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22  SUMMARY:
23 Here we present a time-lapse morphometric protocol to follow the intensity of blastocyst
24  shrinkage and re-expansion during previtrification interventions and post-warming recovery.
25 The application of the protocol is possible in in vitro fertilization laboratories equipped with
26  time-lapse microscopes and is recommended in the development of an optimal blastocyst
27  vitrification method.
28
29  ABSTRACT:
30  This article describes the noninvasive method of blastocyst morphometry based on time-
31 lapse microphotography for the accurate monitoring of a blastocyst’s volume changing during
32 individual phases before and after vitrification. The method can be useful in searching for the
33  most optimal timing of blastocyst exposure to different concentrations of cryoprotectants by
34  observing blastocyst shrinkage and re-expansion in different pre- and post-vitrification
35 phases. With this methodology, the blastocyst vitrification protocol can be optimized. For a
36  better demonstration of the usefulness of this morphometric method, two different
37  blastocyst preparation protocols for vitrification are compared; one with using an artificial
38  blastocoel collapsing and one without this intervention before vitrification. Both blastocysts’
39 volume changes are followed by time-lapse microphotography and measured by photo-
40 editing software tools. The measurements are taken every 20 seconds in previtrification
41 phases and every 5 minutes in the post-warming period. The changes of the blastocyst
42  dimensions per time unit are presented graphically in line diagrams. The results show a long
43  equilibration previtrification phase in which the intact blastocyst first shrinks and then slowly
44  refills the blastocoel, entering vitrification with a fluid-filled blastocoel. The artificially
45  collapsed blastocyst remains in its shrunken stage through the entire equilibration phase.
46  During the vitrification phase, it also does not change its volume. Since the blastocyst
47  morphometry shows a constant volume of the artificially collapsed blastocysts during the
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previtrification step, it seems that this stage could be shorter. The described protocol provides
many additional comparative parameters of blastocyst behavior during and after
cryopreservation on the basis of the speed and intensity of the volume changes, the number
of partial blastocoel contractions or total blastocyst collapses, and the time to a total
blastocoel re-expansion or the time to hatching.

INTRODUCTION:

Cryopreservation of human preimplantation embryos from the in vitro fertilization program
(IVF) is nowadays a routine practice in most IVF laboratories. The slow embryo freezing
method began to be clinically used in 1985, with the introduction of specific cryoprotectants
and computer-controlled freezers, which enabled the controlled cooling of embryos down to
-7 °C, when ice nucleation (seeding) was induced in the surrounding cryoprotective medium?.
By continuous cooling, the ice crystals would grow, causing the hyperosmolality of the
remaining liquid fraction and, consequently, the dehydration and shrinkage of the embryonic
cells. At -30 °C or -80 °C, the embryos would be plunged into the liquid nitrogen for longer
storage. What was happening with the embryos or oocytes during cooling could be observed
only by specially adapted cryomicroscopes, which helped to improve cryopreservation
protocols?. The freezing of blastocysts, a higher-volume and more fluid-contained embryonic
stage, gave less promising clinical results in those days3.

The breakthrough in the cryopreservation of the blastocyst was the introduction of the
vitrification method, in which the dehydration of the cells took place before cooling by using
high concentrations of cryoprotectants®. The removal of the fluid from the blastocoel before
vitrification can also be achieved by making a mechanical opening between two
trophectoderm cells®. Although the immediate blastocyst survival rate after vitrification and
warming is above 90%, and the clinical outcome following the transfer of vitrified/warmed
blastocyst into the uterine cavity is almost comparable to results after the transfer of fresh
embryos, this cryopreservation method has not yet been standardized®’. Vitrification
protocols vary according to (a) the type and concentration of the cryoprotectants, (b) the
number of previtrification steps, (c) the duration of individual steps, (d) the use of an artificial
blastocoel collapsing before vitrification or not, (e) collapsing methods, (f) the blastocyst
expansion stage, and (g) the equilibration/vitrification temperature at which the embryos
should be vitrified®. Since cryoprotectants can be toxic for cells, the blastocyst exposure time
to these solutions has to be well defined. However, some cryopreservation media
manufacturers allow very flexible protocols.

The interest of scientists is usually focused on studying the blastocyst re-expansion ability
with the aim to find new biomarkers with a better prediction of implantation®®1°, How human
blastocysts dehydrate at different steps of adding cryoprotectants before vitrification and
what happens with blastocysts after vitrification and warming, when cryoprotectants have to
be removed from the cells, and how the blastocysts rehydrate and re-expand after warming,
is not well described nor understood. The development of a methodology for the objective
and quantified monitoring of blastocyst behavior during different cryopreservation steps is,
thus, rationale.

With time-lapse microscopes of various manufacturers, it is now possible to monitor the
behavior of the blastocyst in pre- and post-vitrification phases. By including additional
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computer tools, measurements of their size (morphometry) can also be performed. By
measuring the decrease or increase in embryo size at a given time, it is possible to objectify
the evaluation of morphodynamics of embryos during dehydration and rehydration.

PROTOCOL:

All methods described here have been approved by the National Medical Ethics Committee
on 19 April 2016 (No. 0120-204/2016-2).

