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1 | INTRODUCTION

The history of embryo freezing started with a report in 1972 by
Whittingham et al,t showing that mouse blastocysts survived a
freeze-thaw cycle. Since then, the need for embryo freezing in
assisted reproductive technology (ART) has gained recognition.

Abstract

Purpose: This study compared Gavi®, an automated system for the equilibration and
dehydration steps of vitrification, and a manual vitrification procedure in terms of
effects on clinical outcomes.

Methods: The authors retrospectively compared survival rate, and clinical and peri-
natal outcomes after vitrified-thawed single blastocyst transfer between Gavi® (G
method) in 398 cases and Cryotop® (C method) in 208 cases.

Results: With C and G methods, survival rates were 98.6% (208/211) and 99.3%
(398/401), total pregnancy rates were 34.3% (72/208) and 33.4% (133/398), and
total miscarriage rates were 22.2% (16/72) and 24.8% (33/133), respectively. Among
women <35 years old, pregnancy rates were 41.1% (30/73) and 40.5% (62/153) and
miscarriage rates were 13.3% (4/30) and 16.1% (10/62) with C and G methods, respec-
tively. Among women 235 years old, pregnancy rates were 31.1% (42/135) and 29.0%
(71/245) and miscarriage rates were 28.6% (12/42) and 32.4% (23/71) with C and G
methods, respectively. C and G methods showed no significant differences in any tri-
als, including gestational age, cesarean section rate, or birthweight (P > .05 each).
Conclusions: Gavi® showed comparable clinical outcomes to the manual vitrifica-
tion method and can be considered an alternative vitrification procedure in assisted

reproductive technology.
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Improvements of embryo culture and cryopreservation methods
have increased the performance of vitrified embryo transfer through
better embryo selection, to the point of providing almost the same
results as fresh embryo transfer.

Two basic methods are available for the cryopreservation
of human oocytes and embryos: slow freezing and vitrification.
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Currently, vitrification has emerged as the more reliable method for
cryopreservation. As a result, fewer blastocysts are transferred, al-
lowing reductions in the frequency of multiple pregnancies and an
increased chance of healthy transplant.

To preserve embryos in good condition, it is necessary to main-
tain (a) reversible metabolic arrest in the embryo; (b) the structure of
the embryo itself (including DNA); (c) an acceptable survival rate; and
(d) normal embryo growth after thawing. Furthermore, the cryopres-
ervation technique must be stable and allow high reproducibility. A
key problem in embryo cryopreservation is to avoid the formation of
ice crystals in cells, as these can cause physical and chemical damage
to the embryo.

Vitrification involves preventing the formation of ice crystals
inside cells and freezing water in a glassy state to arrest molecu-
lar conversions without inducing any structural reorganization.
Vitrification is defined as a method for solidification of a liquid by
raising its consistency in the process of freezing at an extremely low
temperature.?® Generally, a vitrification solvent comprises a cryo-
protectant that remains unfrozen even with quite rapid cooling to
an ultra-low temperature. In addition, freezing and thawing speeds
show inverse correlations with cryoprotectant concentration in the
vitrification process.

Seki et al*® reported that thawing speed plays a more important
role than freezing speed in the survival rate of mouse oocytes. In
1985, Rall et al® first reported the blastocyst freezing method with-
out ice crystals. In 2000, Yoon et al reported a healthy pregnancy
and live birth of a human embryo using vitrification.”® By preventing
ice crystal formation, blastocysts have shown an extended survival
rate after thawing compared to programmable rate freezing used
in ART.? In fact, clinics familiar with vitrification reportedly show
around a 90% blastocyst recovery rate and pregnancy and live birth
rates equal to or higher than those with fresh embryo transfer.112

The vitrification method is very simple and does not require par-
ticularly expensive equipment, and the blastocysts are placed in a
very small amount of vitrification solution that can be frozen quickly,
compared with traditional closed straw or vial devices. However,
the toxicity of high concentration of cryoprotectant can present an
obstacle to embryologists unfamiliar with vitrification technology.
Basically, the vitrification media is more toxic than any cryopreser-
vation media used in slow freezing methods. This places practical
limitations on the speed of freezing used to attain vitrification and
also biological limitations on the concentration of cryoprotectant in
cells.

