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GENERAL INTRODUCTION  9 

The general introduction (including figure 1) is included in the Paper on Organisation of PGT, and will 10 

be copied to the final version of the 4 papers.  11 

METHODS 12 

A working group was composed of people with hands-on expertise on the described techniques, aiming 13 

at a representation of different settings and nationalities. The working group members assessed the 14 

previous guidelines (Harton et al., 2011) and deducted an outline for the current paper. All group 15 

members according to their expertise, wrote a section that was later discussed in depth with the entire 16 

group until consensus. Eleven online meetings were organised for discussion. The final draft of the 17 

paper was checked for consistency with the other papers of the series. The draft was then submitted 18 

for stakeholder review; it was published on the ESHRE website between XX and XX , and ESHRE 19 

members were invited to send in comments. All comments were checked by the working group, and 20 

incorporated in the final version where relevant. A review report is published on the ESHRE website.  21 

INTRODUCTION TO BIOPSY AND SAMPLE COLLECTION 22 

This paper provides detailed technical recommendations for the most applied biopsy methods and 23 

collection of biopsied samples for genetic testing. 24 

The biopsy procedure of preimplantation embryos consists of two main steps: creating an opening in 25 

the zona pellucida (ZP) and removing polar bodies (PBs) or embryonic cells.  26 

ZP opening may be performed either mechanically, chemically or using laser.  27 

Zona pellucida opening 28 

Mechanical zona pellucida opening (also termed partial zona dissection) was the first method used for 29 

opening the ZP, and is still applied clinically, although to a lesser extent. The method involves creating 30 

a slit in the ZP using a sharp micropipette. 31 
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Chemical zona drilling involves the use of an acidic solution (acid Tyrode’s) to locally dissolve the ZP. 32 

The method was widely used during the early era of cleavage-stage embryo biopsies. However, the 33 

subsequent implementation of laser technology, and concerns about potential toxicity of acid Tyrode’s 34 

on embryo viability have led the majority of laboratories to move away from chemical ZP drilling. 35 

Laser is at present the most popular method of ZP opening for PB, cleavage-stage and blastocyst biopsy. 36 

The method involves the use of a guided non-contact laser beam, which can be adjusted to create a ZP 37 

opening of the desired size in an accurate and rapid manner. The exposure to the laser should be short 38 

and care should be taken to avoid damage of embryonic cells. 39 

In case of polar body or cleavage stage biopsy, the size of the opening should not be too large as to 40 

avoid loss of blastomeres during embryo development, but neither too small, to allow embryo hatching 41 

at the blastocyst stage.  42 

Embryonic cell removal 43 

Several methods have been described for cell removal, depending on the stage and morphology of the 44 

embryo to be biopsied. Cell removal by aspiration inside the biopsy micropipette is the most widely 45 

used method, and is applicable for all stages of biopsy (PB, cleavage stage and blastocyst biopsy). 46 

Alternatively, cells may be partially aspirated and then pulled away from the embryo. Cell removal by 47 

extrusion or flow displacement has also been applied on cleavage-stage embryos, but the clinical 48 

application of these techniques has remained rather limited. 49 

For blastocyst biopsy, aspiration and excision with a laser can be used, or aspiration in combination 50 

with mechanical removal of the trophectoderm (TE) cells.  51 

Stages of embryo biopsy 52 

Biopsy can be performed by removal of one or two polar bodies from the unfertilized oocyte or the 53 

zygote, respectively, removal of one or two blastomeres at the cleavage stage or removal of several (5-54 

10) TE cells at the blastocyst stage (Figure 2). While cleavage-stage biopsy was the most widely 55 

practised form of embryo biopsy for over a decade (Harton et al., 2011), its clinical use has now been 56 

reduced.  57 

Polar body biopsy may be an alternative to embryo biopsy due to regulations that prohibit embryo 58 

biopsy in specific regions or countries, or if only maternal mutations or aneuploidies are investigated.  59 

Blastocyst biopsy or TE biopsy is at present the most widely used technique (De Rycke et al., 2017).  It 60 

provides more cells and is at an embryonic stage more amenable for genetic analysis and less sensitive 61 

to possible damage.  62 
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Figure 2  63 

   64 

 65 

Sample collection 66 

After biopsy, cell(s) are washed and either fixed on a slide for fluorescence in situ hybridisation (FISH) 67 

analysis or collected in small reaction tubes for amplification-based testing (called ‘tubing’). As genome-68 

wide technologies began to replace the FISH method over the last decade and these technologies 69 

require whole genome amplification (WGA) as a first step, tubing has become the most widely applied 70 

method for collection of biopsied samples. General recommendations on tubing have been formulated 71 

in this guidance paper.  72 

Rebiopsy of embryos 73 

Rebiopsy of embryos could be considered in case of failed, incomplete, or inconclusive genetic 74 

diagnosis. The rebiopsy policy should be in accordance with the local legislation. 75 

 76 

1. LABORATORY ISSUES RELATED TO BIOPSY 77 

Prior to the biopsy procedure, work surfaces, equipment and materials should be cleaned and 78 

decontaminated. with disinfectants with proven compatibility and efficacy for use in an IVF laboratory. 79 

