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Abstract

In the last 15–20 years, many centers are using vitrification as a method of choice for cryopreservation of
human oocytes and embryos. As vitrification technologies have improved their success profiles, new
applications seem to have emerged, making IVF treatments more successful and more flexible.
This appendix describes the Cryotech® method, which is the latest “minimal volume approach” method,

suitable for cryopreservation of oocytes and embryos of any developmental stage, including blastocysts. Dr.
Masashige Kuwayama, who has introduced major advances in oocyte and embryo cryopreservation, has
developed this method. A detailed protocol has been described with finer tips for the accurate use of the
method for perfect survival and safety.
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1 Introduction

Vitrification refers to the physical process by which a highly
concentrated cryoprotective solution supercools to very low tem-
peratures and finally solidifies into a metastable glass, without
undergoing crystallization at a practical cooling rate. Samples
are thus cryopreserved without detrimental intracellular ice
formation.

Vitrification is now accepted as a very reliable and reproducible
technique to cryopreserve human gametes. Its physical and
biological principles are nowmuch better understood. Laboratories
the world over are reporting very high survival rates [1–3]. This is
leading to more numerous and more successful applications of
vitrification.

There are many areas where vitrification is playing a key role
today.

1. The ultimate aim of any ART procedure is the birth of a single,
live, healthy baby that can be achieved through an elective
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single-embryo transfer. Consequently, if we want to reduce the
number of embryos that we transfer, optimizing the embryo
cryopreservation program is essential.

2. Ovarian hyperstimulation syndrome (OHSS) is a potentially
life-threatening, iatrogenic complication of IVF resulting
from the extensive use of gonadotropins [4]. A variety of
preventive strategies have been adopted to reduce the risk of
OHSS, but none of these methods have consistently demon-
strated efficacy in preventing the syndrome except for cancella-
tion of the cycle before hCG administration [5]. Although
cycle cancellation is the most effective and safest approach, it
is obviously frustrating and costly for the patients, and a second
attempt of ovarian stimulation may lead to the same risk.
Vitrification has enabled us to cryopreserve all eggs or embryos
and avoid a fresh embryo transfer.

3. Minimal stimulation protocols are thought to produce few
eggs, but eggs of better quality. Women with a poor ovarian
reserve, who commonly do not respond to heavy stimulation,
are left with few options when planning a family. One such
option is embryo banking with a minimal stimulation IVF
protocol. This approach allows women to have consecutive
cycles before the follicular reserve is depleted. It will maximize
the ovaries’ already limited life span, allowing patients the
opportunity to store embryos while oocyte production is still
active. Results suggest the efficacy of this approach for patients
who would normally be counselled for donor egg IVF [6, 7].
Minimal stimulation IVF is unthinkable without a strong vitri-
fication program.

4. Oocyte vitrification is giving a chance to women to preserve
their fertility and plan their families. A woman’s ovarian reserve
quantity decreases with advancing age, as does the quality of
her oocytes (e.g., there is a higher incidence of chromosomal
anomalies) that, in turn, reduces the chances of successful
fertilization, implantation, and early embryo development
[8]. By age 35, a woman has lost ~95 % of her eggs, and the
rest are aging rapidly. Fertility preservation with egg banking is
a great way for women to plan their families.

Today, we can make any IVF programmuchmore efficient with
the strong support of an excellent vitrification program.

During the development of vitrification methods, scientists
have made great efforts to find innovative methods using minimal
volume techniques to increase the thermal change during the pro-
cess. A higher cooling rate can facilitate vitrification, and a higher
warming rate can prevent devitrification at lower concentration of
cryoprotectants. This can reduce toxicity from vitrification solu-
tions. Minimum volume methods can prevent ice crystal formation.
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The high rates of cooling and warming resulting from the mini-
mum volumemethods can prevent the harmful chilling injuries that
happen between 15 and �15 �C [9]. Minimum volume methods
can also avoid fracture injury.

Dr. Masashige Kuwayama has more than 20 years of laboratory
and clinical experience with both animal and human oocytes and
embryos. He has introduced several novel procedures to vitrify
oocytes and embryos, including various dilution methods, as well
as the Cryotop method and the Cryotip method [10, 11]. His
minimal volume vitrification techniques are used worldwide pro-
ducing excellent results. Cryotech vitrification, a minimal volume
approach, is the latest method of oocyte and embryo cryopreserva-
tion introduced by Dr. Kuwayama. Using Cryotech method of
vitrification, oocyte survival rate of 97.1 % [12] and embryo survival
rate of 97.34 % have been reported [6].

