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OPINION
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Abstract
Purpose  To study whether a new combination of different warming kits is clinically effective for vitrified human blastocysts.
Methods  This is a longitudinal cohort study analysing two hundred fifty-five blastocysts warming cycles performed between 
January and October 2018. Embryos were vitrified using only one brand of ready-to-use kits (Kitazato), whereas the warm-
ing procedure was performed with three of the most widely used vitrification/warming kits (Kitazato, Sage and Irvine) after 
patient stratification for oocyte source. The primary endpoint was survival rate, while the secondary endpoints were clinical 
pregnancy, live birth and miscarriage rates.
Results  We observed a comparable survival rate across all groups of 100% (47/47) in KK, 97.6% (49/50) in KS, 97.6% 
(41/42) in KI, 100% (38/38) in dKK, 100% (35/35) in dKS and 100% (43/43) in dKI. Clinical pregnancy rates were also 
comparable: 38.3% (18/47) in KK, 49% (24/49) in KS, 56.1% (23/ 41) in KI, 47.4% (18/38) in dKK, 31.4% (11/35) in dKS 
and 48.8% (21/ 43) in dKI. Finally, live birth rates were 29.8% (14/47) in KK, 36.7% (18/49) in KS, 46.3% (19/41) in KI, 
36.8% (14/38) in dKK, 25.7% (9/35) in dKS and 41.9% (18/43) in dKI, showing no significant differences.
Conclusion  This study confirmed the efficacy of applying a single warming protocol, despite what the “industry” has led 
us to believe, supporting the idea that it is time to proceed in the cryopreservation field and encouraging embryologists 
worldwide to come out and reveal that such a procedure is possible and safe.
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Introduction

Currently in vitro fertilization (IVF) clinics face the need to 
transfer gametes or embryos between centres. Initially, the 
application of the slow-freezing (SF) method to both oocytes 
and embryos provided reasonably good outcomes [1], but 

IVF laboratories rapidly switched their practice towards vit-
rification (VT) when this protocol was proven simpler, faster 
and safer than slow freezing [2] and as efficient as fresh 
transfers in terms of pregnancy, miscarriage and live birth 
rates [3–6]. Vitrification, indeed, represents the gold stand-
ard worldwide using different commercial brands of ready-
to-use solutions [7]. Among the thawing media approved for 
human reproduction, each brand producing cryopreserva-
tion kits usually recommends the use of its own thawing kit. 
However, for the IVF laboratory, it can be quite expensive 
or difficult to source the same brand solution for every cryo-
preservation kit. The vitrification/warming (VIT/WARM) 
solutions contained in the cryopreservation kits present 
only small differences in their composition, although the 
exact amount and type of the single components are rarely 
declared [8]. In order to minimize inter-laboratory variability 
in the freezing/thawing procedures, it is possible to consider 
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combining different VIT/WARM kits based on the use of a 
single WARM solution of a given brand, to warm specimens 
vitrified with another brand. As a matter of fact, a potential 
“Universal Warming” protocol based on subsequent steps 
with 1 M and 0.5 M concentration of any extracellular cryo-
protectant (ECCP) has already been proposed, irrespective 
of the freezing method originally applied [9]. This strategy is 
based on the combination of different VIT/WARM solutions 
and proved effective in handling specimens cryopreserved 
by both slow freezing and vitrification. The procedure has 
been successfully tested on some VIT/WARM kit combina-
tions on human oocytes [8–13] and cleavage stage embryos 
and blastocysts [14, 15]. Interestingly, the clinical impact of 
the combinations of Kitazato (Kitazato, Japan), Sage (Ori-
gio, Denmark) and Irvine (FujiFilm Irvine, US) vitrifica-
tion/warming solutions have been tested on human oocytes, 
showing comparable cryo-survival, blastulation and implan-
tation rates in both own and donor oocyte cycles [8–13]. 
However, the data available on human blastocysts are limited 
to the combinations of a restricted number of commercial 
kits, thus requiring further studies to reinforce the evidence 
for the application of this strategy in thawed blastocyst trans-
fer cycles. In particular, Kitazato and Sage were previously 
tested and showed comparable cryo-survival and implanta-
tion rates [14]. The aim of the present study was to test the 
flexibility of the “Universal Warming” protocol by checking 
a new combination of VIT/WARM solutions—Kitazato and 
Irvine, previously tested only on human oocytes [8]—and 
comparing cryo-survival, pregnancy and live birth rates of 
vitrified human blastocysts to those obtained with another 
commercial kits brands. Following the common and often 
unavoidable combination of different VIT/WARM solutions 
in the routine of the IVF lab, the current study encourages 
embryologists to share their expertise and test new kits com-
binations, in order to reinforce the clinical evidence on the 
safety and efficacy of this procedure, especially in case of 
legal controversies.

