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Efficiency of a Closed Vitrification System with ©gtes and Blastocysts

Futoshi INOUE

Abstract

Closed system vitrification may decrease tble of cross-contamination,
because it vitrifies and cryopreserve oocytes anbrgos without direct contact with
liquid nitrogen. This study evaluated the efficadya closed system with the newly
developed CryotopCL in comparison with open sys@yotop.

In experiment 1, mouse oocytes were divided alosed and open vitrification
groups to compare survival rate. Subsequently, gontevelopment was evaluated. In
experiment 2, mouse blastocysts were comparecdeafshrvival rate. In clinical trial 1
and 2, human oocytes and blastocysts were usemiipare the two system likewise in
experiment 1 and 2. In clinical trial 3, vitrifiadarmed blastocysts were transferred to
patients to observe implantation and pregnancyrate

The survival rate with mouse oocytes was 96v8%100%, blastocyst formation
rate was 75.5% vs. 75.9%, and survival rate witlhuseoembryos were both 100% for
the closed and open systems. The survival rateimiam oocytes was 93.9% vs. 97.0%
and embryo development rate was 72.0% vs. 66.7%stitvival rate of human embryos
was 98.4% vs. 98.3%. Clinical outcome showed namiognt difference in the
implantation rate, 49.1% vs. 48.0% and ongoing paegy rate 45.5% vs. 42.0%.

This study indicates that closed system wttion with CryotopCL is suitable
for laboratory and clinical work. It is suggestéat the closed system can be put into

practical use as an efficient vitrification techmeqgn assisted reproduction technologies.

Keywords: Vitrification, Closed system, Cryopresaion, Oocyte, Blastocyst
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1. INTRODUCTION

Reproductive medicine has greatly facilitated menoyples to conceive and to

give birth. Cryopreservation is a technology tisatised to stop biologic reactions at

cryogenic temperatures. This technology allows ipl@ltoocytes retrieved during a

single treatment cycle to be preserved, therebydawyp their being wasted, and

providing the opportunity to attempt conception eagedly - As a result, this

technology has reduced the need to perform Hypeusdtion 2. Therefore,

cryopreservation plays an important role in festitreatment.

Slow freezing was the initial method introduced d¢oyopreservation of cells.

The first pregnancy in human with cryotransfer wegsorted in 1983 In slow freeze,

the cells are equilibrated gradually with cryopotéat agent (CPA) and are cooled

at a slow cooling rat& Disadvantage with slow freeze is that it sometimasse

chilling injuries to cell®- Conversely, vitrification which was later introditas a



new freezing methods, vitrifies cells intra- andraxcellularly with drastic cooling

rate ® and avoids chilling injuries and ice crystallizatian cells 7 & 9

Cryopreservation with vitrification has been conggcas routine work in many

laboratories.

Presently, there are two methods of vitrificati@psed and open systems.

Open system means that the samples are in diretaatonith liquid nitrogen during

vitrification and storage. There are concernstiraibpen system has a risk for cross-

contamination in two situations: when the sampleitisfied and when it is stored

long term. Although cross-contamination with theogystem has not been reported,

some countries regulate its use. Therefore, tlsea increasing demand for a closed

system that prevents direct contact with liquidagen.

When vitrification is considered, it is true thhetcooling rate is essential to

obtaining a high survival rate, but there are aégmorts indicating that the warming

rate has a decisive influence on survitfal The efficacy of the traditional Cryotop



open system has been demonstrated in multiple p&p€r 13 14. 15, 16, 17, 18,19, 26rh g

newly developed CryotopCL closed system retainsbigeefits of Cryotop and is

designed to prevent direct contact with liquidogien, while maintaining the cooling

rate. Regarding the warming rate, the basic prétocahe closed system is the same

as that for the open system. Theoretically speaking sufficient cooling rate to

prevent cooling injuries and ice crystallizatiommsintained and the same warming

rate is realized, an efficient closed system shoelgossible.

The purpose of this study was to evaluate theaffiof the closed system with

CryotopCL. Mouse oocytes and embryos were use@sickexperiments, followed

by clinical trials with human oocytes and embryos.



2. MATERIALSAND METHODS

A comparative study of the CryotopCL closed systemd the Cryotop open

system was conducted. The study was structuredamparts. The first part consisted

of experiments on mouse oocytes and the secondpasisted of experiments on

human oocytes.

