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a b s t r a c t

Objective: Clinical prognosis appears to be varied in females with poor ovarian response (POR), and poor
responders defined by the Bologna criteria might not be sufficiently homogeneous. The aim of this study
was to determine the major predictor of reproductive outcomes in extremely low oocyte retrieval cycles.
Materials and Methods: A cohort of fresh in vitro fertilization/intracytoplasmic sperm injection cycles
(n ¼ 858) was analyzed from January 2001 to September 2014. Females from whom zero, one, two, or
three oocytes were retrieved following ovarian stimulation were examined. Univariate analyses were
performed to determine the association of pregnancy rate with potential confounding variables. Multiple
logistic regression analysis was subsequently performed to identify factors that affected the occurrence
of pregnancy.
Results: The clinical pregnancy rate was higher in women aged < 40 years, long protocol, and high
embryo score in univariate analysis. After adjusting for confounding factors in multivariate analysis, the
maternal age [odds ratio (OR) ¼ 0.91], primary or secondary infertility (OR ¼ 1.99), number of matured
oocytes retrieved (OR ¼ 0.64), and score of embryos transferred (OR ¼ 1.39) were significantly associated
with the clinical pregnancy rate per cycle and per transfer. In the age subgroup analysis, POR females
aged < 35 years significantly demonstrated the highest number of matured oocytes, embryo scores, and
clinical pregnancy rates compared with POR females aged 35e40 years and � 40 years.
Conclusion: This study highlights the predictive value of maternal age and embryo quality on the
probability of pregnancy in females with extremely low oocyte retrieval cycles. Young females with few
eggs collected can still achieve acceptable pregnancy probability as long as they have good-quality
embryos. Future randomized control trials for POR using the Bologna criteria should first stratify
patients into different age groups.
© 2017 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Controlled ovarian hyperstimulation (COH) employs exogenous
gonadotropin administration to recruit a large number of oocytes
for in vitro fertilization (IVF), such that high-quality embryos can be
selected for transfer. However, patient response to ovarian stimu-
lation can be highly variable, and this response is a major deter-
minant of treatment outcome. Females with oocyte counts < 5 have
a significantly lower cumulative conception pregnancy rate than
those with normal responses (> 5 oocytes retrieved) [1].

Reliable predictors of pregnancy outcome would provide phy-
sicians with valuable information for counseling patients on
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whether to start a cycle. The most common tests for predicting
ovarian reserve are anti-Mullerian hormone (AMH) and antral
follicle counts. These tests have demonstrated a correlation to
ovarian response in IVF even though the prediction of successful
pregnancy remains controversial [2e4]. Moreover, there is appar-
ently no solid link between the quantity and quality of oocytes.

Despite the unfavorable prognosis of females with poor ovarian
response (POR), some studies have reported a reasonable preg-
nancy rate for suchwomen [5,6]. Thus, it appears that the prognosis
varies among poor responders after COH for IVF/intracytoplasmic
sperm injection (ICSI) [7]. It is possible that the characteristics or
treatments of specific females may provide them with an accept-
able prognosis, although they produce an extremely low number of
oocytes in the current cycle.

The management of POR has been a major challenge for clini-
cians because it is difficult to compare different treatments due to
the use of different definitions of POR over the past 2 decades. In an
effort to standardize the terminology, the European Society of
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Human Reproduction and Embryology (ESHRE) published the
Bologna criteria in 2011 to define POR [8]. According to these
criteria, at least two of the following three features must be pre-
sent: (1) advanced maternal age (� 40 years) or any other risk
factor for POR; (2) previous experience of POR (� 3 oocytes with a
conventional stimulation protocol); and (3) abnormal ovarian
reserve tests (ORTs) result (i.e., antral follicle count of 5e7 or AMH
level of 0.5e1.1 ng/mL). However, recent research studies have
suggested that females classified as having POR by these criteria are
highly heterogeneous [9], and thus, the adoption of these criteria is
still debated [10,11].

The aim of present study was to identify significant predictor
variables for pregnancy in females from whom an extremely low
number of oocytes were collected. On the basis of the results of our
analysis, we aimed to determine whether there is a prognosis dif-
ference in POR using the Bologna criteria.