Material and methods

Study design

This longitudinal cohort study analysed the outcomes of 255 
blastocyst warming cycles performed on 236 consecutive 
patients between January and October 2018 at LIVET 
Clinic (Turin, Italy). In particular, 139 blastocyst warmings 
were performed using patients’ own oocytes, whereas other 
116 warmings were performed with egg donation-derived 
embryos. Cycles with female age at freezing > 44 years 
for patients using own oocytes and > 50 years for patients 
using donor oocytes were not included in the study. Cycles 
with embryos biopsied for the preimplantation genetic test 

(PGT) were also excluded. Egg donation-derived embryos 
were generated at Marques Clinic (Barcelona, Spain) using 
donor eggs and own partner frozen sperm and then shipped 
to Italy, where embryo transfer (ET) was performed. All 
blastocysts were vitrified with Cryotop carrier using the 
Vitrification Kit (Kitazato, Japan) [16, 17]. At warming, 
the embryos, stratified by patients’ oocyte source, were 
randomly allocated into three arms, corresponding to 
different warming kits. The six resulting groups were 
identified as follows: (a) group KK: 47 embryos from own 
oocytes vitrified with Kitazato and warmed with Kitazato 
(Kitazato, Japan); (b) group KS: 50 embryos from own 
oocytes vitrified with Kitazato and warmed with Sage 
(Origio, Denmark); (c) group KI: 42 embryos from own 
oocytes vitrified with Kitazato and warmed with Irvine 
(FujiFilm Irvine, US); (d) group dKK: 38 embryos from 
donor oocytes vitrified with Kitazato and warmed with 
Kitazato; (e) group dKS: 35 embryos from donor oocytes 
vitrified with Kitazato and warmed with Sage; (f) group 
dKI: 43 embryos from donor oocytes vitrified with Kitazato 
and warmed with Irvine. Randomization was achieved using 
a specific software available online (http://​www.​rando​mizer.​
org). The primary endpoint was the survival rate (number 
of embryos surviving per number of embryos warmed). 
Blastocysts were scored 2  h after warming and were 
considered to have survived in case of ≥ 50% of blastocoel 
re-expansion and in the absence of dark necrotic cytoplasm 
and of cracked zona pellucida [18]. The secondary 
endpoints were clinical pregnancy (US confirmed by the 
presence of a gestational sac with foetal heartbeat 2 weeks 
after positive hCG testing), live birth and miscarriage rates. 
The current study has been conducted according to the 
Declaration of Helsinki for medical research. All the media 
used for this study are class III CE 93/42 certified, approved 
and marketed for thawing procedures in human IVF. Signed, 
written informed consent was obtained from all patients 
undergoing IVF treatment and embryo cryopreservation, 
performed with one of the cryopreservation kits available 
on the market and with a high-performance vitrification 
technique.

