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Several infertile patients, who may even represent around 40% of the infertile cohort, may

respond “suboptimally” (4–9 oocytes retrieved) following IVF, despite being predicted

as normal responders. The aim of our longitudinal study was to evaluate the ovarian

response of suboptimal responders in terms of the number of oocytes retrieved, following

their second IVF cycle, evaluating exclusively patients who had the same stimulation

protocol and used the same or higher initial dose of the same type of gonadotropin

compared to their previous failed IVF attempt. Overall, our analysis included 160

patients treated with a fixed antagonist protocol in their second cycle with the same

[53 (33.1%)] or higher [107 (66.9%)] starting dose of rFSH. The number of oocytes

retrieved was significantly higher in the second IVF cycle [6 (5–8) vs. 9 (6–12), p< 0.001].

According to our results, a dose increment of rFSH remained the only significant

predictor of the number of oocytes retrieved in the subsequent IVF cycle (coefficient

0.02, p-value = 0.007) after conducting GEE multivariate regression, while adjusting for

relevant confounders. A regression coefficient of 0.02 for the starting dose implies that

an increase of 50 IU of the initial rFSH dose would lead to 1 more oocyte.

Keywords: oocytes, ovarian response, suboptimal responders, number of oocytes, dose adjustments

INTRODUCTION

The number of oocytes retrieved following ovarian stimulation is considered to be a strong
surrogate marker for the reproductive outcome. Since the early days of in-vitro fertilization (IVF),
ovarian stimulation has been applied to compensate for inefficiencies in the IVF procedure by
aiming to increase the oocyte yield. While there is scientific evidence to justify the categorization of
women as poor responders (≤3 oocytes) or excessive responders (>15 oocytes) based on a uniform
prognosis, categorization of patients as normal responders is often based on the exclusion of the
aforementioned categories (1).
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The homogeneity of this “normal” group has been recently
debated, given that patients with 4–9 retrieved oocytes may have
substantial different clinical prognosis in comparison to women
with a 10–15 oocyte yield (2). This implies that several patients,
who may even represent around 40% of the infertile cohort
(3), may respond “suboptimally” following ovarian stimulation,
despite being predicted as normal responders based on their
ovarian reserve markers (4).

Although several explanations may be given for the nature
of suboptimal response, the main dilemma is which treatment
modality should be implemented in order to increase the number
of oocytes in a subsequent IVF cycle (5). In this context, the
adjustment of the gonadotropins’ dose in a following cycle
represents one of the most common treatment measures used
in clinical practice. However, in order to be able to evaluate
this approach, the naturally existing individual variability in
ovarian response between consecutive cycles should be taken into
consideration and for such an assessment, repetitive cycles should
be evaluated, which would ideally be performed under the same
conditions.

Therefore, the aim of our study was to evaluate the ovarian
response of suboptimal responders in term of number of oocytes
retrieved, following their second IVF cycle, evaluating exclusively
patients who had the same stimulation protocol and used the
same or higher initial dose of the same type of gonadotropin
compared to their previous failed attempt. Allowing each patient
to serve as her own control could assess inter-patient variability
and would provide potential implications for the management of
this difficult group of patients.

MATERIALS AND METHODS

This retrospective study included all consecutive women
attending the Centre for Reproductive Medicine (CRG) of the
University Hospital of Brussels in Belgium from January 2009
to December 2014. The study was approved by the institutional
review board of our hospital (B.U.N. 143201733041).

Patients’ Eligibility Criteria
Eligible patients were considered to be all consecutive infertile
women less than 40 years undergoing their 2nd ovarian
stimulation cycle in a fixed gonadotropin-releasing hormone
(GnRH) antagonist protocol with daily recombinant FSH (rFSH)
and who had demonstrated suboptimal response (4–9 oocytes
retrieved) following their 1st IVF cycle with 150 IU of rFSH
in an antagonist setting in a time interval less than 12
months.

All the included patients were supposed to be normal
responders based on their ovarian reserve markers [anti-
müllerian hormone (AMH) and antral follicle count (AFC)] and
may have used the same initial dose or ≥25 IU increase in rFSH
in their 2nd IVF cycle, based on clinicians’ discretion.

Patients were excluded from the study if they did not proceed
to a 2nd IVF attempt, if they had undergone ovarian stimulation
with a GnRH agonist protocol, if they had been stimulated with
urinary gonadotropins or if the time interval between the two
oocyte retrievals was longer than 12 months.

FIGURE 1 | Flowchart of the included population.

