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Abstract: Introduction: The freeze-all strategy was inferior to the conventional 

strategy in terms of cumulative ongoing pregnancy rate per woman. IVF without 

transfer of fresh embryos, thus with frozen-thawed embryo transfer only (freeze-all 

strategy), is increasingly being used in clinical practice because of a presumed benefit. 

It is still unknown whether this new IVF strategy increases IVF efficacy. Materials and 

Methods: A single-centre, open label, two arm, parallel group, randomised controlled 

superiority trial was conducted. The trial was conducted between January 2019 and 

March 20021 in the India. The intervention was one IVF cycle with frozen-thawed 

blastocyst transfer(s) versus one IVF cycle with fresh and frozen-thawed blastocyst 

transfer(s). The primary outcome was cumulative ongoing pregnancy resulting from 

one IVF cycle within 12 months after randomisation. Couples were allocated in a 1:1 

ratio to the freeze-all strategy or the conventional strategy with an online randomisation 

programme just before the start of down-regulation. Participants were subfertile 

couples with any indication for IVF undergoing their first IVF cycle, with a female age 

between 18 and 43 years. Differences in cumulative ongoing pregnancy rates were 

expressed as relative risks (RR) with 95% CI. All outcomes were analysed following 

the intention-to-treat principle. Results: Two-hundred-and-five couples were randomly 

assigned to the freeze-all strategy (n ¼ 102) or to the conventional strategy (n ¼ 102). 

The cumulative ongoing pregnancy rate per woman was significantly lower in women 

allocated to the freeze-all strategy (19/102 (19%)) compared to women allocated to the 

conventional strategy (32/102 (31%); RR 0.59; 95% CI 0.36–0.98). Conclusion: Our 

results indicate that there might be no benefit of a freeze-all strategy in terms of 

cumulative ongoing pregnancy rates. The efficacy of the freeze-all strategy in 

subgroups of patients, different stages of embryo development, and different freezing 

protocols needs to be further established and balanced against potential benefits and 

harms for mothers and children. 

Keywords: Endometrial receptivity, Endometrial receptivity analysis (ERA), Fresh 

embryo transfer (ET), Frozen embryo transfer (FET). 
Copyright © 2021 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 

author and source are credited. 

 

I. INTRODUCTION 
IVF without fresh embryo transfer, thus with 

frozen-thawed embryo transfer only (freeze-all 

strategy), is increasingly being used in clinic practice in 

women undergoing IVF in an attempt to increase their 

hances of a pregnancy [1]. The underlying rationale is 

to avoid possible side effects of ovarian stimulation on 

endometrial receptivity during the initial treatment 

cycle by postponing embryo transfer to a subsequent 

cycle without ovarian stimulation [2-5]. In women at 

risk for ovarian hyperstimulation syndrome (OHSS), 

the freeze-all strategy has been applied for years, but 

with the aim to pre- vent OHSS [6-8].Thus far, six 

randomised controlled trials (RCTs) have compared  

cumulative live birth rates between a freeze-all strategy 

and a conventional strategy in women with a high risk 

of OHSS [9], in good prognosis women based on the 

number of follicles[10,11], in women with polycystic 

ovary syndrome (PCOS) [12], and in young women 

without  PCOS [13,14]. A recent systematic re- view 

and meta-analysis of these studies showed that there 

was no difference between the strategies in cumulative 

live birth rate, i.e. the proportion of women achieving a 

live birth following the transfer of fresh or frozen 

embryos from one single cycle with ovarian stimulation 

[15]. The risk of OHSS for these groups of women was 

significantly lower in the freeze-all strategy [15]. 

Before the [15], systematic review and the largest study 
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included in this review [12], were available, we initiated 

a single-centre RCT comparing cumulative ongoing 

pregnancy  rates per woman in a freeze-all strategy with 

frozen-thawed blastocyst  transfer to a conventional 

strategy with fresh and frozen-thawed blastocyst 

transfer, as evidence of a benefit was lacking. In 

contrast to the other RCTs conducted thus far, we 

included sub fertile couples with. Any IVF indication, 

independent of the number of follicles or available 

embryos. 