While vitrification is a widely accepted cryopreservation method
in ART, the actual procedure requires the manual performance of
several steps by the embryologist and requires a long learning curve
to obtain the necessary level of skill. Results are thus extremely de-
pendent on the embryologist and clinic. For those reasons, ART clin-
ics try to maintain trained and skillful embryologists for consistent
results 131>

Recently, many vitrification devices and protocols have become
available, varying methods such as using different types and con-

centrations of cryoprotectant, different temperatures and timings
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of exposure of the embryo, different freezing and thawing speeds,
and even whether the embryo comes into direct contact with lig-
uid nitrogen. At present in Japan, a manual non-closed-type em-
bryo cryopreservation method using Cryotop® (C method:; Kitazato
Corporation) is mainly used as the vitrification method. C method
offers a high freezing speed and high embryo survival rate. However,
because the embryo comes into direct contact with liquid nitrogen,
there are risks of infection and contamination, and advanced tech-
niques are required for vitrification and thawing procedures. The
possibility of variations in performance and human error has also
been pointed out. In addition, the work burden of the vitrification
and thawing steps is considered problematic for embryologists, and
automation of the vitrification process has thus been expected to ob-
tain standardization of high reproducibility for optimal performance.

Gavi® (G method; Merck Biopharma) is a semi-automated
closed-type vitrification system in equilibration and is available for
vitrification of oocytes, cleavage-stage embryos, and blastocysts.
G method was first developed by Genea and Planet Innovation. The
Gavi system controls multiple vitrification steps and concentrations
of vitrification medium that are difficult to control manually. Gavi®
can also control the timing, temperature, and duration of exposure
of the vitrification medium to oocytes, embryos, and blastocysts.

By automating embryo vitrification with Gavi®, it is considered
to eliminate variations in results due to the skill of the embryologists
and human error, and to shorten the working hours of the embry-
ologists, so that even a facility with small number of embryologists
can expect improving work flow in vitrification procedure and also
consistent clinical outcome.

The automated Gavi system has thus been expected to offer
comparable performance to the current gold standard C method.*¢Y”

G method is able to vitrify four blastocysts at once, and the pro-
cedure is standardized, so little variation between practitioners is
considered to be present in the equilibration step.

Our clinic introduced a semi-automated vitrification method
using G method in May 2017. Performance was expected to be sta-
bly maintained, but concerns were raised that the embryo survival
rate might be adversely impacted by the slow freezing rate in the
closed-type system (Table 1). This study therefore examined the
effects of this semi-automated vitrification system on survival rate
after thawing, pregnancy rate, miscarriage rate, and perinatal out-

comes compared with the manual vitrification method.

TABLE 1 Comparison of characteristics between Cryotop and
Gavi

C method G method
Variation in facility/ Large Very small
embryologists
Learning time Long Short
Human error possibility Moderate Low
Contamination risk Possible Low

Vitrification speed 28 000°C/min 16 000°C/min

Vitrification cost Low Expensive
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2 | MATERIALS AND METHOD
2.1 | Study design

After obtaining sufficient informed consent, blastocysts were vit-
rified by C method in 181 patients of 208 cases from February to
April 2017 and by G method in 302 patients of 398 cases from June
to December 2017. Right after thawing, blastocyst survival rate was
compared between C method and G method.

In C and G methods, patients were diagnosed as ART indication
because of oviductal factor, male factor, ovulation factor, implanta-
tion failure, and unexplained infertility.

After single vitrified-thawed blastocyst transfer, we retrospec-
tively compared pregnancy rate, miscarriage rate, gestational age,
birthweight, and cesarean section rate.

2.2 | Ovarian stimulation

Patients were stimulated by controlled ovarian stimulation proto-
col (GnRH antagonist, short GnRH agonist, or long GnRH agonist)
or modified mild ovarian stimulation protocol (clomiphene citrate,
letrozole). For final maturation stimulation, patients were adminis-
tered human chorionic gonadotropin (hCG) or GnRH agonist when
dominant follicles reached a diameter of 18 mm.

2.3 | Invitro fertilization and embryo culture

Follicular aspiration was performed by vaginal ultrasonography at
36 hours after hCG or GnRH agonist administration. The oocytes

were inseminated using either conventional IVF or intracytoplasmic

sperm injection depending on the semen parameters and incubated
in Continuous Single Culture”™ (FUJI FILM Irvine Scientific) medium
until Day 5.

In our clinic, the blastocyst vitrification is conducted following
Gardner's criteria with early stage blastocysts classified 1 or 2, or
that with more than CC grade in Day 5 and good morphology blasto-
cysts are considered more than equal 3BB grade.

Clinical pregnancy was defined as recognition of a gestational sac on
transvaginal ultrasonography at around gestational week 5. Miscarriage

was defined as spontaneous abortion by gestational week 10.

