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SUMMARY: 23 
Blastocyst biopsy and vitrification are required to efficiently conduct preimplantation genetic 24 
testing. An approach entailing the sequential opening of the zona pellucida and retrieval of 7-8 25 
trophectoderm cells in day 5-7 post-insemination limits both the number of manipulations 26 
required and the exposure of the embryo to sub-optimal environmental conditions.  27 
 28 
ABSTRACT: 29 
Blastocyst biopsy is performed to obtain a reliable genetic diagnosis during IVF cycles with 30 
preimplantation genetic testing. Then, the ideal workflow entails a safe and efficient 31 
vitrification protocol, due to the turnaround time of the diagnostic techniques and to transfer 32 
the selected embryo(s) on a physiological endometrium in a following natural cycle. A biopsy 33 
approach encompassing the sequential opening of the zona pellucida and retrieval of 5-10 34 
trophectoderm cells (ideally 7-8) limits both the number of manipulations required and the 35 
exposure of the embryo to sub-optimal environmental conditions. After proper training, the 36 
technique was reproducible across different operators in terms of timing of biopsy (~8 min, 37 
ranging 3-22 min based on the number of embryos to biopsy per dish), conclusive diagnoses 38 
obtained (~97.5%) and live birth rates after vitrified-warmed euploid blastocyst transfer (>40%). 39 
The survival rate after biopsy, vitrification and warming was as high as 99.8%. The re-expansion 40 
rate at 1.5 h from warming was as high as 97%, largely dependent on the timing between 41 
biopsy and vitrification (ideally ≤30 min), blastocyst morphological quality and day of biopsy. In 42 
general, it is better to vitrify a collapsed blastocyst; therefore, in non-PGT cycles, laser-assisted 43 
artificial shrinkage might be performed to induce embryo collapse prior to cryopreservation. 44 
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The most promising future perspective is the non-invasive analysis of the IVF culture media 45 
after blastocyst culture as a putative source of embryonic DNA. However, this potential avant-46 
garde is still under investigation and a reliable protocol yet needs to be defined and validated. 47 
 48 
INTRODUCTION: 49 
The main goal of modern human embryology is to maximize the number live births per 50 
stimulated cycle and reduce costs, time and efforts to achieve a pregnancy. To accomplish this 51 
goal, validated approaches for embryo selection should be employed to identify reproductively 52 
competent embryos within a cohort obtained during an IVF cycle. According to the latest 53 
evidences, blastocyst culture1 combined with comprehensive chromosomal testing and 54 
vitrified-warmed euploid embryo transfer (ET) is the most efficient framework to increase IVF 55 
efficiency2. Clearly, aneuploidy testing requires an embryonic specimen, which at present is 56 
mostly represented from few cells retrieved from the trophectoderm (TE), i.e., the section of 57 
the blastocyst that gives origin to embryo annexes (e.g., the placenta) during pregnancy. 58 
Beyond karyotype analysis, also single gene mutations might be assessed from a TE biopsy as 59 
part of a clinical strategy known as preimplantation genetic testing (PGT; -A for aneuploidies, -60 
SR for structural chromosomal rearrangements, -M for monogenic diseases). Other 61 
oocyte/embryo biopsy methods have been theorized and adopted clinically across the last 62 
decades, namely polar bodies biopsy and blastomere biopsy. However, their use is reduced 63 
nowadays since their procedural drawbacks (e.g., higher workload and risk for reproductive 64 
impact) and diagnostic limitations (e.g., single cell analysis issues) implicitly hinder a sufficient 65 
balance between costs, risks and benefits (for a review see3). 66 
 67 
In this paper, one of the main protocols for TE biopsy is thoroughly described together with the 68 
subsequent vitrification, warming and transfer procedures required. The workflow here 69 
outlined is ideal for a busy PGT unit.  70 
 71 
As already described previously by our group4,5, the procedure involves the sequential opening 72 
of the zona pellucida of fully-expanded blastocysts and removal of few TE cells (on average 7-8). 73 
Compared to the day 3 laser-assisted hatching-based blastocyst biopsy method6, this procedure 74 
might ease the daily schedule of an IVF unit where delicate procedures, such as blastocyst 75 
biopsy and vitrification, must be timely performed. As soon as the blastocyst reaches its full 76 
expansion, the biopsy can be carried out by selecting the TE cells to remove, thereby preventing 77 
the risk of herniation of the inner cell mass (ICM), which would otherwise render the procedure 78 
challenging. In literature, a third protocol of blastocyst biopsy has been also described, which 79 
involves laser-assisted hatching being performed once the embryo has already reached the 80 
blastocyst stage, few hours before the procedure5,7. However, this approach is more time-81 
consuming and mainly suits IVF units that are implementing TE biopsy in the hands of limitedly 82 
experienced operators and in view of a moderate-low daily workload. 83 
 84 
Intracytoplasmatic sperm injection (ICSI)8 should be a consolidated technique if aiming at 85 
conducting genetic analyses in IVF. Similarly, a proper culture system to safely harvest embryos 86 
to the blastocyst stage is crucial for the implementation of TE biopsy strategy. An adequate 87 
number of incubators, as well as the use of low oxygen tension are key prerequisites to this 88 



   

end, not to compromise the blastocyst rate9. At the same time, an efficient cryopreservation 89 
program is needed to safely manage a PGT cycle. In the last decade, the implementation of 90 
vitrification has boosted embryo cryo-survival rates even up to >99%10,11. This provided 91 
sufficient time to perform genetic testing and postpone embryo transfer to the following 92 
menstrual cycle, on a non-stimulated and probably more receptive endometrium12.  93 
 94 
Both TE biopsy and vitrification are demanding tasks requiring stringent skills and their 95 
effectiveness might vary across unexperienced operators. A specific training period is therefore 96 
advocated before allowing each operator to perform these procedures clinically; moreover, the 97 
maintenance of the operators’ skills should be assessed periodically by monitoring key 98 
performance indicators (KPI) for cryopreservation and biopsy procedures. Each IVF clinic should 99 
set internal KPIs to this end, which must approximate the ones published by international 100 
consortia and/or the outcomes published by reference laboratories.  101 
 102 
TE biopsy, vitrification-warming and witnessing procedures are validated techniques at our unit, 103 
that have been standardized across all the operators involved as reported in three previous 104 
publications11,13,14. 105 
 106 
PROTOCOL: 107 
 108 
The protocol for human blastocyst biopsy, here described, follows the guidelines of G.EN.E.R.A. 109 
Human Research Ethic Committee. 110 
 111 
NOTE: Refer to the Table of Materials for materials required. Further material required entails 112 
laboratory footwear and outfit, surgical facemask, hair cover, surgical gloves, a permanent non-113 
toxic marker, forceps and disinfectant. The use of surgical gown, disposable surgical gloves, 114 
facemask, hair cover is mandatory to prevent risk of contamination. All the working areas, as 115 
well as the equipment involved in the process, must be cleaned thoroughly with laboratory 116 
disinfectant (e.g., Oosafe) before starting any procedure. All consumables and media used 117 
should be sterile and individually packaged or aliquoted. It is suggested to use a dedicated 118 
workstation for biopsy and tubing and limit the access of the area only to the operators 119 
involved in the procedure (embryologist and witness).  120 
 121 
1. Preparation on the day before the biopsy procedure 122 
 123 
1.1. Prepare the post biopsy culture dish. 124 
 125 
1.1.1. Place 6 drops of 20 µL IVF culture medium (Table of Materials) in an IVF culture dish and 126 
overlay with 6 mL of prewarmed mineral oil for embryo culture (Table of Materials). 127 
 128 
1.1.2. Add another 10 µL of IVF culture medium to each drop. Incubate overnight at 37 °C in a 129 
controlled atmosphere (5% O2, 6% CO2). 130 
 131 
1.2. Prepare an IVF dish 4-well plate for rinsing the blastocyst after biopsy. 132 