 

II. MATERIALS AND METHODS 
We conducted a single-centre, open label, two 

arm, parallel group, randomised controlled superiority 

trial between January 2019 and March 2021. Women 

between 18 and 43 years of age who were scheduled for 

their first IVF cycle and who had no previous failed 

IVF cycles, in either International Fertility Center, 

Delhi, India were eligible for inclusion. All laboratory 

procedures were carried out in the couples treated in 

received ovarian stimulation and oocyte retrieval in 

embryo transfer International Fertility Center, Delhi, 

India. The use of this so-called transport-IVF is routine 

practice in the India. The protocol involves shipment of 

the follicular fluids immediately after oocyte retrieval in 

a controlled environment at 37
○
C to the IVF laboratory 

in the collaborating hospital. Data over the years show 

no difference in terms of pregnancy rates between 

transport-IVF centres and centres in which oocytes are 

not transported. Couples undergoing a preim- plantation 

genetic diagnosis cycle or undergoing a modified 

natural cycle were not included, as were couples with 

an HIV, hepatitis B virus or hepatitis C virus infection 

since all these cycles’ required modified IVF protocols. 

The study protocol was approved by the Central 

Committee on Research Involving Human Subjects in 

the India. The institutional review boards of 

International Fertility Center, Delhi, India provided 

local approval. All couples in this trial provided written 

informed consent. 

 

Randomisation and Masking  

We randomised women with an online 

randomisation programme during their visit to plan the 

first IVF cycle, just before the start of down-regulation, 

using block randomisation with a maximum block size 

of six, stratified for age (18 years through 35 and 35 

through 43 years), and study centre ( International 

Fertility Center, Delhi, India). Couples were allocated 

in a 1:1 ratio to the freeze-all strategy or the 

conventional strategy. The randomisation programme 

generated a unique study number with allocation code 

after entry of the patient’s date of birth and random- 

isation date. The gynaecologists, embryologists and the 

researchers who analysed the data could not access the 

randomisation sequence. Blinding of couples, clinicians 

and embryologists was not possible due to the nature of 

the comparison under study. 

 

 

IVF protocol 
Pituitary down-regulation was achieved with a 

long GnRH agonist protocol with or without oral 

contraceptive pill (OCP) pre-treatment. Ovarian 

stimulation was conducted with hMG india or 

recombinant FSH in women with PCOS starting from 

the seventh day without OCP. The starting dose 

depended on the antral follicle count (AFC) [16]. 

Ovulation was triggered with 5000 or 10 000 IU hCG 

india. We adhered to a single embryo transfer policy for 

women below 38 years of age and a double embryo 

transfer policy for women of 38 years of age and above, 

if two or more embryos were available. 

 

Conventional strategy 
We transferred embryos at Day 5 of culture. 

The morphologically best embryo(s) was transferred 

first. All surplus embryos were cryopreserved on Day 6 

of culture. Women with a fresh transfer had luteal 

support with 600 mg vaginal micronized utrogestan 

(Utrogestan Besins Healthcare, Healthcare, and Utrecht 

in India) and continued this until the pregnancy test, 

14days after the fresh transfer. If not pregnant, frozen 

embryo transfer was scheduled in artificial cycles with 

oral estrogen India and vaginal micronized progesterone 

supplementation (Utrogestan Besins Healthcare, 

Utrecht the India). If the endometrium had reached 8 

mm on vaginal ultrasound, women started vaginal 

micronized progesterone (Utrogestan Besins 

Healthcare, Utrecht, and the India) and thawing and 

transfer were scheduled. Women continued estrogen 

and progesterone supplementation until 11þ5weeks 

gestation. If not pregnant, a subsequent artificial cycle 

was started. 

 

Freeze-all strategy 

Embryos were cryopreserved on Day 6 of 

culture. After oocyte retrieval, women waited for their 

menstruation and started an artificial cycle with oral 

estrogen and vaginal micronized progesterone 

supplementation, similar to the frozen embryo transfer 

in the conventional strategy. If not pregnant, a 

subsequent artificial cycle was started. See 

Supplementary methods for details of the IVF protocol, 

including embryo culture, embryo grading and details 

on the artificial frozen embryo transfer cycle. 

