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A B S T R A C T

Objective: We aimed to investigate live birth rate (LBR), cumulative live birth rate (CLBR) for consecutive
fresh and frozen-thawed in vitro fertilization (IVF) cycles, and CLBR after an entire IVF programme
involving multiple ovarian stimulations using blastocyst transfer only.
Study design: From January 1 st 2014 to December 31 st 2018, we included women aged 18–45 years who
initiated IVF or intracytoplasmic sperm injection at Aagaard Fertility Clinic, Denmark. The primary
outcome was live birth, and secondary outcomes were a positive hCG blood test and ongoing pregnancy
confirmed by ultrasonography. All proportions were estimated for initiated and transferred cycles with
95 % confidence intervals (CI). We used a conservative strategy, assuming that none of the women who
did not return for further treatments had a live birth.
Results: 871 women contributed 2236 initiated/1670 transferred fresh and/or frozen-thawed cycles. LBRs
for first fresh cycles were 22.8 % (95 %-CI: 19.8�26.0) and 35.7 % (95 %-CI: 31.4�40.2) for initiated and
transferred cycles, respectively. LBRs for first frozen-thawed cycles were 30.6 % (95 %-CI: 26.4�35.1) and
31.7 % (95 %-CI: 27.4�36.3) for initiated and transferred cycles, respectively. CLBRs for consecutive cycles
were 18.2 % (95 %-CI: 16.2�20.3) for fresh initiated cycles, 29.7 % (95 %-CI: 26.6�32.9) for fresh
transferred cycles, 25.5 % (95 %-CI: 22.6�28.5) for frozen-thawed initiated cycles, and 26.4 % (95 %-CI:
23.5�29.6) for frozen-thawed transferred cycles. For 436 women who contributed with an entire IVF
programme we found a CLBR of 64.0 % (95 %-CI: 59.3�68.5).
Conclusion: Compared to other studies of CLBR after multiple ovarian stimulations using cleavage stage
transfer, our study presents a considerable effect in the IVF success rate when using blastocyst transfer
only. In a clinical setting, transfer of blastocysts seems to be a viable method.
© 2021 The Authors. Published 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

Globally, infertility is estimated to affect up to 15 % of couples of
reproductive age [1,2]. In developed countries it has been
estimated that an average of 56 % of couples seek medical care
for their infertility problems [1], and even if substantially fewer
end up receiving treatment, more than a half million babies are
born each year by use of assisted reproductive technology (ART)
[3]. The most frequent fertilization techniques are in vitro
fertilization (IVF) and intracytoplasmic sperm injection (ICSI)
[4]. Although there has been a decrease in the number of embryos
transferred per cycle, one study indicates an improved cumulative
IVF success rate over the last decade [5].

Previously, most IVF studies have reported a ‘per-cycle’
probability (sometimes referred to as ‘conditional rate’) of live
birth in fresh and frozen-thawed cycles, respectively [6,7].
However, from a patient perspective it is more relevant to know
the cumulative chance of having a child by continuing treatment
over an entire IVF programme involving all fresh and frozen-
thawed IVF treatments [7,8]. Therefore, recent studies have
evaluated the cumulative live birth rate (CLBR) rather than the
conditional live birth rate (LBR). Several studies estimated CLBR
from a single ovarian stimulation [9–11] or utilized embryos at
cleavage stage (day 2 or 3 transfer) instead of embryos at the
blastocyst stage (day 5 or 6 transfer) [8,12,13]. Although many
fertility clinics still perform cleavage stage embryo transfer to
avoid cycle cancellation in case of few available embryos, several
studies have shown significantly higher LBR after blastocyst
transfer rather than cleavage stage transfer [14,15].

The aim of this study was to investigate conditional LBR, CLBRs
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ethods

tudy population

This prospective cohort study included women referred for ART
reatment at Aagaard Fertility Clinic in Aarhus, Denmark. All women
ad fresh and/or frozen-thawed IVF (including ICSI) cycles. Women
ere aged 18–45 years at the time of their first treatment and enrolled
egardless of the cause of infertility. Initiated treatments were
ecorded over a 5-year period from January 1 st 2014 to December
1 st 2018, and all women were followed until the end of their
reatment, delivery, or the end of the study period (hence, follow up
ime may proceed into 2019). Exclusion criteria (Fig. 1) were: >2
mbryos transferred, protocols with preimplantation genetic testing
PGT), or conversion within a cycle from intrauterine insemination
IUI) to IVF. As most women are offered/buy IVF cycles in packages of
hree, fresh IVF cycles beyond the 3rd cycle were excluded (cycles 1–3
ncluded). In case of dual stimulation with two oocyte aspirations in
ne cycle, only results of the first aspiration were included. For the
ntire IVF programme, we excluded women who re-enrolled for
reatment of a second child (IVF cycles for the first child included).