1. Set-up of the Microscope Recording System

1.1. Turn off the heating plate of the microscope.

1.2. Before any treatment, take a snapshot of a blastocyst under a camera-equipped inverted
microscope. Remember to note the magnification at which the blastocyst was recorded.

2. Selection and Prepreparation of Blastocysts for Vitrification

2.1. Select only fully expanded day-5 or day-6 blastocysts for cryopreservation with at least a
few inner cell mass (ICM) cells and cohesive trophectoderm.

2.2. For laser-treated blastocysts with a collapsed blastocoel, subject a blastocyst to a short
laser pulse (0.4 - 0.7 ms) with a hole diameter ranging from 4.3 to 9.4 um, tangentially directed
at the zona pellucida and at a junction of two adjacent trophectodermal cells. Allow the
blastocyst to fully or partially collapse for 5 min.

2.3. For untreated blastocysts with an intact blastocoel, perform no particular treatment
before vitrification.

Note: These blastocysts are considered intact.

3. Preparation of Cryoprotectant and a Petri Dish for the Equilibration Phase

3.1. Use pithe pipette for oocyte denudation (diameter 135 um) to aseptically fill equilibration
media (M-199 HEPES-buffered medium with 7.5% DMSO, 7.5% ethylene glycol, 20% DSS) into
the holes of the microdroplet area of a 9-well Petri dish specially designed for time-lapse

microscopy and recording.

Note: Oocyte denudation is a process of removing cumulus cells surrounding the oocyte. The
use of a pipette for oocyte denudation will help to avoid the creation of air bubbles.

3.2. Overlay the microdroplet area with 30 L of equilibration media.
4. Transfer of the Blastocyst in Equilibration Solution
4.1. Submerge a laser-treated or intact blastocyst into the equilibration medium to the

bottom of the microdroplet area of the microdroplet dish for 10 min at room temperature
(equilibration phase).



142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188

4.2. Start a 10-min countdown as soon as the blastocyst is transferred to the equilibration
medium.

5. Recording of the Blastocyst at the Equilibration Phase

5.1. Transfer the microdroplet dish with the blastocyst to a camera-equipped microscope.
Use the same magnification as previously for taking a snapshot of the same blastocyst.
Position the microdroplet dish so that the blastocyst is positioned approximately in the center

of the recording.

5.2. Start recording with the microscope recording software. Note the countdown time at
which the recording is started.

Note: See representative results of recordings of an intact (Figure 1, Video 1) and a collapsed
blastocyst (Figure 2, Video 2) during the 10-min exposure to an equilibration solution.

6. Vitrification of the Blastocyst
6.1. Aseptically dispense a 50-pL drop of vitrification solution (M-199 HEPES-buffered
medium with 15% DMSO, 15% ethylene glycol, 20% DSS, 0.5 M sucrose) in a Petri dish 2 min

before the countdown ends.

6.2. Stop recording when the 10-min countdown ends and quickly transfer the blastocyst to
vitrification solution for 30 s at room temperature.

6.3. Gently pipette the blastocyst at least 1x within the vitrification solution.

6.4. Use a vitrification straw for loading the blastocyst. Load, seal, and plunge the vitrification
straw into liquid nitrogen (LN) within 80 s, not exceeding 110 s after the initial exposure to
the vitrification solution.

7. Video Editing of the Recorded Blastocyst During the Equilibration Phase

7.1. Import a recorded video file into video editing software.

7.2. Move the timeline slider to 20 s. Note the frame number at this time.

Note: This number will be used to decimate unnecessary video frames. Only frames every 20
s will be used.

7.3. Click the Video tab, then Frame rate.... Under Frame rate conversion, check the
Decimate by field and enter the previously noted frame number. Confirm by clicking OK. Click
File > Export - Image sequence.

7.4. Choose JPEG as the output format, set the directory to hold the saved sequence of
images, and click OK.
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Note: This will create a directory with up to 30 images of the recorded blastocyst in sequence
during the equilibration phase of vitrification.

8. Measurements of the Blastocyst’s Cross-sectional Area from Images Created During the
Equilibration Phase

8.1. Open the video analysis software. Click the Window tab and select Timeline.
8.2. In the Timeline pane, click on the film strip sign and choose Add Media... to add an image
of the blastocyst before the equilibration phase of vitrification—and before the laser

intervention, if there was any.

Note: This image will show the blastocyst at its most expanded state and its cross-sectional
area will serve as a reference.

8.3. Add the image sequence of the corresponding blastocyst generated previously with video
editing software (of the equilibration phase of vitrification).

8.4. Go to Image - Analysis - Select Data Points - Custom to open the Select data points
window.

8.5. Deselect all data points, then select only Area, and confirm by clicking OK.

8.6. Move the timeline slider in the Timeline window to the first image.

8.7. Click the Window tab and choose Tools.

Note: This will activate the Tools panel on the left side.

8.8. Choose the Quick Selection Tool.

8.9. Position the tool marker inside the blastocyst to touch the edge of the blastocyst. Outline
the blastocyst by placing the tool marker on the blastocyst’s outer edge, clicking and holding
the left mouse button, and dragging the tool marker along the blastocyst’s outer edge until
the whole blastocyst’s cross-sectional area is selected.

Note: Zona pellucida is not a part of the measurement, so it must be excluded (Figure 5).