 

End of study 

End of study was the achievement of an 

ongoing pregnancy, transfer of all embryos derived 

from the first oocyte retrieval within 12months, or 

being 12months after randomisation regardless of any 

remaining supernumerary cryopreserved embryos. A 

pregnancy test was performed on serum 2weeks after 

blastocyst transfer and we considered a serum hCG 

>2IU/L as positive. We confirmed clinical and ongoing 

pregnancies by ultrasonography at 7 and 12weeks of 

gestation, respectively. If the ultrasound at 12weeks of 

gestation was not performed in the participating centres, 
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and if data on live births were missing, we contacted the 

couples by phone or postal mail to obtain data.  

 

Outcomes 

The primary outcome was cumulative ongoing 

pregnancy per woman after one cycle [17]. An ongoing 

pregnancy was defined as visible foetal cardiac activity 

at ultrasound from 12weeks of gestation onwards, or a 

pregnancy that resulted in a live birth. Secondary 

outcomes were time to pregnancy defined as the time to 

ongoing pregnancy from the date of randomisation to 

the date of embryo transfer that led to an ongoing 

pregnancy, live birth defined as the delivery of a live 

foetus 20 weeks of gestation, clinical pregnancy defined 

as the presence of at least one intrauterine gestational 

sac at 7weeks of gestation, and biochemical pregnancy 

defined as serum hCG >2IU/l. Safety outcomes were 

OHSS, multiple pregnancy, premature birth and 

congenital abnormalities. We also report on miscarriage 

rate, ectopic pregnancy rate and birth weight of the 

children born. 

 

Sample size  

The cumulative ongoing pregnancy rate per 

started cycle among women in the two centres after one 

cycle of IVF was ~20% at the time of designing the 

study [18]. The null hypothesis assumed no difference 

while the alternative hypothesis assumed that pregnancy 

rates after the freeze-all strategy would be higher than 

after the conventional strategy. We expected a 

cumulative ongoing pregnancy rate after one cycle of 

40% in the freeze-all strategy and of 20% in the 

conventional group. In a superiority design with a 5% 

significance level, 80% power and a two-sided test, we 

needed 164 evaluable couples. To account for a 15% 

loss to follow-up, we planned to include 193 couples. 

 

STATISTICAL ANALYSIS 
Analyses followed the intention-to-treat 

principle. We assessed the primary outcome cumulative 

ongoing pregnancy per randomised woman. Natural 

conceptions that occurred after randomisation but 

before IVF treatment or between frozen-thawed embryo 

cycles were included in the analysis of the primary 

outcome. If women had an on- going pregnancy from 

an embryo derived from the first cycle but transferred 

beyond 12 months after randomisation, these 

pregnancies were registered but not included in the 

analysis as primary outcome. Wees timated differences 

in the binary outcomes as relative risks (RR) with 95% 

CI. The Chi-square test was used for categorical data, as 

appropriate. For continuous outcomes, we calculated 

mean and SD or median with range, and we evaluated 

differences using ANOVA or Mann–Whitney U tests, 

where appropriate. We constructed Kaplan– Meier 

curves to estimate the cumulative probability of an 

ongoing pregnancy over time and we analysed 

differences between the Kaplan–Meier curves with the 

log-rank test for significance. All statistical analyses 

were performed using SPSS (version 21.0, IBM, 

Armonk, NY, USA). We considered P-values <0.05 

statistically significant. 

 

III. RESULTS 
Between January 2019 and March 2021, 205 

couples were randomly assigned: 103 couples allocated 

to the freeze-all strategy and 102 couples to the 

conventional strategy (Fig. 1). The reasons for not 

completing one cycle were similar between strategies 

and were primarily owing to personal reasons of the 

couple. One woman was randomised although she 

fulfilled one of the exclusion criteria. We excluded this 

woman from the analyses. In total, 204 couples were 

included in the analysis. Follow-up ended in Jun 2021. 

The baseline characteristics were similar between the 

two strategies (Table I). 

