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Abstract

Purpose To investigate the cumulative live birth (cLB) rate of one complete freeze-all-IVF cycle in a general infertile population
and to investigate patient and treatment variables that predict blastocyst development and live birth (LB).

Method In a retrospective observational study, the data of all IVF cycles performed between 1 February 2015 and 31 January 2016 at
a single IVF centre was investigated. In the study, patient-couples were followed up for 18 months following oocyte retrieval. After
exclusions, the patient and treatment variables of 1582 patient-couples who underwent treatment were included in the analyses.
Results The median time interval between the oocyte retrieval attempt and the frozen embryo transfer (FET) in which LB was
achieved was 38.0 (35.0-67.0) days. The variables of freeze-all-IVF cycles with single blastocyst FET selected by multiple
logistic regression to predict LB significantly were female age, infertility duration, FET number (i.e. 1st, 2nd, or > 3rd FET), and
blastocyst quality. In a regression adjusting for female age, the number of blastocysts transferred, and oocyte number group (1-3,
4-9, 10-15, and > 15), none of the oocyte number groups were selected to predict LB of 1st FET, significantly. While the per
transfer LB rates decreased linearly from the 1st (56.5%) to the 3rd (36.4%) FET, the cLB rate increased from 47.3% after the 1st
FET to 55.0% after a 3rd possible FET.

Conclusion The cLB rate of one complete freeze-all-IVF cycle of a general infertile population, with 18-month follow-up, was
55.0%. In freeze-all-IVF, ovarian reserve variables were not selected by regression models to predict LB, significantly.
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Introduction

In an embryo-uterus model proposed for the prediction of live
birth (LB) in IVF, the product of patient endometrial receptiv-
ity and embryo implantation potential was found to contribute
most significantly, with both variables determined by numer-
ous patient and treatment variables [1]. While patient variables
are mostly unmodifiable, the methodologies and technologies
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used in IVF have the potential to modify treatment variables.
The continuous improvement in the in vitro embryo culture
methodologies and technologies used in IVF has led to im-
proved blastocyst development rates and blastocyst implanta-
tion potential. Moreover, while continuous improvement in
drugs and medications of ovarian stimulation (OS) has im-
proved the effectiveness and safety of OS (i.e. recombinant
gonadotropins, gonadotropin-releasing hormone (GnRH) an-
tagonist co-treatment stimulation, and GnRH agonist final oo-
cyte maturation trigger [2, 3]), the iatrogenic effects of high-
dose gonadotropin administration and multifollicular growth
on the endometrium remain unresolved [4—6]. A high-dose-
multifollicular approach, however, will continue to be used in
IVF because of the strong positive association between oocyte
numbers retrieved and LB [7, 8] and based on the evidence
that LB only reaches maximal rates when 6—10 oocytes are
retrieved [9—-12]. Notwithstanding, the potential for adverse
peri-implantation conditions, fresh embryo transfer (ET) has
also remained the transfer strategy most often used in
standard-IVF practice [4, 13—17].
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In addition to the increased implantation potential of embryos
selected from in vitro embryo cultures, improvements in embryo
cryopreservation methodologies and technologies have seen the
reproductive rates of frozen embryo transfers (FET) also improve
significantly, with rates now equal to or better than those of fresh
ET [4, 18, 19]. The change in how IVF success is increasingly
being viewed (i.e. LB per patient rather than LB per transfer and
single LB rather than positive pregnancy test) has also seen the
adjunct role of FET become increasingly important, because of
its contribution to the cumulative LB (cLB) rates. Freeze-all-IVF
(i.e. IVF with embryo cryopreservation and FET) has also in-
creasingly been used in IVF for logistic and therapeutic reasons,
i.e. to reduce ovarian hyperstimulation syndrome (OHSS), to
avoid progesterone-induced embryo-endometrial asynchrony, to
avoid polycystic ovarian syndrome (PCOS)-associated luteal
phase defect, to enable preimplantation genetic testing (PGT) to
be performed, and to preserve the fertility of patients who were to
undergo cancer therapy. The growing confidence in FET and
evidence suggesting that the physiological intrauterine conditions
of FET may lead to improved implantation, placentation, and
embryo-fetal growth [20-22] have led some to suggest contro-
versially that freeze-all-IVF treatment could replace standard-
IVF treatment. Moreover, there are those who oppose this sug-
gestion of advantage, claiming that there is insufficient evidence
to support such a change in IVF practice, with the evidence of
advantage coming from a small number of studies with signifi-
cant limitations [16, 17]. Those who oppose such a change also
contend that freeze-all-IVF could decrease LB rates as the result
of increased cycle cancellation and through the loss of embryo
viability during the processes of vitrification and warming, and
that the increase in treatment duration would unnecessarily in-
crease the time-to-LB for patient-couples undergoing IVF.

While there is consensus that freeze-all-IVF may be the
appropriate treatment strategy when > 15 oocytes are retrieved
[13, 14, 16, 17], the question of whether freeze-all-IVF treat-
ment may be appropriate for a general infertile population (i.e.
poor, sub-normal, normal, and high responders) has still not
adequately been answered. In a recent study, the intention was
to investigate LB rates in a general infertile population; how-
ever, patient-couples with no oocytes, cycle cancellation, and
no LB but with embryos in cryostorage were excluded [23].
The present study presents evidence to advance the under-
standing and to demonstrate the potential of freeze-all-IVF
in terms of LB rates, by analysing the data of all IVF treatment
cycles performed at an IVF centre during a 1-year period.