2 Product Description

2.1 Solutions Cryoprotectant toxicity is a fundamental limiting factor for the
successful cryopreservation of living systems by both freezing and
vitrification. Mixtures of cryoprotectants have less toxicity and are
more effective than single-agent cryoprotectants. With two cryo-
protectants, the concentration of each can be lower than that
needed when either is used separately, thereby making the solution
less toxic [13].

Extracellular disaccharides and macromolecules, such as
sucrose and trehalose, are commonly added to vitrification solu-
tions to lower the concentration of cryoprotectants. This helps to
draw water out of the cell to attain better dehydration and reduce
osmotic shock. Sucrose that is routinely used has been replaced
with trehalose in Cryotech solutions, thus reducing endotoxicity
due to sucrose [14].

There is no added serum and synthetic serum supplements in
Cryotech vitrification solution. Hence, risk of serum-derived virus
contamination is avoided. It contains hydroxypropyl cellulose
(HPC), which has optimal high viscosity providing better resistance
to damage during cooling, storage, and warming [15]. Vitrification
solution is completely chemically defined and is stable for one year
at 4–8 �C and 3 months at room temperature. Each component of
vitrification and warming solution is specifically selected to get
optimum results (Fig. 1).

2.2 Loading Device:

“Cryotech”

The carrier device is a polypropylene strip attached to a plastic
handle accompanied with a protective covering for safe handling
and storage (Fig. 2). Longer and wider handle and sheet make it
easy for writing details and loading samples. It can be used as
“closed cooling” after sealing or “open cooling” before sealing
(Fig. 3).
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2.3 Vitri Plate

and Warm Plate

The Vitri plate (Fig. 4a) used for vitrification has a special holder for
the Cryotech. Thus, the focus remains the same while washing the
oocytes in vitrification solution and placing them on the Cryotech
device. One hand of the embryologist is completely free while
loading the device. It gives tremendous ease of handling to the
embryologist, thus greatly increasing the overall efficiency of the
method.

The warm plate (Fig. 4b) has a well for the first solution, called
the “thawing solution (TS)” of the warming process followed by
three other wells for diluent solution (DS) and washing solution
(WS). This increases the speed and efficiency of the warming

Fig. 1 Cryotech vitrification and warm solutions

Fig. 2 Cryotech carrier device

Fig. 3 Cryotech carrier device can be used as both open and closed cooling
system
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process. High warming rates are extremely crucial to survival of the
gametes, and the design of the warm plate facilitates very high
warming rate, aiding in the overall efficiency of the process.

2.4 Protocol The toxicity of a cryoprotectant is correlated to its concentration,
the time of exposure, and the temperature.

Time: All cryoprotectants are toxic, and it is important to monitor
the duration of exposure to the final cryoprotectant very carefully
before plunging into liquid N2. Survival rates after vitrification
improved with the evolution of two-step protocols. The Cryotech
method involves 10–15 min equilibration in the 50 % diluted
solution of the final permeable cryoprotectant medium at room
temperature and short exposure (<90 s) to the final concentrated
cryoprotectant. This approach is relatively harmless for sensitive
structures including human oocytes, while it increases considerably
their survival rate and developmental competence [16].
Temperature: The fast entrance and the degree of toxicity of the
cryoprotectant can be influenced by temperature. Equilibration at
37 �C avoids the re-expansion of the cell especially the first step of
warming. Using CPAs at room temperature (22–25 �C) or lower
rather than 37 �C may decrease their toxicity. The Cryotech
method uses room temperature equilibration for significant
improvement in survival rate.

Fig. 4 (a) Left image—Vitri plate, (b) right image—warm plate

Fig. 5 Cryotec Vitrification Kit and LN2
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Only the first step of warming is done at 37 �C as rapid warm-
ing rates are a prerequisite to successful vitrification as it prevents
the vitreous water present in cells from crystallization at the time of
warming.

2.5 Theoretical

Risk of Cross

Contamination vs.