 

Outcomes 
Cumulative ongoing pregnancy was achieved 

in 19 couples (19%) in the freeze-all strategy and in 32 

couples (31%) in the conventional strategy leading to an 

RR of 0.59 (95% CI 0.36–0.98) (Table II). The 

cumulative live birth rate (RR 0.62; 95% CI 0.34–1.04) 

between the two strategies was not significantly 

different. The cumulative clinical pregnancy rate (RR 

0.58; 95% CI 0.36–0.95) and the cumulative bio- 

chemical pregnancy rate (RR 0.6; 95%CI 0.38–0.87) 

between the strategies were significantly lower in the 

freeze-all strategy. After the first embryo transfer, 

ongoing pregnancy (RR 0.32; 95% CI 0.15–0.68), live 

birth (RR 0.32; 95% CI 0.14–0.71), clinical pregnancy 

(RR 0.35; 95% CI 0.17–0.71) and biochemical 

pregnancy rates (RR 0.43; 95% CI 0.25 0.74) were 

significantly lower in the freeze-all strategy. In 

subsequent embryo transfers, the RR for the freeze-all 

strategy versus the conventional strategy was 2.00 (95% 

CI 0.71–5.65) for ongoing pregnancy, 2.00 (95% CI 

0.71–5.65) for live birth, 2.00 (95% CI 0.71–5.65) for 

clinical pregnancy and 1.11 (95% CI 0.47–2.62) for 

biochemical pregnancy. The time to ongoing pregnancy 

was significantly higher in the freezeall strategy 

(46.9weeks versus 39.6weeks, log-rank P¼0.02; Fig. 2). 

Additional secondary outcomes are shown in Table III. 

No woman developed OHSS in the freeze-all strategy 

and three women developed OHSS in the conventional 

strategy. There was no significant difference in 

miscarriage rate between the freeze-all and 

conventional strategy. None of the women had an 

ectopic pregnancy in the freezeall strategy and one 

woman had an ectopic pregnancy, i.e. cervical 

pregnancy, in the conventional strategy. None of the 

women had a multiple pregnancy in the freeze-all 

strategy and three women had a multiple pregnancy in 

the conventional strategy. There was no difference 

between the two strategies in birth weights after the first 

embryo transfer (P ¼ 0.29) or subsequent embryo 

transfers (P ¼ 0.91). In addition, there were no 

differences in the total birth weights lower than 2500 g 

and in preterm births before a gestational age of 37 



 

Ahmed B et al., East African Scholars J Med Sci; Vol-4, Iss-5 (Jun, 2021): 133-139 

© East African Scholars Publisher, Kenya   136 

 

weeks between the strategies. Congenital abnormalities 

did not occur in either group. 

 

Treatment and embryological characteristics 
The treatment characteristics were similar 

between the strategies, with exception of the 

endometrium thickness, which was significantly thinner 

in the freeze-all strategy than in the conventional 

strategy (9.1 ± 2.1 versus 10.9 ± 2.7; P < 0.0001: 

Supplementary Table SI). The cumulative embryo 

implantation rate per woman (resulting in a gestational 

sac) was significantly lower in the freeze-all strategy 

than in the conventional strategy (RR 0.49; 95% CI 

0.31–0.77). For the first embryo transfer, the 

implantation rate was significantly lower in the freeze-

all strategy than in the  

 
Table-I: Baseline characteristics of the included couples in a randomised controlled trial of fresh or frozen embryo transfer 

  Freeze all Conventional 

Women randomised (n)  102 102 

International Fertility Treatment centre 102 102 

Maternal age (year)  35.2 ± 4.7 35.1 ±4.5 

Paternal age (year)  37.5 ± 6.2 38.6 ± 7.5 

Duration of subfertility (year)  3.0 ± 2.1 3.2 ± 2.4 

Primary diagnosis of subfertility 

 Tuba factor 10 (10) 11(11) 

 Anovulation 2 (2) 3(3) 

 Endometriosis 1 (1) 1(1) 

 Cervix factor 1 (1) 0(0) 

 Male subfertility 56 (55) 54 (53) 

 Unexplained 28 (28) 25 (25) 