   

 133 
1.2.1. Place 600 µL of IVF culture medium in the first two wells and overlay with 300 µL of pre-134 
warmed mineral oil for embryo culture. 135 
 136 
1.2.2. Incubate overnight at 37 °C in a controlled atmosphere (5% O2, 6% CO2). 137 
 138 
1.3. Dispense 1.5 µL of loading solution (Table of Materials) in each PCR tube to be used for TE 139 
cells tubing, spin it and keep it at 4 °C. 140 
 141 
2. Preparation on the day of the biopsy procedure  142 
 143 
2.1. Prepare the biopsy dish. 144 
 145 
2.1.1. Place 3 drops of 10 µL HEPES-buffered medium (supplemented with human serum 146 
albumin) (Table of Materials) in a row in an IVF culture dish. 147 
 148 
2.1.2. Repeat step 1.1.1 according to the number of blastocysts available (up to 4 blastocysts 149 
per dish) and overlay with 6 mL of pre-warmed mineral oil for embryo culture. 150 
 151 
2.1.3. Incubate the dish at 37 °C for at least 1 h before performing the biopsy procedure. 152 
 153 
3. Blastocyst selection and grading 154 
 155 
3.1. Grade the blastocyst according to its expansion and the morphological appearance of ICM 156 
and TE (Figure 1). 157 
 158 
NOTE: The grading criteria have been adapted from Gardner and Schoolcraft15 and previously 159 
described by Capalbo et al. and Cimadomo et al.4,11. 160 
 161 
3.1.1. Define the size and expansion grade as: A for a fully-hatched blastocyst, B for a hatching 162 
blastocyst, C for a fully expanded blastocyst, and D for a not expanded blastocyst (these 163 
embryos are biopsied only if they did not expand further up to day 7). 164 
 165 
3.1.2. Define ICM grade: 1 for noticeable ICM with several strictly-packed cells; 2 for 166 
discernable with several but roughly-packed cells; 3 for difficult to distinguish with very few 167 
low-quality cells. 168 
 169 
3.1.3. Define TE grade as follows: 1 for well-organized epithelium with several cells; 2 for loose 170 
epithelium with few cells; 3 for few and/or large low-quality cells. 171 
 172 
4. Trophectoderm biopsy 173 
 174 
4.1. Perform TE biopsy on all the viable fully-expanded blastocysts (preferably C grade for size 175 
and expansion). 176 



   

 177 
4.2. Set holding and biopsy pipettes for each biopsy procedure. The recommendations for the 178 
biopsy pipette are the following: 30 µm internal diameter, 35° bend angle, 0.75 mm distance tip 179 
to bend.  180 
 181 
4.3. Label the biopsy dish with patient’s details (woman’s name and surname, date of birth and 182 
ID) and then number each drop with embryo and cycle IDs. Use a permanent non-toxic marker. 183 
 184 
4.4. Transfer the blastocyst with a 300 µm stripping pipette to the first drop of the biopsy dish 185 
and rinse it in order to remove the excess of culture medium. Then move the blastocyst in the 186 
second drop of the biopsy dish. 187 
 188 
4.5. Move the dish to the inverted microscope and prime the biopsy pipette aspirating some 189 
medium from the third drop of the biopsy dish. 190 
 191 
4.6. At 20x magnification, orient the blastocyst to have a clear view of the ICM. When it is 192 
visualized at 7 o’clock (opposite to the area that will be targeted to remove the TE cells), secure 193 
the embryo on the holding pipette (Figure 2a). 194 
  195 
4.7. Focus on the zona pellucida and ascertain that both the pipettes and the blastocyst are on 196 
the same focal plane.  197 
 198 
4.8. Switch to the laser objective (pulse time 0.3 ms, 6.5 µm) and position the laser pointer on 199 
the zona pellucida at the opposite side of ICM. Drill the zona pellucida through 2−3 laser pulses 200 
(Figure 2b). 201 
 202 
4.9. Gently press the biopsy pipette against the zona pellucida and blow some medium through 203 
the breach to detach the TE cells from its internal surface and expedite blastocyst collapse 204 
(Figure 2c). 205 
 206 
4.10. Once the TE is detached (Figure 2d), enter through the hole (if required, make it wider 207 
with a last laser pulse) and aspirate few TE cells (ideally 7−813,16) into the biopsy pipette with 208 
gentle suction (Figure 2e). 209 
 210 
4.11. Slightly move the biopsy pipette backwards while applying a moderate suction to stretch 211 
the target cells (Figure 2f). 212 
 213 
4.12. Direct the laser towards the thinnest part of the aspirated cells and fire 2−5 laser pulses at 214 
the junctions between cells to separate the target cells from the body of the embryo (Figure 215 
2g). The timing of laser pulses and the number of pulses can be adjusted according to the 216 
quality of the blastocyst; however, try to minimize them to avoid cell lysis. 217 
 218 



   

4.13. After the separation of the TE fragment from the blastocyst (Figure 2h), release it into the 219 
same biopsy drop far from the blastocyst. This is needed to prevent them from being sucked 220 
again into the biopsy pipette (Figure 2i). 221 
 222 
4.14. Release the blastocyst from the holding pipette and promptly raise both pipettes to 223 
prevent the fragment from sticking to them. 224 
 225 
4.15. Take a picture of the biopsied fragment for quality control purpose (Figure 3). 226 
 227 
NOTE: If more than a single blastocyst is to be biopsied per procedure (up to four per biopsy 228 
dish), change the biopsy pipette with a new one to prevent cross-contamination between 229 
embryos. 230 
 231 
4.16. Repeat steps 4.1−4.13. 232 
 233 
4.17. Move the biopsy dish back to the laminar flow hood.  234 
 235 
4.18. Label the post-biopsy culture dish with the couple ID, and each drop with the embryo and 236 
the cycle ID.  237 
 238 
4.19. In presence of a witness, rinse the blastocyst in clean IVF medium in a 4-well plate IVF 239 
dish, and lastly move it to its corresponding drop of the post-biopsy dish. 240 
 241 
4.20. Move the post-biopsy dish to the incubator in a controlled atmosphere (37 °C, 6% CO2, 5% 242 
O2) until vitrification. It is advisable to perform vitrification within 30 min from the biopsy 243 
procedure, to prevent blastocyst re-expansion. 244 
 245 
5. Tubing 246 
 247 
NOTE: The whole procedure must be carried out in the presence of a witness and inside the 248 
laminar flow hood at room temperature. During the procedure, keep the PCR tubes in a cold tube 249 
rack on ice (Supplementary Figure 1). 250 
 251 
5.1. Label the PCR tubes with a permanent non-toxic marker.  252 
 253 
NOTE: Labeling should be performed as requested by the genetic laboratory. Generally, 254 
patient’s name and surname (initials), couple ID, embryo and cycle ID (for instance: JD 12345 255 
1.2 for the embryo N.1 of 2nd cycle belonging to Jane Doe whose couple ID is 12345). Embryo 256 
ID should be reported also in letters on the body of the tube. 257 
 258 
5.2. Label the lid of a 60 mm x 15 mm culture dish (tubing dish) with the biopsied embryos’ IDs 259 
(Supplementary Figure 1) and prepare two 10 µL drops of biopsy washing solution (Table of 260 
Materials) in it.  261 
 262 