8.10. In the Timeline window, click the Measurement Log and press the Record
Measurements button.

Note: This will record the selected area.

8.11. Return back to the Timeline, right-click on the image, and choose Deselect.
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8.12. Move the timeline slider to the next image and click on the corresponding tile beneath
it.

8.13. Outline the blastocyst in the new image with the Quick Selection Tool. Repeat the
measurement.

8.14. Repeat this procedure (steps 8.9 - 8.13) image by image until all the images’ cross-
sectional areas are measured and recorded.

8.15. In the end, go to the Measurements Log, select all the measurements under the Area
variable, and export them in a .txt file.

Note: The units of the cross-sectional area are square pixels.

9. Editing of the Data File with the Recorded Blastocyst’s Cross-sectional Areas from Images
Created During the Equilibration Phase

9.1. Transfer the data of the recorded blastocyst’s cross-sectional areas from the .txt file to a
spreadsheet editor.

9.2. Use the first cross-sectional area value as reference value 1 and express (transform) all
the other values to be a fraction of that reference value.

9.3. Create a new variable Area_r and paste the transcoded area values (except the reference
value) under it.

9.4. Next to the Area_r variable, create a Time variable and add the first time value.

Note: The first time value represents the time which passed from the moment the blastocyst
was exposed to the equilibration solution to the onset of recording under a camera-equipped
microscope.

9.5. Calculate each next consecutive time value by adding 20 s to the previous time value.

Note: This is the time interval used at decimating unnecessary video frames created during
the recording.

10. Warming of the Blastocyst

10.1. Prepare media for warming.

10.1.1. A day before warming the blastocyst, aseptically dispense three 150-uL drops of
recovery medium in a 4-well dish. Also, aseptically dispense recovery medium in a

microdroplet 9-well dish specially designed for time-lapse microscopy and recording. Cover
the recovery medium with paraffin oil and preincubate it at 37 °C with 6% CO; and 5% O..
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Note: Recovery medium is a cultivation medium for blastocyst-stage embryos with added
human serum albumin (HSA). The HSA in the recovery medium should be 12 mg/mL. To fill
the holes in the 9-well dish, use a pipette for oocyte denudation to avoid the creation of air
bubbles, then overlay the microdroplet area with 30 uL of recovery medium.

10.1.2. On the day of warming the blastocyst, aseptically dispense 500 pL of thawing solution
(TS) in a single well of a 4-well dish and allow it to warm to 37 °C in an incubator without CO?.

10.1.3. At room temperature, aseptically dispense one 50-uL drop of dilution solution (DS)
and two 50-uL drops of washing solution (WS) in a sterile Petri dish. Cover the DS and the
WS1 and WS2 drops with paraffin oil.

Note: Instead of a Petri dish, a 4-well dish can also be used.

10.2. Warm the blastocyst.

10.2.1. Identify the HSV straw with the vitrified blastocyst to be removed from LN storage and
quickly transfer the straw to an LN-filled portable reservoir in preparation for the warming

procedure.

10.2.2. Lift the straw with forceps, just enough to expose the colored handling rod. Use a self-
adjusting wire stripper to cut the straw at the height of the colored handling rod.

10.2.3. Grab the handling rod and extract it from the straw with a swift, yet controlled
movement, and immediately plunge the curved spatula of the handling rod into the 37 °C TS.

10.2.4. Gently swirl the handling rod to detach the blastocyst and leave it for a total of 1 min
in TS.

10.2.5. At room temperature, transfer the blastocyst consecutively to DS, WS1, and WS2 for
4 min in each medium.

10.2.6. After the warming procedure, transfer the blastocyst to a 4-well dish with recovery
medium and wash it in all three drops by gently pipetting it.

Note: The washing is carried out in approximately 1 min.

10.2.7. Transfer the blastocyst to the time-lapse 9-well dish with recovery medium. Place the
9-well dish under a time-lapse camera in an incubator (at 37 °C with 6% CO? and 5% 0O3).

Note: Thre warming procedure, which continues with placing the 9-well dish under a time-
lapse camera in an incubator, lasts approximately 17 min.

11. Time-lapse Recording of the Blastocyst Re-expansion During Recovery Post-warming

11.1. Run time-lapse recording software.
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11.2. Choose a recording camera.
11.3. Press the Live mode button.
11.4. Place the mouse cursor on the image and use the scroll button to enlarge it. Click and
hold the left mouse button and move the cursor to place the well with the blastocyst in the

middle of the screen.

11.5. Under Focusing, use the up-down green arrows to focus the recording plane of the
blastocyst. Under Light intensity, set the light intensity.

11.6. Click the Microscope parameters button to set the Exposure time and Gamma.
11.7. Press Close live mode.

11.8. Press the Start project button and enter the project data, select the culture dish type (3
x 3 or 4 x 4) and uncheck all positions except the one to be recorded.

11.9. Set the capture timing to take a picture every 5 min.
11.10. Start recording by pressing the Approve button. Record at least 150 min.
11.11. Stop recording by pressing the Stop project button.

Note: See the representative results of the recording of an intact (Figure 3) and a collapsed
blastocyst (Figure 4) during the post-warming recovery period.