2-1-1. Guidelinesfor animal experiments

In all experiments using mice, all chemicals andgents were purchased

from Sigma-Aldrich (St. Louis, MO, USA) unless ottvese stated. All procedures

and treatments were conducted according to theegnet established in the Animal

Research Guidelines of Kitazato BioPharma Co., Aitl.experiments with mice

were performed at this facility.



2-1-2. Collection of mouse oocytes

The mice used in this study were female Crlj:ICRenifor the collection of

MIl oocytes and male Crlj:BDF1 mice for sperm cotlen. Both kinds of mice were

purchased from Charles River Laboratories Japakdfivama, Japan).

Female mice (4-8 weeks of age) were superovulatedntvaperitoneal

injection of 5 IU equine chorionic gonadotropin pidon Zenyaku Kogyo, Tokyo,

Japan), followed by a second injection of 5 IlU h@GGUKA Pharmaceutical, Tokyo,

Japan) 48 h later. Cumulus-oocyte complexes aMihestage were collected in a

modified-HTF medium (Kitazato BioPahrama Co, L&hjzuoka, Japan) with 0.1%

hyaluronidase (Sigma-Aldrich Corp., St. Louis, M@).2-5 min later, the denuded

oocytes were washed 3 times with fresh m-HTF mechnchused for vitrification.

2-1-3. Fertilization and culture of mouse oocytes

Sperm were collected from the cauda epididymis alenmice, suspended in



TYH medium?2Y, and covered with mineral oil (Kitazato BioPharn®&hizuoka,

Japan). After pre-incubation for 1.5 h at 37°C v CQ in air, a small volume of

the sperm suspension was added to TYH medium congabocytes (final sperm

concentration: 150 cellsl).

2-1-4. Clinical Trial

All clinical trial with human from sperm collectipnoocyte retrieval,

vitrification, insemination and embryo transfer wegrerformed at Life IVF Center

(Santa Ana, CA, USA) between April 2013 and ApfillZ.

2-1-5. Informed consent

Clinical trials with human were approved by theiethcommittee of the

facility where all the trials were conducted: LI¥&~ Center. All patients were given

a detailed explanation from physicians at the tngtin about the purpose, design,
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expected outcome, and risks of the experimentsyt@sdaken only from patients

who had signed informed consent for this clinicell$ were used in this study. For

thein vivoclinical study, the patients received a full exyaion of the methodology

and provided signed informed consent for theiripgodtion.

2-1-6. Collection of human oocytes

Ovarian stimulation was performed using clomiphef@omid; PAR

Pharmaceutical, NY, US) supplemented with human apaunsal gonadotropin

(Synarel; Pfizer, NY, US). Clomiphene administratiwas initiated on day 3 of the

cycle at a dose of 50 mg/day and continued ungil‘tlare” of luteinizing hormone

(LH) caused by nasal spraying of 300 ug gonadatropieasing hormone agonist.

Human menopausal gonadotropin was administerecpi @t a dose of 150 IU and

continued every other day until the day beforeliheflare. After the oocytes were

retrieved, they were cultured in HTF medium (KitazBioPharma, Shizuoka, Japan)
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for 2 h with 5% CQin air at 37°C and maximum humidity and used finification.

2-1-7. Collection of human Sperm and Preparation

Sperm was liquefied and was prepared with two lgyadient density method

with Isolate (Irvine Scientific, LA, USA). Sperm waeither used fresh or frozen-

thawed. For freezing sperm, freezing medium — TYihwlycerol & Gentamicine

(Irvine Scientific, LA, USA).

2-1-8. Fertilization and culture of human oocytes

After retrieval of the oocytes, they were cultufed2 h in HTF medium with

5% CQ in air at 37°C and maximum humidity. The oocytésmtt survived

vitrification-warming, as determined by morpholagliexamination, were fertilized

by intracytoplasmic sperm injection (ICSI). Aftensemination, they were

transferred to 50 pL fresh Global® Total® (LifeG&PCT ,US) for culture until the

12



4-cell stage and transferred to a 100 pL drop e$HrGlobal® Total® and their

development to blastocysts was observed. Blastetlyat were scored at least 3AA

without C by Gardner’s critert® were defined as good blastocyst.