2.4 | Blastocyst vitrification and thawing

Gavi® can automate the procedure for equilibration and dehydration
steps in vitrification (Figure 1A). In Gavi, the equilibration and de-
hydration process is conducted in a closed-type vitrification device
called a “Gavi pod” (Figure 1B). After dehydration, Gavi pod is put
on “cassette” as an attachment holding up Gavi pods. This cassette
containing Gavi pod is then dumped into liquid nitrogen storage for
completion of vitrification (Figure 1C,D).

The vitrification step using Gavi® was conducted following the
protocol specified by each manufacturer. Briefly, blastocysts were
held in a slit on the Gavi pod with a small amount of HEPES buffered
medium, and the pod was then attached to the cassette. The embry-
ologist then pressed the button to start blastocyst vitrification mode.
All steps of discarding or adding solvent were automatically conducted
with disposable sterilized tips. HEPES buffer medium was discarded,
and the equilibration solvent was continuously added. After equilibra-
tion steps, the solvent was discarded and the dehydration step was
conducted. After discarding the dehydration medium, each Gavi pod
was heat-sealed to a lid and the cassette was stored in a liquid nitrogen

FIGURE 1 Images of the Gavi system
and its consumable components. A,
Appearance of the whole Gavi system
with the automated pipette inside. B,
Gavi pod, which can preserve oocyte,
embryo, and blastocyst on a slit in the
pod. C, Vitrification media, cassette,

and disposable tip and seal. D, After the
dehydration step, the Gavi pod is dumped
into liquid nitrogen to complete the
vitrification step
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storage unit before being placed in a liquid nitrogen tank. For embry-
ologists, this protocol is very simple: set the embryo in the Gavi pod,
press the start button, and after the dehydration step, dump the cas-
sette containing the Gavi pods into liquid nitrogen storage.

For C and G methods, vitrified blastocysts were thawed using
Cryotop thawing kit VT506 (Kitazato Corporation) and Gems
Warming Set (Genea), respectively, following the manufacturer's
protocol. Briefly, for C method, the Cryotop® was removed from
the protective cover in liquid nitrogen, and the end of the strip was
placed directly into 1.0 mL of 37°C thawing solution for 1 minute.
The blastocysts were subsequently transferred into 500 L of dilu-
ent solution for 3 minutes and washed twice with 500 pL of washing
solution for 5 minutes at room temperature.

For G method, Gems Warming Solution 1 to 3 (Genea) was equil-
ibrated to room temperature and set into four well dish (solution 3
was set in two wells). Gavi pod was retrieved from cassette under
liquid nitrogen and immersed into 37°C of deionized water in water
bath for 2 seconds and removed water by a wipe. Under microscope,
the lid seal of Gavi pod was removed and added 10 pL of solution
1 for 1 minutes. Thereafter, the blastocysts were transferred into
solution 2 for 3 minutes and subsequently transferred twice into
solution 3 for 5 and 1 minutes, respectively.

After thawing, all blastocysts were cultured in blastocyst me-
dium for up to 4 hours and if greater than 50% of the cells were
intact and re-expansion had been observed, blastocysts were con-
sidered as survived. All vitrified-thawed operations with C method
and G method in this study were conducted by the same embryol-
ogist, who had experience conducting more than 1000 cases using
the C method before the start of this study.

2.5 | Embryo transfer

For embryo transfer, endometrium preparation was conducted by
the hormone-replacement therapy. Briefly, transdermal E2 (Estrana®;
Hisamitsu Pharmaceutical) was administered from days 1-3 of men-
struation cycle, and after the endometrial thickness was reached at
least 6.5 mm, progesterone (UTOROGESTAN vaginal capsules®; Fuji
Pharmaceutical) was administered until 9 weeks of pregnancy.

After thawing, single blastocyst was transferred into uterus
after 6 days of progesterone treatment using Kitazato ET catheter®
(Kitazato Corporation) under ultrasound guidance.

All the blastocysts performed laser-assisted hatching before
embryo transfer. The presence of a gestational sac was confirmed
via transvaginal ultrasonography at around 5 weeks. Pregnancy and
miscarriage rates were analyzed for the overall cohort, and also for

the <35-year-old and 235-year-old patient subgroups.

2.6 | Statistical analysis

Statistical analysis was conducted using chi-square test for pa-

tient's proportion, survival rate, pregnancy rate, miscarriage rate,
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TABLE 2 Comparison of patient background characteristics
between Cryotop and Gavi

C method G method
No. of blastocysts thawed 211 401
No. of embryo transfers 208 398
Mean patient age (+SD)* 36.12 4.6 36.06 +4.7
No. <35y (%)* 73 (35.1%) 153 (38.4%)
No. 235y (%)* 135 (64.9%) 245 (61.6%)

*No significant difference in patient age was observed between
Cryotop and Gavi (P > .05).

and cesarean section rate. For other parameters, Student's t test
was applied for statistical analysis. P-value <.05 was considered

significant.