12. Video Editing of the Recorded Blastocyst During the Re-expansion Post-warming

12.1. Go to the project folder and locate recorded images that are roughly 80 KB in size.
12.2. Create another folder and transfer these images into it. Rename the images in numbers
according to the time created. Import them into the video editing software as an image
sequence.

12.3. Go to Video tab = Filter - Add and select Null transform filter.

12.4. Click the Cropping button on the right side and crop the image, leaving visible only the
field with the recorded blastocyst. Confirm with OK and again with OK.

12.5. Click File - Export - Image sequence. Choose JPEG as the output format, set the
directory to hold the saved sequence of images, and click OK.

Note: This will create resized (cropped) images prepared for further measurements in the
video analysis software.
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13. Setting of a Measurement Scale in Video Analysis Software for the Images Created with
the Time-lapse Recording Software

13.1. Run the Analyzer of the time-lapse recording software.
13.2. Open the project with the recorded blastocyst.
13.3. Click the Analyze button on the field with the recorded blastocyst.

Note: A new Analyze window will open. Click on the Measurement button to show the
measurement tool.

13.4. Use the measurement tool to measure the width of the whole image.

13.5. Right-click on the image and save it. In the properties, check the image’s width in pixels.
13.6. Divide the image’s actual width with its width in pixels.

Note: This calculates the actual length of a single pixel in this image.

13.7. Run the video analysis software.

13.8. Click the Window tab and select Timeline.

13.9. In the Timeline pane, click on the film strip sign and choose Add Media... to add the
image sequence of the post-warm re-expanding blastocyst.

13.10. Click Image —> Analysis - Set Measurement Scale - Custom to open the
Measurement Scale window. For Pixel length, enter 1; for Logical length, enter the previously
calculated actual length of a pixel (step 13.6); for Logical units, enter um. Save the preset.

14. Measurements of the Blastocyst’s Cross-sectional Area from Images Created During the
Re-expansion Post-warm

14.1. Once the Measurement scale is set and the image sequence imported, measure the
blastocyst’s cross-sectional areas the same way as described in step 8, with the only
difference being that the measured cross-sectional areas in these measurements have units
H 2
in um?,

15. Editing of the Data File with the Recorded Blastocyst’s Cross-sectional Areas from
Images Created during the Re-expansion Post-warm

15.1. Transfer the data of the recorded blastocyst’s cross-sectional areas from the .txt file to
a spreadsheet editor.

15.2. Create a Time variable next to the Area variable and add the first time value.
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Note: In this case, the first time value is set to 0 minutes, which is the onset of the time-lapse
recording. Each next consecutive time value is calculated by adding 5 minutes to the previous
time value. Five minutes is the time interval used between two consecutive time-lapse
recordings.

16. Creation of a Line Diagram

16.1. Import the spreadsheet data file in statistical analysis software for creating a time plot
of the blastocyst’s cross-sectional area changes in time during the equilibration phase of the
vitrification or re-expansion post-warming.

REPRESENTATIVE RESULTS:

In a demonstration, we showed blastocyst morphodynamics in only one previtrification and
one post-warming phase. A difference in the blastocyst’s volume at the end of the
equilibration phase and at the beginning of recovering in culture medium showed the
intensity of embryo shrinkage, which is, in fact, the intensity of embryo preservation against
ice crystallization.

As it can be noticed from Figure 1 and Video 1, the intact blastocyst did not collapse
completely in equilibration solution. The blastocoel contracted only partially, but within 10
minutes, it slowly reached the re-expansion size of 70%. Contrary to this, the artificially
collapsed blastocyst completely emptied the blastocoel immediately after laser treatment,
but in equilibration solution, its volume did not change any more (Figure 2, Video 2). The
presentation of blastocoel re-expansion in recovery medium (Figures 3 and 4) with
microphotographs and with line diagrams shows different patterns of blastocoel growth. A
display of a single measurement of the cross-sectional area of the blastocyst is shown in
Figure 5.

In vitrification medium with a higher concentration of cryoprotectants, intact blastocysts
intensively shrunk once again, while the collapsed blastocyst’s volume remained almost
unchanged. From a graphical presentation, by using the protocol presented here, it is evident
that the intact blastocyst undergoes a stepwise reduction of the blastocoel (Figure 6), once in
the equilibration solution and once in the vitrification medium, while the collapsed blastocyst
reached a shrunken stage at the beginning of the intervention with a laser (Figure 7). This
poses the question whether 10 minutes of equilibration phase is really necessary for collapsed
blastocysts, or whether this period could be shortened.

The presentation of blastocoel re-expansion can be linear or interrupted with several bigger
or smaller contractions (Figure 8).

FIGURE AND VIDEO LEGENDS:
Figure 1: Time-lapse microphotography of the changes of an intact blastocyst during
exposure to equilibration solution. Single images were recorded every 20 seconds. The scale

bar is 100 pum.

Figure 2: Time-lapse microphotography of the changes of an artificially collapsed blastocyst
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during exposure to equilibration solution. Single images were recorded every 20 seconds.
The scale bar is 100 um.

Figure 3: Time-lapse microphotography of the changes of an intact blastocyst during
recovery post-warming. Single images were recorded every 5 minutes. The scale bar is 100
um.

Figure 4: Time-lapse microphotography of the changes of a collapsed blastocyst during
recovery post-warming. Single images were recorded every 5 minutes. The scale bar is 100
um.