In addition, we excluded women who were planned to
undergo ovarian stimulation for pre-implantation genetic
diagnosis or screening, oocyte donation, and social or medical
freezing of oocytes (Figure 1).

Treatment Protocol
Patients received daily injections of rFSH starting on day 2 or
3 of their menstrual cycle, followed by a daily dose of 0.25mg
of GnRH antagonist in fixed protocol starting 6 days later, as
described elsewhere (2). Women did not receive any type of
priming before starting IVF. Cycle monitoring was performed
through serum estradiol (E2), progesterone and luteinizing
hormone (LH) assessments, and serial transvaginal ultrasound
examinations. Dose adjustments were not allowed during ovarian
stimulation.

Ovulation triggering was performed with the administration
of human (10.000IU) or recombinant (250 µcg) chorionic
gonadotropin (hCG) as soon as three follicles of 17mm diameter
were observed. Oocyte retrieval took place 36 h later.

Main Outcome Measures
The primary objective was to determine the variation between the
two treatment cycles following gonadotropin dose adjustment
of the initial stimulation dose, in term of number of oocytes
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retrieved and to investigate whether the changes in the ovarian
response per cycle could be explained by several predictors,
in suboptimal responders. Secondary endpoint was the total
number of good quality Day 3 embryos between cycles. EQ
was classified similar to what is described in a previous study
performed by De Munck et al. (6), with a minor update in
the classification (good quality embryos included up to <50%
fragmentation).

Statistical Methods
Continuous data are presented as the mean value ± standard
deviation (SD) and median with interquartile range (IQR).
Categorical data are described by number of cases, including
numerator/denominator and percentages.

Differences in continuous variables (including our primary
endpoint: number of oocytes) between patients’ 2nd IVF cycle
and their preceding cycle are calculated via dependent-sample t-
tests or Wilcoxon signed-rank tests, as appropriate. Categorical
variables are analyzed via chi-square with Fisher exact test, as
appropriate.

We also performed regression models with estimation by
generalized estimating equations (GEE) to assess the effect of
dose adjustments in the number of oocytes and number of good
quality Day 3 embryos, after accounting for several confounders.
The candidate confounders were age, BMI, cause of infertility and
AFC. GEE were used to account for the within subject correlation
in outcomes for repeated treatments. Results are presented with
adjusted odds ratios (ORs) and 95% confidence intervals (CIs).
All statistical tests used a two-tailed α of 0.05. All analyses
performed using STATA 13.0.

RESULTS

Patient Characteristics According to
Number of Oocytes Retrieved in the Two
IVF Cycles
Overall, our longitudinal analysis included 160 suboptimal
responders treated with a fixed GnRH antagonist in their second
IVF cycle with the same [53 (33.1%)] or higher [107 (66.9%)]
starting dose of rFSH.

The patients’ baseline characteristics are presented in Table 1.
Comparisons between the two IVF cycles revealed significant
differences in the initial and total rFSH dose (Table 2). However,
the duration of stimulation was comparable between the two
cycles.

The number of oocytes retrieved and good quality embryos
were significantly higher in the second IVF cycle [6 (5–8) vs. 9
(6–12) and 3(2–4) vs. 4(2–5), respectively, p < 0.001].

Generalized Estimating Equation (GEE)
Regression Analysis for Number of
Oocytes Retrieved and Good Quality
Embryos in the 2nd IVF Cycle
Adose increment of rFSH remained the only significant predictor
of the number of oocytes retrieved in the subsequent IVF cycle
(coefficient 0.02, p-value = 0.007) of suboptimal responders

TABLE 1 | Baseline characteristics of suboptimal responders.

AGE (YEARS)

Mean (SD) 32 (4.5)

Median (IQR) 32 (29–35)

BMI (kg/m2)

Mean (SD) 23.5 (4.4)

Median (IQR) 22.4 (20–26)

INFERTILITY CAUSE, n(%)

Male 87 (54.4)

Endometriosis 2 (1.25)

PCOS 7 (4.4)

Ovulatory 7 (4.4)

Tubal 10 (6.25)

Unexplained 47 (29.4)

FSH

Mean (SD) 7.4 (2.5)

Median (IQR) 7 (6–8.8)

AMH

Mean (SD) 3 (2)

Median (IQR) 2.8 (1.9–4)

AFC

Mean (SD) 15 (7.8)

Median (IQR) 14 (10–18)

TIME INTERVAL BETWEEN ORs (DAYS)

Mean (SD) 132 (68)

Median (IQR) 115 (82–174)

AFC, antral follicle count.