Controlled ovarian stimulation, oocyte retrieval, 
insemination and embryo culture

Controlled ovarian stimulation, transvaginal ultrasound-
guided oocyte retrieval, oocyte decumulation, ICSI and 
embryo culture were performed according to our clinical 
practice, as described elsewhere [19]. Embryo culture at low 
oxygen tension (5%) was performed in BT37 Planer (Origio) 
benchtop incubators. The blastocysts not transferred during 
the fresh cycle were vitrified using the Kitazato protocol on 
day 5 or 6 and their performance at warming was analysed.
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Embryos from donor oocytes

Fresh oocytes from young donors were inseminated with 
their own partner frozen sperm [12, 20]. The blastocysts 
obtained were vitrified using the Kitazato protocol. The 
shipping from Spain to Italy was performed by an author-
ized air courier. Once in Livet, the embryos were warmed 
in accordance with the “Universal Warming” protocol as 
described below.

Composition of vitrification/warming kits

As described elsewhere [8, 13, 16], Kitazato vitrification 
and warming solutions contain trehalose and are supple-
mented with hydroxypropyl cellulose (HPC); Sage contains 
sucrose with human serum albumin (HSA); Irvine kits con-
tain sucrose with dextran serum supplement (DSS). The 
basic medium is TCM199 for Kitazato and Irvine, whereas 
it is modified HTF with MOPS for Sage. The cryoprotectant 
cocktail comprises 7.5% dimethyl sulfoxide (DMSO) and 
7.5% ethylene glycole (EG) in the equilibration solution, and 
15% DMSO and 15% EG in the vitrification solution. All the 
warming kits involve subsequent steps with 1 M and 0.5 M 
concentrations of ECCP.

Universal Warming procedure

The following solutions were used for warming: 4 ml of 
1 M ECCP warming solution, 500 μl of 0.5 M ECCP warm-
ing solution and 500 μl + 500 μl of washing solution (basic 
medium). The first warming step was performed with the 
1 M ECCP warming solution at 37 °C. The vial(s) contain-
ing the solution was pre-warmed to 37 °C at least 60 min 
before use and kept closed throughout. The other solu-
tions were brought to room temperature (20–25 °C) at least 
60 min before use; the content of each vial was well mixed 
by repeated gentle inversion before use and aseptically dis-
pensed into a one-well dish (BioCare, Europe): 500 μl of 
0.5 M into well 1, 500 μl of washing solution into well 2 and 
another 500 μl into well 3. The entire warming procedure 
was described by Parmegiani et al. [8].

Endometrial preparation and embryo transfer

Endometrial preparation was performed in a natural cycle, 
supported with 180 mg/day natural progesterone intravagi-
nally (Crinone 8, MerckSerono, Germany). Progesterone 
supplementation started 2 days after the detection of the 
urinary LH peak (LH + 2), whereas embryo transfer (ET) 
was performed at LH + 5. A single expanded blastocyst was 
transferred in utero using the soft catheter Sydney Guardia 
(Cook, Australia) under US guidance.

Statistical analysis

The sample size was calculated to test the kits’ equivalence 
for the cryo-survival rate. The calculation of sample size 
was based on our experience with vitrification, assuming 
the mean survival rate of 98% obtained in our centre in the 
previous 5 years. A sample size of 35 embryos in each group 
achieved 76% power to detect a survival rate of 70% as mini-
mum competence and 95% as a benchmark [21] using a 2 
degrees of freedom chi-square test with a significance level 
(alpha) of 0.05 (PASS 2020 Power Analysis and Sample 
Size Software (2020). NCSS, LLC. Kaysville, Utah, USA, 
ncss.com/software/pass). Continuous variables are shown 
as mean ± standard deviation (SD) and median (IQR), and 
categorical variables as absolute and relative frequencies. 
Confidence intervals (CI95%) are presented. After assessing 
the normal distribution of data with the Shapiro–Wilk test, 
comparison among groups was performed using the analysis 
of variance ANOVA or the non-parametric Kruskal–Wallis 
test, as appropriate, for continuous variables, and the chi-
square test for categorical variables. All statistical tests were 
two-sided and a p-value of 0.05 or less was considered sta-
tistically significant. All the analyses were performed with 
Stata16 (StataCorp. 2019. Stata Statistical Software: Release 
16. College Station, TX: StataCorp LLC).