Figure 5: Display of a single measurement of the cross-sectional area of a blastocyst. The
blastocyst is carefully encircled with the appropriate selection tool in video analysis software.
The zona pellucida is always excluded from the measurement. The scale bar is 100 um.

Figure 6: Representation of the changes in the cross-sectional area of an intact blastocyst.
These panels show the representation of changes in the cross-sectional area of an intact
blastocyst during exposure to equilibration solution (A) at vitrification and (B) during recovery
post-warming. The units of the cross-sectional area are relative to the initial blastocyst’s cross-
sectional area before vitrification. The dashed line connecting panels A and B is imaginary,
representing the changes during vitrification, cooling to -196 °C, and warming to 37 °C.

Figure 7: Representation of the changes in the cross-sectional area of a collapsed blastocyst.
These panels show the representation of changes in the cross-sectional area of (A) a collapsed
blastocyst during exposure to equilibration solution (B) at vitrification and (C) during recovery
post-warming. The units of the cross-sectional area are relative to the initial blastocyst’s cross-
sectional area before collapsing and vitrification. The dashed line at panel A is imaginary and
represents the starting and ending point during the blastocyst collapse. Also the imaginary
dashed line between panels B and C, represents the changes during vitrification, cooling to -
196 °C, and warming to 37 °C. Only the solid lines in panels B and C are the result of actual
measurements of the cross-sectional area during the equilibration and recovery process.

Figure 8: Graphical presentation of different patterns of blastocyst recovery after warming.
The scale bar is 100 um.

Video 1: Time-lapse video of the changes of an intact blastocyst during exposure to
equilibration solution. The video represents the changes, which last almost 10 minutes in
real-time.

Video 2: Time-lapse video of the changes of a collapsed blastocyst during exposure to
equilibration solution. The video represents the changes, which last almost 10 minutes in
real-time.

DISCUSSION:

The protocol for the observation of blastocyst morphodynamics during and after
cryopreservation can also be carried out by using similar instruments and software tools from
other manufacturers. Time-lapse systems adjusted for embryology allow the continuous
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monitoring of embryo development. The purpose of this work was to introduce the
guantification of blastocyst behavior during the preparation of blastocysts for vitrification and
after their warming. This was done by the objective measurement of changes in the
morphology on a timescale. Obtained results of these measurements can be mathematically
analyzed and compared with other results. Among the parameters that can be followed by
the described protocol are changes in the size of the blastocyst, its inner cell mass, the
blastocoel, or the zona pellucida within a certain period of time. The size can be displayed as
the surface area in the largest blastocyst cross-section, the blastocyst circumference or
diameter, and, after calculation, even as its volume.

In previous studies using time-lapse systems, blastocoel expansion velocity measurements
were made only on fresh embryos!!. In vitrified/warmed blastocysts, only the blastocysts’
sizes were measured immediately after warming and before the embryo transfer, or the time
period was analyzed at which warmed blastocysts re-expanded to the zona pellucida®*. More
detailed blastocyst re-expansion dynamics were analyzed only in our previous study?. In this
study, the morphometric protocol has already been used to track the speed and pattern of
blastocyst re-expansions after warming. Although these blastocyst growth biomarkers have
shown not to have a high predictive value for implantation, they can be used for the
comparison of blastocyst recovery potential after vitrification and warming with different
cryopreservation media and protocols. Namely, the greater contractions of the blastocyst
during blastocoel re-expansion suggest the weakness of the trophectodermal layer that could
be caused during cryopreservation, and its inability to withstand the pressure made by the
fluid-filled blastocoel.

The described morphometric protocol can provide many additional comparative analyses of
blastocyst behavior, not only after cryopreservation, by measuring the speed and intensity of
the changes in volume, the number of partial blastocoel contractions or total blastocyst
collapses, the time to total blastocoel re-expansion, or the time to hatching. Moreover, it can
also be used during previtrification phases for determining the most optimal timing of
blastocyst exposure to different concentrations of cryoprotectants, as was presented in the
results. Vanderzwalmen et al. showed on mice oocytes that vitrification can also be successful
if intracellular osmotic pressure does not reach an equilibrium with external cryoprotectant
solution®?. The only problematic phase for the recording of blastocysts during preservation is
the period in vitrification solution due to limited time; the embryo has to be exposed to a
higher concentration of cryoprotectants and packed into the straw in less than 90 seconds.
For these measurements, it would be recommended to use only blastocysts that are donated
for research. Nevertheless, clinically available blastocysts can be recorded and measured
again immediately after warming, with the aim to observe how they behave in dilution and
washing solutions. Immediately after a blastocyst transfer from the washing solution to the
recovery medium, blastocysts tend to float off the bottom. This can represent a difficulty in
keeping the embryo in the same focal plane during recording. To solve this problem, it is
recommended to prepare a dish with flattened drops of medium. A similar problem has been
observed by Vanderzwalmen et al.*2.

In further research, it would be useful to explore whether the length of exposure of artificially
collapsed blastocysts to cryoprotectants could be reduced, consequently minimizing the toxic
effect of these chemicals.



562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608

ACKNOWLEDGMENTS:
This work is a part of research program P3-0327 and research project J3-7177, founded by
the Slovenian Research Foundation.