Materials and Methods

Participants

This retrospective cohort study reviewed the medical records of
infertile couples that underwent IVF/ICSI from 2001 to 2014 at our
institution. All females who obtained zero, one, two, or three oo-
cytes at retrieval were included. Cycles in which ovarian stimula-
tion employed clomiphene, gonadotropin, and gonadotropin-
releasing agonist/antagonist were examined. Cycles with the
administration of Corifollitropin alfa (Elonva; NV Organon, Oss, the
Netherlands), frozenethawed embryo cycles, and donor egg cycles
were excluded. To reflect routine clinical practice in which poor
responders may be present, there were no other exclusion criteria.

The characteristics of all patients were evaluated, including age,
body mass index, family history, risk factors of POR (chronic
smoking, drinking, previous ovarian surgery, previous chemo-
therapy), primary or secondary infertility, cause of infertility, hor-
mone levels [basal follicle-stimulating hormone (FSH), luteinizing
hormone (LH), estradiol (E2) on cycle Day 3 and AMH]. We do not
refuse treatment solely based on ultralow AMH levels or higher
basal FSH levels [12,13]. Treatment characteristics, such as protocol,
IVF or ICSI, and adjuvant r-LH supplement, were analyzed. Follicle
size on human chorionic gonadotropin (hCG) day and number of
mature oocytes at retrieval were used as determinants of ovarian
response. Gonadotropin dose adjustments may affect the response;
thus, total gonadotropin dose used during the cycle was also used
as a determinant of ovarian response. For the change in IVF practice
during a long period of 14 years, the treatment period was
considered (2001e2005, 2006e2010, 2011e2014). The score of the
embryo transferred was also used as variables to predict clinical
pregnancy.

The Institutional Review Board and the Ethics Committee of
Chang Gung Memorial Hospital (Kaohsiung, Taiwan) approved this
study (CGMF IRB No.: 104-8485C).

Controlled ovarian stimulation

The ovarian stimulation protocols included gonadotropin-
releasing hormone (GnRH) agonist long, GnRH agonist short, and
GnRH antagonist protocols, all of which were performed following
standard clinical practice. The protocol for each patient was
selected according to the ovarian reserve, which assessed the pa-
tient's age, baseline serum FSH concentration, previous ovarian
response to gonadotropins, and the preference of each clinician.
Each patient was administered an initial dose of 150e300 IU hu-
man menopausal gonadotropin or FSH (purified or recombinant),
and dose adjustments during the cycle were determined
individually based on the response to gonadotropin as assessed by
serum E2 concentration and sonographic monitoring of follicular
growth. In addition, r-LH (Luveris; Serono) was administered in
females with poor responses in a previous cycle or suboptimal
follicular progression in a current cycle, starting on Day 1 or Day 6
of FSH stimulation at a daily fixed dose of 75 IU throughout the
treatment period. Females undergoing the GnRH antagonist pro-
tocol that had at least one leading follicle measuring > 14 mm in
diameter received an additional 0.25 mg/day GnRH (Cetrotide,
Merk Serono) until the day of hCG injection. When two more fol-
licles had matured (follicle diameter � 16 mm), a 6500 IU dose of
hCG (Ovidrel, Merk Serono) was administered, and oocyte retrieval
was performed 36e38 hours later by transvaginal aspiration under
ultrasound guidance. Standard IVF or ICSI procedures were used for
oocyte fertilization, as previously described [14].

The choice between Day 3 embryo transfer and extended cul-
ture to blastocyst and transfer on Day 5 was based on embryo
quality and number. The luteal phasewas supported by intravaginal
administration of progesterone (90 mg) vaginal gel once daily
(Crinone 8%, Serono Pharmaceuticals Ltd.) or micronized proges-
terone vaginal capsules (200 mg) four times daily (Ultrogestan,
Laboratories Besins International), starting on the day after oocyte
retrieval.

Hormone measurements

FSH and LH levels were measured on Day 3 of the menstrual
cycle before gonadotropin administration. Serum concentrations of
progesterone and E2 were measured on the day of hCG adminis-
tration during each IVF cycle, where progesterone is expressed as
ng/mL and E2 as pg/mL. Serum concentrations of E2 and proges-
terone were determined using standard immunoassay systems
(ADVIA Centaur ® XP, Siemens, USA). The intra- and inter-assay
coefficients of variation were 5.0% and 4.1% for E2 and 5.2% and
3.5% for progesterone.