Results

The clinical characteristics of the 236 consecutive patients, 
stratified according to oocyte source, are summarized in 
Table 1. No significant differences were observed between 
the three kits used to perform blastocyst warming. Table 2 
reports data about the study outcomes. In patients using 
their own oocytes, a comparable survival rate among the 
three study groups was observed: 100% (47/47) in group 
KK, 97.6% (49/50) in group KS and 97.6% (41/42) in group 
KI. Clinical pregnancy rates were also comparable: 38.3% 
(18/47) in group KK, 49% (24/49) in group KS and 56.1% 
(23/ 41) in group KI. Live birth rates were 29.8% (14/47) in 
group KK, 36.7% (18/49) in group KS and 46.3% (19/41) 
in group KI respectively, with higher but not statistically 
significant values in group KI. Finally, no significant differ-
ences were observed for miscarriage rates.

We observed similar results, with no significant differ-
ences among groups, with egg donation-derived embryos 
(Table 2).

The percentage of transferred day 5 blastocysts was com-
parable among the three study groups for both patients using 
own oocytes and donated eggs. We obtained similar embryo-
logical and clinical outcomes even after stratification accord-
ing to the day of vitrification (data not shown).
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Discussion

To our knowledge, the present study is the first reporting 
the application a single warming protocol in a new combi-
nation of VIT/WARM kits on vitrified human blastocysts, 
namely Kitazato for vitrification and Irvine for warming. 

This combination may be considered as “off-label”, 
according to the recommendation of each brand produc-
ing cryopreservation kits to use its own thawing kit. In the 
current study, this alternative and unconventional use was 
reported as a common, although covert, combination of 
kits used in the IVF clinical practice. Importantly, prelimi-
nary tests have been performed on research oocytes before 

Table 1   Patients’ clinical 
characteristics according 
to the use of own or donor 
oocytes. Data are expressed 
as mean ± standard deviation 
and median (IQR) for baseline 
clinical characteristics. The 
percentage of patients who 
experienced a previous live 
birth or miscarriage is reported. 
A p-value of 0.05 or less 
was considered statistically 
significant

Own oocytes (n = 129)
Group KK (n = 42) Group KS (n = 48) Group KI (n = 39) p value

Woman age (years)
  Median (IQR)

37.7 ± 3.9
37 (34–41)

36.8 ± 4.2
37 (34–40)

37.1 ± 3.7
37 (35–40)

0.72

Man age (years)
  Median (IQR)

40.2 ± 6.2
41 (35–44)

40.1 ± 6.2
40.5 (35–45.5)

41.5 ± 6.9
42 (37–46)

0.55

Body mass index (kg/m2)
  Median (IQR)

21.9 ± 3.5
21.3 (19.2–23.7)

21.7 ± 3.0
20.9 (19.5–23.4)

21.2 ± 2.9
20.4 (19.1–22.9)

0.64

Years of infertility (n)
  Median (IQR)

2.6 ± 1.9
2 (1–3)

2.8 ± 2.8
1.5 (1–3.5)

2.6 ± 2.3
2 (1–3)

0.61

Previous live birth (%) 23.8 31.3 30.8 0.70
Previous miscarriage (%) 28.6 37.5 36.4 0.37

Donor oocytes (n = 107)
Group dKK (n = 35) Group dKS (n = 33) Group dKI (n = 39) p value

Woman age (years)
  Median (IQR)

42.3 ± 4.0
44 (41–45)

42.6 ± 4.6
44 (41–46)

42.2 ± 3.7
43 (41–44)

0.62

Man age (years)
  Median (IQR)

43.7 ± 6.4
44 (40–47)

44.0 ± 5.6
44 (40–46)

43.7 ± 5.8
44 (40–47)

0.97

Body mass index (kg/m2)
  Median (IQR)

21.5 ± 4.0
21.1 (19.0–22.3)

21.9 ± 3.4
21.9 (19.7–23.5)

22.4 ± 3.1
21.8 (20.1–24.2)

0.26

Years of infertility (n)
  Median (IQR)

3.3 ± 2.5
2 (1–5)

3.6 ± 2.5
3 (2–5)

