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Summary: This study explored the cumulative live birth rate after three ovarian stimulation in vitro fer-
tilization (IVF) cycles for poor ovarian responders according to the Bologna criteria. In this retrospec-
tive cohort study, 479 poor ovarian responders according to the Bologna criteria in the first ovarian
stimulation IVF cycle between July 2006 and January 2012 in our IVF centre were included. The cu-
mulative live birth rate was calculated by optimistic and pessimistic methods. The cumulative live birth
rate after three ovarian stimulation IVF cycles for poor ovarian responders according to the Bologna
criteria was 12.7%—20.5%. The three-cycle cumulative live birth rate was 18.5%—24.5%,
13.2%—27.4% and 8.6%—14.9% for poor responders aged <35 years, 36—39 years and >40 years, re-
spectively. In conclusion, poor responders according to the Bologna criteria can receive an acceptable
cumulative live birth rate after three ovarian stimulation IVF cycles, especially poor responders aged
<40 years.
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Controlled ovarian hyperstimulation (COH) was
introduced into the in vitro fertilization (IVF) treatment
for the availability of multiple oocytes retrieved in an
effort to improve the pregnancy rates!"*. However, poor
response to COH indicates only few oocytes at retrieval,
resulting in a reduced number of embryos available for
transfer and then a poor pregnancy rate®. In IVF treat-
ment, a considerable proportion of women respond
poorly to ovarian stimulation, with the prevalence of
poor ovarian responders being reported to vary between
5.6% and 35.1%, dePending on various definitions of
poor ovarian response'*”).

The prospective identification and then the man-
agement of poor response to ovarian stimulation remain
significant challenges in the current IVF treatment.
Numerous studies have been performed to explore the
effects of various treatment modalities on women with
impaired ovarian response to stimulation during the past
decades. However, there is not an internationally ac-
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cepted uniform definition for poor ovarian response for a
long time, so it is difficult to draw any reliable conclu-
sion by comparing results among heterogeneous
populations. Therefore, the ESHRE Working Group re-
cently reached a consensus on the definition of poor
ovarian response: the Bologna criteria, in order to in-
clude a homogeneous population with poor response in
future researches'”. However, the practical applicability
of the Bologna criteria still needs to be examined in fu-
ture clinical trails!"".

Recently, one trial has demonstrated that poor re-
sponders according to the Bologna criteria have a very
poor pregnancy prognosis and do not appear to experience
substantial benefits with natural cycle IVF, regardless of
patient’s age!'”. Whereas, it remains unclear whether poor
responders according to the Bologna criteria can benefit
from ovarian stimulation IVF. In addition, whether poor
responders as described by the Bologna criteria are a
homogeneous group of patients with the same poor preg-
nancy prognosis in ovarian stimulation IVF is still un-
known. In Chinese mainland, the cost of ovarian stimula-
tion IVF is expensive and all patients have to pay for the
cost by themselves. Therefore, precognition of the
pregnancy prognosis of Bologna criteria poor responders
in ovarian stimulation IVF can help clinicians to counsel
this group of patients whether they are worthwhile to
continue with future expensive treatment.

The aim of the present study was to explore the
cumulative live birth rate after three ovarian stimulation
IVF cycles for poor ovarian responders according to the
Bologna criteria.
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1 MATERIALS AND METHODS

1.1 Patients

Definition of poor ovarian responder in this study
was based on the ESHRE consensus on the definition of
poor ovarian response: the Bologna criteria'”. At least
two of the following three features must be present: (1)
Advanced maternal age (=40 years) or any other risk
factor for poor ovarian response; (2) Poor ovarian re-
sponse (<3 oocytes with a conventional stimulation pro-
tocol); (3) An abnormal ovarian reserve test [i.e. antral
follicle count (AFC) <7 follicles or anti-Mullerian hor-
mone (AMH) <1.1 ng/mL].

Conventional stimulation protocol was defined as
stimulation protocol of at least 150 IU gonadotrophin
dose per day.

Between July 2006 and January 2012, 479 poor
ovarian responders according to the Bologna criteria in
the first ovarian stimulation IVF cycle were included in
the present study.

This study was approved by our institutional review
board.
1.2 Ovarian Stimulation Protocol

The ovarian stimulation protocols included in the
present study were long gonadotrophin-releasing hor-
mone (GnRH) agonist protocol, flare-up GnRH agonist
protocol, GnRH antagonist protocol, ultra-long GnRH
agonist protocol and Gn/human chorionic gonadotrophin
(HCG) protocol.