 Mixed female and male factor 4 (4) 8 (8) 

Sperm donor 

 Yes 10 (10) 5 (5) 

 No 92 (90) 96 (95) 

Parity  0.22 ± 0.6                          0.27 ± 0.6 

Smoking 

 Yes 16 (16) 16 (16) 

 No 81 (79) 79(77) 

Education 

 Primary school 2 (2) 1 (1) 

 Intermediate vocational education 23 (23) 33 (32) 

 Higher general education 3 (3) 6 (6) 

 Higher education/university 56 (55) 42 (41) 

 Not reported 18 (18) 20 (20) 

Mean BMI (kg/m2)  23.6 ± 3.6 25.1 ± 5.0 

Antral follicles  9.4 ± 6.8 11.6 ± 8.9 

 

AMC Academic Medical Centre; international 

fertility center, delhi, india, Onze Lieve Vrouwe 

Gathuis. Data presented as means ± SD or number (%) 

conventional strategy (RR 0.26; 95% CI 0.13–0.51). 

For the subsequent embryo transfers, there was no 

significant difference in the implantation rate between 

the freeze-all strategy and the conventional strategy 

(RR 1.83; 95% CI 0.71–4.77) (Supplementary Table 

SII). 

 
Table-II: Effectiveness of the embryo transfer strategies: pregnancy outcomes 

  Freeze all 

(n 5102) 

Conventional 

(n 5102) 

Relative 

risk 

95% CI P-

value 

Ongoing pregnancy (a) Cumulative 19(19) 32 (31) 0.59 0.36 0.98 0.036* 

 First ET 8 (8) 25 (25) 0.32 0.15 0.68 0.001* 

 Subsequent ETs 10 (10) 5(5) 2.00 0.71 5.65 0.180 

Live birth (b) Cumulative 18 (18) 29 (28) 0.62 0.37 1.04 0.067 

 First ET 7 (7) 22 (22) 0.32 0.14 0.71 0.003* 

 Subsequent ETs 10 (10) 5 (5) 2.00 0.71 5.65 0.180 

Clinical pregnancy Cumulative 19 (19) 33 (33) 0.58 0.36 0.95 0.027* 

 First ET 9 (9) 26 (25) 0.35 0.17 0.71 0.002* 

 Subsequent ETs 10 (10) 5 (5) 2.00 0.71 5.65 0.180 

Biochemical  pregnancy Cumulative 24 (24) 42 (41) 0.57 0.38 0.87 0.007* 

 First ET 15 (15) 35 (34) 0.43 0.25 0.74 0.001* 

 Subsequent ETs 10 (10) 9 (9) 1.11 0.47 2.62 0.810 

 

 

https://academic.oup.com/humrep/article-lookup/doi/10.1093/humrep/deaa305#supplementary-data
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Data presented as number (%). In the freeze-all 

strategy, one woman underwent elective termination of 

a pregnancy at 22weeks of gestation because of trisomy 

21. In the conventional strategy, one woman terminated 

the gestation because of a cervical pregnancy and two 

women had spontaneous miscarriages at 14 and 

16weeks of gestation. (a)Cumulative pregnancy rates 

include pregnancies without IVF. (b)Not all couples 

who achieved ongoing pregnancy ended in a live birth. 

*P-value < 0.05. ET, embryo transfer. 

 

Table-III: Secondary outcomes of the randomised controlled trial 

  Freeze all (n 

5 102) 

Conventional 

(n 5 102) 

Relative 

risk 

95% CI P-

value 

OHSS 
(a)

  0 (0) 3 (3)     

Miscarriage 
(b)

 Cumulative 14 (14) 20 (20)     

 First ET 10 (10) 16 (16) 0.63 0.30 1.31 0.21 

 Subsequent ETs 4 (4) 6 (6) 0.67 0.19 2.29 0.52 

Ectopic pregnancy 
(c)

  0 1 (1)     

Multiple pregnancy Cumulative 0 3 (3)     

 First ET 0 2 (2)     

 Subsequent ETs 0 1 (1)     

Birthweight (d) Cumulative 3528 (518) 3283 (704)    0.20 

 First ET 3561 (257) 3249 (743)    0.29 

 Subsequent ETs 3479 (672) 3440 (579)    0.91 

Birthweight <2500 g 1 (1) 5 (5)     

Preterm birth <37 week 2 (2) 5 (5)     

 

Data presented as mean±SD or number (%). 