   

5.3. Prime the 140 µm stripping pipette (Supplementary Figure 1) with some biopsy washing 263 
solution from the first drop of the tubing dish. 264 
 265 
5.4. Place the biopsy dish under the stereomicroscope to easily visualize the TE fragment(s). 266 
 267 
5.5. Gently release some biopsy washing solution upon the TE fragment; then, load it into the 268 
stripping pipette. 269 
 270 
5.6. Move the TE fragment to the second drop of biopsy washing solution in the tubing dish and 271 
carefully rinse it 2−3 times. 272 
 273 
5.7. Transfer the TE fragment to the bottom of the PCR tube (previously labeled after it) with 274 
loading solution, paying attention to avoid touching its walls with the tip of the stripping pipette.  275 
 276 
5.8. Repeat the procedure from step 5.3 to step 5.7 for each TE fragment, paying attention to 277 
use a new capillary for every TE fragment. 278 
 279 
5.9. At the end of the tubing procedure, put all the PCR tubes in a mini centrifuge, and spin 280 
them for few seconds. 281 
 282 
5.10. Store the samples at -20 °C until shipping them to the referring genetic laboratory for 283 
testing.  284 
 285 
6. Blastocyst vitrification 286 
 287 
6.1. Vitrify collapsed blastocysts within 30 min from TE biopsy to prevent their re-expansion. 288 
 289 
6.2. Label the vitrification plate with woman’s details and the IDs of the blastocysts that must 290 
be vitrified.  291 
 292 
6.3. Label the vitrification support(s) with woman’s name and surname, couple ID, ID of the 293 
embryo that will be loaded on it, as well as date of the procedure. Special cryolabels are used 294 
which preserve their integrity even at very low temperature (-196 °C). 295 
 296 
6.4. At room temperature, dispense 0.3 mL of equilibration solution (ES) (Table of Materials) 297 
for each blastocyst that will be vitrified. 298 
 299 
6.5. In the presence of a witness, move the blastocyst in ES using the 300 µm stripping pipette. 300 
 301 
6.6. Leave the blastocyst in the ES for 13−15 min. After an initial shrinkage of the volume, a 302 
gradual re-expansion will be observed. 303 
 304 
6.7. Fill a small cooling rack with liquid nitrogen (LN2) and place it under the laminar flow hood.  305 
 306 



   

6.8. Dispense 0.6 mL of vitrification solution (VS) (Table of Materials) in the second well. After 307 
the blastocyst complete re-expansion, transfer it in the VS solution for 1 min and rinse it to 308 
dilute the ES. 309 
 310 
6.9. In presence of a witness, load the blastocyst on the vitrification support and take care of 311 
removing the excess of VS. A subtle film of solution should surround the blastocyst. 312 
 313 
6.10. Plunge the vitrification support into LN2 and move it energetically in order to reduce the 314 
risk of bubble formation close to the specimen. 315 
 316 
6.11. Place the protective cap while keeping the vitrification support submerged in the LN2. 317 
 318 
6.12. In the presence of a witness, move the vitrification support in a long term LN2 storage 319 
tank. 320 
 321 
7. Artificial shrinkage of non-biopsied blastocysts 322 
 323 
7.1. If no TE biopsy is conducted, artificially collapse the blastocysts immediately before 324 
vitrification (Figure 4).  325 
 326 
7.1.1. Move the culture dish from the incubator to the inverted microscope and focus on the 327 
selected embryo. 328 
 329 
7.1.2. Switch to the laser objective (pre-set pulse: 0.3 ms, 6.5 μm), target the zona pellucida at 330 
the opposite side of ICM, then direct 1–2 laser pulses to the junctions between TE cells at a safe 331 
distance from the ICM. The blastocysts should collapse in less than 5 min. 332 
 333 
7.2. Proceed with the vitrification of the collapsed blastocyst as described in section 6. 334 
 335 
8. Transferable blastocyst warming 336 
 337 
8.1. On the day of the ET, prepare the ET 4-well plate by placing 600 µL of pre-equilibrated IVF 338 
culture medium for each well. Incubate at 37 °C in a controlled atmosphere (5% O2, 6% CO2), 339 
while performing blastocyst warming. 340 
 341 
8.2. Label the warming dish with woman’s name and surname, couple ID, ID of the embryo that 342 
will be warmed in it. 343 
 344 
8.3. Dispense 1 mL of the thawing solution (TS) (Table of Materials) in an IVF one-well dish 345 
(Supplementary Figure 1) and warm it to 37 °C in a thermostat for at least 1 h before starting 346 
the procedure. 347 
 348 
8.4. Fill a small cooling support with LN2 and place it in the laminar flow hood in close proximity 349 
of the working area. 350 



   

 351 
8.5. Before starting the procedure, check the blastocyst information reported on the 352 
vitrification support. All the IDs should match the genetic report and the blastocyst to warm 353 
must be chosen among the transferable ones. A witness is required during the procedure. 354 
 355 
8.6. Take the one-well dish containing warmed TS out of the thermostat and place it on a 356 
heated stage under the stereomicroscope. 357 
 358 
8.7. Pull over the protective cap within the LN2 using forceps. 359 
 360 
8.8. Plunge quickly the tip of the vitrification support into the 37 °C TS. 361 
 362 
8.9. Under microscopic observation, gently move the vitrification support until the blastocyst is 363 
released from the tip. 364 
 365 
8.10. Leave the blastocyst for a total of 1 min in the TS, paying attention to keep it at the 366 
bottom of the TS. 367 
 368 
8.11. At room temperature dispense 200 μL of dilution solution (DS) (Table of Materials) on the 369 
first well of the vitrification plate. 370 
 371 
8.12. Transfer the blastocyst to DS and place it at the bottom of the well while releasing some 372 
TS on the top of it to create a sort of gradient. Leave it for 3 min. 373 
 374 
8.13. Dispense 200 μL of washing solution (WS) in 2 different wells (WS1 and WS2). 375 
 376 
8.14. Transfer the blastocyst to WS1 and place it on the bottom of the well while releasing 377 
some DS medium on the top of it. Then transfer the blastocyst to WS2 and leave it undisturbed 378 
for 1 min. 379 
 380 
8.15. Label the post-warming ET plate with woman’s name and surname, couple ID, ID of the 381 
embryo that will be cultured in it. 382 
 383 
8.16. In the presence of a witness, transfer the warmed blastocyst to pre-equilibrated culture 384 
medium in the post-warming ET plate.  385 
 386 
8.17. Rinse the blastocyst in the first well of the ET plate and place it in the second well. 387 
 388 
8.18. Transfer the post-warming culture dish to the incubator in a controlled atmosphere (37 389 
°C, 6% CO2, 5% O2) and culture the blastocyst for at least 1.5 h before checking its survival and 390 
re-expansion. 391 
  392 
NOTE: Figure 5 shows examples of degenerated, cryo-survived but not re-expanded and cryo-393 
survived and fully-expanded blastocysts. 394 



   