Materials and methods
Patients

In this retrospective observational study, the patient and treat-
ment data of all IVF cycles performed at Antalya IVF between
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1 February 2015 and 31 January 2016 were extracted from the
centre’s patient database. The treatment strategy used for all
patient-couples presenting for treatment within the study pe-
riod was freeze-all-IVF, with freeze-all-IVF having been im-
plemented as the standard-IVF treatment in March 2014. At
Antalya IVF, all IVF treatments are performed using autolo-
gous gametes, intracytoplasmic sperm injection (ICSI), ex-
tended in vitro embryo culture, and blastocyst vitrification.
All IVF treatments in which patients did not receive a final
oocyte maturation trigger were removed from the data extract,
with only the first oocyte retrieval attempt performed for each
patient-couple retained. Patient-couples were followed up for
18 months from the date of oocyte retrieval, with all FET
performed within the follow-up period linked to the oocyte
retrieval attempt in which the blastocysts transferred were
cryopreserved. The study was performed in compliance with
the Akdeniz University, Faculty of Medicine, Clinical
Research Ethics Committee’s requirements, with all patients
completing a signed informed IVF consent, which included
the permission to use anonymised data in research.

Procedures

Prior to commencing with IVF treatment, patient-couples
underwent standard infertility work-up assessments that in-
cluded a transvaginal scan (TVS) and if indicated saline-
infused sonography, hysterosalpingography, and/or hysteros-
copy was performed. OS were performed using flexi-start
GnRH (0.25 mg, Cetrotide, Merck Serono, Istanbul, Turkey)
antagonist co-treatment protocols. TVS antral follicle assess-
ments were performed on days 2-3 of ovarian cycles, accord-
ing to which gonadotropin stimulations using recombinant
follicle-stimulating hormone (rFSH, 150-375 IU, Gonal-F,
Merck Serono, Istanbul, Turkey) and or human menopausal
gonadotropin (hMG, 75-150 IU, Menopur, Ferring
Pharmaceuticals, Istanbul, Turkey) were considered and per-
formed. Final oocyte maturation was triggered according to
follicular response, using either GnRH agonist (0.2 mg,
Gonapeptyl®, Ferring Pharmaceuticals, Istanbul, Turkey), hu-
man chorionic gonadotropin (hCG, 2501g/0,05 ml, Ovidrel,
Merck Serono, Istanbul, Turkey), or a combination of GnRH
agonist and hCG when >3 follicles reached > 17 mm in di-
ameter [24]. TVS-guided follicular aspirations were per-
formed 36 h after the administration of triggers. Oocyte-
cumulus complexes were retrieved from follicular needle as-
pirates received, with ICSI performed on all mature oocytes.
In vitro embryo cultures were performed using a single-
step medium protocol, with incubation conditions set at 6%
CO,, 5% O,, and 37.0 °C. Embryos from normally fertilised
zygotes (2-pronuclear) were assessed daily, with blastocysts
scored and selected for cryopreservation on days 4, 5, and 6 of
in vitro embryo culture [25, 26]. All blastocyst vitrification-
warming procedures were performed using ultra-rapid
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cryopreservation technologies (Cryotop, Kitazato BioPharma
Co. Ltd., Fuji City, Japan), according to the specifications of
the manufacturer. PGT was performed, using blastocyst biop-
sies (ZILOS-tk, Hamilton Thorne Inc., Beverly, MA, USA)
and comprehensive chromosome screening (Illumina, San
Diego, CA, USA). All vitrified-warmed blastocyst transfers
were performed in artificial FET cycles using programmed
step-up oral estrogen (2 mg, Estrofem, Novo Nordisk,
Istanbul, Turkey) protocols for endometrial preparation, with
the start day of progesterone (90 mg, twice-a-day, Crinone®
8%, Merck Serono, Turkey) administration used to coordinate
the day of the FET [27]. Blastocysts were warmed on the day
of transfer according to the day of their cryopreservation, with
days 5 and 6 blastocysts transferred on the 6th day and day 4
blastocysts on the 5th day of progesterone administration [25].
All blastocysts were transferred under trans-abdominal ultra-
sound guidance, with a maximum of two blastocysts
transferred.

Outcomes

The primary outcome measure was LB, with LB defined as
the delivery of a live infant at >20 weeks of gestation. The
follow-up of a patient-couple was discontinued at the success-
ful delivery of a live infant. The delivery of multiple live
infants was analysed as a single LB. The cLB rate was calcu-
lated from the ratio, total number of LB from FET performed
within the 18 months follow-up period over the total number
of oocyte retrieval attempts (= total number of patients), with
the per transfer LB rate calculated from the ratio, total number
of LB over the total number of FET. The secondary outcome
measure was freeze-all (i.e. blastocyst development), with a
blastocyst defined as an embryo with a blastocoel that allowed
the morphological assessment of the inner cell mass (ICM)
and trophectoderm (TE) [28]. In the regression analysis that
included blastocyst quality as a variable, the blastocyst mor-
phological score was replaced with a numerical score [1-7]
calculated according to the blastocyst’s expansion and TE
morphology (i.e. AA and BA> AB and BB>CA and CB >
AC, BC, and CC) [29]. Blastocysts with a morphological
score of SAA (i.e. highest quality) were given a numerical
score of 7. The blastocyst rate was calculated from the ratio,
total number of blastocysts cryopreserved over the total num-
ber of 2-pronuclear (2PN) zygotes (fertilised zygotes). An
antral follicle was defined as an ovarian follicle with a diam-
eter of >2 <10 mm visualised on days 2-3 of a patient’s
ovarian cycle, with patients having an antral follicle count
(AFC) of <5 diagnosed with decreased ovarian reserve
(DOR). For the analysis of LB rates according to number of
oocytes retrieved, the FET cycles of patient-couples were di-
vided into four oocyte number groups, 1-3, 4-9, 10-15, and
> 15 oocytes.