Oocyte grading

According to nuclear maturation grading, the oocytes were
classified into categories, metaphase II (mature) or non-metaphase
II. The latter category included oocytes at the metaphase I and
prophase I stages. For IVF, the retrieved oocyteecoronaecumulus
complexes were immediately classified according to their maturity.
For ICSI, the oocyteecoronaecumulus complexes were denuded
and assessed shortly after retrieval. The denuded oocytes were
cultured in an M2 culture medium (Medicult, Denmark) for
3e8 hours and were subsequently examined for the presence of the
first polar body. After confirmation of the first polar body, ICSI was
performed. The oocytes that did not develop to metaphase II after
8 hours of incubation were discarded. The oocyte preparation has
been previously described in detail [14].

Assessment of fertilization, embryo culture, and zygote and embryo
grading

ICSI and conventional IVFwere performed according to standard
procedures. Briefly, oocyteecoronaecumulus complexes were
cultured in IVF Medium (Medicult, Denmark) for 4e6 hours, and
the oocytes were inseminated with approximately 105 motile
spermatozoa/mL in 1 mL of IVF medium. The oocytes were trans-
ferred from the insemination medium to fresh IVF medium and
cultured. Our ICSI procedure has been previously described in detail
[14].

Fertilization was evaluated after 16e18 hours. Normal fertiliza-
tion was defined by the formation of zygotes with two pronuclei.



Table 1
Demographic characteristics of women undergoing in vitro fertilization/intra-
cytoplasmic sperm injection with extremely low oocyte retrieval cycles (n ¼ 858).

Characteristics mean ± SD (range)
or number (%)

Age of female, y 36.9 ± 4.5 (22e48)
Age of partner, y 38.8 ± 5.3 (26e61)
Body mass index, kg/m2 22.2 ± 3.3 (17.3e34.0)
Menstrual cycle
Regular 760 (88.6%)
Irregular 98 (11.4%)

Duration of infertility, y 4.9 ± 3.4
Diagnostic category
Tubal factor 121 (14.1%)
Ovarian factor 252 (29.4%)
Endometriosis 180 (21%)
Uterine factor 31 (3.6%)
Male factor 73 (8.5%)
Combined factor 99 (11.5%)
Unexplained factor 102 (11.9%)

Infertility
Primary 554 (64.6%)
Secondary 304 (35.4%)

Previous assisted reproduction attempts 1.2 ± 2.0 (1e13)
Protocol
Antagonist protocol 233 (27.2%)
Short protocol 242 (28.2%)
Long protocol 353 (41.1%)
Others 30 (3.5%)

FSH Ampoules (75 IU) 38.1 ± 17.8
Day 3 FSH, mIU/mL 9.9 ± 6.7
EM thickness on hCG day, cm 1.2 ± 0.3
E2 on hCG day, pg/mL 877.4 ± 661.7
P on hCG day, pg/mL 1.1 ± 1.5
No. of follicle size (� 1.6 cm) on hCG day 2.4 ± 1.5

EM ¼ endometrium; E2 ¼ estradiol; FSH ¼ follicle stimulating hormone;
hCG ¼ human chorionic gonadotropin; P ¼ progesterone; SD ¼ standard deviation.
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The zygotes were evaluated using the Z-score system [12]. Embryos
were cultured on Days 1e3 in G1.2 TM medium (Scandinavian IVF
Science) and on Days 3e5 in G2.2 TM medium (Scandinavian IVF
Science). On Day 3, all embryos were graded on a scale of 0e4,
which was based on a modification of Veeck's morphological
grading system and our previous report [14].

Outcome variables

The major outcome was clinical pregnancy, which was defined
as the presence of a gestational sac(s) on transvaginal ultrasound
after 6e7 weeks of gestation. Clinical abortion was recorded if
pregnancy loss occurred between the clinical detection of a preg-
nancy and the 22nd week of gestation.