 395 
9. Embryo transfer 396 
 397 
9.1. To perform ET, place the dish on the heated stage of the laminar flow hood, so the embryo 398 
is visible under the microscope at a low magnification. 399 
 400 
9.2. Take about 0.4 mL of IVF culture medium. Secure the syringe tip firmly into the receiving 401 
end of the internal catheter and then release the medium up to 0.1 mL.  402 
 403 
9.3. Aspirate culture medium until observing the embryos entering the catheter (minimal 404 
amount of media: 10−15 μL). 405 
 406 
9.4. Place the catheter into the plastic case and go to the operating room and place the internal 407 
catheter into the external guide. 408 
 409 
9.5. Once reached the uterus, push the syringe plunger to release the embryo(s). Release very 410 
slowly the medium until the plunger is reading 0.1 mL. 411 
 412 
9.6. Take the catheter back to the lab and check under the microscope that the embryo has 413 
been transferred. 414 
 415 
REPRESENTATIVE RESULTS: 416 
Figure 6 represents a scheme of all the outcomes of a biopsy procedure that can be adopted to 417 
standardize the protocol and monitor the performance of each operator. The main procedural 418 
outcome is the timing to complete the biopsy/biopsies; the main technical outcome is the 419 
quality of the plot produced after genetic testing that might result in either a conclusive or 420 
inconclusive diagnosis, the latter of which requires a re-biopsy of the undiagnosed blastocyst; 421 
the main biological outcome is the rate of cryo-survival and re-expansion versus degeneration 422 
after warming; lastly, the main clinical outcome is the live birth rate after vitrified-warmed 423 
blastocyst transfer. In three previous studies we reported the KPIs defined at the center(s) for 424 
the technical, biological and clinical outcomes11,13,16. Hereafter, we instead report how the KPI 425 
for the timing of biopsy was defined. Moreover, the putative influence of the timing between 426 
biopsy and vitrification on the post-warming behavior of euploid blastocysts was also 427 
investigated. 428 
 429 
In a 2-year period, a total of 1,544 trophectoderm biopsy procedures were conducted by 7 430 
operators (Table 1). All biopsied blastocysts were then moved back to the incubator into a post-431 
biopsy culture dish until vitrification. All the relevant data were collected in a relational 432 
database. All the timings of biopsy and between biopsy and vitrification were retrospectively 433 
obtained from the software of the IVF electronic witnessing system. The data were then 434 
exported and analyzed for statistics. 435 
 436 
The cryo-survival rate of euploid blastocysts after trophectoderm biopsy and vitrification-437 
warming was N = 571/572, 99.8%. The re-expansion rate at 1.5 h after warming was N = 438 



   

556/571, 97.4%. Among the 15 not re-expanded blastocysts, one resulted in a live birth after 439 
being transferred in utero. The live birth rate after vitrified-warmed euploid single blastocyst 440 
transfer was N=227/572, 39.7%. 441 
 442 
Definition of the ideal timing of biopsy 443 
Table 1 summarizes the relevant data of the biopsy procedures conducted. Overall, 1.89 ± 1.03 444 
(range 1-4) blastocysts were biopsied per procedure in 8.24 ± 4.23 min (range 3-22). The mean 445 
timing of biopsy varied because of both the number of blastocysts biopsied per procedure, 446 
from a minimum of 5.78 ± 2.94 min (range 3-16) when only one embryo was laid in the dish to a 447 
maximum of 12.93 ± 4.43 min (range 6-22) when the embryos sequentially biopsied were 4. 448 
Another relevant parameter was the operator involved in the procedure: the most expert (N = 449 
443 procedures) was the fastest (7.41 ± 3.6 min, range 3-22), while the least experienced (N = 450 
42) was the slowest (14.19 ± 4.24 min, range 6-22). Indeed, a generalized linear model entailing 451 
both the “number of blastocysts biopsied per procedure” and the “operator” variables perfectly 452 
explains the “timing of biopsy” with a R2 = 0.48 and a power = 1. This analysis was useful to 453 
define that ideally ~6 min is enough for a blastocyst biopsy procedure when only an embryo is 454 
laid in the dish, while ~9 min, ~12 min and ~13 min for 2, 3 and 4 blastocysts, respectively. 455 
Clearly, the whole procedure entails also moving the embryos from the culture to the biopsy 456 
dish and from the latter to the post-biopsy culture dish after the procedure, as well as changing 457 
the biopsy pipette between sequential biopsies. 458 
 459 
Figure 7 plots the mean timing of biopsy for each operator along the study trimesters (from the 460 
1st to the 8th). The dotted red line identifies the mean overall value of 8.24 min. Such a graph is 461 
useful to monitor the mean performance of each practitioner. For instance, the most expert 462 
operators (1 and 2) showed a constant decrease of this timing, which suggests a trend typical of 463 
a learning curve. All the operators from 3 to 6 were instead sufficiently constant in their 464 
performance around the mean overall value across the trimesters. Anytime they showed a peak 465 
in the mean value from a given trimester (e.g., operator 3 in the 7th trimester, operator 4 in 6th 466 
trimester, operator 5 in the 3rd trimester), they were warned in order to revise their 467 
performance. Operator 7 (i.e., the least experienced) showed timings typical of an embryologist 468 
that has just finished his/her training. Possibly, he/she will meet the standards internal to the 469 
lab as the expertise would increase. 470 
 471 
Importantly, the time of biopsy was similar across re-expanded and not re-expanded euploid 472 
blastocysts at 1.5 h from warming (9.52 ± 4.23 min, range 3-22 versus 10.5 ± 5.68 min, range 4-473 
22; t-test = 0.37). Likely, implanted (N = 229) and not implanted (N = 343) vitrified-warmed 474 
euploid blastocysts also showed comparable biopsy timings (9.77 ± 4.15 min, range 3-22 versus 475 
9.41 ± 4.36 min, range 3-22; t-test = 0.39). Possibly then, a timing ≤22 min to biopsy up to 4 476 
blastocysts does not affect embryo behavior after warming. Therefore, we defined this value as 477 
maximum threshold. 478 
 479 
Similarly, no difference was shown in terms of live birth rate across the different biopsy 480 
operators, as already reported previously13 (Supplementary Table 1).  481 
 482 



   