Long GnRH agonist protocol: pituitary
down-regulation was started in the midluteal phase of

previous cycle by the administration of GnRH analogue.

Ovarian stimulation was started after complete
down-regulation. Flare-up GnRH agonist protocol: the
administration of GnRH analogue was initiated on the
day 2 of menstruation. Ovarian stimulation was started
on the day 3 of menstruation. Ultra-long GnRH agonist
protocol: long-acting GnRH agonist was administered

every 28 days for three times before ovarian stimulation.

The first injection was administered during the early
follicular phase. Ovarian stimulation was performed 30
to 45 days after the third GnRH agonist injection.
GnRH antagonist protocol: ovarian stimulation was
commenced on the day 2 or 3 of the menstrual cycle
with recombinant follicle-stimulating hormone (FSH)
or human menopausal gonadotropins (HMG).
Co-treatment with GnRH antagonist was initiated when
at least one of the following criteria was fulfilled: (1)
the presence of at least one follicle measuring >14 mm,
(2) serum estradiol (E;) level >600 pg/mL or (3) serum
luteinizing hormone (LH) level >10 TU/L!"™, and con-
tinued until and including the day of trigger. Gn/HCG
protocol: the administration of Gn was initiated on the
day 3—5 of menstruation.

Ovarian stimulation was performed with recombi-
nant FSH, highly purified FSH or HMG. The starting
dose of ovarian stimulation was determined according to
patients’ age, body mass index (BMI), AFC and previous
ovarian response. Subsequent adjustment depended on
follicular development and serum E, level. When at least
three follicles reached 17 mm or one follicle reached 18
mm in diameter, HCG was administered for ovulation
triggering. Oocyte retrieval was performed 36 h later.
Two or three embryos were transferred on the day 3 after
oocyte retrieval. Luteal phase support was performed
with progesterone, E, or HCG supplements.

1.3 Outcome Measures

The main outcome measures of this study included
clinical pregnancy rate, live birth rate, three-cycle cumu-
lative pregnancy and live birth rates in ovarian stimula-
tion IVF. In addition, the outcomes of poor responders
were respectively analyzed according to the female age.
The age thresholds adopted in this study were <35,
36—39 and >40 years. Patients who did not achieve
clinical pregnancy or live birth and discontinued treat-
ment before three cycles were considered as drop-outs,
and dropped out of subsequent stimulation cycles due to
their own choice. A clinical pregnancy was defined as at
least one gestational sac detected on transvaginal ultra-
sound scan.
1.4 Statistical Methods

The data were analyzed with commercial software
(SPSS 16.0; SPSS, USA). The XZ test was used for com-
paring quantitative variables. Continuous variables were
compared with one-way ANOVA. A P value of <0.05
was considered statistically significant. The cumulative
pregnancy and live birth rates were calculated by two
methods proposed by several researchers!' '*). In the
optimistic method, we assumed that patients dropped out
of subsequent stimulation cycles had the same chance of
pregnancy and live birth as those continued. However,
patients discontinuing treatments were assumed to have
no chance of pregnancy and live birth in subsequent cy-
cles in the pessimistic method. The realistic cumulative
pregnancy and live birth rates were between the pessi-
mistic and optimistic cumulative rates.

2 RESULTS

2.1 Patients’ Characteristics of “Bologna Crite-
ria”’-Poor Responders

The patients’ characteristics of poor responders ac-
cording to the Bologna criteria were presented in table 1.
The mean age of poor responders according to the Bolo-
gna criteria in this study was 37.61+4.93 years. The
mean AFC of these poor responders was 4.72+1.77. The
mean basal FSH level of “Bologna criteria”’-poor re-
sponders was 11.42+9.19 U/L. The mean duration of
infertility of these poor responders was 6.56+4.54 years.
The proportion of “Bologna criteria”-poor responders
with primary infertility was 31.3%.
2.2 Cycle Characteristics in the First Cycle of “Bolo-
gna Criteria”-Poor Responders

The mean total dose of Gn and duration of stimula-
tion were 383742512 IU and 9.72+2.87 days, respec-
tively (table 2). The mean number of oocytes retrieved
and available embryos was 2.79+2.31 and 1.60+1.36,
respectively (table 2). The cycle cancellation rate of
“Bologna criteria”-poor responders was 22.3% (table 2).
2.3 Pregnancy Outcomes of “Bologna Criteria”-Poor
Responders

The pregnancy outcomes of poor responders ac-
cording to the Bologna criteria were presented in table 3.
There was no significant difference in clinical pregnancy
rate and live birth rate per treatment cycle of poor re-
sponders among three stimulation cycles (P=0.069 and
P=0.158). The clinical pregnancy rate and live birth rate
per treatment cycle in ovarian stimulation IVF were
13.4% and 8.3%, respectively. The three-cycle cumula-
tive clinical pregnancy and live birth rates for poor re-
sponders according to the Bologna criteria were
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19.8%—34.2% and 12.7%—20.5%, respectively.