Statistics

SPSS 11.5 (Statistical Package for Social Science version
11.5) was used in the statistical analyses of patient and treat-
ment variables and in the prediction of outcomes. The analy-
ses of data were performed to produce medians and their in-
terquartile ranges (25 and 75%) and outcome rates. In univar-
iate analyses, Mann-Whitney Rank Sum tests, chi-square
tests, or Fishers exact tests (low sample numbers) were per-
formed, with statistical significant difference indicated by a
»<0.05. In multiple logistic regression analyses to predict
dependent outcomes, odds ratios (OR) and 95% confidence
intervals (95% CI) were reported for the variables selected in
the model, with statistical significant indicated by a p <0.05.
The patient and treatment variables included in the multiple
logistic regression to predict freeze-all (i.e. blastocyst devel-
opment) are shown in Table 1. In the multiple logistic regres-
sion to predict LB, only the patient and treatment variables of
single blastocyst FET cycles without PGT selection were in-
cluded. In addition to the variables indicated in Table 1, blas-
tocyst number and rate, blastocyst quality (score), FET num-
ber (1st, 2nd, or > 3rd), and endometrial thickness (mm; mea-
sured on day 14 of endometrial development) were also in-
cluded. The effect of oocyte numbers retrieved on the LB of
FET was investigated using one-way ANOVA using Mann-
Whitney Rank Sum test and a multiple logistic regression that
included only the 1st FET cycle variables of female age, num-
ber of blastocysts transferred, and oocyte number group (i.c.
1-3,4-9, 10-15, and > 15 oocytes), with the variables select-
ed based both on published and unpublished LB prediction
analyses performed in the present study.

Results
Patients

The patient-couple population included in the study fully rep-
resents the study centre’s general infertile population, with
female age <42. In Table 2, the numbers and fates of
patient-couple freeze-all-IVF cycles are presented as a flow-
chart. Of the 1758 patient-couples who underwent oocyte re-
trieval attempts, 176 were excluded for reasons shown in
Table 2. The patient and treatment variables of 1582 oocyte
retrieval attempts, therefore, were analysed. None of the fe-
male patients included in the analysis developed OHSS symp-
toms that required hospitalisation to perform paracentesis. Of
the 1582 oocyte retrieval attempts included, 248 (15.7%)
treatments were cancelled because no blastocysts developed.
The reason for no blastocyst development was one of the
following: no oocytes retrieved (n =20), no mature oocytes
retrieved (n=11), no fertilised zygotes (n=33), or embryo
developmental arrest (n=184). In 84.3% of patient-couple
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Table 1 Patient and treatment variable comparisons
Patient cycles Freeze-all cycles
Total group Freeze-all (A) Cancelled (B)  'p value Live birth (A1) No live 'p value
(AvsB) birth (A2) (AlvsA2)
N 1582 1334 248 871 453
x Female age (years) 32.6 (28.2-36.3)  32.0 (27.8-35.7) 35.1 <0.001 31.2(27.4-34.6) 34.2(29.0-384) <0.001
(31.1-38.7)
<25 (%) 11.6 (184) 12.7 (169) 6.0 (15) 0.009 14.1 (123) 9.7 (44)
26-30 (%) 25.7 (407) 27.5 (367) 16.1 (40) 0.004 30.0 (261) 22.7 (103) 0.039
31-35 (%) 32.8(519) 33.5 (447) 29.0 (72) 37.2 (324) 26.9 (122) 0.009
36-40 (%) 23.4 (370) 21.4 (286) 339 (84) 0.002 16.3 (142) 30.9 (140) <0.001
4042 (%) 6.4 (102) 4.9 (65) 14.9 (37) <0.001 2.4(21) 9.7 (44) <0.001

x Infertility 4(2-8) 4 (2-7) 4.8 (2-9) 4 (2-7) 5(3-8) <0.001

duration (years)

x Primary infertility 80.3 (1270) 80.1 (1069) 81.0 (201) 81.2 (707) 77.9 (353)

x Secondary infertility 19.7 (312) 19.9 (265) 19.0 (47) 18.8 (164) 22.1 (100)

x Number previous ET (n) 0 (0-1) 0(0-1) 1(0-2) <0.001 0(0-1) 0(0-1) 0.005

x AFC (n) 13 (7-19) 14 (9-20) 6 (3.8-11.0) <0.001 15(10-23) 11 (7-17) <0.001

x BMI (kg/m?) 25(23-29) 25(23-29) 25(22-29) 25 (22-28) 26 (23-30) 0.026

x Aetiology: male (%) 27.7 (438) 28.1 (375) 25.4 (63) 29.9 (260) 252 (114)

x Actiology: 28.8 (455) 29.3 (391) 25.8 (64) 29.5 (257) 28.5 (129)

unexplained (%)

x Aetiology: DOR (%) 13.9 (220) 9.5 (127) 37.5(93) <0.001 6.4 (56) 15.4 (70) <0.001

x  OS duration (days) 9 (8-10) 9 (8-10) 8 (7-10) <0.001 9 (8-10) 9 (8-10) 0.016

x Total FSH dose (IU) 3300 3375 2862 <0.001 3375 3325

(2400-4050) (2400-4050) (2100-3713) (2400-4050) (2400-4050)

x Trigger: GnRH 43.2 (684) 47.6 (635) 19.8 (49) <0.001 48.7 (424) 46.1 (209)

agonist (%)

x Trigger: hCG (%) 17.8 (281) 16.1 (215) 26.6 (66) 0.002 34.9 (304) 38.6 (1759)

x Trigger: dual (%) 39.0 (617) 36.3 (484) 53.6 (133) 0.001 16.4 (143) 15.2 (69)

x Oocyte number (7) 12 (7-21) 14 (8-22) 4(2-9.8) <0.001 16 (10-23) 11 (6-18) <0.001
Oocyte number: 0 1.3 (20) 0(0) 8.1 (20) <0.001 0(0) 0(0)

Oocyte number: 1-3 11.2 (177) 6.1 (81) 38.7 (96) <0.001 3.9 34) 10.2 (46) <0.001
Oocyte number: 4-9 25.5 (404) 25.0 (334) 28.2 (70) 20.6 (179) 33.6 (152) <0.001
Oocyte number: 10-15 22.8 (360) 24.4 (326) 13.7 (34) 0.003 23.8 (207) 252 (114)

