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Objective: In the present study, we aimed to retrospectively evaluate the cumulative live birth rate (LBR) after up to three consecutive embryo 
transfer (ET) cycles, either fresh or frozen, in women with expected poor ovarian response (ePOR).
Methods: We selected 115 women who entered the first in vitro fertilization (IVF) cycle between August 2013 and July 2016. The women were 
divided into an ePOR group (37 women) and a non-ePOR group (78 women). All women in the ePOR group were ≥ 40 years old or had serum 
anti-Müllerian hormone levels of less than 1.1 ng/mL at the time of the first IVF cycle. Live birth outcomes were monitored until December 
2017. The cumulative LBR (with both conservative and optimistic estimates) was calculated according to the serial number of ET cycles.
Results: After up to three ET cycles, the overall cumulative LBR was significantly lower in the ePOR group than in the non-ePOR group (conser-
vative estimate, 10.8% vs. 44.9%, respectively; optimistic estimate, 14.7% vs. 56.1%, respectively; log-rank test, p = 0.003).
Conclusion: Women with ePOR exhibited a lower cumulative LBR than women in the non-ePOR group, and this information should be provid-
ed to ePOR women during counseling before starting IVF.
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Introduction

For in vitro fertilization (IVF) treatment cycles, poor ovarian response 
(POR) is usually defined as fulfillment of at least two of the following 
Bologna criteria: (1) advanced age ( ≥ 40 years) or the presence of 
other risk factors for POR, (2) a previous history of POR (indicated by 
the collection of ≤ 3 oocytes under a conventional stimulation pro-
tocol), and (3) an abnormal ovarian reserve test, as shown by either 

an antral follicle count (AFC) < 5–7 or a serum anti-Müllerian hor-
mone (AMH) level < 0.5–1.1 ng/mL [1].

Since few oocytes are retrieved from women with POR, oocyte re-
trieval is less likely to obtain good-quality embryos in these women 
than in non-POR patients. Thus, in women with POR, the cycle can-
cellation rate is generally high, and the pregnancy rate per started 
cycle is generally low [2]. In a previous report, the live birth rate (LBR) 
per started cycle was found to be 6% in women with POR [2]. Since 
women typically receive several rounds of IVF treatment, the assess-
ment of the cumulative LBR could be important for evaluating the 
long-term prognosis in specific groups. Nonetheless, the cumulative 
LBR after multiple IVF treatments in women with POR has rarely 
been reported.

Polyzos et al. [3] evaluated the cumulative LBR for at least 2 years, 
from either fresh or frozen embryo transfer (ET) cycles, according to 
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the number of oocytes retrieved in the first IVF cycle. When 1, 2, and 
3 oocytes were obtained in the first IVF cycle, cumulative LBR was 
approximately 8%, 13%, and 19%, respectively. However, those re-
searchers did not evaluate the cumulative LBR in a designated POR 
group. In women with POR, the cumulative LBR after six IVF cycles 
was shown to be 14.9% when estimated conservatively and 35.3% 
when estimated optimistically [4]. In that study, the optimistically es-
timated cumulative LBR was higher than the conservatively estimat-
ed cumulative LBR, indicating a relatively high proportion of patients 
who were lost to follow-up. In addition, the researchers defined POR 
based on the Bologna criteria at the time of the first IVF cycle and 
presented the cumulative LBR according to age group ( ≤ 30 years, 
31–34 years, 35–37 years, 38–40 years, 41–43 years, and > 43 years).

Before a woman starts IVF treatment, the Bologna criterion of a 
previous history of POR cannot be applied to the definition of POR. 
Consequently, when starting IVF for the first time, women are de-
fined as having POR if they fulfill two conditions: (1) advanced mater-
nal age ( ≥ 40 years) or other risk factors for POR and (2) an AFC < 5–7 
or serum AMH level < 0.5–1.1 ng/mL. However, young women 
sometimes exhibit unexpectedly low serum AMH levels, in which 
case they are generally considered to belong in the POR group dur-
ing the first IVF cycle. In addition, women ≥ 40 years old are general-
ly regarded as belonging in the POR group during the first IVF cycle 
even if they display normal age-matched levels of serum AMH. 
Therefore, from a practical viewpoint, it is reasonable to consider the 
POR criteria to be (1) women of advanced age ( ≥ 40 years) or with 
other risk factors for POR or (2) an AFC < 5–7 or serum AMH level 
< 0.5–1.1 ng/mL.