Another important parameter to monitor each operator’s performance is the rate of 483 
inconclusive results after diagnosis, which should be as close as possible to the general 484 
performance of each laboratory. Ideally this rate should not exceed 2.5% and might decrease 485 
with time due to an increasing expertise in biopsy and tubing procedures16. The target number 486 
of TE cells to retrieve are 7-8 according to two previous studies13,16. To this end, it is suggested 487 
to take a picture of the biopsied fragment for quality control purpose (see some examples in 488 
Figure 3). Such picture might be checked in case of inconclusive diagnoses to evaluate whether 489 
the cause was imputable to the dimension/quality of the fragment (i.e., low quality of the 490 
molecular analysis), to the tubing (i.e., DNA amplification failure) or to some issues in the 491 
processing of the sample in the genetic laboratory. 492 
 493 
Definition of the ideal timing between biopsy and vitrification 494 
In the study period, 572 euploid blastocysts were warmed to undergo an embryo transfer after 495 
a diagnosis of euploidy. Figure 8A shows each warmed blastocyst as a black circle distributed 496 
across the increasing timing between biopsy and vitrification and clustered in two groups 497 
according to the outcome under investigation: re-expanded or not re-expanded within 1.5 h 498 
from warming. All the blastocysts (N = 117/117) vitrified within 30 min, 97.6% (N = 245/251) of 499 
the blastocysts vitrified between 31-90 min, and 95.1% (N = 194/204) of the blastocysts vitrified 500 
beyond 90 min re-expanded, respectively (no re-expansion rates: 0%, 2.4% and 4.9%). 501 
Therefore, we set 30 min and 90 min as the early and late thresholds of time between biopsy 502 
and vitrification.  503 
 504 
Figure 8B shows the re-expansion rate in the three groups (≤30 min, 31-90 min, >90 min) 505 
further sub-clustered according to the blastocyst quality and day of preimplantation 506 
development. Especially for poor quality and/or day 7 blastocysts, the timing between biopsy 507 
and vitrification seems crucial to achieve re-expansion after warming. Specifically, the odds-508 
ratio of re-expansion after warming corrected for both blastocyst quality and day of biopsy in 509 
blastocysts vitrified within 30 min from biopsy versus blastocysts vitrified beyond 90 min was 510 
3.05 (95% CI 1.01-9.4, p=0.05). Instead, the period in between these two thresholds (31-90 min) 511 
represented a grey area that might or might not have an impact. 512 
 513 
Only 1 out of 15 not re-expanded blastocysts resulted in a live birth after transfer. Therefore, 514 
we lastly investigated the live birth rate achieved after warmed euploid single blastocyst 515 
transfer clustered in the three groups according to the timing between biopsy and vitrification. 516 
The highest live birth rate was achieved by transferring euploid blastocysts vitrified ≤30 min 517 
from the trophectoderm biopsy (N = 56/117, 47.9%). However, this result did not reach 518 
statistical significance when compared to the same outcome obtained either with blastocysts 519 
vitrified between 31 and 90 min (N = 92/251, 36.7%; Fisher’s exact test = 0.06), or with 520 
blastocysts vitrified >90 min from the biopsy (N=81/204, 39.7%; Fisher’s exact test = 0.16). 521 
Therefore, either a negative effect on blastocyst reproductive competence is negligible or the 522 
sample size in this dataset (N = 572) was insufficient to reach statistical significance.  523 
 524 
FIGURE AND TABLE LEGENDS: 525 
 526 



   

Figure 1: Parameters for blastocyst grading. Expansion: A (fully hatched), B (in hatching), C 527 
(fully expanded), and D (not expanded). The ideal stage is C, while a blastocyst D should be 528 
given more time to achieve full expansion, unless this stage is reached in day 7; Inner cell mass 529 
(ICM) morphological quality: 1 (noticeable with several strictly packed cells), 2 (discernable 530 
with several but roughly packed cells) and 3 (difficult to distinguish with very few low-quality 531 
cells); trophectoderm (TE) morphological quality: 1 (well-organized epithelium with several 532 
cells), 2 (loose epithelium with few cells) and 3 (few and/or large low-quality cells).  533 
 534 
Figure 2: Summary of the sequential zona pellucida (ZP) opening and trophectoderm (TE) cells 535 
retrieval approach for blastocyst biopsy. a) Orient the blastocyst with the inner cell mass (ICM) 536 
close to the holding pipette and far from the spot where the selected TE cells will be retrieved. 537 
Secure the blastocyst on the holding pipette; b) open the ZP through 2-3 laser shots; c) blow 538 
some culture media through the hole; d) the blastocyst will detach from the ZP; e) enter the ZP 539 
and suck 5-10 TE cells in the biopsy pipette; f) move backwards with the biopsy pipette to 540 
stretch the selected fragment and expose the junctions between the cells; g) fire at the 541 
junctions between the cells and continue stretching the fragment until the TE cells are released 542 
from the body of the blastocyst; h) the blastocyst after TE biopsy is collapsed; i) take a picture 543 
of the biopsy fragment for quality control and transfer it to the PCR tube that will be sent to the 544 
genetic laboratory.  545 
 546 
Figure 3: Examples of biopsy fragments: a-c) desirable fragments; d) lysed fragment; e) small 547 
fragment with degenerated cells; f) small, partially lysed and degenerated fragment.  548 
 549 
Figure 4: Artificial shrinkage. a) Orientate the blastocyst so that the inner cell mass (ICM) is far 550 
from the targeted section of the trophectoderm (TE); b) Fire 2-3 laser shots in a row at the 551 
junctions between TE cells and moving outwards; c) Wait for the blastocyst to collapse before 552 
starting vitrification.  553 
 554 
Figure 5: Examples of blastocyst degeneration. a) cryo-survival but no re-expansion; b) cryo-555 
survival and full re-expansion; c) 1.5 h post-warming.  556 
 557 
Figure 6. Summary of the different outcomes of trophectoderm biopsy that might be used to 558 
monitor the performance of an operator and define the key performance indicators internal 559 
to each laboratory. The main procedural outcome is the timing of biopsy. The main technical 560 
outcome is the rate of conclusive (euploid or aneuploid) and inconclusive diagnoses (re-biopsy 561 
required) obtained; the latter might be caused by DNA amplification or low-quality molecular 562 
data, both resulting in not-interpretable chromosome copy number profile plots. The main 563 
biological outcome is the rate of cryo-survival and re-expansion or degeneration after biopsy, 564 
vitrification and warming. The main clinical outcome is the rate of live births or negative 565 
pregnancy outcomes achieved after vitrified-warmed blastocyst transfer. Of note, while the 566 
procedural outcome is exclusively dependent on the operator and the number of blastocysts to 567 
biopsy per procedure, all other outcomes might be affected from other confounders 568 
independent from the biopsy operator (e.g., the steps and operators involved in the molecular 569 
analysis, the morphological quality of the blastocyst, the day of biopsy) that should be 570 



   

accounted to properly evaluate his/her performance.  571 
 572 
Figure 7: Mean timing of biopsy per operator across the 8 study trimesters. The table 573 
summarizes the related number of procedures and the mean number of blastocysts biopsied 574 
per procedure by each operator in the 8 study trimesters. The dotted red line within each graph 575 
represents the overall mean timing of biopsy (8.24 min). The error bars are the standard 576 
deviations. 577 
 578 
Figure 8: Re-expansion after warming versus timing between biopsy and vitrification. Panel A 579 
shows not re-expanded and re-expanded blastocysts 1.5 hr after warming. Each blastocyst is 580 
represented by a black circle across the increasing timings. The vertical continuous black lines 581 
represent 30 min set as early threshold and 90 min set as late threshold. Panel B shows the re-582 
expansion rates in the three groups (timing between biopsy and vitrification: ≤30 min, 31-90 583 
min, >90 min) further clustered according to blastocyst quality and day of biopsy. 584 
 585 
Table 1: Total mean timing of biopsy and mean number of blastocysts biopsied in each 586 
procedure according to biopsy operator. The mean timing of biopsy has been also shown 587 
according to each sequential number of blastocysts biopsied per procedure. A generalized 588 
linear model that includes both the “biopsy operator” and “number of blastocysts biopsied per 589 
procedure” variables perfectly correlates with the “timing of biopsy” (R2 = 0.48, power = 1). 590 
 591 
Supplementary Figure 1: Main devices and supports required for the procedure. 592 
 593 
Supplementary Table 1: Logistic regression analysis does not show any significant association 594 
between the biopsy operator and live birth after vitrified-warmed euploid blastocyst transfer.  595 
 596 
DISCUSSION: 597 
Only well-experienced skilled embryologists who have completed their training period should 598 
perform both TE biopsy and blastocyst vitrification. Furthermore, a witness is required to 599 
monitor the procedures and guarantee an efficient traceability during i) the movements of the 600 
biopsied blastocyst from the biopsy dish (Supplementary Figure 1) to the post-biopsy dish 601 
(Supplementary Figure 1), then to the vitrification plate (Supplementary Figure 1) and lastly to 602 
the vitrification support (Supplementary Figure 1); ii) the transfer of biopsied TE cells from the 603 
biopsy dish to the PCR tube (Supplementary Figure 1); iii) the warming and transfer steps post-604 
diagnosis. For a detailed description of all witnessing steps refer to a failure modes and effects 605 
analysis (FMEA) previously published14. 606 
 607 
All methods described in this paper respect the local regulation (Italian Law 40/2004). 608 
According to the Law, in fact, the couple can request to be informed about the health status of 609 
the embryos they produced during the IVF cycle. In this regard, a detailed informed consent for 610 
PGT must be signed from both partners. 611 
 612 
In this paper we described how to implement blastocyst biopsy for PGT in a busy laboratory 613 
routine. The application of blastocyst biopsy approach has been an important advancement in 614 