Oocyte number: > 15 39.3 (621) 44.5 (593) 11.3 (28) <0.001 51.8 (451) 31.1 (141) <0.001

x Mature oocyte number (1) 9 (5-16) 11 (6-17) 3 (1-6) <0.001 12(7-8) 8 (5-13) <0.001

x Mature oocyte rate (%) 80.0 (66.7-91.4)  80.0 (66.7-90.9) 70.7 <0.001 80.0 (68.0-90.0) 80.0 (66.7-93.0)

(50.0-100.0)
x Fertilised zygote 7 (3-12) 8 (5-13) 2 (0-3) <0.001 9 (6-15) 6 (4-10) <0.001
number (7)

x Fertilisation rate (%) 81.8 (66.7-93.3)  82.4 (70.0-92.3) 70.0(40.0-100) <0.001 82.4(70.8-90.9) 83.3 (70.0-100.0)
Blastocyst number (1) 3(2-6) 4 (2-6) 2 (1-4) <0.001
Blastocyst rate (%) 46.2 (33.3-63.6) 50.0 (33.3-63.6) 41.7 (28.6-65.2) 0.008
Endometrial 9.5 (8.3-11.0) 9.5 (8.0-11.0)

thickness (mm)

Items with “x” indicate patient and treatment variables included in the multiple logistic regression to predict freeze-all (i.e. blastocyst development).
Statistical analysis: all data presented and analysed as medians and interquartile ranges (25 and 75%) or as rates, with statistical analysis generating a
! p <0.05 indicating significance

ETembryo transfer, AFC antral follicle count, BMIbody mass index, DOR decreased ovarian reserve (AFC of <5), OS ovarian stimulation, FSH follicle-
stimulating hormone, GnRH agonist gonadotropin-releasing hormone agonist, #CG human chorionic gonadotropin, dua/ GnRH-a plus hCG
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Table 2  Flowchart of patient-couple cycles
Oocyte retrievals 1758
Excluded cycles 176 (10.0%)
Natural cycle IVF 3
Fresh blastocyst transfers 67
Maternal age >42 years 99
No sperm 7
Patient-couple cycles 1582
Cancelled cycles' 248 (15.7%)
Freeze-all cycles 1334
Discontinued cycles2 10 (0.75%)
1st FETcycles® 1324
2nd FET cycles 231
3rd FET cycles 22
4th FET cycles 1
Cumulative FET cycles® 1578
Incomplete cycles 156

!'Cancelled cycles—oocyte retrieval cycles that failed to produce
blastocysts

2 Discontinued cycles—in the 18-month follow-up, 8 patients never
returned for FET, and for two FET cycles, the live birth outcomes were
unknown

3 FET cycles—patients who underwent FET following freeze-all, with
known final outcomes

4 Cummulative FET cycles—the total number of FET performed in the
18-month follow-up from the freeze-all cycles

3 Incomplete cycles—the number of patients with no live birth, but still
with blastocysts in storage at the end of the 18-month follow-up period
(includes discontinued cycles)

cycles (n=1334), the in vitro culture of 2PN zygotes pro-
duced blastocysts suitable for cryopreservation (i.e. freeze-
all). Of the 1334 freeze-all-IVF cycles included, 261 patient-
couples underwent PGT. Patient-couples predicted to have no
euploid (i.e. normal) blastocysts for transfer were recorded to
have had one failed FET cycle. The freeze-all-IVF cycles of
10 (0.75%) patient-couples were recorded as discontinued;
eight patient-couples did not return for FET within the 18-
month follow-up period and the final treatment outcomes of
two patient-couples were not available at the end of the 18-
month follow-up period. The FET cycles of three (3/1578,
0.19%) patient-couples were cancelled because all vitrified-
warmed blastocysts degenerated, with no blastocysts available
for transfer (two Ist FET cycles and one 2nd FET cycle).
These patient-couples were also recorded to have had one
failed FET cycle.

Blastocyst development prediction

The patient and treatment variable outcomes of the 1582
patient-couples included in the analysis are presented in
Table 1. In the total group, the median female age was
32.6 years, with 70.2% of female partners <35 years old.

The majority (80.3%) of patient-couples had primary infertil-
ity, with 27.7% diagnosed with male factor and 13.9% with as
DOR. The median number of oocytes retrieved was 12, with
no oocytes retrieved in 1.3% and <3 oocytes in 11.2% of
oocyte retrievals. In comparison to the freeze-all group (A),
the median female age was significantly higher (» <0.001),
the median AFC was significantly lower (p < 0.001), the DOR
rate was significantly increased (p <0.001), the median num-
ber of oocytes retrieved was significantly lower (p <0.001),
the median number of mature oocytes was significantly lower
(p<0.001), and the fertilisation rate was significantly lower
(»<0.001) in the cancelled group (B). In the cancelled
group’s OS, the duration was significantly shorter
(»<0.001) and the total FSH dose significantly lower
(p<0.001). The main reason for cycle cancellation (80.7%;
184/228) in cycles with oocytes retrieved was embryo devel-
opment arrest. The patient and treatment variables marked in
Table 1 were included in a multiple logistic regression to pre-
dict freeze-all. The variables selected to predict freeze-all in
the final model are presented in Table 3, with the prediction of
the following variables reaching a p <0.001 significance:
DOR, oocyte fertilisation rate, and oocyte maturation rate.
Although total FSH dose was selected in the model, the OR
of 1.0 may suggest limited clinical signficance.