Statistical analysis

All data were analyzed using SPSS version 20.0 (SPSS Inc., Chi-
cago, IL, USA). Continuous variables were expressed as the mean
and standard deviation and compared using Student's t test or one-
way analysis of variance with least significant difference post hoc
test. Categorical variables were expressed as the proportion and
percentage, and they were compared using the Chi-square test.

For this analysis, the effects of potential clinical and laboratory
factors described above were examined. The statistical significance
of each variable was first evaluated using univariate analysis. Spe-
cifically, multivariate logistic regression analysis was used to
identify the independent prognostic factors. A p value of < 0.05 was
considered to be statistically significant in all analyses.

Results

We examined the records of 858 IVF/ICSI cycles in 624 females
who were treated at our institution during the 14-year study
period. Table 1 shows the characteristics of these patients and the
types of assisted reproduction techniques that were used.

Table 2 shows the outcomes of the IVF procedures. Overall, no
oocytes were retrieved in 77 cycles (8.97%), at least one oocyte was
retrieved for culture in 781 cycles (91.0%), and at least one embryo
was retrieved for transfer in 629 cycles (73.3%). The clinical preg-
nancy rate was 21.9% per transfer and 16.0% per cycle.

Different variables including maternal and treatment charac-
teristics associated with pregnancy were determined using uni-
variate analysis (Table 3). The clinical pregnancy rates per cycle and
per transfer were both statistically significantly higher in females
who were younger and those who received a long protocol,
respectively. As long as patients had available embryos for transfer,
the clinical pregnancy rate per transfer was significantly higher in
females with a higher embryo score. There were no significant ef-
fects of menstrual regularity, body weight index, paternal age,
chronic smoking, drinking, previous ovarian surgery, previous
chemotherapy, duration of subfertility, previous attempts, fertil-
ization methods, different time frames that the data were sepa-
rated, r-LH administration, endometrium thickness, gonadotropins
dose, duration of stimulation, and number of follicles >1.6 cm on
hCG day.

Furthermore, we performed a multivariable logistic regression
analysis to determine the independent effects of these factors with
adjustment for potential confounders (Table 4). These results
indicated that the rates of pregnancy per cycle and per transfer
were significantly and independently associated with younger
maternal age, secondary infertility, higher number of matured oo-
cytes, and a higher embryo score.

These results clearly indicated the importance of maternal age
on successful outcome. Thus, we divided all cycles according to
maternal age using the Bologna criteria into those in which the
female was < 40 years (n ¼ 592) and � 40 years (n ¼ 266) (Table 5).
These results demonstrated that the younger group had signifi-
cantly more favorable outcomes than the older group, including the
score of the transferred embryo (5.1 ± 3.0 vs. 4.2 ± 2.8, p ¼ 0.042),
implantation rate (19.2% vs. 9.6%, p < 0.001), and clinical pregnancy
rates per cycle (20.7% vs. 5.3%, p < 0.001) and per transfer (27.7% vs.
7.6%, p < 0.001).

To clarify the association between age and clinical pregnancy
rate, all cycles were divided into females < 35 years (n ¼ 257),
between 35 years and 40 years (n ¼ 335), and 40 years or older
(n ¼ 266) (Table 6). A higher clinical pregnancy rate per cycle and
per transfer were both significantly associated with the younger
group, with females aged < 35 years showing a significantly higher
pregnancy rate per transfer than the other two groups (28.5%,
27.1%, and 7.6% for < 35 years, 35e40 years and � 40 years,
respectively, p < 0.001). A higher score of embryo transferred and
higher number of mature oocytes were also significantly associated
with the younger group.

We further analyzed the correlation between embryo quality
and pregnancy rate in only POR females with advanced age. Fe-
males aged � 40 years were divided into two subgroups with an
embryo score < 4 and score � 4. No statistically significantly dif-
ference was observed in the clinical pregnancy rate of the two
subgroups (4.1% and 9.8% for embryo score < 4 and score � 4,
respectively, p ¼ 0.254).
Discussion

Previous studies attempting to predict the poor response to COH
using female age, ORTs, and multivariable prediction models have



Table 2
Results of oocyte retrieval.