Successful Outcome

A high freezing rate and even higher warming rate are crucial to
successful vitrification and survival [17]. This can be best achieved
via direct contact between the sample and liquid nitrogen (open
system vitrification). However, there are technical concerns regard-
ing sterility in open systems.

A misconception in the field of reproductive medicine is that
there is a significant risk of cross contamination during gamete or
embryo cryostorage. However, in a recent article by Pomeroy
consisting of a review of the available literature on animal models
and human IVF, it suggests otherwise [18]. There is a negligible
risk of cross contamination in IVF working conditions. Bielanski
et al. suggested that viral pathogens could be transmitted to vitri-
fied and stored embryos by contaminated nitrogen [19]. These
authors placed small virus-contaminated particles of ice in a nitro-
gen tank to demonstrate that those particles could attach to the
samples when they are taken from the tank. The risk is only theo-
retical, particularly when standard universal precautions are used.

In ART centers cross contamination by these agents and
transmission between samples have not occurred, and no such
disease transfer has yet been reported in an estimated of
600,000–1,000,000 vitrified embryos. At present, most embryos
and oocytes are vitrified with open systems worldwide, indicating a
higher overall efficiency and consistency.

3 Cryotech Vitrification Protocol

3.1 Materials

Required

l Cryotech Vitrification Kit.

Equilibration solution (ES).
Vitrification solution (VS).
Cryotech.
Vitri plate.

l Microscope (turn off the heating plate).

l Stopwatch (with count up function).

l Tweezers.

l Micropipette for 300 μL.
l Cooling rack.

l Liquid nitrogen.

Note: Solutions are to be used within 30 days of opening the vials.
Sterile aseptic conditions of dispensing should be maintained.
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3.2 Preparation

for Vitrification

1. Bring ES and VS vials to room temperature (25–27 �C) at least
1 h before vitrification.

2. Fill 90 % of the cooling rack with fresh liquid nitrogen.

3. Take the culture dish containing oocyte/embryo out from the
incubator. Check the quality of the oocyte, embryo, or
blastocyst.

Note: Use a right size Pasteur pipette: 140–170 μm for oocyte and
cleavage-stage embryo and 170–300 μm for blastocyst. For oocyte
vitrification take the cumulus cells off. Best timing of vitrification of
blastocyst: the size (diameter) should be between 160 and 220 μm
for perfect survival after vitrification.

3.3 Equilibration

(12–15 min)

1. Write ES, VS1, and VS2 on the lid of the Vitri plate. Fill the
wells of Vitri plate with 300 μL ES, 300 μL VS1, and VS2,
respectively. Put the lid on the Vitri plate immediately (Fig. 6).

2. Aspirate the oocyte/embryo at the middle of the fine part of a
Pasteur pipette.

3. Put the oocyte/embryo with small amount of medium on the
surface of ES well (Fig. 7). Start the stopwatch. As oocyte/
embryo sinks to the bottom, it will shrink (Fig. 7b).

4. Put the lid and wait for the recovery of the shrinkage. When the
oocyte/embryo volume is completely recovered, it is the end of

Fig. 6 Vitri plate with vitrification solutions

Fig. 7 (a) Time 0 (b) After 90 seconds. Equilibration step—shrinking of the oocyte/embryo
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this step. If you can’t confirm the complete recovery, the limit
time of this step is 15 min for oocyte and blastocyst and 12 min
for 4–8 cell embryo (Fig. 8).

5. Write information of oocyte/embryo on the handle of Cryo-
tech and set on Vitri plate (Fig. 9).

Note: Oocyte vitrification is complete when the width of perivitel-
line space becomes equal to the width before immersing in ES.

3.4 Vitrification Step

in VS1 (30–40 s)

1. Aspirate the oocyte/embryo with ES till the middle of the
pipette. Transfer the oocyte/embryo at the middle depth of
VS1 with ES (Fig. 10, step 1).

Fig. 9 Vitri plate with Cryotech

Fig. 8 Equilibration step—recovery of the oocyte/embryo

Fig. 10 VS1 washing of oocyte/embryo (steps 1–4)
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2. Expel the remaining ES outside the well (Fig. 10, step 2/1)
and aspirate fresh VS1 from the edge of the wall (Fig. 10, step
2/2). Oocyte/embryo floats immediately to the surface of VS1
(Fig. 10, step 2/3).