Live birth prediction

In Table 1, the freeze-all group was divided into two groups:
(A1) patient-couples with an LB and (A2) patient-couples
with no LB. In the no LB group (A2) as compared to the LB
group (Al), the median female age was significantly higher
(p<0.001), infertility duration significantly longer
(p <0.001), number of previous ET significantly higher (p =
0.005), AFC significantly lower (p <0.001), BMI

Table 3  Multiple logistic regression analysis for the prediction of
freeze-all in all cycles (n = 1582)

Independent variables ~ OR (95% CI) (rCoef + se) p value

Number of previous ET 0.88 (0.782-0.999) (—0.124+0.063)  0.049

DOR (aetiology) 0.27 (0.152-0.464) (— 1.325+0.285) <0.001
OS duration (days) 0.87 (0.760-0.984) (—0.145+0.066)  0.028
Total FSH dose (IU) 1.00 (1.000-1.001) (0.000 = 0.000) 0.019

Mature oocyte rate 5.88 (2.595-13.317) (1.771£0.417) <0.001
9.40 (3.116-28.325) (2.240 £0.563) <0.001

0.11 (—2.224+0.655) 0.001

Fertilisation rate

Constant

The variables selected in the final model for the prediction of freeze-all
(i.e. blastocyst development), reported as adjusted Odds Ratios (OR) and
95% confidence intervals (95% CI), with a p <0.05 indicating
significance

rCoef regression coefficient, se standard error, £7 embryo transfer, DOR
decreased ovarian reserve, OS ovarian stimulation, FSH follicle-
stimulating hormone
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significantly higher (»p =0.026), and chance of DOR signifi-
cantly higher (p <0.001). In addition, the no LB group had
significantly fewer oocytes retrieved (p <0.001), fewer ma-
ture oocytes (p <0.001), fewer blastocysts (p <0.001), and a
lower blastocyst rate (p =0.008). The patient and treatment
variables of only single blastocyst FET cycles without PGT
were included in a multiple logistic regression to predict LB.
The variables selected in the final model to predict LB are
presented in Table 4, with female age, infertility duration,
and blastocyst quality (i.e. score 1-7) predicting LB with a
significance of p <0.001 and performing a 2nd FET
predicting LB with a significance of p =0.029. The odds of
a patient-couple having an LB increased with the transfer of a
blastocyst with an increasing blastocyst score.

Live birth according to oocyte numbers retrieved

In Table 5, the 1st FET cycles of patient-couples were grouped
according to the number of oocytes retrieved (1-3, 4-9, 10—
15, and > 15 oocytes). The 20 cycles with no oocytes retrieved
and 10 discontinued cycles were excluded from this analysis.
The > 15 oocyte number group was not sub-divided further for
analysis, as the LB rates showed no tendency of either increas-
ing or decreasing in subsequent subgroups. In the trend anal-
ysis, the per transfer LB rates increased linearly and signifi-
cantly (» <0.001) from 42.5% in the 1-3 oocyte number
group to 62.3% in the > 15 oocyte number group. The linear-
ity of LB rates was lost in the analysis of per patient LB rates,
because of the high cycle cancellation rate (54.5%) in the 1-3
oocyte number group. In the 1-3 oocyte number group, the

cycle cancellation rate declined according to the number of
oocytes retrieved: 65.4% for one (34/52), 58.2% for two (32/
55), and 43.4% for three oocytes (30/69) retrieved, and the per
transfer LB rate increased from 33.3, 43.5, to 46.1%, respec-
tively. In the analysis of female age, female age was found to
decrease with increasing oocyte numbers retrieved. A multiple
logistic regression analysis for the prediction of LB, therefore,
was performed, adjusting for the variables of female age, blas-
tocyst number transferred, and oocyte number group. In this
regression, female age (OR =0.93, 95% CI (0.912-0.954),
p<0.001) and the transfer of two blastocysts (OR=1.67,
95% CI (1.312-2.127), p < 0.001) were selected as significant
predictors of LB. The retrieval of > 15 oocytes retrieved pre-
dicted LB with a significance of p = 0.056. In the > 15 oocyte
number group, 75.5% of patient-couples still had blastocysts
remaining in cryostorage as compared to the only 5.1% in the
1-3 oocyte number group.

Cumulative live birth

The cLB analysis of consecutively performed FET (1st, 2nd,
3rd, 4th), within the 18-month follow-up period of the study,
is presented in Table 6. The median time interval between
oocyte retrieval and the 1st FET was 37.0 (34.0-54.0) days,
between the Ist and the 2nd FET 188.0 (117.0-290.0), and
between the 2nd and 3rd FET 198.0 (126.8-280.0). The me-
dian time interval between the oocyte retrieval attempt and the
FET in which LB was achieved was 38.0 (35.0-67.0) days.
The per transfer LB rates decreased linearly from the 1st
(56.5%) to the 3rd (36.4%) FET, despite an increase in the

Table 4 Multiple logistic

regression analysis for the Independent variables OR (95% CI) (rCoef =+ se) p value
prediction of live birth in single

blastocyst FET cycles (n=843) Female age (years) 0.94 (0.913-0.973) (= 0.059 £0.016) <0.001

Infertility duration (years) 0.91 (0.872-0.951) (- 0.094 £0.022) <0.001

Ist FET 0.093

2nd FET 0.54 (0.305-0.939) (- 0.625 +0.287) 0.029

3rd FET 0.0 (0.0) (—20.823 +16,866.33) 0.999

Blastocyst quality <0.001

Blastocyst quality (1) 0.22 (0.061-0.787) (— 1.521 £ 0.654) 0.020

Blastocyst quality (2) 0.13 (0.033-0.539) (—2.019+0.714) 0.005

Blastocyst quality (3) 0.10 (0.040-0.257) (—2.288 £ 0.475) <0.001

Blastocyst quality (4) 0.39 (0.165-0.942) (—0.931 £0.445) 0.036

Blastocyst quality (5) 0.66 (0.361-1.205) (—0.415+0.307) 0.176

Blastocyst quality (6) 0.81 (0.455-1.431) (—0.214£0.292) 0.463

Constant 17.51 () (2.863 £0.552) <0.001

The variables selected in the final model for the prediction of live birth, reported as adjusted odds ratios (OR) and
95% confidence intervals (95% CI), with a p < 0.05 indicating significance. Cycles excluded: 81 SET cycles in
which PGT-A was used to select blastocysts

rCoef regression coefficient, se standard error, FET frozen embryo transfer, Blastocysts quality a numerical score
(i.e. 1-7), based on blastocyst expansion grade (i.e. 1-5) and TE morphology (A, B, or C)
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Table 5 Live birth outcomes of the 1st FET according to the number of oocytes retrieved