OR, oocyte retrieval.

after conducting GEE multivariate regression, while adjusting
for relevant confounders (Table 3). Age, BMI, cause of infertility
and AFC were not significantly associated with the oocyte yield
of the 2nd IVF cycle. Figure 2 represents the mean number of
oocytes according to the dose of rFSH given, adjusting for the
clustering among patients. Similarly, the dose increment had a
positive (although non-significant) effect in the number of good
quality Day 3 embryos (Supplementary Table I).

DISCUSSION

To the best of our knowledge, this is the first study to examine
the effect of dose adjustments in a subsequent IVF cycle, using
the same stimulation protocol and type of gonadotropin in
suboptimal responders. Our study demonstrated that an increase
in the dose of rFSH in women with a previous suboptimal
response may significantly increase the number of oocytes
retrieved in the following IVF cycle. Based on our results, a
regression coefficient of 0.02 for the starting stimulation dose
implies that an increase of 50 IU of the initial rFSH dose would
lead to 1 more oocyte. This average increase of one oocyte by 50
IU increment of rFSH dose may be clinically relevant for women
who fail an initial IVF attempt, given the delivery rate of 5%
per oocyte with IVF (3, 7, 8). The increase in the oocyte yield
was also translated to a higher number of good quality cleavage
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TABLE 2 | Ovarian stimulation outcomes.

Same dose (150 IU) of rFSH in the

2nd cycle (n = 53)

1st IVF/ICSI cycle 2nd IVF/ICSI cycle

Increased dose (226525IU) of

rFSH in the 2nd cycle (n = 107)

n = 160 n = 160

INITIAL DOSE (IU)***

Mean (SD) 150 194(42)

Median (IQR) 150 200(150–200)

STIMULATION UNITS (TOTAL IU)***

Mean (SD) 1,434(493.7) 1,775(589)

Median (IQR) 1,350(1,200–1,500) 1,668(1,350–2,000)

DURATION OF STIMULATION (DAYS)*

Mean (SD) 9.6 (2.4) 9.5 (1.8)

Median (IQR) 9 (8–11) 9 (8–11)

NUMBER OF OOCYTES***§

Mean (SD) 6.5(1.6) 9.3(4.8)

Median (IQR) 6(5–8) 9(6–12)

NUMBER OF GOOD QUALITY DAY3 EMBRYOS***

Mean (SD) 2.9(1.6) 4(3)

Median (IQR) 3(2–4) 4(2–5)

Wilcoxon signed-rank test significant at ***< 0.01, not significant at *>0.5.
§For patients having the same dose (150IU) in the 2nd IVF cycle, the mean difference in

the number of oocytes between cycles was 2.1 (p < 0.05), while for patients having a

higher dose of rFSH, the mean difference in the number of oocytes between cycles was

3.2 (p < 0.05).

TABLE 3 | Generalized estimating equation (GEE) regression analysis for number

of oocytes retrieved in the 2nd IVF cycle.

Number of oocytes in the

2nd IVF cycle

Coefficient 95% CI P-value

Dose increment 0.02 0.005 to 0.04 0.009

Age −0.05 −0.18 to 0.07 0.4

BMI −0.09 −0.22 to 0.05 0.19

CAUSE OF INFERTILITY

PCOS – –

Tubal 1.5 -2.2 to 5.3

Endometriosis −1.9 −8.6 to 4.8 0.77

Male 1.03 −2.1 to 4.23

Ovarian 0.7 −3.6 to 5.06

Unexplained 1.5 1.79 to 4.7

AFC 0.07 −0.008 to 0.16 0.08

stage embryos; albeit the positive effect of dose increase was not
statistically significant after adjustment for confounders.

Although many theories have been investigated for the
nature of suboptimal response, it seems that a decreased
sensitivity- or insensitivity of follicles to FSH (9) may be
the most likely explanation. In fact, there is evidence that
genetic variations of FSH receptor (FSHR) influence serum
FSH levels and the physiological responsiveness of the target
organ to FSH stimulation (10). If we further consider that
no significant associations between FSHR polymorphisms and

FIGURE 2 | Mean number of oocytes according to the dose of rFSH.

ovarian reserve markers have been found (11), women with
suboptimal response may belong to this group and, therefore,
require higher gonadotropin doses, contrary to their predicted
response based on ovarian reserve markers.