   

the last decade in IVF. First reported by de Boer and colleagues in 200417, it has been soon 615 
recognized as a more effective and informative procedure compared to cleavage stage and 616 
polar body biopsy approaches3. The value of this procedure mainly resides in a reduction of the 617 
technical burdens, but also in a lower incidence of chromosomal mosaicism at this stage of 618 
development18,19. Moreover, the removal of few TE cells from a blastocyst has been suggested 619 
as a safer procedure than the removal of one blastomere from a cleavage stage embryo. 620 
Indeed, in a randomized non-selection study the former approach did not result in any impact 621 
on embryo implantation potential, while the latter involved a significant ~20% reduction20.  622 
 623 
The protocol mostly used worldwide entails laser-assisted zona opening in day 3 post-624 
insemination. No randomized controlled trial has been conducted to date to compare the 625 
different blastocyst biopsy approaches. However, it is reasonable that the lower the number of 626 
manipulations and exposures of the growing embryos to suboptimal environmental conditions, 627 
the lower the potential invasiveness of the protocol. Moreover, the presence of a hole in the 628 
zona pellucida from day 3 of development might affect blastocyst expansion and cause the 629 
herniation of ICM cells together with TE cells. For these reasons, we set and implemented the 630 
protocol described here that entails the sequential laser-assisted zona breaching and TE cells 631 
retrieval as soon as the blastocyst reaches full expansion. Also a different protocol exists that 632 
entails a day 5 or 6 assisted hatching5,7. Specifically, the drilling of the zona is performed on day 633 
5 or 6 of preimplantation development on the opposite side with respect to the ICM; the 634 
blastocyst is then moved back to the incubator waiting for the spontaneous herniation of TE 635 
cells. Clearly, periodic monitoring of the blastocyst must be provided in the following hours, to 636 
biopsy it as soon as the TE will start herniating, as well as to prevent the embryo from hatching 637 
completely. If on the one hand unskilled practitioners can easily implement this alternative 638 
biopsy strategy, on the other hand it is not suitable for a busy laboratory performing several 639 
procedures per day. The sequential zona opening and blastocyst biopsy protocol described here 640 
is instead less time-consuming and allows a shorter hands-on time and a higher flexibility to 641 
schedule the daily activity in the laboratory so to coordinate the timeframes dedicated to 642 
biopsy and to vitrification procedures.  643 
 644 
Poor quality blastocysts might be more complex to biopsy since the TE cells can be sticky, but 645 
more laser shots coordinated with the stretching of the fragment to expose the junctions 646 
between the cells are sufficient to remove it from the body of the blastocyst. Fully hatched 647 
blastocyst can be biopsied like blastocysts enclosed in the zona pellucida, but they might be 648 
trickier to vitrify and warm. In case of inconclusive diagnoses after biopsy, the data reported to 649 
date are concordant that no harm seems to derive from a re-biopsy and a following 650 
vitrification-warming cycle16,21. 651 
 652 
Vitrification is currently used in the center to perform blastocyst cryopreservation since it has 653 
been consistently reported safer, more efficient and less time-consuming than slow freezing 654 
protocol from a review and meta-analysis of the most recent literature10. 655 
 656 
Once the procedure was well-established and the operators properly trained, we performed a 657 
retrospective analysis to define the ideal procedural timings for both blastocyst biopsy and 658 



   

vitrification procedures (summarized here in the representative results). As final outcomes, we 659 
have assessed the re-expansion rate of euploid blastocyst evaluated at 1.5 h after warming and 660 
the live birth rate achieved after vitrified-warmed euploid single embryo transfer. No case of 661 
blastocyst degeneration was observed after biopsy, and just 0.2% (N = 1/572) of degeneration 662 
rate was reported after warming, confirming the reliability of the biopsy and vitrification 663 
approaches adopted. According to the analysis, the timing required to perform blastocyst 664 
biopsy does not affect either euploid blastocysts’ viability after warming defined as re-665 
expansion rate, or reproductive potential defined as live birth rate. Although various timings 666 
can be observed across operators with different expertise, we may consider blastocyst biopsy 667 
safe when the procedure is completed in about 8 min, in a range from 3 to 22 min depending 668 
on the number of embryos per procedure (however no data are available for biopsy procedures 669 
performed in longer intervals). The mean time spent for blastocyst biopsy from each single 670 
operator should be periodically (at least every three months) monitored as KPI. Alongside, the 671 
rate of inconclusive diagnosis and the live birth rate after vitrified-warmed euploid blastocyst 672 
transfer should be also addressed. Lastly, we outlined the ideal timing between biopsy and 673 
vitrification. Since we observed the highest re-expansion rate after warming when blastocysts 674 
were vitrified within 30 min from the biopsy, we suggest this value as the ideal threshold. 675 
Specifically, the longer the time between biopsy and vitrification, the more the biopsied 676 
blastocyst will re-expand before being cryopreserved. This might be harmful for cryo-survival, 677 
especially when dealing with poor-quality and/or day 7 blastocysts11. Nevertheless, no 678 
significant impact on the clinical outcomes was observed even if vitrification was delayed 679 
beyond 90 min. Therefore, in sporadic occasions, such timings might be allowed. 680 
 681 
The method chosen to retrieve a specimen for PGT should not affect embryo viability, should 682 
involve reliable and informative results, should be clinically effective and should be easy to 683 
implement thereby reducing the costs and the laboratory workload. Blastocyst biopsy fulfills all 684 
these prerequisites. Nonetheless, it still is an invasive procedure that must be performed by 685 
skilled operators in a well-equipped laboratory. Currently, the avant-garde of a non-invasive 686 
PGT (niPGT) approach is under investigation. Perhaps, in the future, the spent culture media 687 
after IVF might be analyzed to conduct chromosomal and/or genetic testing. This is an 688 
intriguing future perspective since the costs for the IVF clinic would be lower and all the 689 
workload entailed by embryo biopsy would be sidestepped. However, the reliability and 690 
reproducibility of spent media analysis for genetic testing are still to be assessed22-24, therefore 691 
more efforts must be invested to define and validate a protocol that could suit all IVF clinics 692 
performing PGT worldwide. 693 
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N of procedures
N blastocysts biopsied 

per procedure

Mean timing of biopsy  ±  

SD, range (min)