Oocyte Patients (V)  Cycle Embryo development ~ Female age (years) LB/FET (%) LB/patient (%) Blastocysts in
number group cancellation rate  arrest rate cryostorage
1-3 176 54.5 (96) 36.9 (65) 37.0 (33.9-39.5) 42,5 (34) 19.3 (34) 5109

4-9 401 17.5 (70) 16.0 (64) 35.1 (31.5-38.6) 50.8 (168) 41.9 (168) 31.4 (126)
10-15 355 9.6 (34) 8.5 (30) 32.1 (28.2-35.1) 55.1 (177) 49.9 (177) 54.9 (195)
>15 620 4.5(28) 4.0 (25) 29.7 (26.4-33.6) 62.3 (369) 59.5 (369) 75.5 (468)

Cycles excluded: the 20 cycles in which no oocytes retrieved and 10 cycles of patients who had discontinued cycles

Cycle cancellation, as described in Table 2; embryo development arrest, cancelled cycles with greater than or equal to one 2PN zygote that produced no
blastocysts; blastocysts in cryostorage, patients with blastocysts still remaining in cryostorage at the end of the 18-momth follow-up period

number of blastocysts transferred. The cLB rate of patient-
couples within the 18-month follow-up duration which
allowed for a possible 3rd FET to be performed was 55.0%,
increasing from 47.3% after the 1st FET.

Discussion

In the present study, the patient and treatment variables of a
general infertile population (with female age <42) who
underwent freeze-all-IVF treatments during a 1-year period
were investigated to identify which variables predicted in
freeze-all and which predicted LB. In addition, the association
between oocyte numbers retrieved and LB and the cLB rate of
freeze-all-IVF were investigated. Analysing the variables and
outcomes of the 1582 patient-couples included in the present
study revealed that female age, infertility duration, FET num-
ber (Ist, 2nd, or 3rd), and blastocyst quality were variables
that predict LB significantly, with oocyte number either as a
continuous or categorical variable not included in the multiple
logistic regression models to predict LB. The cLB rate after
patient-couples having a possible 3rd FET within the 18-
month follow-up period of the study was 55.0%, with an LB
rate of 47.3% after the 1st FET and a median time interval of
38.0 (35.0-67.0) days between the oocyte retrieval attempt
and the FET of LB. The suggested implementation of freeze-
all-IVF as standard-IVF practice has long been a subject of
controversy, mostly because of the lack of quality and bal-
anced evidence, with scientific studies investigating select pa-
tient populations (i.e. normal and high ovarian responders)
and epidemiology (i.e. registry) studies analysing data from
the use of out-dated methodologies, technologies, and treat-
ment strategies (https://www.hfea.gov.uk/media/2563/hfea-
fertility-trends-and-figures-2017-v2.pdf) [30]. While a
substantial amount of evidence has been accumulated over
the past 40 years of IVF on which variables predict LB in
standard-IVF, the evidence in freeze-all-IVF treatment is lim-
ited. In a recent study, specifically designed to investigate the
treatment of a general infertile population using freeze-all-IVF
[23], shortcomings in methodology, unfortunately, may also

have limited its quality of evidence. Many of the questions
salient to freeze-all-IVF, therefore, remain inadequately an-
swered, i.e. do the same patient and treatment variables predict
LB, do oocyte numbers retrieved predict the LB rates of FET,
will poor ovarian reserve patients have reduced LB rates, and
will performing the 1st embryo transfer of standard-IVF in a
FET cycle affect cLB rates.

The rationale for performing extended in vitro embryo cul-
ture for blastocyst development is based on the understanding
that the intrauterine transfer of a blastocyst is analogous to that
occurring in a spontaneous cycle, and on the experience that
blastocyst development is a method of embryo self-selection.
An embryo that has developed into a blastocyst is believed to
have an increased chance of being developmentally compe-
tent and of implanting [7, 31, 32]. The mean or median blas-
tocyst development rate is a Key Performance Indicator (KPI)
incorporated into the quality assurance schemes of many IVF
centres, because it is also believed to reflect the quality of an
in vitro embryo culture system. The “desirable range” for a
day 5 blastocyst development rate has been reported to be 40—
60% [33]; however, blastocyst rates may vary (0—-100%) sig-
nificantly according to patient and treatment variables [34]. In
the present study, the median blastocyst rate in the freeze-all
group was 46.2 (33.3-63.6), with 24.0% (5527 blastocysts/
23014 oocytes) of oocytes developing into viable blastocysts
suitable for cryopreservation. In two previous studies, inves-
tigating the prediction of blastocyst development and or cycle
cancellation in select patient-couples (i.e. specific numbers of
2PN zygotes), regressions selected female age, AFC,
fertilisation rate, and tubal factor infertility [35], and female
age, fertilisation method, number of day 3 embryos, and qual-
ity ratio of day 3 embryos [36] as significant predictors. In a
study in which all 2PN zygotes were cultured for a minimum
of 4 days, regression selected oocyte number retrieved and
grade of day 3 cleavage-stage embryos as significant predic-
tors, with increasing oocyte numbers positively associated
with increasing numbers and quality of blastocysts [7]. In
the present study, multiple logistic regression to predict blas-
tocyst development (i.e. freeze-all) selected three variables
with a significance of p <0.001: DOR (i.e. poor ovarian
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Table 6 Cumulative live birth rate from consecutive FET

4th FET

ET number

3rd FET

ET number

2nd FET

ET number

Ist FET

Discontinuedcycles

Cancelled cycles

Patient cycles

100.0 (1/1)

1.64 £ 0.569

56.5(748/1324) 137 £0.493  49.4 (114/231) 1.66 £0.489  36.4 (8/22)

47.3 (748/1582)

LB/FET

10

248

1582

55.0 (870/1582)

54.5 (862/1582)

cLB/patient

Cancelled and discontinued cycles, as described in Table 2

FET frozen embryo transfer, ET number number of blastocysts transferred, LB live birth, cLB cumulative live birth

reserve), mature oocyte rate, and fertilisation rate. Overall, the
variables selected were associated with ovarian function, and
with variables determining the number of 2PN zygotes.