In this study, we defined patients with expected POR (ePOR) as (1) 
those ≥ 40 years old or (2) those with serum AMH level < 1.1 ng/mL 
at the time of the first IVF cycle. Under this definition, we evaluated 
the cumulative LBR after up to three consecutive fresh or frozen ET 
cycles in women with ePOR.

Methods

We selected 115 women who underwent the first IVF cycle be-
tween August 2013 and July 2016. Live birth outcomes were moni-
tored until December 2017. Women who underwent oocyte dona-
tion cycles and accumulation cycles were excluded. The Institutional 
Review Board of Seoul National University Bundang Hospital ap-
proved this study (IRB No. B-1808-487-112). This study approved the 
patient’s waiver of consent due to the retrospective study design.

The ePOR group included 37 women who were ≥ 40 years old or 
who had a serum AMH level < 1.1 ng/mL at the time of the first IVF 
cycle. The remaining 78 women were assigned to the non-ePOR 
group. Serum AMH levels were measured in all women using an 

AMH assay kit (AMH Gen II A79765; Beckman Coulter, Brea, CA, USA) 
with revised instructions (IFU-REF A92268D) within 3 months prior to 
the first IVF cycle. The measurement range was 0.08–22.50 ng/mL, 
and the intra- and inter-assay coefficients of variation were 5.4% and 
5.6%, respectively.

Ovarian stimulation was performed with recombinant follicle-stim-
ulating hormone (Gonal-f; Merck Serono, Darmstadt, Germany), re-
combinant follicle-stimulating hormone and recombinant luteinizing 
hormone (Pergoveris, Merck Serono), or purified human menopausal 
gonadotropin (Menopur; Ferring Pharmaceuticals, Kiel, Germany). 
While the majority of ovarian stimulations were conventional, five 
mild stimulation cycles and one natural cycle were conducted. A go-
nadotropin-releasing hormone antagonist or a luteal long protocol 
consisting of a gonadotropin-releasing hormone agonist was used 
for pituitary suppression. When two or more follicles ≥ 18 mm in di-
ameter were visible on an ultrasound examination, 250 μg of recom-
binant human chorionic gonadotrophin (hCG; Ovidrel; EMD Serono, 
Rockland, MA, USA) was provided. In the natural cycle, when a single 
follicle reached ≥ 19 mm in diameter, hCG was administered. Oocyte 
retrieval was performed 36–38 hours after hCG injection. The ET cy-
cles analyzed in our study included both fresh and frozen cycles. Clin-
ical pregnancy was defined as the visualization of a gestational sac 
with the detection of a fetal heartbeat on an ultrasound exam. A live 
birth was defined as pregnancy lasting for more than 28 weeks of 
gestation and/or the birth of a living child. Delivery of a multifetal 
pregnancy was considered one live birth.

We used IBM SPSS ver. 19.0 (IBM Corp., Armonk, NY, USA). The cu-
mulative LBR was calculated according to the serial number of ET cy-
cles. Both conservative and optimistic estimation methods were 
used to deal with patients who dropped out. The conservative meth-
od operated on the assumption that the LBR of patients who 
dropped out would be 0, since these patients may have a poor prog-
nosis after ET [5]. The optimistic method involved assuming that the 
LBR of patients who dropped out was similar to that of patients who 
continued until the next cycle [5]. The cumulative LBR obtained via 
the Kaplan-Meier method was compared between the two groups 
using the log-rank test. The Pearson chi-square test, the Fisher exact 
test, and the Student t-test were used for the statistical analysis of 
various clinical parameters. A p-value < 0.05 was considered to indi-
cate statistical significance.