2-1-9. Vitrification

All oocytes were vitrified using HPC supplementedriffcation medium

VT601 2® Ca*-free (Kitazato BioPharma, Shizuoka, Japan) foltmyvithe

manufacturer’s instruction. €afree vitrification media was used to give better

fertilization and development after warmity 2> 26 27 In brief, oocytes and

blastocysts were recovered from culture and traredeat 25°C in 3 steps to a

solution of 7.4% EG plus 7.4% DMSO prepared in BaSiolution + 20%

hydroxypropy! cellulose (HPC) and held for 15 mintilthey had completely

recovered their original isotonic volume, as judggdnicroscopic observation. The

oocytes and blastocysts were then washed in 0.@itmification solution (14.5% EG

13



+ 14.5% DMSO + 0.5 M trehalose in Basic Solutiopgamented with HPC). The

oocytes or blastocysts were then loaded on eithgot@oCL or Cryotop. For

vitrification of mouse oocyte and blastocyst, 23osamples were placed on one

CryotopCL/ Cryotop. For human oocytes and blasthcpsly one oocyte or

blastocyst were cryopreserved on each cryopresenvdevice.

The CryotopCL is a FDA approved closed system (Ejglevice for designed

to enable the vitrification without direct contaath liquid nitrogen. The main piece

of CryotopCL (105 mm long) consists of a very fipelyethylene terephthalate

(PET) strip (2 mm wide x 20 mm long x 0.3 mm diaenedt the thinnest part)

attached to a plastic handle and has an airtightvstap (133 mm length). The

airtightness of the device is proven by the testgomed in accordance with the

method for a plastic medicine container of the dapharmacopeia (Japan Food

Research Laboratories).
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Fig. 1. Picture of CryotopCL (patent pending).

a) Straw cap. The bottom part is sealed and has Ipietze to accelerate the cooling

rate.

b) CryotopCL main part: PET strip attached to the handvetal wires are

embedded in both sides of the strip. These wireslarate the cooling rate.

c) Enlargement of the tip of the PET strip from Cryw@d.. The wires are in a loop-

shape at the tip to avoid scratching the dish duwarming.
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After processing in the vitrification solution, ode and blastocyst samples

were loaded on a CryotopCL strip with a small voduat the vitrification solution.

A CryotopCL straw cap was pre-cooled in liquid ogen and then cut open at its

upper part. A CryotopCL containing a sample wasrntesl into the straw cap.

Immediately after introducing CryotopCL into theast cap, the upper part of the

straw was sealed completely with a heat sealervtodaany entering of liquid

nitrogen. 1 - 3 oocytes or embryos were vitrifiedeach CryotopCL.

The main piece of the Cryotop open system conefsésvery fine PET strip

(0.7 mm wide x 20 mm long x 0.1 mm diameter atttiienest part) attached to a

plastic handle, and has a straw cap (11.3 cm |drgg.straw cap of Cryotop is not

airtight.

After processing in the vitrification solution, ogde and blastocyst samples

were loaded on a Cryotop strip with a small voluofevitrification solution. The

Cryotop was immersed directly into liquid nitrogamd covered with the straw cap.

16



2-1-10. Warming

With closed CryotopCL, the straw cap was held gatty using an aluminum

block placed in the liquid nitrogen. The straw e@gs cut open and the samples on

CryotopCL were transferred into a thawing solutwaithout direct contact with the

liquid nitrogen.

With open Cryotop, the straw cap was removed mdiapitrogen the samples

on Cryotop were in direct contact with liquid nigen before they were transferred

into a thawing solution.

For the warming procedure, Thawing Medium VT602té&ato BioPharma

Co., Ltd., Shizuoka, Japan) was used. Sampleg @th€ryotopCL or Cryotop were

immersed directly into a Thawing Solution (4 mL b0 M Trehalose in Basic

Solution) at 37°C for 1 min. Then, the samples wex@vered from the Thawing

Solution and transferred to Diluent Solution (0.8 of 0.5 M Trehalose in Basic

Solution) for 3 min, washed twice with Washing Smln (0.3 mL of Basic Solution):

17



for 5 min in the first drop, then 1 min in the sedadrop, before cultured for 4 h at

37°C.