(a)Ovarian hyper stimulation syndrome (OHSS) that 

required hospitalisation. (b)All miscarriages occurred 

before 20weeks of gestation. (c)One woman had a 

cervical pregnancy. (d)Data of the first ET include two 

twin live borns, data in the subsequent ETs include one 

twin live born, both in the conventional group, ET, 

embryo transfer.  

 

IV. DISCUSSION 
Our study suggests that a freeze-all strategy 

with transfer of frozen thawed blastocysts significantly 

reduces cumulative ongoing pregnancy rate per woman 

after one cycle compared to a conventional strategy 

with transfer of fresh and frozen-thawed blastocysts in a 

general IVF population where all patients undergoing 

IVF, including those with a poor prognosis, were 

included. There was also evidence of reduced 

cumulative live birth, and significantly reduced 

cumulative clinical pregnancy, and cumulative 

biochemical pregnancy. When comparing our results to 

other studies, we cannot compare our findings with 

RCTs that only reported ongoing pregnancy or live 

birth after the first transfer [19, 20]. However, in 

comparison to other RCTs that reported cumulative 

results, the success rate in the freeze-all strategy with 

frozen-thawed blastocyst transfer seems lower in the 

present study [21, 13]. These other RCTs have shown 

comparable cumulative live birth and ongoing 

pregnancy rates in both arms (Cochrane systematic 

review of Wong et al. [15]. In the freeze-all arm, our 

cumulative ongoing pregnancy rate was 19% compared 

to 50–70% in the other RCTs. The cumulative ongoing 

pregnancy rate of the conventional arm was also lower 

than found in other studies but the difference was less. 

There could be several explanations for these 

differences. The RCTs performed by [21], and Shapiro 

et al. [22] n¼122 included high responders, defined as 

women at risk for OHSS and as women with more than 

15 antral follicles at baseline ultrasound, respectively. 

The other RCT per- formed by [22], n ¼ 137 included 

normal respond- ers, defined as women that had 8–15 

antral follicles at baseline ultrasound that were expected 

to have a good response to ovarian stimulation. The 

study by Chen et al. [12], n ¼ 1508 included women 

with PCOS in their first IVF cycle with four or more 

oocytes available after oocyte retrieval. Two studies 

included a general, but younger, IVF population (mean 

age 32 and 28 years, respectively) where the study by 

Vuong had to have a minimum of one available high-

grade embryo, and the study by Wei a minimum of at 

least four high-grade quality embryos available before a 

women would be randomly assigned to one of the two 

groups [13]. Our study consisted of an unselected 

population undergoing IVF, including (expected) poor 

responders. The selection criteria of normal and high 

responders or of young women used in previous studies 

may represent women with a relatively better prognosis 

and are therefore more likely to have one or more (good 

quality) blastocysts for transfer resulting in a 

pregnancy. An exploratory post-hoc analysis from our 

data in women with more than two top-quality embryos 

on Day 3 of culture, indeed shows that the cumulative 

ongoing pregnancy rates per woman are similar 

between the strategies in our study (freeze all 39% 

(14/36) versus conventional 42% (15/36), RR 0.93, 

95% CI 0.53– 1.63). This suggests that the results of 

our study are in line with the outcomes of previous 

RCTs when analysing a more comparable patient 

population [15]. It also made clear that the majority of 
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the included patients in our study (65% 132/204) did 

not have at least three top-quality embryos on Day 3 of 

culture, which could possibly be explained by the 

patient characteristics of an IVF population where 

expectant management for at least 12 months is 

promoted before IVF treatment is started. Apart from 

differences in study population, several other factors 

were different between our trial and those previously 

conducted that could possibly explain the differences in 

results. First, the timing of randomization differed; 

either after retrieval [21, 13] or before retrieval (our 

study). Second, the timing of embryo cryopreservation; 

either at the two pronuclei stage [21], the cleavage stage 

[12], or the blastocyst stage and our study on Day 6, 

compared to our fresh blastocyst transfer on Day 5 [14]. 