Results

The clinical parameters for the ePOR group and the non-ePOR 
group in the first IVF cycle are shown in Table 1. As expected, women 
in the ePOR group were older and exhibited a lower mean level of 
serum AMH and a lower mean number of oocytes retrieved in the 
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first IVF cycle than subjects in the non-ePOR group. The mean num-
ber of ET cycles was 1.5 ± 0.8 in the ePOR group and 1.7 ± 0.7 in the 
non-ePOR group (p = 0.306). Frozen ET cycles were performed in 
3.5% (2 of 57 women) of the ePOR group and in 18.9% (25 of 132 
women) of the non-ePOR group.

Cumulative pregnancy outcomes are presented in Table 2. In the 
ePOR group (37 women), the cumulative LBR after up to three ET cy-
cles was 10.8% when estimated conservatively and 14.7% when esti-
mated optimistically. In the non-ePOR group (78 women), the cumu-
lative LBR after up to three ET cycles was 44.9% when estimated con-
servatively and 56.1% when estimated optimistically. A graphical de-
piction of the cumulative LBR according to serial ET cycle is shown in 

Figure 1. The cumulative LBR as assessed by the Kaplan-Meier meth-
od differed significantly between the ePOR group and the non-ePOR 
group (log-rank test, p = 0.003).

Discussion 

In this study, we presented the cumulative LBR after up to three 
consecutive ET cycles in women with ePOR. We defined women with 
ePOR as those ≥ 40 years old or with a serum AMH level < 1.1 ng/mL 
at the time of the first IVF cycle. In the ePOR group, the conservative 

Table 2. Cumulative live birth rate according to embryo transfer cycle       

Embryo 
 transfer cycle 

No. of 
women

No. of clinical 
pregnancy

No. of live 
birth

Clinical pregnancy 
rate per cycle (%)

Live birth rate 
per cycle (%)

Cumulative live birth rate (%)a)

Optimal 
estimation

Conservative 
estimation

Overall
   1st 115 25 22 21.7 19.1 19.1 19.1
   2nd 56 17 16 30.4 28.6 42.2 33.0
   3rd 18 1 1 5.6 5.6 46.0 33.9
ePOR group
   1st 37 4 3 10.8 8.1 8.1 8.1
   2nd 14 2 1 14.3 7.1 14.7 10.8
   3rd 6 0 0 0 0 14.7 10.8
Non-ePOR group
   1st 78 21 19 26.9 24.4 24.4 24.4
   2nd 42 15 15 35.7 35.7 51.4 43.6
   3rd 12 1 1 8.3 8.3 56.1 44.9

ePOR, expected poor ovarian responder.       
a)p = 0.003 by the log-rank test.      

Table 1. Clinical parameters in the first IVF cycle in the study population 

Variable ePOR group Non-ePOR 
group p-value

No. of women 37 78
Female age (yr) 40.0 ± 3.9 34.1 ± 3.1 < 0.001
Female body mass index (kg/m2) 22.7 ± 3.0 22.0 ± 3.3 0.244
Serum AMH level (ng/mL)  1.08 ± 1.59  4.32 ± 2.73 < 0.001
Indications of IVF

Male 4 (10.8) 11 (14.1) 0.771
Tubal 2 (5.4) 3 (3.8) 0.656
Ovulatory 0 5 (6.4) 0.174
Endometriosis 2 (5.4) 7 (9.0) 0.716
Uterine 1 (2.7) 3 (3.8) 1.000
Unexplained 22 (59.5) 48 (61.5) 0.831
Combined  6 (16.2) 21 (26.9) 0.206

No. of oocytes retrieved 3.8 ± 2.9 9.7 ± 6.9 < 0.001

Values are presented as mean ± standard deviation or number (%).  
IVF, in vitro fertilization; ePOR, expected poor ovarian responder; AMH, anti-
Müllerian hormone. 