Table 1 Patients' characteristics of poor responders
according to the Bologna criteria

Variables

Patients, n 479

Age (years) 37.61+4.93
BMI (kg/m?) 21.79+2.71
AFC 4.72+1.77
Basal FSH (TU/L) 11.42+9.19
Duration of infertility (years)  6.56+4.54
Primary infertility 150 (31.3)
Cause of infertility

Tubal factor 132 (27.6)
Endometriosis 11 (2.3)
Male factor 28 (5.8)
Mixed 305 (63.7)
Unexplained 3 (0.6)

Results are expressed as number (percentage) or X+s.

Table 2 Cycle characteristics in the first cycle for poor
responders according to the Bologna criteria
Variables

Cycles, n 479
Stimulation protocol

Long 112 (23.4)
Flare-up 73 (15.2)
Antagonist 200 (41.8)
Ultra-long 14 (2.9)
Gn/HCG 80 (16.7)
Total Gn dose (IU) 3837+2512
Duration of stimulation (days) 9.72+2.87
Oocytes retrieved 2.79+£2.31
Available embryos 1.60£1.36
Cycle cancellation rate 107 (22.3)

Results are expressed as number (percentage) or X+s.

Table 3 Pregnancy outcomes in ovarian stimulation IVF for poor responders according to the Bologna criteria

Variables Cycle 1 Cycle 2 Cycle 3
Patients, n 479 196 62
Clinical pregnancy per treatment cycle 59 (12.3) 35(17.9) 5(8.1)
Clinical pregnancy per transfer cycle 59 (15.9) 35(20.3) 5(9.4)
Drop-outs (clinical pregnancy) 236 97 -
Cumulative clinical pregnancy per treatment cycle

Optimistic - 132 (27.6) 164 (34.2)

Pessimistic - 90 (18.8) 95 (19.8)
Live birth per treatment cycle 38 (8.0) 21 (10.7) 2(3.2)
Live birth per transfer cycle 38 (10.2) 21(12.2) 2(3.8)
Drop-outs (live birth) 245 113 -
Cumulative live birth per treatment cycle

Optimistic - 85 (17.7) 98 (20.5)

Pessimistic - 59 (12.3) 61 (12.7)

Results are expressed as number (percentage).

2.4 Patients’ Characteristics among Age Subgroups of
Poor Responders

The BMI of poor responders aged 36—39 years and
aged >40 years was significantly higher than that aged
<35 years (P=0.000) (table 4). The basal FSH level in

poor responders aged >40 years was significantly lower
than that in those aged <35 years (P=0.006) (table 4).
There was no significant difference in AFC among three
age categories (P=0.810) (table 4).

Table 4 Characteristics for age subgroups of poor responders according to the Bologna criteria

Variables <35 years 36—39 years >40 years P
Patients, n 151 106 222

Age (years) 31.46£2.70 37.73£1.32° 41.75£1.90 0.000
BMI (kg/m?) 20.92+2.57 22.224+2.99" 22.21+2.52" 0.000
AFC 4.67+1.43 4.67+1.63 4.77+2.03 0.810
Basal FSH (IU/L) 13.04+13.44 11.64+8.31 10.22+4.92" 0.021

Results are expressed as X+s.
*P<0.05 vs. patients <35 years

2.5 Pregnancy Outcomes among Age Subgroups of
Poor Responders

The pregnancy outcomes among age subgroups of
poor responders were presented in table 5. Poor respond-
ers aged >40 years had significantly lower clinical preg-
nancy and live birth rates per treatment cycle than those
aged <35 years (P=0.001 and P=0.008). The three-cycle

cumulative clinical pregnancy rate was 28.5%—41.1%,
18.9%—37.7% and 14.4%—27.0% for poor responders
aged <35 years, 36—39 years and >40 years, respectively.
The cumulative live birth rate after three cycles was
18.5%—24.5%, 13.2%—27.4% and 8.6%—14.9% for
three age categories of poor responders, respectively.
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Table 5 Pregnancy outcomes in ovarian stimulation IVF for age subgroups of poor responders according to the Bologna

criteria

Variables Total <35 years 36—39 years  >40 years
Patients, n 479 151 106 222
Cycles, n 737 235 168 334
Clinical pregnancy per cycle 99 (13.4) 46 (19.6) 21 (12.5) 32 (9.6)"
Three-cycle cumulative clinical pregnancy per patient