2-1-11. Embryo transfer, implantation, and pregnancy check

This study was conducted on 105 patients who wgee detween 30 and 35

years. Embryo transfer was performed under ultnadaguidance using a Kitazato

ET catheter (Kitazato Medical Co., Ltd., Tokyo, dajp At day 5 or 6, a single

blastocyst vitrified and thawed was transferrethenatural cycle. Implantation was

determined by the detection of a single intrautegestational sac by transvaginal

ultrasound at approximately 3 weeks after embrgndfer. Ongoing pregnancy was

checked beyond 8 weeks of gestation by ultrasowtdodstrating a fetal heart

movement.
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2-1-12. Measurement and Calculation of Cooling Rate and War ming Rate.

The cooling rate and warming rate were measuredguai Midi LOGGER

GL900 (Graphtech, Kanagawa, Japan). To calculaectioling rate and warming

rate of CryotopCL, data was put into a graph to jgara the temperature change and

time passage. Time passage was measured by 4 geio time graph. Slope on

regression line was calculated for duration wha®estic temperature change was

shown

2-2-1. Experiment 1

120 mouse oocytes were collected and cultured éontetaphase 1l (MIl)

stage. Oocytes which size was 80um was used faxiperiment. They were divided

evenly in the two vitrification group: closed andem and warmed 5 hr 1 after

vitrification on the same day to evaluate theirvewal rate. After warming,

morphologically normal oocytes were fertilized andtured in vitro to blastocysts

19



to check their development. An additional 46 fresbuse oocytes were used as a

control to evaluate embryo development.

2-2-2. Experiment 2

120 Mouse oocytes were fertilized and cultureditro to blastocysts. The

blastocysts at Day 5, 160um were vitrified and wedirh hr £1 after vitrification on

the same day to evaluate their survival rate.

2-2-3. Clinical Trial 1

66 human oocytes were collected after informed eonsvas given. Mil

oocytes, 120um were vitrified and warmed to evaudieir survival rate. After

warming, morphologically normal oocytes were fezrgt by ICSI and cultured to

blastocysts to check embryo development. An adtli@0 fresh oocytes were also

used as a control for the embryo development rate.

20



2-2-4. Clinical Trial 2

358 Human blastocysts were fertilized by ICSI andtured in vitro to

blastocysts. The blastocysts on Day 5, 200um weérdiad either with closed

system or open system and warmed to check theiivalirate.

2-2-5. Clinical Trial 3

A single blastocyst, which was vitrified-warmed, sMaansferred into each

105 patient. Consequently, clinical pregnancy, amption rate, and ongoing

pregnancy rate up to 10 weeks were observed.

2-3. Data analysis

Data were analysed using contingency tables wihdtis exact test. P values

less than 0.05 were considered to indicate sigmficlifferences.
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3. RESULTS

There was no significant difference between theediosystem with CryotopCL

and the open system with Cryotop in all aspectsuatad using mouse oocytes and

blastocysts.

Table 1 shows the results from experiment 1 in Wwhine survival rates of Mll

mouse oocytes in both system were similar: clogstesn 96.7% vs. open system

100%. Consequently, oocytes that were considerkdwve survived morphologically

were fertilized and cultured to blastocysts. TaBleshows the fertilization and

blastocyst formation rates with fresh mouse oocytésfied mouse oocytes with

the closed system, and vitrified mouse oocytes thithopen system. The fertilization

rates were 93.5% vs. 96.2% vs. 94.4%, respectidlg. blastocyst formation rates

were 80.4% vs. 75.5% vs. 75.9%, respectively, dral rates of good quality

blastocysts among them were 65.2% vs. 60.4% vs3%9.respectively. No

22



significant difference was found.

Table 1. Survival rates of vitrified-warmed mouse MIl oocyteith the closed and

open systems.

No. examined | No. survived Survival rate
Closed system 60 58 96.7%
Open system 60 60 100%

P value > 0.05 for all measures.
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Table 2. Embryo development with control and vitrified-warinklll oocytes.

Control (fresh)

Closed system

Open system

No. examined

46

53

54

Fertilized 43 (93.5%) 51 (96.2%) 51 (94.4%)
Blastocyst 37 (80.4%) 40 (75.5%) 41 (75.9%)
Good quality

30 (65.2%) 32 (60.4%) 32 (59.3%)
blastocyst

P value > 0.05 for all three measures
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In experiment 2, the survival rates of mouse blasts vitrified with the closed

and open systems were both 100% (Table 3).

Table 3. Survival rates of vitrified-warmed mouse blastosysith the closed and

open systems.