Operator 1 443 2.01 ± 1.09, 1-4 7.41 ± 3.6, 3-22

195 1 4.75 ± 1.96, 3-16

111 2 7.83 ± 2.45, 3-18

71 3 10.27 ± 2.41, 4-16

66 4 11.48 ± 3.81, 6-22

Operator 2 290 1.81 ± 0.98, 1-4 7.87 ± 4.13, 3-22

142 1 5.69 ± 3.32, 3-16

89 2 8.48 ± 2.79, 3-18

30 3 11.37 ± 3.72, 4-20

29 4 13.1 ± 3.89, 9-22

Operator 3 287 1.98 ± 1.05, 1-4 9.10 ± 4.65, 3-22

121 1 6 ± 2.19, 3-15

89 2 9.6 ± 3.87, 3-22

38 3 12.66 ± 4.55, 4-22

39 4 14.13 ± 4.8, 6-22

Operator 4 217 1.66 ± 0.87, 1-4 7.58 ± 3.45, 3-22

118 1 5.58 ± 1.96, 3-14

66 2 8.92 ± 2.91, 4-22

21 3 11.48 ± 2.34, 5-16

12 4 13 ± 4.26, 6-19

Operator 5 144 2.03 ± 1.08, 1-4 9.43 ± 4.24, 3-22

59 1 6.15 ± 2.5, 3-16

43 2 10.07 ± 2.73, 6-16

20 3 12.6 ± 2.89, 9-18

22 4 14.09 ± 4.43, 6-22

Operator 6 121 1.67 ± 0.94, 1-4 7.79 ± 3.93, 3-22

70 1 6.19 ± 2.95, 3-16

32 2 8.12 ± 1.72, 3-11

9 3 12.78 ± 3.31, 9-18

10 4 13.5 ± 6.19, 6-22

Operator 7 42 1.62 ± 0.94, 1-4 14.19 ± 4.24, 6-22

27 1 11.85 ± 5.53, 6-16

6 2 16.5 ± 3.73, 11-22

7 3 19.86 ± 3.34, 13-22

2 4 19 ± 4.24, 16-22

Total 1544 1.89 ± 1.03, 1-4 8.24 ± 4.23, 3-22

732 1 5.78 ± 2.94, 3-16

436 2 8.85 ± 3.14, 3-22

196 3 11.72 ± 3.70, 4-22

180 4 12.93 ± 4.43, 6-22

Table 1 Click here to access/download;Table;Table 1 rev.xlsx

https://www.editorialmanager.com/jove/download.aspx?id=998873&guid=2f134f0d-492e-43d3-b302-bb8294cf68f8&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=998873&guid=2f134f0d-492e-43d3-b302-bb8294cf68f8&scheme=1


Live birth rate OR, 95%CI, p-value

Operator: 1 73/182, 40.1% -

2 43/108, 39.8% 0.99, 0.61-1.61, p=0.96

3 33/106, 31.1% 0.67, 0.41-1.12, p=0.13

4 26/57, 45,6% 1.25, 0.69-2.28, p=0.46

5 26/53, 49.1% 1.44, 0.78-2.66, p=0.25

6 22/56, 39.3% 0.97, 0.52-1.78, p=0.91

7 4/10, 40.0% 0.99, 0.27-3.65, p=0.99
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Name of Material/ Equipment Company Catalog Number Comments/Description

Equipment

Cold tube rack Biocision XTPCR96

Electronic pipette controller Fisher Scientific 710931

Flexipet adjustable handle set Cook G18674 Stripper  holder

Gilson Pipetman Gilson 66003 p20

IVF Electronic Witness System CooperSurgical Fertility & Genomic Solutions RI Witness ART Management System

Inverted microscope Nikon Eclipse TE2000-U

Laminar Flow Hood IVF TECH Grade A air flow

Laser objective RI Saturn 5

Microinjectors Nikon Narishige NT-88-V3

Mini centrifuge for PCR tubes Eppendorf CSLQSPIN for 0.2ml PCR tubes

Stereomicroscope Leica Leica M80

Thermostat Panasonic MCO-5AC-PE

Tri-gas incubator Panasonic MCO-5M-PE 02/CO2

Consumables

Biopsy pipette RI 7-71-30FB35720 30µm ID, flat 35°C

Cryolock Cryolock CL-R-CT

CSCM complete Irvine Scientific 90165 IVF culture medium supplemented with HSA 

Embryo Transfer Catheter Cook G17934

Flexipet pipette Cook G26712 140µm stripping pipette tip

Flexipet pipette Cook G46020 300µm stripping pipette tips

Holding pipette RI 7-71-IH35/20 30µm ID, flat 35°C

Human Serum Albumin Irvine Scientific 9988

IVF One well dish Falcon 353653

Mineral Oil for embryo culture Irvine Scientific 9305

Modified HTF Medium Irvine Scientific 90126 Hepes-Buffered medium 

Nuclon Delta Surface Thermofisher scientific 176740 IVF dish 4-well plate with sliding lid

Primaria Cell culture dish Corning 353802 60x15mm

Reproplate Kitazato 83016

Serological pipette  Falcon 357551 10ml

Table of Materials Click here to access/download;Table of Materials;Table of materials. rev RMDC
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Sterile disposable Gilson tips Eppendorf 0030 075.021 200µl

Tubing Kit Provided by the genetic lab PCR tubes (0.2mL), loading solution, biopsy washing solution

Vitrification  media Kitazato VT801 Equilibration and vitrification solutions

Warming media Kitazato VT802 Thawing and dilution solutions



IVF culture medium supplemented with HSA 



PCR tubes (0.2mL), loading solution, biopsy washing solution
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Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 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 MyJove 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. 
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. 

 

 

Biopsy of human blastocysts: a detailed workflow encompassing laser-assisted sequential zona pellucida opening, 
trophectoderm cells removal, vitrification and warming of transferable embryos.

Roberta Maggiulli,Adriano Giancani, Danilo Cimadomo, Filippo Maria Ubaldi, Laura Rienzi
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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 Item 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 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. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. 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. 
10. 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 use, 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. 
11. 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 
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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 
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.  
12. 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 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. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of 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. 
14. 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.
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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. 

 

Authors: ok 

 

2. Please revise the title to be more concise and avoid the use of colon or dash. 

 

Authors: done 

 

3. Abstract: Please shorten the abstract to no more than 300 words. include a statement about 

the purpose of the method. 

 

Authors: done 

 

4. Please expand your Introduction to include the following: The advantages over alternative 

techniques with applicable references to previous studies; Description of the context of the 

technique in the wider body of literature; Information that can help readers to determine if the 

method is appropriate for their application. Discussion of critical steps of this protocol can be 

moved to the Discussion section. 

 

Authors: revised 

 

5. Please use SI abbreviations for all units: L, mL, µL, h, min, s, etc. Please use the micro 

symbol µ instead of u. Please abbreviate liters to L to avoid confusion. 

6. Please include a space between all numerical values and their corresponding units: 15 mL, 

37 °C, 60 s; etc. 

 

Authors: done 

 

7. 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. 

 

Authors: done 

 

8. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we", "you", 

"our" etc.). 

 

Authors: done 

 

9. Please revise the protocol to contain only action items that direct the reader to do 

something (e.g., “Do this,” “Ensure that,” etc.). 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.” Please include all safety procedures 

and use of hoods, etc. However, notes should be used sparingly and actions should be 

described in the imperative tense wherever possible. Please move the discussion about the 

protocol to the Discussion. 