rotocols

All womenwho received cycle transfer had day 5 or day 6 transfer
f embryos. Of all fresh embryo transfers, the majority had short
ntagonist protocols(97.2%), whereasfew had longagonist protocols
2.8 %). Additional embryos were frozen and cryopreserved using
tandardized methods at day 5 or 6. A later frozen-thawed embryo
ransfer (FET) was performed in either natural cycle or estrogen-
ubstituted cycles. Of 1670 cycles, 1437 (86.0 %) were single embryo
ransfer (SET) and 233 (14.0 %) were double embryo transfer (DET).
omologous semen was used in 1381 cycles (82.7 %), whereas donor
emen was used in 289 cycles (17.3 %). The reasons for use of donor
emen were single marital status/female partner (83.7 %) or severe
ale infertility (16.3 %). There were no criteria for use of blastocysts

rom one complete cycle (all available blastocysts from one fresh
ycle including eventual frozen-thawed cycles) before proceeding to
he next ovarian stimulation.

eproductive outcomes

The primary outcome was delivery of a living child. Live birth
as confirmed by personal follow-up. In case of no response,

women were contacted by email or telephone at least two times,
whereafter non-responders were categorized as lost to follow-up.
Secondary outcomes were a positive hCG at two weeks after
embryo transfer and an ongoing pregnancy at gestational week 7–
9. The hCG test was defined positive if hCG > 10 IU/L, whereas
ongoing pregnancy was confirmed by heartbeat using ultrasonog-
raphy.

Statistics

Descriptive statistics were computed for women initiating their
first fresh IVF cycle. Baseline characteristics included age (� 30,
31�35, 36�40 and � 41 years), body mass index (BMI) (continu-
ous), number of cigarettes per day (continuous), and number of
units of alcohol consumed (continuous). For each cycle-specific
fresh and frozen-thawed cycle, we estimated conditional rates of
positive hCG, ongoing pregnancy and live birth for both initiated
and transferred treatments. Also, cumulative rates of all reproduc-
tive outcomes were estimated for consecutive fresh and frozen-
thawed cycles, respectively. Women contributed with an entire IVF
programme if they had a live birth (irrespective of number of
cycles) or three ovarian stimulations including three fresh IVF
cycles and all additional frozen-thawed cycles. Cumulative rates of
all reproductive outcomes were calculated using women as the
denominator. Once a woman contributed with three ovarian
stimulations or a live birth, she did not contribute further to the
cumulative rates estimated for the entire IVF programme. All
proportions were evaluated with 95 % confidence interval (CI). For
all cumulative rates, we used the conservative strategy, assuming
that none of the women who did not return for further treatments
had a live birth. All analyses were performed using Stata software
version 14.0.

Results

Characteristics of study population and protocols

In total, 871 women contributed 2236 initiated fresh and/or
frozen-thawed cycles, irrespective of cycle number. Of those cycles,
1376 (61.5 %) were fresh IVF cycles and 860 (38.5 %) were frozen-
thawed cycles (Fig. 1). For transferred cycles only, 842 (50.4 %) and
828 (49.6 %) were fresh and FET cycles, respectively. For the 534
fresh IVF cycles without embryo transfer, the reasons were a freeze
all strategy (45.7 %), no follicular development (1.9 %), no oocytes at
Fig. 1. Flow chart of included IVF cycles, Denmark, 2014-2018.
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aspiration (6.0 %), no fertilization (15.2 %), no blastocyst for transfer
(30.3 %), or other complications e.g. insufficient endometrial
thickness, spontaneous bleeding, or risk of ovarian hyperstimula-
tion (0.9 %). For the 32 frozen-thawed cycles without embryo
transfer, the reasons were no blastocyst for transfer (84.4 %) or
other complications such as insufficient endometrial thickness or
spontaneous bleeding (15.6 %). In total, 436 women contributed
with an entire IVF programme, and all the women received at least
one embryo transfer in the programme.