3 | RESULTS
3.1 | Background characteristics of patients

With C method, total number of patients was 181, 66 < 35 years old
and 115 = 35 years old, and mean patient age was 36.1 years old,
with 73 cases <35 years old and 135 cases 235 years old. The total
number of embryos transferred was 208, and the total number of
blastocysts vitrified and thawed was 211.

With G method, total
118 < 35 years old and 184 > 35 years old, and mean patient age

number of patients was 302,

was 36.0 years old, with 153 cases <35 years old and 245 cases
>35 years old. The total number of embryos transferred was 398
and the total number of blastocysts vitrified and thawed was 401.
No significant differences in any of these characteristics were ap-
parent between groups (Table 2).

The percentage of good morphology blastocyst rate in G
and C methods was 77.5% (311/401) and 81.3% (170/209), in
<35-year-old patients was 85.6% (131/153) and 90.4% (66/73),
and in 235-year-old patients was 72.6% (180/248) and 76.5%
(104/136), respectively. There was no significant difference in
the percentages of good morphology blastocyst between the
two groups.

The proportion of Gardner's criteria 1 or 2 for G method was
15.7% (63/401) in whole age, 9.8% (15/153) in <35 years old, and
19.6% (48/248) in 235 years old and for C method was 14.4%
(30/209) in whole age, 8.2% (6/73) in <35 years old, and 17.6%
(24/136) in 235 years old, respectively.

3.2 | Blastocyst survival rate
The blastocyst survival rate after thawing was 98.6% (208/211) with

C method and 99.3% (398/401) with G method, showing no signifi-
cant difference (Table 3).
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3.3 | Pregnancy and miscarriage rates

For the total cohort, the pregnancy rates were 34.6% (72/208) for
C method and 33.4% (133/398) for G method, and miscarriage rates
were 22.2% (16/72) for C method and 24.8% (33/133) for G method
(Figure 2).

In patients <35 years old, pregnancy rates were 41.1% (30/73)
for C method and 40.5% (62/153) for G method, and miscarriage
rates were 13.3% (4/30) for C method and 16.1% (10/62) for G
method (Figure 3).

In patients 235 years old, pregnancy rates were 31.1% (42/135)
with C method and 29.0% (71/245) with G method, and miscarriage
rates were 28.6% (12/42) with C method and 32.4% (23/71) with G
method (Figure 4).

No significant differences in pregnancy or miscarriage rates were
evident between C and G methods for any age-groups.

For Gardner's criteria 1 or 2, pregnancy rate for G method was
17.5% (11/63) in whole age, 20% (3/15) in <35 years old, and 16.7%
(8/48) in 235 years old and for C method was 16.7% (5/30) in whole
age, 33.3% (2/6) in <35 years old, and 12.5% (3/24) in 235 years old,
and, on the other hand, miscarriage rate for G method was 27.3%
(3/11) in whole age, 0% (1/3) in <35 years old, and 37.5% (3/8) in
>35 years old and for C method was 20.0% (1/5) in whole age, 0.0%
(0/2) in <35 years old, and 33.3% (1/3) in 235 years old, respectively.
There was no significant difference between C and G methods in
each age-group.

For Gardner's criteria 23, pregnancy rate for G method was
36.1% (122/338) in whole age, 42.8% (59/138) in <35 years old,
and 31.5% (63/200) in 235 years old and for C method was 37.4%
(67/179) in whole age, 41.8% (28/67) in <35 years old, and 34.8%
(39/122) in 235 years old, respectively, and, on the other hand,
miscarriage rate for G method was 24.6% (30/122) in whole age,
16.9% (10/59) in <35 years old, and 31.7% (20/63) in 235 years old
and for C method was 22.4% (15/67) in whole age, 14.3% (4/28)
in <35 years old, and 28.2% (11/39) in 235 years old, respectively.
There was no significant difference between C and G methods in
each age-group.

3.4 | Perinatal outcomes
We also examined perinatal outcomes following vitrified-thawed

single blastocyst transfer (Table 4). With C method, total follow-up
data for perinatal outcomes were collected from 30 cases, with a

TABLE 3 Comparison of survival rate after thawing blastocysts
between Cryotop and Gavi

C method G method
No. survived/no. thawed 208/211 398/401
Survival rate 98.6% 99.3%

Note: No significant difference was observed between Cryotop and
Gavi in survival rate (P > .05).

mean gestational age of 38 weeks 6 days, a cesarean section rate of
46.7%, and a mean birthweight of 3103 g. With G method, total fol-
low-up data for perinatal outcomes were collected from 36 cases,
with a mean gestational age of 39 weeks 4 days, a cesarean section
rate of 41.6%, and a mean birthweight of 3226 g. In this study, no
multiple pregnancy was observed in G and C methods.