The rationale for performing freeze-all-IVF rather than
standard-IVF is based on the assumptions that the physiolog-
ical and predictable intrauterine conditions of FET in freeze-
all-IVF potentiates optimal endometrial receptivity and
embryo-endometrial synchrony [21] and, therefore, embryo
implantation, embryo placentation, and fetal development. In
standard-IVF, the intrauterine conditions at transfer are often
unpredictable and considered unphysiological, with the vari-
ables determining ovarian response (i.e. gonadotropin dos-
ages) and the outcomes of ovarian response (i.e. estrogen
and progesterone levels and multifollicular growth) contribut-
ing to adverse risks (i.e. OHSS, ovarian torsion, and bleeding)
and outcomes (i.e. reduced embryo implantation, [15]). LB is
generally considered to be the primary KPI of IVF and, there-
fore, an appropriate outcome measure to investigate the effec-
tiveness of alternate treatment strategies, such as freeze-all-
IVE. Of the variables selected to be predictive of LB, female
age has often been selected as the most significant, with the
physiological dynamics of female ageing known to affect both
the endometrial and embryonic components of reproduction
[7, 30, 37, 38]. In a study analysing LB according to the
embryo-uterus model, regression selected female age, infertil-
ity diagnosis, previous IVF treatment, infertility duration, em-
bryo quality, and controversially cryopreservation as signifi-
cant predictors [38]. Investigating the prediction of LB in SET
(using day 2 embryos), regression selected seven significant
variables, i.e. embryo score, treatment history, ovarian sensi-
tivity index (OSI; number of oocytes/total dose of FSH), fe-
male age, infertility cause, endometrial thickness, and female
height [39]. In the present study, multiple logistic regression to
predict LB from single blastocyst FET selected variables that
were very similar to those selected for standard-IVF with fresh
ET, with variables associated with embryo quality and endo-
metrial receptivity represented. The variables selected to pre-
dict LB significantly were female age, infertility duration,
FET number (1st, 2nd, or 3rd), and blastocyst quality (score
of 1-7). Interestingly, none of the variables directly associated
with ovarian function (i.e. ovarian reserve and ovarian re-
sponse) were selected, including that of oocyte numbers
retrieved.

LB rates are generally believed to increase with increasing
oocyte numbers retrieved, with studies reporting that LB rates
were optimal when 6-10 oocytes were retrieved, plateaued
when 10-15 oocytes were retrieved [8—12], and declined
when > 15 oocytes were retrieved [9, 11]. Similarly, cLB rates
were also found to be positively associated with increasing
numbers of oocytes retrieved [11, 12]. In the present study,
the importance of oocyte numbers retrieved to IVF success
was evident from the univariate analyses, with significantly
more oocytes retrieved in the freeze-all than in the cancelled
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group (14 vs 4) and in the LB than in the no LB group (16 vs
11). In the trend analysis, per transfer LB rates increased sig-
nificantly from 42.5% in the 1-3 oocyte number group to
62.3% in the > 15 oocyte number group, with no apparent
decline when > 15 oocytes were retrieved (1625 oocytes;
61.7% (235/381) and > 26 oocytes; 63.5% (134/211)). In the
study of Zhu et al. [23], the cLB rate increased from 20.60% in
the 1-5 oocyte number group to 90.09% in the >25 oocyte
number group, with also no apparent decline in LB rates when
> 15 oocytes were retrieved. The increasing LB rates associ-
ated with increasing oocyte numbers retrieved have been sug-
gested to be the result of increasing oocyte euploidy, embryo
implantation potential, and increasing endometrial receptivity
[7, 38, 40—42]. Moreover, in the present study, it was observed
that female age, which contributes to endometrial receptivity
and embryo competence significantly, decreased with increas-
ing oocyte numbers retrieved. In a multiple logistic regression
adjusting for female age and number of blastocysts transferred
in 1st FET, none of the oocyte number groups were selected as
predictors of LB. This limited variable regression confirming
the hierarchical importance of ovarian response variables that
was observed in the multiple regression performed to predict
LB of SET. In standard-IVF, high numbers of oocytes (> 15 or
>16) have also been found to be associated with increases in
adverse treatment complications, such as OHSS [9-12].
OHSS is a serious and potentially life-threatening complica-
tion of OS, with the pathogenesis of this iatrogenic complica-
tion often observed to be unpredictable. In the present study,
no patients developed moderate to severe OHSS, including
the 620 patients from whom > 15 oocytes were retrieved. In
the Cochrane review by Wong et al., freeze-all-IVF was also
found to be associated with lower prevalence of OHSS and,
therefore, suggested to be an appropriate treatment strategy for
patient-couples with > 15 oocytes retrieved [43].

While freeze-all-IVF has been investigated in normal and
high ovarian response patients, the present study is the first to
investigate this treatment strategy in poor ovarian reserve (i.e.
1-3 oocyte number group) patient-couples of a general infer-
tile population. The lowest oocyte number group in the recent-
ly published study of Zhu et al. [23] was 1-5 oocytes. In
standard-IVF treatments, poor ovarian response patients gen-
erally have lower LB rates than normal ovarian response pa-
tients. This lower reproductive potential was confirmed in
studies showing that selected DOR patients had higher em-
bryo aneuploidy rates and an increased chance of having no
euploid embryos for transfer [44, 45]. In the present study, the
per transfer LB rate in the 1-3 oocyte number group was
42.5%, with a multiple logistic regression suggesting that em-
bryo implantation potential and or endometrial receptivity was
not adversely affected in this group, at least in 1st FET fol-
lowing oocyte retrieval. These assumptions are supported by
studies showing that implantation rates were similar for de-
creased and normal ovarian reserve patients (61.0 vs 59.0%)