Within the study period, 742 women initiated their first fresh
IVF cycle, while the remaining 129 women only initiated
subsequent cycles during the study period, the first cycle being
carried out before the pre-defined study period. Of the 742 women,
473 (63.7 %) received embryo transfer within this cycle. The
remaining 269 (36.6 %) did not receive embryo transfer due to a
freeze all strategy (42.8 %), no follicular development (1.5 %), no
oocytes at aspiration (5.2 %), no fertilization (19.0 %), no blastocyst
for transfer (30.1 %), or other complications e.g. insufficient
endometrial thickness, spontaneous bleeding, or risk of ovarian
hyperstimulation (1.5 %). Baseline characteristics of the 742
women can be seen in Table 1. Briefly, the age distribution was
17.4 %, 32.6 %, 29.9 % and 20.1 % for � 30, 31�35, 36�40 and � 41
years, respectively. Younger age was positively associated with
receiving embryo transfer, use of homologous semen, and
proportion of positive hCG test, confirmed heartbeats, and live
births. On the other hand, women of older age had fewer oocytes
retrieved and thus, were more likely to proceed to second and third
fresh IVF cycle after an unsuccessful first fresh IVF cycle. Other
baseline characteristics were comparable across age categories
(Table 1).

Reproductive outcome

For women having their first fresh IVF treatment, the
conditional live birth rate was 22.8 % (95 %-CI: 19.8�26.0) for
initiated cycles and 35.7 % (95 %-CI: 31.4�40.2) for transferred
cycles (Table 2). Furthermore, women having their first frozen-
thawed embryo treatment had 30.6 % (95 %-CI: 26.4�35.1) and 31.7
% (95 %-CI: 27.4�36.3) per-cycle chance of a live birth for the
initiated and transferred cycles, respectively (Table 3). Compared
to the first cycles, a decline in LBR was seen in all subsequent
cycles. In addition, CLBRs of all initiated cycles were 18.2 % (95 %-CI:

16.2�20.3) and 25.5 % (95 %-CI: 22.6�28.5) for fresh and frozen-
thawed cycles, respectively (Table 4). For all transferred cycles,
CLBRs were 29.7 % (95 %-CI: 26.6�32.9) for fresh cycles and 26.4 %
(95 %-CI: 23.5�29.6) for FET cycles. For the 436 women completing
an entire IVF programme, involving up to 3 fresh cycles and all
frozen-thawed cycles, a total of 279 women had at least one live
birth corresponding to a CLBR of 64.0 % (95 %-CI: 59.3�68.5).
Among the 279 women, 177 (63.4 %) had a live birth from embryo
transfer in the first fresh cycle, whereas 19.4 %, 5.4 % and 11.8 % had
a live birth from embryo transfer in the second fresh cycle, third
fresh cycle and any frozen cycle, respectively (data not shown).

Similarly, the highest cumulative rates of positive hCG and
confirmed heartbeat were found among women contributing with
an entire IVF programme (cumulative rates: 76.1 % (95 %-CI:
71.9�80.1) for a positive hCG and 68.8 % (95 %-CI: 64.2�73.1) for
confirmed heartbeat). For conditional estimates, the highest rate of
positive hCG was found among the first FET cycles (conditional
rate: 50.6 % (95 %-CI: 45.8�55.3)), whereas the highest rate of
confirmed heartbeat was found among the first fresh transferred
cycles (conditional rate: 40.8 % (95 %-CI: 36.3�45.4)).

Discussion

For conditional rates, we found the highest LBR among the first
fresh transferred cycles, followed by the first FET cycles. The
decline in LBR in all subsequent cycles is consistent with an
accumulation of less fertile women in later cycles. For transferred
consecutive cycles, all cumulative reproductive outcomes were
slightly higher for fresh cycles compared to FET cycles. This may be
explained by several cycles (up to 10 cycles) in the FET analysis
compared to maximum three cycles per woman in the fresh IVF
analysis. Thus, fresh and frozen-thawed embryo transfers are most
likely equal in their success rate. However, when considering
initiated treatments, significantly higher CLBR are found among
frozen-thawed cycles compared to fresh cycles. Therefore, the
awareness of the defined CLBR is important when dealing with
these kinds of studies [7]. In our study, all women who initiated an
entire IVF programme also had at least one embryo transfer and the
chance of a live birth was 64.0 %. Few other studies investigated
CLBR for multiple cycles of ovarian stimulations. One prediction
model study found a CLBR of 43.0 % over 6 complete cycles [16].
Another retrospective cohort study estimated a CLBR of 54.1 % over

Table 1
Baseline characteristics of 742 women, who initiated first fresh IVF cycle, by age. Denmark 2014-2018.