3. Aspirate oocyte/embryo at the top inside of pipette. Transfer it
again to the bottom of VS1 (Fig. 10, step 3).

4. The oocyte/embryo floats slowly to the middle depth and
stops (Fig. 10, step 4).

5. Expel the remaining VS1 outside the well and aspirate fresh
VS2. Aspirate oocyte/embryo at the top inside of the pipette.

3.5 Vitrification Step

in VS2 (10–20 s)

1. Transfer the oocyte/embryo to the middle depth of VS2
(Fig. 11, step 5).

2. Expel the remaining VS outside the well (Fig. 11, step 6/1)
and aspirate fresh VS2 from the edge of the wall (Fig. 11, step
6/2).

3. Expel VS2 around the oocyte/embryo and mix the solution
around oocyte/embryo to exchange the remaining previous
solution (Fig. 11, step 7). Expel and wash inside of the pipette
with fresh VS2.

4. Take oocyte/embryo at the top of pipette (Fig. 11, step 8).

3.6 Loading Cryotech 1. Place the oocyte/embryo near the end of Cryotech sheet with
minimal volume of VS2 (one oocyte/embryo per droplet is
recommended) (Fig. 12). Immediately submerge the Cryotech
into fresh liquid nitrogen.

2. Put the straw cap on Cryotech in the liquid nitrogen.

Fig. 11 VS2 washing of oocyte/embryo (steps 5–8)
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4 Cryotech Warming Protocol

4.1 Materials

Required

l Cryotech Warming Kit.

– Warming solution (TS).

– Diluent solution (DS).

– Washing solution (WS).

– Warm plate.

l Microscope (turn off the heating plate).

l Stopwatch (with count up function).

l Tweezers.

l Micropipette for 300 μL.
l Cooling rack.

l Liquid nitrogen.

4.2 Preparation

for Warming

1. Place the warm plate and TS vial (with cap) in the incubator at
37 �C >3 h before warming (overnight storage is recom-
mended). Bring DS and WS vials to room temperature
(25–27 �C) at least 1 h before warming.

2. Retrieve the cane with the specific Cryotech; quickly immerse
the cane in cooling rack filled with fresh liquid nitrogen.

3. When you are absolutely ready, take the warm plate and TS out
of the incubator, and fill the rectangular well with 1.8 mL of TS
(Fig. 13, step 1/1).

4.3 Step 1 Warming

(1 min)

1. Quickly (within 1 s) put the Cryotech into TS well. Start the
stopwatch for 1 min (Fig. 13, step 1/2).

2. Oocyte/embryo separates from the Cryotech sheet by itself
and begins to float. Confirm the oocyte/embryo existence in
TS well. Do not touch the oocyte/embryo before 1 min. While
waiting, fill the DS well with 300 μL of dilution solution
(Fig. 13, step 2/1).

4.4 Step 2 Dilution

(3 min)

1. At the end of 1 min, aspirate the oocyte/embryo and 3 mm
long of TS into the pipette (Fig. 14, step 1).

Fig. 12 Loading of Cryotech
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2. Transfer TS to the bottom center of DS (Fig. 14, step 2), and
expel the oocyte/embryo slowly at the bottom of TS layer in
DS well (Fig. 14, step 3). This is for most gradual displacement
from TS to DS. Wait for 3 min. While waiting, fill the WS1 and
WS2 well with 300 μL of washing solution.

4.5 Step 3 Washing

4.5.1 Washing 1 (5 min)

1. Aspirate the oocyte/embryo and 3 mm long of DS into the
pipette (Fig. 14, step 1).

2. Transfer DS to the bottom center of WS1 (Fig. 14, step 2), and
expel the oocyte/embryo slowly at the bottom of DS layer in
WS1 well (Fig. 14, step 3). This is for most gradual displace-
ment from DS to WS1. Wait for 5 min.

3. Give a survival judgment at the end of this step depending on
the recovery of the shrunken oocyte/embryo.

Fig. 14 Gradual replacement of solutions (TS ! DS, DS ! WS1)

Fig. 13 Procedure for warming (steps 1–3)
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4.5.2 Washing 2 (1 min) Aspirate the oocyte/embryo with minimal volume of WS1.
Put the oocyte/embryo on the surface of the WS2 well

(Fig. 13, step 3/3). When oocyte/embryo sinks to bottom, aspi-
rate and put on the surface. It will again sink to the bottom; thus,
washing is done twice.