Characteristics Mean ± SD (range)
or number (%)

No. of cycles with at least one oocyte retrieved 781 (91.0)
No. of cycles with zero oocytes retrieved 77 (8.97)
Average of oocytes retrieved 2.0 ± 1.0 (0e3)
Average of mature oocytes retrieved 1.0 ± 0.7 (0e3)
Fertilization method
IVF 564 (72.2)
ICSI 217 (27.8)

No. of cycles of transfer 629 (73.3)
Fertilization rate 68.0%
Cumulative embryo score per transfer 4.8 ± 3.0 (0e12)
Implantation rate 16.8%
Clinical pregnancy rate
per transfer 137 (21.8)
per cycle 137 (16.0)

Clinical abortion rate 9.6%

ICSI ¼ intracytoplasmic sperm injection; IVF ¼ in vitro fertilization; SD ¼ standard
deviation.

Table 3
Univariate analysis of variables related to clinical pregnancy.

Variable % per
cycle

p % per
transfer

p

Age of female, y 0.005 < 0.001
< 35 (n ¼ 257) 21.4 28.5
35e40 (n ¼ 335) 20.3 27.1
� 40 (n ¼ 266) 5.3 7.6

Protocol < 0.001 0.043
Antagonist (n ¼ 233) 11.6 17.8
Short (n ¼ 242) 10.7 14.9
Long (n ¼ 353) 22.7 27.4
Modified NC (n ¼ 30) 6.7 18.2

Embryo score < 0.001
< 4 (n ¼ 190) - 7.9
� 4 (n ¼ 439) - 27.3

Data are presented as means.
NC ¼ natural cycle.
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been reported [15e17]. In addition, whether a history of poor
response in a previous cycle can predict a poor prognosis is still
controversial [5]. However, these reports only examined the effects
of a small number of parameters. Moreover, other evidence in-
dicates that ORT has limited accuracy in predicting successful IVF
[18]. Our study examined a large number of cycles to identify
valuable prognostic factors associated with pregnancy in women
whowere poor responders to IVF. Although ESHRE have provided a
Table 4
Binary logistic regression analysis of variables associated with clinical pregnancy.

Variable

B SEM

Age of female �0.090 0.027
Primary/Secondary infertility 0.632 0.271
Number of mature oocytes �0.471 0.210
Score of transferred embryo 0.279 0.048

Variable

B SEM

Age of female �0.090 0.027
Primary/Secondary infertility 0.632 0.271
Number of mature oocytes �0.471 0.210
Score of transferred embryo 0.279 0.048

B ¼ intercept; CI ¼ confidence interval; Exp(B) ¼ odds ratio; SEM ¼ standard error of th
standard definition of POR, we were able to apply a stricter defi-
nition to examine our data. We also used multivariable analysis to
determine the independent effect of these parameters, including
numerous patient characteristics, ovarian response, and data
related to the IVF cycle. The major finding of our multivariable
analysis, which was adjusted for variables known to be associated
with pregnancy outcome, was that young maternal age, high em-
bryo quality, large number of mature oocytes, and a history of
pregnancy were the most important factors associated with preg-
nancy in POR.

Maternal age has a well-established value in predicting the
outcome of assisted reproductive technologies, and pregnancy
rates decline with age [19]. Indeed, the prevalence of POR is greater
than 50% in females aged> 40 years [8]. Our results were consistent
with those reported in the literature [20], which demonstrated that
consideration of age significantly improved the prediction of clin-
ical pregnancy in females with POR. However, in contrast to Zhen
et al [20], we investigated more predictive factors and exclusively
examined females who produced extremely low numbers of oo-
cytes (� 3). Our results indicated that maternal age is the major
factor for successful IVF outcome in low oocytes producers, but the
number of mature oocytes and embryo quality are also important.