No. examined| No. survived Survival rate
Closed system 60 60 100%
Open system 60 60 100%

P value > 0.05 for all three measures
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In clinical trial 1 and 2, the study design was ifamto the experiments 1 and

2, but human oocytes and embryos were used, windesarlier experiments used

mouse oocytes and embryos.

Clinical trial 1 showed that the survival rate fmman oocytes with the closed

system was 93.9%, while it was 97.0% with the opgstem (Table 4).

Morphologically surviving human oocytes were fergld by ICSI and their

development was observed. The fertilization ratd ambryo development until

blastocysts are shown in Table 5.
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Table 4. Survival rates of vitrified-warmed human oocyteshwhe closed and open

systems.

No. examined| No. survived Survival rate
Closed system 33 31 93.9%
Open system 33 32 97.0%

P value > 0.05 for all measures
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Table 5. Embryo development of control and vitrified-warmagman MIl oocytes

in the open and closed systems.

Control (fresh)| Closed systen Open system

Survived oocytes 30 31 32

Fertilized| 26 (86.7%)| 25 (80.6%)| 27 (84.4%)

4cell| 25 (96.2%)| 24 (96.0%) 24 (88.9%)

8-cell| 20 (76.9%)| 19 (76.0%)| 19 (70.4%)

Blastocysf 19 (73.1%)| 18 (72.0%) 18 (66.7%)

Good Quality|

Blastocyst 11 (57.9%) 11 (61.1%) 12 (66.7%)

Blastocyst

P value > 0.05 for all measures
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In clinical trial 2, human blastocysts were vitdi with the closed and open

systems and their survival was evaluated morphosilyi and found to have no

significant difference (Table 6).

Table 6. Survival rates of vitrified-warmed human blastosysiith the closed and

open systems.

No. examined | No. survived Survival rate

Closed system 182 179 98.4%

Open system 176 173 98.3%

P value > 0.05 for all measures

In clinical trial 3, patients aged between 30 arkdygars received single-

embryo transfer treatment, and implantation wasckbe under ultrasound. The
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implantation rate with vitrified blastocysts withet closed system was 49.1% vs.

48.0% with the open system. The ongoing pregnaam®sy confirmed at 10 weeks

of gestation, were 45.5% vs. 42.0%, respectivelp(d 7). No significant difference

was found.

Table 7. Clinical outcome with vitrified-warmed human blasysts.

Closed system Open system
Age (years) 30-35 30-35
No. of patients 55 50
Implantation 27 (49.1%) 24 (48.0%)
Ongoing pregnancy 25 (45.5%) 21 (42.0%)

P value > 0.05 for all measures
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Cooling rate and Warming Rate

Temperature change was recorded with Midi LOGGER@Levery 0.4 sec.

In vitrification, predominant temperature drop wasorded between 1.84 sec and

2.72 sec from the time of measuring (Fig.3). Slopegression line in the range was

calculated and it was -51.21, which means coolatg of -51.21°C/sec. This equals

to -3,072.41°C/min, approximately -3,000°C/min. karming, predominant

temperature rise was recorded between 1.08 sed 24dsec (Fig. 4). Slope of

regression in the range was 668.29, which meansgaate of 668.29°C/sec, which

equals to 40,097.55°C/min, approximately 40,00096/m
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Fig. 3. Temperature change / retention time when CryotosGiitrified according

to the protocol for the closed vitrification system
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Fig. 4. Temperature change / retention time when CryotopGAkarmed according

to the protocol for the closed vitrification system
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4. DISCUSSION

Freezing technology that enabled multiple oocytesembryos to be vitrified

and cryopreserved provided patients with the chahoepeated attempts to conceive

without Hyperstimulation. Open system vitrificatias likely to be the most well

adopted vitrification technique worldwide with higtsurvival rate compared to slow

freezing, and also for more simple protocol com@dceclosed system.

Conversely, the closed system is a safe vitriftsatechnique with the least

risk of cross-contamination. In addition to the uigments of the Food and Drug

Administration in the USA, there are some Europeauntries that require the use

of a closed system for the cryopreservation ofugss For this reason, the closed

system has become an essential method of cryopetier.

For a closed system to be practical, it is deserdbat the protocol for the

system is easy and the equipment for vitrificaioreasonable and not too big for a
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laboratory. In addition, its efficacy has to be leased.