2.8 ± 1.8
2 (2–3)

0.58

Previous live birth (%) 25.7 42.4 25.6 0.22
Previous miscarriage (%) 38.2 46.9 35.9 0.62

Table 2   Number of warmed 
embryos and clinical results. 
Data are expressed as 
percentage and ratio between 
brackets. Confidence intervals 
(CI95%) are presented. A 
p-value of 0.05 or less was 
considered statistically 
significant

Own oocytes (n = 139)
Group KK (n = 47) Group KS (n = 50) Group KI (n = 42) p value

Survival rate % (n)
CI95%

100 (47/47)
–

97.6 (49/50)
89.4; 99.9

97.6 (41/42)
87.4; 99.9

0.59

Clinical pregnancy rate % (n)
CI95%

38.3 (18/47)
24.5; 53.6

49.0 (24/49)
34.4; 63.7

56.1 (23/41)
39.7; 71.5

0.24

Live birth rate % (n)
CI95%

29.8 (14/47)
17.3; 44.9

36.7 (18/49)
23.4; 51.7

46.3 (19/41)
30.7; 62.6

0.28

Miscarriage rate % (n)
CI95%

22.2 (4/18)
6.4; 47.6

25.0 (6/24)
9.8; 46.7

17.4 (4/23)
5.0; 38.8

0.81

Donor oocytes (n = 116)
Group dKK (n = 38) Group dKS (n = 35) Group dKI (n = 43) p value

Survival rate % (n)
CI95%

100 (38/38)
–

100 (35/35)
–

100 (43/43)
–

–-

Clinical pregnacy rate % (n)
CI95%

47.4 (18/38)
31.0; 64.2

31.4 (11/35)
16.8; 49.3

48.8 (21/43)
33.3; 64.5

0.25

Live birth rate % (n)
CI95%

36.8 (14/38)
21.8; 54.0

25.7 (9/35)
12.5; 43.3

41.9 (18/43)
27.0; 57.9

0.32

Miscarriage rate % (n)
CI95%

22.2 (4/18)
6.4; 47.6

18.2 (2/11)
2.3; 51.8

14.3 (3/21)
3.0; 36.3

0.81
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designing the current study. In our work, the clinical effi-
cacy of this “Universal Warming” protocol was tested in 
a large number of embryos thawing cycles, with both own 
and donor oocytes, using 1 and 0.5 M ECCP, thus allowing 
to draw robust conclusions. Results recently obtained by 
Parmegiani et al. [8] reported comparable cryo-survival, 
blastulation, implantation and live birth rates after thaw-
ing of human oocytes with a combination of Kitazato and 
Irvine kits. The present results confirm the possibility of 
applying a single warming protocol also to vitrify human 
blastocysts, using this new combination without affect-
ing survival and implantation rates. In order to minimize 
potential bias, blastocysts derived from own and donor 
oocytes were analysed separately. Indeed, the two study 
groups showed significant differences in patients’ age, 
years of infertility and number of previous IVF treatments 
(data not shown). However, no differences in survival rate 
were observed among the three VIT/WARM combinations 
across all study groups. Furthermore, the overall survival 
rate ranged from 97.6 to 100.0%, which conforms to the 
benchmark of the key performance indicator (KPI) for 
cryopreservation [18]. The use of the new combination 
did not show any detrimental effect on clinical outcomes. 
As a matter of fact, clinical pregnancy rates, live birth 
rates and miscarriage rates were comparable with those 
currently obtained in our clinic using Kitazato warming 
kits only. These results confirm the feasibility of a flex-
ible application of the “Universal Warming” protocol, 
irrespective of brand, cryoprotectants and basic medium 
in the kits. This is a relevant fact, as the combinations used 
are currently considered unconventional. One drawback 
of our study is surely represented by the limited sample 
size providing a statistic power slightly higher than 70%. 
However, our results, although obtained in a single IVF 
centre, may represent the basis for larger multicentric stud-
ies investigating different alternative combinations of vit-
rification and warming kits whose use is often covert in 
IVF. In addition, should the present results be confirmed 
in series from different IVF laboratories, the clinical valid-
ity of a single warming protocol with the combination 
of different VIT/WARM solutions might be considered 
for routine use. It is of note that we tested the combina-
tion of different VIT/WARM kits also in a novel oocyte 
donor programme, based on the transportation of frozen 
sperm and blastocysts between two different IVF clinics 
[22]. This further suggests that the protocol could work 
in several clinical settings. The kits tested are the most 
widely used in IVF worldwide, which further supports the 
relevance and generalization of the present results. From 
a biological perspective, it is of interest that we tested 
solutions which differ only slightly in their composition, 
which contain either sucrose or trehalose as ECCP, supple-
mented by either human albumin, hydroxypropyl cellulose 