DISCLOSURES:
The authors have nothing to disclose.

REFERENCES:
1. Trounson, A., Mohr, L. Human pregnancy following cryopreservation, thawing and transfer
of an eight-cell embryo. Nature. 305 (5936), 707-709 (1983).

2. Leibo, S.P., McGrath, J.J., Cravalho, E.G. Microscopic observation of intracellular ice
formation in unfertilized mouse ova as a function of cooling rate. Cryobiology. 15 (3), 257-271
(1978).

3. Cohen, J. et al. Birth after replacement of hatching blastocyst cryopreserved at expanded
blastocyst stage. Lancet. 1 (8429), 647 (1985).

4. Yokota, I., Sato, S., Yokota, H., Araki, Y. Birth of a healthy baby following vitrification of
human blastocysts. Fertility Sterility. 75 (5), 1027-1029 (2001).

5. Vanderzwalmen, P. et al. Births after vitrification at morula and blastocyst stages: effect of
artificial reduction of the blastocoelic cavity before vitrification. Human Reproduction. 17 (3),
744-751 (2002).

6. Kovacic, B., Taborin, M., Vlaisavljevi¢, V. Artificial blastocoel collapse of human blastocysts
before vitrification and its effect on re-expansion after warming - a prospective observational
study using time-lapse microscopy. Reproductive Biomedicine Online. 36 (2), 121-129 (2018).

7. Vlaisavljevi¢, V., Kovacic, B., Knez, J. Cumulative live birth rate after GnRH agonist trigger
and elective cryopreservation of all embryos in high responders. Reproductive Biomedicine
Online. 35, 42-48 (2017).

8. Kader, A.A., Choi, A., Orief, Y., Agarwal, A. Factors affecting the outcome of human
blastocyst vitrification. Reproductive Biology and Endocrinology. 16 (7), 99 (2009).

9. Ebner, T. et al. Morphokinetics of vitrified and warmed blastocysts predicts implantation
potential. Journal of Assisted Reproduction and Genetics. 34 (2), 239-244 (2017).

10. Coello, A. et al. Analysis of the morphological dynamics of blastocysts after
vitrification/warming: defining new predictive variables of implantation. Fertility Sterility. 108
(4), 659-666 (2017).

11. Huang, T.T.F., Chinn, K., Kosasa, T., Ahn, H.J., Kessel, B. Morphokinetics of human blastocyst
expansion in vitro. Reproductive Biomedicine Online. 33, 659-667 (2016).


https://www.ncbi.nlm.nih.gov/pubmed/2857991
https://www.ncbi.nlm.nih.gov/pubmed/2857991
https://www.ncbi.nlm.nih.gov/pubmed/29212605
https://www.ncbi.nlm.nih.gov/pubmed/29212605
https://www.ncbi.nlm.nih.gov/pubmed/29212605
https://www.ncbi.nlm.nih.gov/pubmed/27943109
https://www.ncbi.nlm.nih.gov/pubmed/27943109

609
610
611
612

12. Vanderzwalmen, P. et al. Lower intracellular concentration of cryoprotectants after
vitrification than after slow freezing despite exposure to higher concentration of
cryoprotectant solutions. Human Reproduction. 28, 2101-2110 (2013).



Figure



http://www.editorialmanager.com/jove/download.aspx?id=866010&guid=cf351b61-d120-493f-a193-5f48daf3e4db&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=866010&guid=cf351b61-d120-493f-a193-5f48daf3e4db&scheme=1

Video 1

Click here to access/download
Video or Animated Figure
Video 1_equilibration_intact_blastocyst.mp4


http://www.editorialmanager.com/jove/download.aspx?id=865613&guid=40ec5332-5da4-4c08-8cbf-897e8a5e7dd1&scheme=1

Video 2

Click here to access/download
Video or Animated Figure
Video 2_equilibration_collapsed_blastocyst.mp4


http://www.editorialmanager.com/jove/download.aspx?id=865614&guid=0549d869-8495-4055-b718-5cf0b784f696&scheme=1

Figure 1

Click here to access/download
Video or Animated Figure
Figure 1.svg


http://www.editorialmanager.com/jove/download.aspx?id=865642&guid=12df9877-cb95-4883-9be9-61862e2e9cdc&scheme=1

Figure 2

Click here to access/download
Video or Animated Figure
Figure 2.svg


http://www.editorialmanager.com/jove/download.aspx?id=865643&guid=104ed621-143c-4ef6-b130-d4e8e5937437&scheme=1

Figure 3

Click here to access/download
Video or Animated Figure
Figure 3.svg


http://www.editorialmanager.com/jove/download.aspx?id=865644&guid=2365aef3-98a4-434d-ac8b-040eb6c02fd3&scheme=1

Figure 4

Click here to access/download
Video or Animated Figure
Figure 4.svg


http://www.editorialmanager.com/jove/download.aspx?id=865645&guid=b83c8f67-d496-47f6-b254-44ecfa3ab64b&scheme=1

Figure 5

Click here to access/download
Video or Animated Figure
Figure 5.svg


http://www.editorialmanager.com/jove/download.aspx?id=865646&guid=ef01d7b3-b1a5-4ef6-937b-742e761cdab3&scheme=1