Our study is one of the largest evaluating the variability
of ovarian response in subsequent ovarian stimulation cycles,
given that each patient served as her own control. Although
several previous studies have investigated the ovarian response
by comparing outcomes of subsequent cycles in a period of
several years (12, 13), firm conclusions about the effect of
ovarian stimulation can only be drawn if repetitive cycles are
performed ideally within a short time frame, using the same
stimulation strategy (e.g., type of gonadotropin, GnRH analog
protocol, and decisions on patient management). In this regard,
evidence derived from oocyte donation cycles has shown that
the ovarian response is not altered in case a subsequent IVF
cycle is started in a short period after the first attempt (14, 15).
However, these studies evaluated the effect of stimulation on
reproductive outcomes without taking into account the ovarian
stimulation regimen, which is the most important parameter
for decision-making. Our study differs significantly from those
available in the literature, since all patients were infertile, had
the same stimulation protocol with rFSH and used the same or
higher initial dose of stimulation after their first failed suboptimal
response. Our results correlate with a previous retrospective
cohort study demonstrating that an increase in the average
daily dose of gonadotropins was the only variable significantly
associated with a higher oocyte yield in women with normal
ovarian reserve, undergoing two IVF cycles (16).

Another point of discussion is that according to our results,
the variability in ovarian response was, however, not strongly
linked to individual patient demographics or baseline predictors.
This is in agreement with two previous studies showing that
neither basal FSH nor AFC could significantly predict transition
in ovarian response following consecutive IVF cycles (16, 17).

One of the major strengths of our retrospective longitudinal
study is that we included a large homogeneous group of women
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who had the same stimulation protocol and the same type of
gonadotropin in their second treatment cycle, performed in
a short time interval. The rationale for such a study design
was to take into account the individual variability by repeated
measurements, eliminate potential confounders and be able to
evaluate the dose adjustment “per se.” Our study design reflects
evidence based clinical practice given that all women had their
first stimulation cycle with 150 IU of rFSH, based on the fact that
they were predicted as normal responders (18).

However, caution is needed owing to limitations that do
exist and need to be highlighted. First of all, the retrospective
study design is per definition associated with inherent biases that
may affect our results. Although the relatively greater oocytes
yield with dose increment, this could represent a regression
to the mean (17). Secondly, we excluded women who had a
second IVF cycle in more than 12 months after their first
egg retrieval. Nevertheless, our strategy was to decrease as
much as possible the confounding effects, especially of age,
by choosing a time interval in which the predictive ability of
ovarian reserve markers has been shown to be the same (19).
Thirdly, the adjustment in the starting stimulation dose of the
subsequent cycle was based on the clinicians’ discretion, with
approximately one third of the patients keeping the same rFSH
dose and two thirds having an increase in their initial dose.
However, such an approach reflects current clinical practice and
the regression analysis allowed to adjust for confounders and
methodologically corroborate that the common strategy of dose
increase in case of suboptimal response could be beneficial.
Fourthly, patients were categorized as normal responders based
on ovarian reserve biomarkers. Even if comparisons of AFC
and AMH levels have generally yielded similar predictive value
for ovarian response in 3 meta-analyses (20–22), limitations
do exist. The major disadvantages of AFC are the sonographer
dependent variability and problems related to technical aspects
of ultrasound equipment (23), while the main limitations of the
AMH test relate to assay variability and lack of standardized
international assay (24). Finally, although the number of oocytes
was found to increase with a higher starting dose, our design
cannot allow evaluating the effect on fresh and cumulative
live birth rates. The fact that the stimulation initial dose
increase was related to a significant higher number of oocytes,
but not good quality embryos, may be due to a Type 2
error.

In conclusion, after a failed cycle with suboptimal response,
physicians review the cycle and often change stimulation
protocol or gonadotropin dosing in an attempt to improve
the outcome. By using a robust methodological approach, we
answered one of the main queries, namely that an increase
in the initial stimulation dose may significantly increase the
oocyte yield in suboptimal responders. Our study could generate
a hypothesis for a prospective randomized trial, in which
suboptimal responders would be allocated to two different
groups:one group with the same starting dose and a second
group with a higher starting dose. The primary endpoint could
be the oocyte yield and the follicular output ratio (FORT), as
a qualitative marker of ovarian response (25). If we further
consider that several suboptimal responders may have a variant
of the β subunit of luteinizing hormone (LH) (v-LH) affecting
FSH sensitivity (26, 27), the co-administration or rLH may
also represent a valid option (28). However, further studies are
urgently needed, in order to evaluate these promising concepts.
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