when euploid blastocysts were transferred [45], and that ovar-
ian stimulation and response were not associated with adverse
oocyte and embryo aneuploidy outcomes [42, 46]. In the pres-
ent study, the per transfer LB rate in the 1-3 oocyte number
subgroup with female age <35 years was 64.3%, which was
similar to that of the > 15 oocyte number group (62.3%). In the
> 15 oocyte number group, the median female age was 29.7
(26.4-33.6) years. This evidence serves to highlight the clin-
ical importance of female age in reproduction and, therefore,
the reason for including it in IVF treatment planning and pa-
tient counselling. Female age may be especially important in
patients who may potentially have a poor ovarian response,
according to the present study. Moreover, the per patient LB
rate of the 1-3 oocyte number group was significantly reduced
(19.3 vs >41.9%), because of the high cancellation rate
(54.5%) in this group. The reasons for cycle cancellation sug-
gests that further research is required in the development of
patient-specific OS (i.e. dose-correct and drug-correct) proto-
cols that ensure the developmentally competent oocytes [5,
40, 42, 47, 48], and in the development of tests that identify
patient ovarian cycles with optimal or suboptimal ovarian re-
sponse potential [49, 50]. In addition, multiple inter- or intra-
cycle OS in conjunction with blastocyst freeze-all has also
been suggested to be feasible treatment strategy to increase
the number of viable blastocysts for poor ovarian response
patient-couples [48, 50, 51].

Now that FET results in LB rates that are at least statisti-
cally equal to those of fresh ET [18], the potential of complete
IVF cycles is changing the way IVF treatment is being per-
ceived by both clinicians and patient-couples (i.e. in regard to
cost and effort). In a single-centre study, in which both single
cleavage and blastocysts stage embryos were transferred to
patient-couples undergoing their first standard-IVF cycles,
the LB rate after fresh ET was 30.5% (335/1099) and the
cLB rate was of 45.9% (504/1099) [12]. In another study in
which a blastocyst transfer strategy was used to investigate
cLB in a select patient population (i.e. female age < 36 years),
the LB rate after fresh ET was 36.8% (229/623) and the cLLB
rate was of 48.0% (299/623) [31]. In a study investigating the
cLB rate of a general infertile population in freeze-all-IVF, a
cLB rate of 50.74% was reported for first complete cycles
[23]. In the present study, the per transfer LB rates were found
to decrease in consecutively performed FET cycles: 56.5% in
Ist, 49.4% in 2nd, and 36.4% in 3rd FET cycles. Moreover,
the cLB rate increased from 47.3% after the 1st FET to 55.0%
after the 3rd FET. This decrease in LB rate was also observed
in the consecutive transfers of standard-IVF [52]. The lower
LB rates reported for the fresh ET of standard-IVF than for the
Ist FET of freeze-all-IVF observed in the present study might
be clinically revealing, especially as a general infertile popu-
lation was investigated. In the Cochrane review of Wong et al.
[43], the cLB rates of freeze-all-IVF and standard-IVF were
found not to be significantly different; however, the quality of
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evidence included in the review was low. In multiple logistic
regressions to select variables that predict cLB significantly,
oocyte number or oocyte response category (and BMI [11];
and fertilisation [12]; and female age, secondary infertility,
and ICSI [23]; and female age, embryo cryopreservation,
and stage of embryos transferred [53]) and embryo quality
(two or >3 top embryos [54]) were selected. While a multiple
logistic regression with cLB as dependent outcome was not
performed in the present study, the evidence certainly suggests
that oocyte number retrieved may affect cLB rates, as the
percentage of patient-couples with blastocysts still in
cryostorage at the end of the present study increased with
increasing number of oocytes retrieved.

It is important to remember what the ultimate goal of IVF is
when choosing between using standard-IVF or freeze-all-IVF,
i.e. IVF needs to lead to the safe and term delivery of a healthy
infant. While many patient-couples have achieved an LB after
standard-IVF with fresh ET, there have been concerns on the
long-term health of infants and on the lost-opportunity costs of
patient-couples who fail to achieve an LB as result of com-
promised peri-implantation conditions. It has been suggested
that having a clinical tool able to predict endometrial recep-
tivity in the fresh cycle may help to identify patients that
would be negatively affected by fresh ET; however, biological
and technical limitations may significantly hamper the accu-
racy of such predictions and the cost of such a tool at present
may preclude its general use. Whether FET replaces fresh ET
as the embryo transfer strategy of standard-IVF will depend
on whether the benefits of having physiological and predict-
able intrauterine conditions outweigh the burden of increased
treatment costs and duration. Moreover, the implications of
failing to achieve a LB from the 1st embryo transfer of a
IVF treatment are significant, as LB rates decline in consecu-
tive transfers, time increases between a failed transfer and the
next transfer with every failure, and approximately 20% of
patient-couples drop-out of treatment following a failed trans-
fer. Notwithstanding, the patient-couple inclusivity of the
present study, its retrospective design and having no control
group may also limit the quality of evidence reported. In ad-
dition, the list of patient and treatment variables included in
the analyses was not exhaustive, with variables of ethnicity,
smoking, alcohol consumption, and male-partner not investi-
gated. Also, while the patient-couples included in the study
fully represent the general infertile patient population of the
study centre, the patient and treatment variables may be spe-
cific to the ethnic and socio-cultural demographics of the na-
tional population, which may limit the generalizability of ev-
idence. In conclusion, the present study shows that cLB rates
of >55.0% can be achieved in the treatment of a general
infertile population with freeze-all-IVF. Moreover, whether
performing the 1st embryo transfer of IVF treatment in the
uncompromised peri-implantation conditions of FET im-
proves the LB rates per transfer and consequently, the per

@ Springer

patient LB rates of a general infertile population require fur-
ther direct-comparison studies. The evidence that ovarian re-
serve associated variables were not overtly predictive of LB in
the present study shows the importance of knowing which and
understanding how patient and treatment variables affect the
reproductive outcomes of [VF.
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