Primordial follicles decline steadily throughout life, with abrupt
changes occurring in the exponential rate when females are
approximately 38 years old [21]. However, fecundity declines with
advancing age due to decreased oocyte quality. The decline in the
quality of oocytes appears to result from an increase in meiotic
nondisjunction events, resulting in increased aneuploidy in the
early embryo and adverse effects on the development and potential
for implantation [22]. Interestingly, we demonstrated that clinical
pregnancy rates were not significantly different in two embryo
score subgroups in POR females aged� 40 years. An explanation for
the findings could be the age-related rate of aneuploidy. Aneu-
ploidy is associated with maternal age and is only subtly related to
the morphological appearance of the embryo [23]. Some infertile
young females present with a poor response to gonadotropin
stimulation caused by previous ovarian surgery, chemotherapy or
other unexplained mechanisms. We found that females who had
POR but were aged < 35 years had significantly better embryo
quality and a higher pregnancy rate than those who were aged >
35 years, which was consistent with findings obtained from a large
prospective trial including 144,000 cycles [17]. Our finding indi-
cated that maternal age predominantly modulates oocyte quality,
although it is also independent of changing the residual follicle
pool. Our results are supported by those obtained in a study,
demonstrating that the quality of oocytes and embryos from young
females with POR was not inferior to that of normal responders
Clinical pregnancy rate per cycle

Wald p Exp(B) 95% CI

11.094 0.001 0.914 0.875e0.971
5.443 0.020 1.882 1.041e2.963
5.010 0.025 0.625 0.392e0.896
33.286 < 0.001 1.321 1.299e1.565

Clinical pregnancy rate per transfer

Wald p Exp(B) 95% CI

11.094 0.001 0.914 0.867e0.964
5.443 0.020 1.882 1.106e3.201
5.010 0.025 0.625 0.414e0.943
33.286 < 0.000 1.321 1.202e1.452

e mean; Wald ¼ Wald statistic.



Table 5
Outcomes of younger (< 40 years) and older (� 40 years) women.

< 40 years
(n ¼ 592)

� 40 years
(n ¼ 266)

p

Age, y 35.6 ± 3.4
(21e39)

42 ± 1.9
(40e48)

Infertility 0.007
Primary 400 (67.6) 154 (57.9)
Secondary 192 (32.4) 112 (42.1)

No. of FSH Ampoules (75 IU) 37.6 ± 16.2 41.0 ± 19.5 0.015
No. of oocytes retrieved 2.0 ± 1.0 (0e3) 1.9 ± 1.0 (0e3) 0.268
No. of mature oocytes retrieved 1.0 ± 0.8 (0e3) 0.9 ± 0.7 (0e2) 0.864
Normal fertilization rate, % 76.3 72.1 0.102
Score of transferred embryo 5.1 ± 3.0 4.2 ± 2.8 0.042
Number of embryos per transfer 1.9 ± 0.7 1.7 ± 0.7 0.134
Implantation rate, % 19.2 9.6 < 0.001
Clinical pregnancy rate, %
Per cycle 123/592 (20.7) 14/266 (5.3) < 0.001
Per transfer 123/444 (27.7) 14/185 (7.6) < 0.001

Values indicate mean ± SD (range) or number (%).
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[24]. Weghofer et al [25] also reported that women with extremely
low-serum AMH level still demonstrate reasonable pregnancy with
assisted reproduction, and the potential is age-dependent.

Thus, evenwhen a youngwoman has POR, shemay still have the
potential to produce mature oocytes and high-quality embryos.
Moreover, the transfer of one selected high-quality embryo is the
current policy used to avoid multiple gestations [26] and is also a
promising method for young women with fewer oocytes collected.
Thus, it is important to prevent cycle cancellation in young women
with POR. Although the young women in our study had a better
pregnancy rate, the diminution of the follicle count to 0 remains a
significant problem.

The association between the number of oocytes retrieved and
pregnancy in fresh cycles has been demonstrated [27]. With more
oocytes retrieved for culture, a higher number of embryos to
transfer and a higher probability of pregnancy was observed.
Multiple regression analysis illustrated the independent effect of
the number of matured oocytes collected on pregnancy in poor
responders. We emphasize that the degree of poor response to
gonadotropins stimulation can be a prognostic factor for POR.

Thus, in females with POR who are undergoing IVF, the funda-
mental goal is to increase the number of matured oocytes and to
improve embryo quality. The present study also analyzed the effect
of specific treatment characteristics that have been investigated.
Although numerous strategies had been proposed for the man-
agement of poor responders, no effective treatments are currently
available [28].

High doses of gonadotropins are commonly administered to
females who are expected to be poor responders, but Berkkanoglu
Table 6
Comparison of clinical outcome between different age group of POR women.