Characteristics Total Female age

�30 years 31�35 years 36�40 years �41 years

Number of women, N (%) 742 129 (17.4) 242 (32.6) 222 (29.9) 149 (20.1)
Received embryo transfer (%) 473 (63.7) 91 (70.5) 172 (71.1) 138 (62.2) 72 (48.3)
2 transferred eggs (%)1 62 (13.1) 14 (15.4) 18 (10.5) 21 (15.2) 9 (12.5)
Mean number of retrieved eggs 9.0 10.1 9.9 8.8 6.8
Short antagonist protocol (%) 721 (97.2) 126 (97.7) 235 (97.1) 211 (95.1) 149 (100)
Median BMI (IQR) 23.2 (20.8�26.1) 21.6 (20.0�24.2) 23.6 (20.5�27.1) 23.8 (21.5�26.5) 23.1 (21.5�25.7)
BMI missing (%) 393 (53.3) 63 (48.1) 125 (51.0) 116 (51.3) 97 (64.2)
Smoking �1 cigarette/day (%) 19 (5.4) 2 (2.9) 8 (6.7) 8 (7.3) 1 (1.8)
Smoking missing (%) 389 (52.4) 60 (46.5) 122 (50.4) 113 (50.9) 94 (63.1)
Median alcohol, drinks/week (IQR) 1 (0�2) 1 (0�2) 0 (0�2) 1 (0�2) 1 (0�3)
Alcohol missing (%) 387 (52.2) 60 (46.5) 121 (50.0) 112 (50.5) 94 (63.1)
Semen source, male partner (%) 606 (81.7) 124 (96.1) 213 (88.0) 161 (72.5) 108 (72.5)
Positive hCG (%) 235 (31.7) 57 (44.2) 94 (38.8) 70 (31.5) 14 (9.4)
�1 heartbeats (%) 193 (26.0) 52 (40.3) 78 (32.2) 50 (22.5) 13 (8.7)

�1 live births (%) 169 (22.8) 49 (38.0) 70 (28.9) 40 (18.0) 10 (6.7)
Miscarriage (%) 66 (8.9) 8 (6.2) 24 (9.9) 30 (13.5) 4 (2.7)
Started IVF/2. Cycle2 (%) 375 (50.4) 48 (37.2) 106 (43.8) 115 (51.8) 105 (70.5)
Started IVF/3. Cycle2 (%) 221 (28.4) 18 (14.0) 47 (19.4) 74 (33.3) 72 (48.4)

1Of women who received embryo transfer.
2Of women who initiated 1st cycle within the study period.
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 complete cycles [9]. However, in both studies the majority
eceived cleavage stage embryo transfer (82.0 % (in first complete
ycle) and 85.6 % (in all complete cycles), respectively). On the
ther hand, more studies reported CLBR using blastocyst transfer
fter a single ovarian stimulation (CLBR ranging from 25.5%–65.3%)
11,17,18], whereas other studies reported similar CLBR but in a
reeze all strategy only (CLBR ranging from 55.0%–66.7%) [19–21].

trengths and limitations

The main strength of our study is the nearly complete follow-up

distress followed by potentially repeated treatments. Thus, using
initiated cycles as the denominator may present the most relevant
estimate in a clinical setting [22]. By taking several IVF outcomes
into account, our study is comparable to other IVF studies and
likewise contributes with further aspects to the research of IVF
studies.

In all analyses, we used a conservative strategy, which may have
underestimated the CLBR compared to an optimistic strategy,
assuming that women who discontinued treatment had the same
chance of a live birth as women continuing treatment. However,
the optimistic approach has been criticized for overestimating

able 2
onditional rates of positive hCG, heartbeat and live birth for fresh IVF cycles, Denmark, 2014-2018.