No significant differences in gestational age, cesarean section
rate, or birthweight were evident between C and G methods.

4 | DISCUSSION

In this study, survival rate, pregnancy rate, and miscarriage rate after
vitrified-thawed single blastocyst transfer were compared between
C and G methods. No significant differences were observed be-
tween the two groups. Similarly, no significant differences in perina-
tal outcomes were observed between groups.

Closed-type devices tend to show slower freezing speeds,
compared with open-type devices, but Roy et al showed that the
recovery rate for blastocysts in mice was not significantly im-
pacted with Gavi®. Gavi® showed no significant differences com-
pared with C method; however, sample numbers were small in that
study. In addition, recovery and survival rates of zygotes, cleav-
age-stage embryos, and complete hatched blastocysts were also
studied in that study, and recovery rates did not differ significantly
for each stage. In terms of survival rate, even though zygotes and
blastocysts showed almost equal results, cleavage-stage embryo
showed slightly lower results and complete hatched blastocysts
showed significantly lower results for C method, compared with
G method.'

Many reports have found no significant difference in clinical per-
formance between non-closed- and conventional closed-type freezing
methods, even though increasing the freezing speed from -2000 to
-20 000°C/min has been reported to reduce the possibility of ice crys-
tal formation.*® Freezing speed in closed-type systems is considered to
be slower than in open-type systems. For example, the freezing speeds
of closed-type vitrification devices have been reported as -1220°C/
min for Rapid-i®, ~-1300°C/min for Vitrisafe®, and ~4460°C/min for in-
straw dilution, whereas freezing speeds for open-type devices have
been reported as —15 000°C/min for Cryoloop®, -16 340°C/min for
open-pulled straw, and 22 800°C/min for Cryotop® 172

With G method, freezing speed is about -14 100°C/min, which
is considerably improved compared to the conventional closed-type
freezing method. The effect of freezing speed on blastocyst viability
is therefore considered small and as a result may not have affected
clinical outcomes in this study.

1?2 described a

We also examined perinatal outcomes. Dal et a
case in which G method provided favorable pregnancy outcomes,
and the present study showed similar results.

In addition, G method allows vitrification of four blastocysts
and eight embryos or oocytes at once, and the required time was
15 minutes for blastocysts and 17 minutes for embryos and oocytes,

respectively. The time required for multiple embryo vitrification thus
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FIGURE 2 Comparison of pregnancy 40%
and miscarriage rates between Cryotop
and Gavi for total cohort
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FIGURE 3 Comparison of pregnancy 50%
and miscarriage rates between Cryotop
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FIGURE 4 Comparison of pregnancy 40%
and miscarriage rates between Cryotop
and Gavi in patients 235 y old
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considers to shorten, compared with one-by-one vitrification by C
method, and Gavi® may be able to reduce the workload of embryol-
ogists in vitrification.

However, learning times for each vitrification procedure were
not examined in this study. Further study is thus necessary to clarify
aspects of standardization and learning curve analysis in the vitrifi-
cation procedure, comparing G and C methods.

Compared with conventional open-type vitrification using

Cryotop®, Gavi® as a semi-automated closed-type embryo vitrification

Pregnancy rate

Pregnancy rate

Pregnancy rate

® C method =G method

Miscarriage rate

= C method
® G method

Miscarriage rate

m C method ™G method

Miscarriage rate

system did not significantly affect clinical outcome. The Gavi® method
can be considered as a useful method that may reduce variability in
embryologist skill or facility protocols and equipment and may reduce
the burden of the vitrification procedure in the ART laboratory.

In this study, we showed clinical and perinatal outcome in C and
G methods; however, we did not study the effect of infertility cause
or patient background on the clinical outcome of the different vitri-
fication device. Further study is still necessary to clarify its efficacy

and safety.
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TABLE 4 Comparison of perinatal outcomes between Cryotop
and Gavi

C method G method P-value
Cases 30 36
Gestational age 38wk 6 d 39wk4d N.S
Birthweight (g) 3103 + 512 3226 + 352 N.S
Cesarean section 46.7 41.4 N.S

rate (%)

Note: No significant difference was observed between Cryotop and
Gavi in gestational age, birthweight, or cesarean section rate (P > .05
each).
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