Figure 6

Click here to access/download
Video or Animated Figure
Figure 6.svg


http://www.editorialmanager.com/jove/download.aspx?id=865647&guid=681c4605-3de5-4e1a-87a5-f31bd5a5f800&scheme=1

Figure 7

Click here to access/download
Video or Animated Figure
Figure 7.svg


http://www.editorialmanager.com/jove/download.aspx?id=865648&guid=68020218-27b6-4a11-956b-9879b7640c35&scheme=1

Figure 8

Click here to access/download
Video or Animated Figure
Figure 8.svg


http://www.editorialmanager.com/jove/download.aspx?id=865897&guid=019f7a07-aab0-4aa0-8be3-51be01c0b578&scheme=1

Table of Materials

Name of Material/ Equipment
Inverted microscope Eclipse TE2000-U

Saturn 5 Laser System

Digital camera DC1

Digital camera DC2

Cronus 3.7

Incubator with 6% CO2, 5% 02
Primo Vision microscope
Primo Vision Capture software

Adobe Photoshop CS6 Extended software

VirtualDub
Microsoft Office Excell
PrimoVision culture dish

G2-plus medium

Human Serum Albumins
Paraffin oil

Equilibration solution medium
Vitrification solution medium
Thawing solution medium
Dilution solution medium
Washing solution medium

HSV Vitrification straws

Liquid nitrogen

Cryo vessel Biosafe 120 MD B
Cryo tank

Forceps

Scisors

Pippete for blastocyst manipulation
Pipette for oocyte denudation
Pipettor EZ-Grip

Digital interval timer Assistent
IBM SPSS Statistics 21

Self adjusting wire stripper

Click here to download Table of Materials Materials.xls

Company
Nikon, Japan
Research Instruments, Origio, Denmark
Research Instruments, Origio, Denmark
Research Instruments, Origio, Denmark
Research Instruments, Origio, Denmark
Binder, Germany
Vitrolife, Sweden
Vitrolife, Sweden
Adobe Systems Incorporated, USA
Avery Lee
Microsoft, USA
Vitrolife, Sweden

Vitrolife, Sweden
Vitrolife, Sweden
Vitrolife, Sweden
Irvine Scientific, Ireland
Irvine Scientific, Ireland
Irvine Scientific, Ireland
Irvine Scientific, Ireland
Irvine Scientific, Ireland

CryoBio System, France
/

Cryotherm, Germany
Cryotherm, Germany

/

/

Gynetics, Belgium
Vitromed, Germany
Research Instruments
Glaswarenfabrik Karl Hecht
IBM, USA

Knipex, Germany

*


http://www.editorialmanager.com/jove/download.aspx?id=866310&guid=62dd6dd3-4299-499c-a91b-52f848df119a&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=866310&guid=62dd6dd3-4299-499c-a91b-52f848df119a&scheme=1

Catalog Number

16604

10132
10064
10029
90131
90132
90134
90135
90136

025246, 025249,

025250, 025248

229286

/

/
ID275/10
V-DEN-135
7-72-2802
41977010

/
1262180

Comments/Description

microscope recording software

time-lapse recording software
video analysis software

video editing software
spreadsheet editor

cultivation medium for blastocyst
stage embryos

diameter 275 um
diameter 135 um

statistical analysis software



Author License Agreement (ALA)

iove

VISUALIZED

Title of Article:

Marjan Taborin', Borul Kovagié

Author(s):

Click here to download Author License Agreement (ALA)
jove_2018_5_31_12_0_40_67559.pdf

ARTICLE AND VIDEO LICENSE AGREEMENT

Time-lapse Microscopy Based Morphometric Protocol for the Assessment of Blastocyst Behavior During Cryopreservation and After Thawing

Iltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/author) via: | X Standard Access

Item 2 (check one box):

Open Access

% The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; "Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

612542.6

2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.

L]


http://www.editorialmanager.com/jove/download.aspx?id=865580&guid=21f91b93-e9c8-40f2-ba73-8bcec4469f33&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=865580&guid=21f91b93-e9c8-40f2-ba73-8bcec4469f33&scheme=1

iove

VISUALIZED £ AN

4, Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States

government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in ltem 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

612542.6

ARTICLE AND VIDEO LICENSE AGREEMENT

statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants

JoVE the right to use the Author's name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JOVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have



jove o

VISUALIZED

full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author's or the
Author's institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author's

v ARTICLE AND VIDEO LICENSE AGREEMENT

expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of

JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:
Borut Kovadic

Name:

Department:

ihstitution: University Medical Centre Maribor
Article Title:

Signature: (/\_

Please submit a signed and date
1) Upload a scanned copy
2) Fax the document to +1.866.381.2236;

Department of Reproductive Medicine and Gynaecological Endocrinology

-—-"’-—’

Time-lapse Microscopy Based Morphomatric Pratocol for the Assessment of Blastocyst Behavior During Cryopreservation and After Thawing

31st of May, 2018
Date:

opy of this license by one of the following three methods:
the document as a pfd on the JoVE submission site;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051

612542.6



Rebuttal Letter

Click here to download Rebuttal Letter Editorial
comments_rebuttal.doc

Dear editor,

The manuscript is corrected according to editor’s and reviewers’ comments:
Editorial comments:

Changes to be made by the Author(s):

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no
spelling or grammar issues. The JoVE editor will not copy-edit your manuscript and any errors in the
submitted revision may be present in the published version./

Done.
2. Please revise the title to be more concise.
Done.