Figure 1. Cumulative live birth rate (LBR) in the expected poor ovari-
an response (ePOR) and non-ePOR groups according to serial em-
bryo transfer cycle. The cumulative LBR showed a significant differ-
ence between the ePOR and non-ePOR groups (log-rank test, 
p = 0.003).
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estimate of cumulative LBR after up to three consecutive ET cycles 
was 10.8%, which is lower than the cumulative LBR after six IVF cy-
cles that was reported by Xu et al. [4] (14.9%). However, the cumula-
tive LBR in the present study is very similar to the cumulative LBR re-
ported by Xu et al. [4] for women aged 41–43 years (10.5%).

Our criteria for ePOR had two components: maternal age and se-
rum AMH levels. The latter is an excellent marker for the prediction of 
ovarian response or the number of oocytes retrieved after ovarian 
stimulation [6]. However, it has previously been shown to be a weak 
predictor for pregnancy and/or live birth in the index cycle [7,8]. Until 
now, studies analyzing the cumulative pregnancy rate or LBR accord-
ing to initial serum AMH levels have been lacking. If the cumulative 
LBR can be assessed using initial serum AMH levels, it follows that 
initial serum AMH levels could predict the cumulative LBR.

It is quite well known that maternal age is a significant factor in pre-
dicting IVF success in the general infertile population. Maternal age 
has also been reported to be a significant predictor of IVF success in 
women with POR [9]. Similarly, Xu et al. [4] reported that the cumula-
tive LBR in women with POR diagnosed using the Bologna criteria 
tended to diminish with increasing age. In a recent study, poor-prog-
nosis women stratified according to the Patient-Oriented Strategies 
Encompassing IndividualizeD Oocyte Number (POSEIDON) criteria 
showed a relatively high cumulative LBR in younger age groups, de-
spite the low level of ovarian reserve markers observed in those 
women [10].

Patients drop out of IVF treatment for a variety of reasons, including 
economic and psychological reasons [11]. Among these, poor prog-
nosis is an influential factor. When calculating the cumulative preg-
nancy rate, it is crucial to estimate the number of patients who dis-
continued treatment. In our study, we used both an optimistic and a 
conservative estimation method. The actual cumulative LBR is 
thought to fall between the optimistic and conservative estimates of 
cumulative LBR. A more accurate cumulative LBR could be obtained 
if the reasons why patients dropped out were investigated.

Studies of the cumulative LBR in women with POR are scarce. In 
most published studies, the LBR per cycle was presented as the pri-
mary outcome. However, LBR per cycle does not indicate the success 
rate of following cycles after the failure of previous cycles. From a 
practical viewpoint, the cumulative LBR for women with POR is very 
informative because it enables us to understand the long-term prog-
nosis and to determine whether a given woman should continue 
with subsequent IVF cycles [12]. After three unsuccessful ET cycles—
termed repeated implantation failure—IVF treatment is usually ter-
minated or the treatment strategy is modified [13].

In the present study, the cumulative LBR was calculated based on 
consecutive ET cycles, not consecutive oocyte pickup cycles. There-
fore, if transferrable embryos were not obtained after oocyte pickup, 

those cycles were not counted in the estimation of the cumulative 
LBR. Women with POR commonly experience cancelled cycles due to 
inadequate ovarian response, premature follicle rupture, or empty 
follicle syndrome. As such, substantial numbers of women with POR 
do not receive ET. In this respect, in women with POR, the cumulative 
LBR calculated via consecutive oocyte pickup cycles can be assumed 
to be lower than the cumulative LBR calculated via consecutive ET 
cycles.

In conclusion, we present the cumulative LBR after up to three con-
secutive ET cycles in women with ePOR at the time of the first IVF cy-
cle. This finding may be indicative of the reproductive potential of 
women with ePOR. Because most live births were achieved during 
the first two cycles, women with POR should be encouraged to pur-
sue at least two cycles of IVF.
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