In the present study, the survival, developmenplamtation, and pregnancy

rates were similar between the closed and opeprmsgst

Commercially available systems include Cryof#p?® HSV straw?® 30

Cryopette3?, and Rapid-f?. A report indicated that CryoTip was slightly more

vulnerable to technical difficulties during recoyethan the other two devices

examined®. It suggested that any theoretically safe clogetesn should have an

easy protocol that can be performed by any embgysi@and provide good stable

results.

There are three points in the vitrification procexlwhere closed CryotopCL

and open Cryotop differ. First, the straw cap isopen in the closed system. Second,

CryotopCL with samples is slid into the straw cegni the open-cut part. Third, the

CryotopCL straw cap is sealed at its upper patt wisealer. All three procedures are

very easy and do not require multiple experienc@ddorm them correctly. For
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warming with CryotopCL, the straw cap is cut whilartially suspended in liquid

nitrogen and there is no contact of the sample \dhbid nitrogen, then the

CryotopCL in the straw cap is immersed directlpiatthawing solution. CryotopCL

is placed vertically within an aluminum block hotder ease of handling, so anyone

can warm CryotopCL easily without special training.

During vitrification and cryopreservation, a higlooting rate and high

warming rate are necessary for a high survival materder to vitrify and thaw

without ice crystallization of cells. The coolingte of for CryotopCL was

approximately -3,000°C/min. In comparison, the auplrate of HSV straw is

reportedly -1,200°C/min, while that of Rapid-I i5,300°C/min?®. This indicates

that CryotopCL has the best cooling rate compadhe other approaches.

Conversely, the cooling rate for the open systeimguSryotop is -23,000°C/min.

A concern with a closed system is that the cells aot cooled down

immediately, but gradually, with a low cooling rateis necessary to develop an
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environment in which the cells are vitrified immatdily. The straw cap of

CryotopCL is pre-cooled to keep the temperaturelenander -190°C. Two stainless

SUS304 wires are embedded in the edges of the @yt strip (Fig. 1). Contact of

the strip wires with the metal on the bottom pdirthe straw cap facilitates efficient

heat transfer to the strip. This mechanism of thig gpatent pending) allows

CryotopCL to realize a higher cooling rate thaneotltlosed system devices.

CryotopCL with a sample is transferred from roomperature into the cooled straw

cap. The samples are vitrified immediately with aling rate of -3,000°C/min,

which is a sufficient enough temperature insidestinaw to vitrify the cells.

For samples to be vitrified immediately, minimizatiof the volume of solution

in the device is also an important point. The matef the strip used for CryotopCL

and Cryotop is the same and has the same featunegthe volume of the vitrification

solution is minimized with the same procedure. Smadly, samples are vitrified in

0.1 pL vitrification solution. With regard to minimizatn of medium volume, both
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the closed and open systems use the same volumedfim for vitrification.

A slow warming rate results in the development @B intracellular ice

crystals by recrystallization, which is lethal tells. To warm cells with closed

system CryotopCL, the straw cap is immersed inidipitrogen, but the samples are

transferred to a thawing solution at 37°C withowéck contact with liquid nitrogen.

Whereas with open Cryotop, the samples are in doectact with liquid nitrogen

before being transferred to a thawing solution. WMwrming rate with closed

CryotopCL was 40,000°C/min, while it was 42,000°@/with open Cryotop. As

the similar survival and embryo development rateoth the closed and open

systems prove, the samples did not undergo inttaaelice crystallization during

the warming process in either system and theiriMyaland embryo development

capability were kept.

Clinical comparisons can only be evaluaiedivo by transferring vitrified-

warmed embryos into the uterus and examining fr@igress. In the present study,
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vitrified-warmed blastocysts were transferred ttiggds by single-embryo transfer

in two groups separated for the closed and opetemsygs Clinical pregnancy,

implantation rate, and ongoing pregnancy rate ug noaximum of 10 weeks were

checked, and no significant difference was confanfdthough a continuous study

until live birth will be required, the efficacy aflosed system vitrification using

CryotopCL was confirmed at the clinical level.

This study indicates that the closed system witlyo@pCL can be an

alternative to open vitrification systems for botitouse and human oocytes and

embryo cryopreservation. There was no significaffereence between the open

system with Cryotop and the closed system with @GL for both laboratory and

clinical outcomes: survival, embryo developmentplamtation rate, and ongoing

pregnancy rate. As a cryopreservation system withegy low risk of cross

contamination, the closed system with CryotopCL banconsidered to have an

important role in the preservation of fertility.
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