3. Please rephrase the Summary to clearly describe the protocol and its applications in complete
sentences between 10-50 words: “Here, we present a protocol to ...”

Done.
4. Please rephrase the Introduction to include a clear statement of the overall goal of this method.
At the end of Introduction one paragraph was added.

5. Please adjust the numbering of the Protocol to follow the JoVE Instructions for Authors. For
example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if necessary. Please refrain from using
bullets, dashes, or indentations./

Done.

6. Please remove all commercial language from your manuscript and use generic terms instead. All
commercial products should be sufficiently referenced in the Table of Materials and Reagents. For
example: Adobe Photoshop CS6, VirtualDub, Microsoft Office Excell, Primo Vision, etc./

Done.

7. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we", "you", "our
etc.)./

Done.

8. Please revise the protocol to contain only action items that direct the reader to do something. The
actions should be described in the imperative tense in complete sentences wherever possible. Avoid
usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any text
that cannot be written in the imperative tense may be added as a “Note.”/

Done.

I+


http://www.editorialmanager.com/jove/download.aspx?id=865612&guid=0f26175f-748f-4b51-92e2-d47eef1278a5&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=865612&guid=0f26175f-748f-4b51-92e2-d47eef1278a5&scheme=1

9. The Protocol should be made up almost entirely of discrete steps without large paragraphs of text
between sections. Please simplify the Protocol so that individual steps contain only 2-3 actions per
step and a maximum of 4 sentences per step./

Done.
10. Please include single-line spaces between all paragraphs, headings, steps, etc./
Done.

11. After you have made all the recommended changes to your protocol (listed above), please re-
evaluate the length of your protocol. There is a 10-page limit for the Protocol. Please revise the
protocol section to meet this page limit./

Done.

12. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies
the essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the
most cohesive story of the Protocol.

13. Please number the figures in order of appearance./
Done.

14. Figures: Please include a scale bar for all images taken with a microscope to provide context to
the magnification used. Define the scale in the appropriate figure Legend./

Done.
15. Figures 6 and 7: Please include a space between numbers and their units (e.g., -196 °C, 37 °C)./
Done.

16. Figure 8: Please provide the unit for Time in the x-axis. Please line up the panels better. Some
panels are off-set in Figure. Please ensure that the panels are of the same dimensions if possible./

Done.

17. Please upload the videos separately as “Animated/Video Figure” to your Editorial Manager
account in the form of an .mov, .mp4, .m4v file.

Done.

18. Discussion: Please also discuss critical steps within the protocol, any modifications and
troubleshooting of the technique, and any limitations of the technique.

Done.

Reviewers' comments:



Reviewer #1:

Manuscript Summary:

Well written.

Major Concerns:

none

Minor Concerns:

It will be of value to compare good quality and poor quality embryos.

By using described method, the behaviour of good- and poor quality embryos can be compared as
well.

Reviewer #2:

Manuscript Summary:

Thank you for giving me the opportunity to review this very interesting manuscript of Taborin &
Kovacic. This paper not only provides detailed information of blastocyst behavior during vitrification
but also during the warming process. It is of particular interest since the authors used a single
cryoprotectant to work with. They raised the question whether the rather long equilibration process
is required at all which would be a major step towards facilitating this technique. Thus, it is of
definite interest for the reader (method is reproducible also with instruments of different providers)
and should be published after minor corrections have been made.



Major Concerns:

No

Minor Concerns:

Title: the authors may reconsider the term "thawing". Thawing indicates that ice crystal formation
had taken place which one wants to avoid during vitrification. Much rather, the term "warming"
should be used throughout the text. In the discussion the authors did so./

Done. Lines 2, 81, 200, 201, 202, 211, 219, 234, 241, 262, 288, 296, 302, 311, 353, 359, 396, 401 in
the first version.

Introduction: Line 53: this process is called "seeding".
Correction done.

Line 60: please clarify that this statement is valid only in older studies. E.g. by simply adding the
words "in these days" at the end of the sentence.

Done.

Differences in vitrification protocols: what is the difference between d. and e. Should the "carriers"
be mentioned (maybe not part of the Vit protocol).

The authors believe that (d) referes to whether the method is used or not used at all and (e) referes
to variations of the method when it is used.

Line 106&207: the inexperienced reader won’t know what a "pipette for denudation" is (since
denudation process is not mentioned at all)/

Oocyte denudation explained. Added diameter of pipette for oocyte denudation.

Mat&Met: this section cannot be reviewed in great detail since this reviewer uses a different time-
lapse incubator. However, the protocols are very detailed and it should be easy to work with them!

Line 171: it should read "zona pellucida"/
Done.

Lines 234-239: how long does it take in minutes from the removal from IN2 to the first frame of the
video?/

Information added as a Note in 10.2.7.



Discussion: Vanderzwalmen et al (2013) published an interesting experiment which should be
discussed (Human Reproduction, Volume 28, Issue 8, 1 August 2013, Pages 2101-2110)

Done.