 

Authors: done 

 

10. Lines 106-115, 122-123, 160-164, etc.: 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 

Rebuttal Letter Click here to access/download;Rebuttal Letter;revisioni
Jove.docx
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step. Use sub-steps as necessary. Please move the discussion about the protocol to the 

Discussion. 

 

Authors: done 

 

11. Please add more details to your protocol steps. There should be enough detail in each step 

to supplement the actions seen in the video so that viewers can easily replicate the protocol. 

Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively, 

add references to published material specifying how to perform the protocol action. See 

examples below. 

 

Authors: done 

 

12. Lines 141 and 142: Please provide the composition of IVF Culture medium and mineral oil. 

If they are purchased, please cite the Table of Materials. 

 

Authors: done 

 

13. Lines 305, 320, 324: Please describe the composition of thawing/dilution/washing solution. 

 

Authors: done 

 

14. Line 329: Please specify the conditions for culturing the blastocyst. 

 

Authors: done 

 

15. Line 332: Please describe how to perform embryo transfer. 

 

Authors: done 

 

16. Please combine some of the shorter Protocol steps so that individual steps contain 2-3 

actions and maximum of 4 sentences per step. 

 

Authors: done 

 

17. Please include single-line spaces between all paragraphs, headings, steps, etc. 

 

Authors: done 

 

18. After you have made all the recommended changes to your protocol (listed above), 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. 

 

Authors: Done. 

 

19. Please highlight complete sentences (not parts of sentences). Please ensure that the 

highlighted part of the step includes at least one action that is written in imperative tense. 

Notes cannot usually be filmed and should be excluded from the highlighting. Please do not 

highlight any steps describing anesthetization and euthanasia. 

 

Authors: Done. 

 

20. Please include all relevant details that are required to perform the step in the highlighting. 

For example: If step 2.5 is highlighted for filming and the details of how to perform the step 

are given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be 

highlighted. 

 



Authors: ok 

 

21. 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. 

 

Authors: All Scale Bars have been included and defined 

 

22. Figure 7: The x-axis labels seems to be cut off. Please revise. Please remove the table 

from the figure and instead upload the table individually to your Editorial Manager account as 

an .xls or .xlsx file. Please include a space before and after the ± symbol (e.g., 2.39 ± 1.29, 

etc.). 

 

Authors: Done. If possible, we prefer keeping the table as part of the figure since it explains 

the results 

 

23. Figure 8A: Please include a space before and after the = symbol (e.g., N = 0/117, etc.). 

 

Authors: Done 

 

24. Figure 8B: Please remove the table from the figure and instead upload the table 

individually to your Editorial Manager account as an .xls or .xlsx file. Please change “≤30min” 

to “≤ 30 min”, “31-90min” to “31-90 min”, and “>90min” to “> 90 min”. 

 

Authors: Done. If possible, we prefer keeping the table as part of the figure since it explains 

the results 

 

25. Table 1: Please include a space before and after the ± symbol (e.g., 2.39 ± 1.29, etc.). 

 

Authors: Done 

 

26. Supplementary Table 1: Please include a space before and after the = symbol (e.g., p = 

0.96, etc.). 

 

Authors: Done 

 

27. Table of Materials: Please sort the items in alphabetical order according to the name of 

material/equipment. 

 

Authors: Done 

 

28. References: Please do not abbreviate journal titles. 

 

Authors: Done 

 

Reviewers' comments: 

Reviewer #1: 

Manuscript Summary: 

In this paper, "Biopsy of human blastocysts: a detailed workflow encompassing trophectoderm 

cells biopsy, vitrification and warming of transferable embryos". it benefit for assisted 

reproduction. However, text and format need to be fully modified. We recommend the author 

revised as the following suggestion before published. 

 

Major Concerns: 

the author said:' If more than a single blastocyst is to be biopsied per procedure (up to four 

per biopsy dish), thoroughly clean the biopsy pipette in the third drop by completely emptying 

it and priming it again with some new media. If some cells are stuck into the biopsy pipette 

that cannot be removed, changed it with a new one to prevent cross-contamination between 

samples.' However, in my opinion, A growing number of studies have shown that embryo can 



secrete some substances such as miRNA into external environment of embryo, which might 

interfere detection result. I suggest the author should do according to an operating fluid 

sleeve, a set of operating needles for a blastocyst, not for 4 blastocyst. 

 

Authors: We do agree. Changed accordingly. 

 

 

Minor Concerns: 

Lack of punctuation in the text(LINE195,LINE197 and et al) . 

Line298: incorrectly symbol of centigrade. 

 

Authors: Done 

 

Line403,line405: Statistical methods should be noted. 

 

Authors: Done. Thanks 

 

 

Reviewer #2: 

 

Manuscript Summary: 

This is a nice protocol for biopsy of TE cells. It will be useful guide for embryologists 

attempting to perform TE biopsy. 

 

Major Concerns:  

The number of cells biopsied should be kept between 3-6 at the most. Please correct that 

throughout the manuscript.  

 

Authors: We performed two studies previously published (Capalbo HR 2016 and Cimadomo HR 

2018) where we defined the ideal number of cells to retrieve. Such number is 7-8 cells. Neal et 

al. in their study (FS 2017) outlined the maximum number of TE cells that can be removed in 

order not to impact embryo implantation potential. They reported an impact only for the 4th 

quartile (i.e. 15-20 cells removed). Lastly, the studies performed and published to date that 

investigated the effect of TE re-biopsy on implantation potential (all summarized and discussed 

in our previous study on this topic, i.e. Cimadomo HR 2018), reported no evidence of an 

impact. Therefore, we respectfully think that 3-6 TE cells is a limited number to get a reliable 

diagnosis. Possibly, 5-10 cells is an ideal size in a range which goes from 2 to 15. 

 

Details on the media and pipettes use should be included. Very important segment on 

witnessing and identity check of each embryo should be emphasized and included as a step in 

the protocol. 

 

Authors: Media are commercially available. The recommendations for the biopsy pipette are 

the following: 30 µm internal diameter, 35° bend angle, 0.75 mm distance tip to bend. 

Included now. For witnessing, we reported in the notes when it is required and we also 

referred to our previous FMEA (Cimadomo RBMo 2016), which is a detailed description of all 

witnessing steps along this protocol. 

 



Editorial comments: 

 

1. Please note that the editor has formatted the manuscript to match the journal's style. Please retain the same. 

The updated manuscript is attached and please use this version to incorporate the changes that are requested. 

2. Please include an ethics statement before the numbered protocol steps, indicating that the protocol follows 

the guidelines of your institution’s human research ethics committee. Done 

3. Please address specific comments marked in the attached manuscript. Please turn on Track Changes to keep 

track of the changes you make to the manuscript. Done  

4. Please note that the numbering of protocol steps has been updated according to JoVE guidelines. Please 

review for accuracy. Done 

5. As we can only film 2.75 pages of the protocol, please review and shorten the highlighted portion to 2.75 

pages. For example, some of the shorter protocol steps can be combined; however, please ensure that there are 

no more than 2-4 actions per step. Please note that the highlighted content should be continuous and contain 

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. Done 

6. Please number the figures in the sequence in which you refer to them in the manuscript text. Done 

7. Table of Materials: Please ensure that it has information on all relevant supplies, reagents, equipment and 

software used, especially those mentioned in the Protocol. Done 
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