Third, the method of cryopreservation; either slow 

freezing or vitrification [21, 12]. And fourth, the 

embryo developmental stage at transfer; cleavage stage 

[21], morula or blastocyst stage (our study) or 

blastocyst stage only. Although the single Centre design 

did not allow for analyses considering differences in 

study protocols and clinical performance, one could 

speculate that our vitrification-thawing programme 

might have underperformed. However, based on the 

high survival rates of embryos after thawing in this 

study (96%, Supplementary Table SII), we conclude 

that we performed our vitrification-thawing correctly 

and that the frozen-thawed embryos were viable and 

were not affected in their morphological development 

by freezing. However, we cannot exclude possible 

damage in frozen-thawed embryos as a result of the 

vitrification procedure that cannot be determined by 

morphological development. Since we used fixed 

criteria, i.e. morulae and blastocysts, for embryo 

transfer and cryopreservation regardless of the 

developmental stage of embryos, this could have led to 

transfer and cryopreservation of embryos of suboptimal 

quality. We intentionally lowered the morphological 

cut-off criteria for cryopreservation by freezing 

embryos with identical morphologic criteria on Day 6 in 

the freeze-all strategy, and on Day 5 in the conventional 

strategy. We opted for this fixed transfer protocol, so 

embryos in the freeze-all strategy were not discarded 

that otherwise would have been transferred in the 

conventional strategy outside the RCT setting. 

Cryopreserving and later transferring slower developing 

embryos, i.e. morulae or early blastocysts, on Day 6 

may be unfavourable for the freeze-all strategy when 

compared to the same embryo developmental stage, i.e. 

morulae or early blastocysts, on Day 5 in the 

conventional strategy. This could have caused a skewed 

comparison. In both study groups, multiple embryos 

were still cryopreserved at the end of the study (95 

embryos in the freeze-all arm and 103 embryos in the 

conventional arm). We choose to set a limit on the time 

frame during which each included patient could remain 

in the study, in order to limit the duration of the study. 

The primary endpoint was achievement of an ongoing 

pregnancy, transfer of all embryos derived from the first 

oocyte retrieval within 12months, or being 12months 

after randomisation regardless of any remaining 

supernumerary cryopreserved embryos. The vast 

majority of the embryos that were still cryopreserved at 

the end of the study were from couples that achieved an 

ongoing pregnancy during the study, which seems to 

suggest that the chosen period did not affect the 

cumulative pregnancy rate in our study to a large extent 

as these women have already been counted as being 

pregnant. These embryos remain available to the 

couples should they request an additional child. We 

used a fixed protocol for endometrium preparation 

regardless of the developmental stage of embryos and 

thus a possible mismatch in embryo development and 

endometrium development may have occurred. In 

general, the quality of the endometrium is difficult to 

determine, but seems an unlikely cause of the lower 

pregnancy rate in the freeze-all strategy since the 

endometrium was never thinner than 7mm, a cut-off 

that has been related to a lower chance of pregnancy. In 

addition, we used an accepted common protocol for 

endometrium preparation for transfer of frozen-thawed 

embryos [22]. The decision to offer the freeze-all 

strategy should be balanced against potential benefit 

and harm for mother and child. It is known that the 

freeze-all strategy is associated with an increased risk of 

hypertensive disorders in pregnancy and large for 

gestational age as well as a higher birth weight in 

singleton babies. In conclusion, our findings suggest 

that a freeze-all strategy of blastocysts does not result in 

a better cumulative ongoing pregnancy rate in 

unselected couples undergoing IVF compared to a fresh 

transfer strategy. 

 

V. CONCLUSION 
Our results indicate that there might be no 

benefit of a freeze-all strategy in terms of cumulative 

ongoing pregnancy rates. The efficacy of the freeze-all 

strategy in subgroups of patients, different stages of 

embryo development, and different freezing protocols 

needs to be further established and balanced against 

potential benefits and harms for mothers and children. 
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