or dextran serum supplement, but equivalent in terms of 
safety and efficiency [9]. Our data confirmed that the type 
of basal medium composition and protein supplementation 
has no significant impact on the outcome of the vitrifica-
tion/thawing procedure, as they simply drive oncotic effi-
ciency. Conversely, a crucial role should be conferred to 
the ECCP, together with the presence of a non-permeating 
CPA, used in specific conditions such as concentrations 
and timings, a real practical pillar of the Universal Warm-
ing procedure. The encouraging results obtained in the 
present and previous works [8, 10, 11, 13, 16] potentially 
allow to extend the concept of “Universal Warming”, 
which would provide assisted reproduction centres with 
alternative options for their thawing procedures. Indeed, 
the controversial use of alternative combinations of differ-
ent VIT/WARM solutions seems to represent a common, 
although covert, practice in the IVF lab, due to the recur-
rent need to thaw oocytes or embryos imported from other 
clinics. As a consequence, the accumulation of clinical 
evidence on the application of different combinations of 
VIT/WARM solutions would represent a call to action for 
embryologists worldwide to share their laboratory prac-
tices and test new combinations, with the aim of building 
a robust scientific background for the application of the 
“Universal Warming” procedure on different unconven-
tional combinations of cryopreservation kits, especially 
in case of legal controversies. Once all the possible com-
binations have been tested, we would be able to consider 
the “Universal Warming” protocol reliable, consistent and 
reproducible in all laboratory settings. In addition, one 
major problem that IVF labs are currently facing is that 
of several reproductive samples (oocytes and embryos) 
which have been stored by slow freezing over a number 
of years [23–25]. Unfortunately, in many cases, the origi-
nal warming solutions are not available anymore on the 
market. It would be worth testing the “Universal Warm-
ing” protocol also on these samples. Finally, the current 
study was inspired by the need to find alternative options 
to thaw cryopreserved embryos when the CE mark for the 
Kitazato kit was temporarily withdrawn in 2017, when its 
use was permitted in Spain but not in Italy [8]. As a mat-
ter of fact, in some countries, the clinical practice may 
be highly affected by regulatory/commercial/availability 
differences when a medium is withdrawn from the market 
for various reasons, as European regulations specify the 
use of FDA/CE marked thawing media only approved for 
human reproduction and specific for its cryopreservation 
solution [8]. Indeed, IVF clinics currently face the need to 
thaw gametes or embryos cryopreserved in other centres 
using vitrification media approved, validated or available 
only locally. In addition, each brand producing cryopreser-
vation kits usually recommends the use of its own thawing 
kit, forcing embryologists to perform thawing procedures 
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according to manufacture instructions. In this scenario, 
the application of “Universal Warming” through the com-
bination of different vitrification/warming kits can solve 
the immediate clinical problem, thus limiting the arise of 
legal controverses.

Conclusions

In conclusion, the present study supports the use of a single 
warming protocol not only for vitrified oocytes, but also for 
blastocysts and in a new combination of kits, here tested 
for the first time. The use of this laboratory procedure is 
encouraged irrespectively of kit brands and any manufacture 
instructions. If further confirmed, our findings may represent 
a call to action encouraging embryologists worldwide to test 
alternative combinations of VIT/WARM kits and to step out 
of the conventional comfort zone of cryobiology.
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