Put the oocyte/embryo in the droplet of the culture media for
the recovery for ICSI and ET.

Note: After the warming, 2–4 h culture for oocyte and 3 h for
embryo is recommended.

5 Practical Tips to be Followed for Cryotech Vitrification

Protocol

l Vitrification is a highly skill-oriented technique, and close
adherence to the recommended protocol of the manufacturer
is absolutely essential to achieve optimal results.

l A single Cryotech protocol for oocytes, embryos, and blasto-
cysts simplifies freezing activity within the embryology labs and
could potentially optimize costs in the laboratory.

Loading

l To make sure that the cells have been loaded on the carrier,
perform the loading process under a stereomicroscope.

l Check the number of loaded embryos, and check if the pipette
is empty after loading.

l You can load up to 3–4 oocytes per Cryotech. For embryos,
place only the number of embryos that you would like to thaw
at a time for transfer.

l While using minimal volume techniques, each oocyte/embryo
has to be loaded in separate drops while loading multiple
oocyte/embryo on a single Cryotech. Don’t load all in a single
blob of solution. Smaller volumes allow better heat transfer,
thus facilitating higher cooling and warming rates.

Immersion in liquid nitrogen

l During vitrification, higher cooling rates can be achieved by
quickly passing through the damaging vapor phase above the
liquid nitrogen.

l During vitrification after immersing in liquid nitrogen, do rapid
front-back movement of Cryotech to disperse the layer of
gaseous nitrogen around the surface of Cryotech for uniform
cooling.
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Warming

l The first step of the procedure of immersing the Cryotech from
liquid nitrogen into warm TS at 37 �C is most critical. This step
must be performed with utmost efficiency to achieve very high
warming rate.

l Move the sample from one solution to the other by keeping it
in a small quantity of the previous solution and releasing it into
the next solution. In this way the passage will be less shocking.

Oocyte vitrification

l Removing cumulus cells is better for vitrification of mature
oocytes.

l Immature oocytes should be vitrified with the cumulus cells, as
the cumulus cells may help the in vitro maturation of oocytes
after warming.

l Timing of oocyte vitrification (Fig. 15)—the meiotic spindle of
the oocyte is very sensitive to cryoprotectants and low temper-
ature. Spindle undergoes transient disappearance or disorgani-
zation immediately after thawing. The spindle apparatus
recovers after thawing and seems to do so without alterations
in>80 % of the cases after 1–3 h of in vitro culture at 37–38 �C.
Inseminating oocytes soon after thawing, when there is serious
spindle disorganization, adversely affects fertilization outcome
and growth of embryos. The optimum time for intracytoplas-
mic sperm injection (ICSI) for human oocytes is between 37
and 41 h post human chorionic gonadotropin (hCG). The time
interval between oocyte thawing and ICSI is crucial for normal
fertilization and subsequent development. Therefore, consid-
ering competing aspects of oocyte aging and spindle recovery,
timing of events is essential for a successful oocyte cryopreser-
vation program. Hence, oocyte recovery can be performed at
34 h post hCG, vitrification of oocytes being performed at 2 h
after oocyte recovery, and ICSI being performed at 3 h post
thaw (post hCG 39 h).

Embryo vitrification

l Freeze the number and grades of embryos per Cryotech as per
the requirement for the frozen embryo transfer.

34 h post hCG

• Oocyte 
retrieval

2h 36 h post hCG

• Oocyte 
freezing

~36 h post 
hCG

• Oocyte 
thawing

3h 39 h post hCG

• ICSI

Fig. 15 Timing of oocyte vitrification
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Blastocyst vitrification

l Best timing of vitrification of blastocyst: the size (diameter)
should be between 160 and 220 μm for perfect survival after
vitrification.

l Post-warming, viable blastocysts re-expand and are usually
allowed 3 h of incubation to regain their vitality before being
transferred. Re-expansion is the sign of viability.

Storage and expiry

l Heat dissipation occurs much faster in vitrified specimens as
they have smaller surface area. As a consequence, anyone
handling vitrified cells should be extremely cautious when
transferring vitrified specimens to and from the storage dewar.

l Failure to check and top up dewar can have disastrous conse-
quences for cryopreserved material, and top-up can be man-
aged via a staff that is strictly adhered to.
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