< 35 years
(n ¼ 257)

35e40 years
(n ¼ 335)

� 40 years
(n ¼ 266)

p

Age, y 31.5 ± 2.5 37.0 ± 1.4 41.9 ± 3.1
No. of mature oocytes

retrieved
1.0 ± 0.7 1.0 ± 0.7 0.9 ± 0.7 0.015a/b

Score of embryo
transferred

5.13 ± 3.00 5.10 ± 3.05 4.20 ± 2.87 0.002a/b

Clinical pregnancy
rate, %

Per cycle 55/257 (21.4) 68/335 (20.3) 14/266 (5.3) 0.005a/b

Per transfer 55/193 (28.5) 68/251 (27.1) 14/185 (7.6) <0.001a/b

Data are presented as mean ± SD or number (%).
pa value correspond on post hoc analysis between< 35 years and� 40 years. pb value
correspond on post hoc analysis between 35e40 years and � 40 years.
and Ozgur [29] have shown no benefit of using this approach.
Similarly, our results suggested no benefit from using a higher dose
of FSH. When examining the effect of the fertilization method, our
data were consistent with those obtained in previous studies [30],
such that the pregnancy rate was similar in females with POR who
were administered ICSI or IVF. One meta-analysis suggested that
there were insufficient data to support a beneficial effect of
administering r-LH during pregnancy [31], but a more recent meta-
analysis demonstrated an increased rate of clinical pregnancywhen
r-LH and FSH were administered to females who had POR [32]. Our
logistic regression analysis indicated no significant effect of r-LH
administration.

A systematic review indicated that 41 different definitions have
been used for POR [10], and this incongruence has significantly
limited the validity of the meta-analysis studies of this phenome-
non [33,34]. To overcome this challenge, ESHRE published a
consensus statement in Bologna in 2011 to provide a uniform
definition of POR that can be used for subsequent studies in the
field of assisted conception [8].

We support the effort to standardize the definition of POR
because this will help to reduce sample heterogeneity and improve
the external validity and generalizability of future trials. However,
the prognostic value of the Bologna criteria in defining POR remains
problematic due to the clinical heterogeneity of females classified
as having POR and because of the variation in the underlying un-
clear mechanisms and risk factors [35,36]. For example, advanced
age appears to be a distinct risk factor, while other factors, such as
ovarian surgery, remain unclear [37]. In our study of females who
produced low numbers of oocytes, we observed no significant ef-
fect of previous ovarian surgery on the rate of pregnancy. The result
of this study suggests that a prognostic difference exists between
maternal age and other risk factors.

Some researchers propose that the Bologna criteria might group
together diverse subpopulations that have different prognostic
classifications [9,38]. Papathanasiou [39] suggested that stratified
randomized controlled trials (RCTs) provide an alternative meth-
odological approach to achieving a balanced patient allocation. We
agree with the spirit of this approach but believe that the strata
should be as small as possible [40]. In addition, on the basis of our
data, female age is one of the most important confounders. In
particular, young and old women defined as having POR by the
Bologna criteria have very different prognoses. Thus, when
designing RCTs based on the Bologna criteria, bias may be intro-
duced if female age is not considered during the allocation into
different intervention groups. We suggest that age stratification be
performed when designing RCTs that test the effects of different
interventions based on the Bologna criteria.

A limitation of our study is the retrospective design in a single
hospital. However, our study provides statistically significant evi-
dence that female age is the crucial factor by a number of cases.
Further RCTs based on the Bologna criteria with age stratification
are suggested to confirm these findings. Another limitation of our
study could be that AMH levels have been checked only within
recent years because it has been gaining popularity recently. We
hypothesized that the female with extremely low oocytes yield had
a lower serumAMH level. Although the data obtained from14 years
might be obscured, the treatment period as a variable has no sig-
nificant correlation with pregnancy outcome in the multivariate
analysis.

In conclusion, this study highlights the importance of female age
and embryo quality on the probability of pregnancy in females who
produce extremely few oocytes for COH.When clinicians encounter
patients with extremely low numbers of oocytes in current cycles,
continuation of the program is still recommended in young pa-
tients because they have a greater probability for pregnancy even if
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one embryo develops for transfer. In addition, we suggest that
future RCTs that examine the effects of different treatment on POR
by the Bologna criteria should first stratify patients into different
age groups.
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