Initiated treatment Women (N) hCGa (N) Heartbeatb (N) Live birth (N) Proportion (%) 95 % CI (%)

1st fresh cycle 742 235 – – 31.7 28.3�35.2
– 193 – 26.0 22.9�29.3
– – 169 22.8 19.8�26.0

2nd fresh cycle 398 113 – – 28.4 24.0�33.1
– 77 – 19.3 15.6�23.6
– – 61 15.3 11.9�19.2

3rd fresh cycle 236 29 – – 12.3 8.4�17.2
– 23 – 9.7 6.3�14.3
– – 20 8.5 5.3�12.8

Transferred treatment Women (N) hCGa (N) Heartbeatb (N) Live birth (N) Proportion (%) 95 % CI (%)

1st fresh cycle 473 235 – – 49.7 45.1�54.3
– 193 – 40.8 36.3�45.4
– – 169 35.7 31.4�40.2

2nd fresh cycle 237 113 – – 47.7 41.2�54.2
– 77 – 32.5 26.6�38.9
– – 61 25.7 20.3�31.8

3rd fresh cycle 132 29 – – 22.0 15.2�30.0
– 23 – 17.4 11.4�25.0
– – 20 15.2 9.5�22.4

a hCG: Positive hCG defined as >10 IU/L.
b Heartbeat: Ongoing pregnancy defined as a viable pregnancy at ultrasound at gestational week 7–9.

able 3
onditional rates of positive hCG, heartbeat and live birth for frozen-thawed IVF cycles, Denmark, 2014-2018.

Initiated treatment Women (N) hCGa (N) Heartbeatb (N) Live birth (N) Proportion (%) 95 % CI (%)

1st frozen-thawed cycle 457 223 – – 48.8 44.1�53.5
– 163 – 35.7 31.3�40.3
– – 140 30.6 26.4�35.1

2nd frozen-thawed cycle 219 73 – – 33.3 27.1�40.0
– 54 – 24.7 19.1�30.9
– – 43 19.6 14.6�25.5

3rd frozen-thawed cycle 90 31 – – 34.4 24.7�45.2
– 24 – 26.7 17.9�37.0
– – 20 22.2 14.1�32.2

Transferred treatment Women (N) hCGa (N) Heartbeatb (N) Live birth (N) Proportion (%) 95 % CI (%)

1st FET cycle 441 223 – – 50.6 45.8�55.3
– 163 – 37.0 32.4�41.7
– – 140 31.7 27.4�36.3

2nd FET cycle 209 73 – – 34.9 28.5�41.8
– 54 – 25.8 20.0�32.3
– – 43 20.6 15.3�26.7

3rd FET cycle 86 31 – – 36.0 26.0�47.1
– 24 – 27.9 18.8�38.6
– – 20 23.3 14.8�33.6

a hCG: Positive hCG defined as >10 IU/L.
b Heartbeat: Ongoing pregnancy defined as a viable pregnancy at ultrasound at gestational week 7–9.
f all relevant fresh and frozen-thawed cycles with <0.5 % lost to
ollow-up. We considered both initiated and transferred cycles
hen providing estimates of conditional LBR, consecutive CLBR for

resh and frozen-thawed cycles, and CLBR for an entire IVF
rogramme. Many couples who decide whether or not to begin IVF
reatment will consider the costs, complications and emotional
4

CLBR, which may cause unrealistic information when counseling
patients about their IVF success rate [7,23].

Finally, our data did not include information on previous history
of ART. It is possible that a fair proportion of women in our
population received ART before entering this study (e.g. from
public Danish fertility clinics covered by public healthcare).
9
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Consequently, our study population is likely to consist of less fertile
women compared to other IVF studies, which potentially under-
estimates our findings of LBR and CLBR.

Perspectives

To fulfill the patients` wish to reduce the time to pregnancyand to
reduce the miscarriage rate, transfer of blastocysts is becoming
increasingly common in ART. Based on our results, this procedure
seems to be a viable method when using CLBR as the outcome. Until
now the morphological assessment of blastocysts has been used.
Although development appears linked to viability, the assessment of
morphology alone remains subjective and hard to quantify [24].
Implementation of artificial intelligence, genetic analyses and
metabolic functions, will in the near future be important subjects
in the endeavor to select the best blastocyst for transfer. To be able to
culture an embryo to the blastocyst stage is therefore likely to
become mandatory for the upcoming research/treatment.

Conclusion

In summary we evaluated LBRs and CLBRs at a Danish fertility
clinic, where only transfer of blastocysts was used in the IVF
procedure. Of particular interest, we found a CLBR of 64.0 % after
multiple ovarian stimulations. Compared to other studies of CLBR
after multiple ovarian stimulations using cleavage stage transfer,
our study presents a considerable effect on the IVF success rate
when using blastocyst transfer.
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