone agonist flare-up protocol
versus multiple dose gonadotropin-releasing hormone antagonist protocol
in poor responders undergoing intracytoplasmic sperm injection-embryo
transfer cycle. Fertil Steril 2009;91:2437-44.

Akman MA, Erden HF, Tosun SB, Bayazit N, Aksoy E, Bahceci M. Addition of
GnRH antagonist in cycles of poor responders undergoing IVF. Hum Reprod
2000;15:2145-7.

Kailasam C, Keay SD, Wilson P, Ford WC, Jenkins JM. Defining poor ovarian
response during IVF cycles, in women aged <40 years, and its relationship
with treatment outcome. Hum Reprod 2004;19:1544-7.

Broer SL, van Disseldorp J, Broeze KA, Dolleman M, Opmeer BC, Bossuyt P,
et al. Added value of ovarian reserve testing on patient characteristics in the
prediction of ovarian response and ongoing pregnancy: an individual patient
data approach. Hum Reprod Update 2013;19:26-36.

van Roojj IA, Bancsi LF, Broekmans FJ, Looman CW, Habbema JD, te
Velde ER. Women older than 40 years of age and those with elevated
follicle-stimulating hormone levels differ in poor response rate and embryo
quality in in vitro fertilization. Fertil Steril 2003;79:482-8.

Mutlu MF, Erdem M, Erdem A, Yildiz S, Mutlu I, Arisoy O, et al. Antral follicle
count determines poor ovarian response better than anti-Mullerian hor-
mone but age is the only predictor for live birth in in vitro fertilization cycles.
J Assist Reprod Genet 2013;30:657-65.

VOL. 104 NO. 6 / DECEMBER 2015

1425


http://refhub.elsevier.com/S0015-0282(15)01851-8/sref13
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref13
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref13
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref13
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref14
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref14
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref14
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref14
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref15
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref15
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref15
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref16
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref16
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref16
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref16
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref17
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref17
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref17
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref17
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref18
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref18
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref18
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref18
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref19
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref19
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref19
http://www.nice.org.uk/guidance/cg156
http://www.nice.org.uk/guidance/cg156
http://www.ivf-worldwide.com/survey/poor-responders/results-poor-responders.html
http://www.ivf-worldwide.com/survey/poor-responders/results-poor-responders.html
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref22
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref22
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref22
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref23
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref23
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref23
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref24
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref24
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref24
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref25
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref25
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref25
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref25
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref26
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref26
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref26
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref27
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref27
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref27
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref27
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref28
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref28
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref29
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref29
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref29
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref29
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref30
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref30
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref30
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref30
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref31
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref31
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref31
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref32
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref32
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref32
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref32
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref33
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref33
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref33
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref33
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref34
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref34
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref34
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref34
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref35
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref35
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref35
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref35
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref35
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref36
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref36
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref36
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref37
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref37
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref37
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref37
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref38
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref38
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref38
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref38
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref39
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref39
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref39
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref39
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref40
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref40
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref40
http://refhub.elsevier.com/S0015-0282(15)01851-8/sref40

	450 IU versus 600 IU gonadotropin for controlled ovarian stimulation in poor responders: a randomized controlled trial
	Materials and methods
	Patients and Protocols
	Stimulation Protocol
	Disclosure
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	References