Optimistic 164 (34.2) 62 (41.1) 40 (37.7) 60 (27.0)

Pessimistic 95 (19.8) 43 (28.5) 20 (18.9) 32 (14.4)
Live birth per cycle 61 (8.3) 28 (11.9) 14 (8.3) 19 (5.7)
Three-cycle cumulative live birth per patient

Optimistic 98 (20.5) 37 (24.5) 29 (27.4) 33 (14.9)

Pessimistic 61 (12.7) 28 (18.5) 14 (13.2) 19 (8.6)

Results are expressed as number (percentage).
*P<0.05 vs. <35 years

3 DISCUSSION

The present study showed that the clinical preg-
nancy rate per treatment cycle of poor ovarian respond-
ers according to the Bologna criteria in the first ovarian
stimulation cycle was 12.3%. It has been reported previ-
ously that poor responders have a pregnancy rate varying
from 7.6% to 17.5%, depending on different definitions
of poor responders!™ > * '8 " Although the Bologna cri-
teria of poor ovarian response are stricter than many
other definitions, poor responders according to the Bo-
logna criteria still have reasonable pregnancy rate in
ovarian stimulation IVF.

The overall live birth rate per treatment cycle in
ovarian stimulation IVF for poor ovarian responders ac-
cording to the Bologna criteria was 8.3%. Polyzos et al
recently explored the effect of natural cycle IVF in
women with poor ovarian response according to the Bo-
logna criteria''?!. Their retrospective cohort trial included
136 poor ovarian responders according to the Bologna
criteria (390 natural cycles) and 28 normal ovarian re-
sponders (79 natural cycles). The results in their study
showed that the overall live birth rate in natural cycle
IVF for poor ovarian responders according to the Bolo-
gna criteria was prominently lower than that in normal
ovarian responders: live birth rate per treatment cycle
(2.6% vs. 8.9%, P=0.006) and live birth rate per patient
(7.4% vs. 25%, P=0.005). Although natural cycle IVF is
an easy and cheap treatment modality, the pregnancy
prognosis of poor responders according to the Bologna
criteria in natural cycle IVF is extremely poor. Poor re-
sponders according to the Bologna criteria can achieve
more favorable live birth rate in ovarian stimulation IVF
than in the natural cycle IVF. In our opinion, ovarian
stimulation IVF should be a better option for poor re-
sponders according to the Bologna criteria than natural
cycle IVF.

Although poor ovarian responders according to the
Bologna criteria have a low live birth rate in the first
stimulation IVF cycle, these patients can achieve an ac-
ceptable cumulative live birth rate after three stimulation
cycles (12.7%—20.5%). Likewise, one previous study
reported that the cumulative ongoing pregnancy rate of
poor responders according to the Bologna criteria was
29.5% after five cycles and 36.4% after seven cycles''”.
The mean age of Bologna criteria-poor responders in this

study was 38.5+5.2 years. Even poor responders with all
the treatment cycles defined as poor response cycles, can
achieve a maximal cumulative pregnancy rate (27.8%)
after five treatment cycles. If poor responders according
to the Bologna criteria can not receive a live birth in the
first stimulation cycle, it is worthwhile for these patients
to continue with subsequent stimulation cycles.

Several studies regarding the effect of female age on
the pregnancy prognosis in women with poor ovarian
response showed a tendency that older patients have
lower pregnancy rates than younger patients!® > '® 2% 211,
The results in our study were absolutely in accordance
with this conclusion. Bologna criteria-poor responders
aged <35 years had prominently more favorable preg-
nancy prospects than those aged >40 years, even if Bo-
logna criteria-poor responders aged >40 years in this
study had significantly lower basal FSH level than those
aged <35 years. It can be concluded that poor responders
as described by the Bologna criteria are not a
homogeneous group of patients with regard to pregnancy
prospects according to female age in ovarian stimulation
IVF. In our opinion, poor responders according to the
Bologna criteria should be encouraged to attempt further
ovarian stimulation IVF as soon as possible because their
pregnancy rate will decrease with advancing age. Bolo-
gna criteria-poor responders aged >40 years should be
appropriately informed the poor pregnancy prognosis in
ovarian stimulation IVF and decide by themselves
whether to continue with further treatments.

In conclusion, poor responders according to the
Bologna criteria in the first stimulation cycle can achieve
an acceptable cumulative pregnancy prospects after three
ovarian stimulation IVF cycles, especially poor respond-
ers aged <40 years.
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