Protective clothing should be worn, including full surgical gown (clean, not sterile and changed 80 

regularly), hair cover/hat, face mask (covering nose and mouth) and preferably shoe covers or 81 

dedicated shoes. Gloves should be worn at all times and changed frequently. Gloves should be powder-82 

free and well-fitting (e.g. nitrile, but not vinyl).  83 

1.1 Insemination and culture 84 

• Intracytoplasmic sperm injection (ICSI) is mandatory for PGT to avoid the risk of both maternal 85 

contamination from residual cumulus cells and paternal contamination from extraneous sperm 86 
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attached to the ZP or non-decondensed sperm within blastomeres. Careful removal of cumulus 87 

cells (denudation) and rinsing of oocytes prior to ICSI are critical to avoid residual maternal 88 

contamination in the biopsy samples. 89 

• Until time of biopsy, routine IVF culture conditions apply. The most adequate culture 90 

conditions, strategies and media should be used. The exposure of the embryos to sub-optimal 91 

environmental conditions should be limited, whenever possible. If available, time-lapse imaging 92 

systems may be adopted to limit the exposure of the embryos to sub-optimal conditions.  93 

• Following biopsy, oocytes and embryos should be thoroughly rinsed before culture or 94 

cryopreservation.  95 

• Biopsied oocytes and embryos must be cultured or cryopreserved individually with a clear 96 

identification system to ensure tracking of the biopsy sample (PB, blastomere or TE cells) and 97 

unambiguous post-diagnosis identification.  98 

• To culture embryos individually, the use of multiple-well dishes or droplets in separate dishes 99 

is advisable, to prevent mixing of embryos due to accidental movement during handling.  100 

1.2 Setting up for biopsy 101 

The following recommendations are made for preparations prior to any biopsy procedure on human 102 

oocytes or embryos: 103 

• Ensure that biopsy is performed according to written procedures by a suitably qualified 104 

practitioner. 105 

• It is recommended to minimize the duration of the biopsy procedure. 106 

• It is recommended to set biopsy criteria prior to performing clinical cases and to adhere to 107 

them for all clinical cases. Routine updating of criteria should be done as necessary. 108 

• Ensure all micromanipulation equipment is installed correctly, calibrated and maintained per 109 

written procedures. Biopsies must be performed on a warmed stage. 110 

• Ensure the appropriate reagents and micromanipulation tools are available, sterile and within 111 

their expiration date. 112 

• Ensure that biopsy dishes are prepared, equilibrated and clearly labelled with at least the 113 

patient name and oocyte/embryo number. Dishes should contain rinsing drops and a drop of 114 

biopsy medium of sufficient size to maintain pH, osmolarity and temperature during the 115 

procedure, under oil.  116 

1.3 Labelling and witnessing 117 

General recommendations on labelling and witnessing throughout the IVF-PGT procedure are outlined 118 

in the paper on organisation of PGT (refer ORG paper). Specifically for the biopsy/tubing procedures, 119 

witnessing is recommended during the following stages: (1) immediately after biopsy to confirm the 120 

embryo and sample number match; (2) during spreading or tubing, to confirm that the sample 121 

identification matches the labelling on the relevant slide or tube, respectively; (3) for further embryo 122 

culture, at placing and labelling the embryo into the culture dish, and (4) in case of cryopreservation, 123 

immediately after biopsy before acquiring the genetic analysis results, at placing and labelling the 124 

embryo into the cryopreservation device. 125 

Other specific issues related to labelling and witnessing for biopsy: 126 
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• Biopsied oocytes and embryos must be cultured or cryopreserved individually with a clear 127 

identification system to ensure tracking of the biopsy sample (PB, blastomere or TE cells) and 128 

unambiguous post-diagnosis identification. 129 

• When printed labels or barcodes are not feasible, the embryo number should be written on 130 

the cryo-support, preferably in both numbers and letters.  131 

• To ensure an embryo-based traceability, a witness is mandatory, even when an electronic 132 

witnessing system is in place. 133 

1.4 Quality control 134 

General recommendations on quality management and risk assessment are presented in the paper on 135 

organisation of PGT (refer ORG paper). 136 

• Since biopsy is invasive, it could damage cells and DNA. Therefore, the impact of the laser on 137 

the integrity of biopsy samples should be validated before clinical application  138 

2. BIOPSY LABORATORY INFRASTRUCTURE, EQUIPMENT AND MATERIALS  139 

2.1 Infrastructure 140 

The embryology laboratory design should include a dedicated area for biopsy. A separate biopsy 141 

laboratory room may be advisable to provide adequate functionalities in IVF centres with high 142 

workload. The biopsy laboratory, whether it is a dedicated area or a room, should be designed taking 143 

into account all safety and environmental standards (air quality, positive pressure, laboratory access 144 

etc) as recommended in the “Revised Guidelines for good practice in IVF laboratories (2015)”, section 145 

3 called “laboratory safety” to ensure good laboratory practice and to minimise any damaging effects 146 

on  biological material (ESHRE Guideline Group on Good Practice in IVF Labs et al., 2016).   147 

It is advised that tubing is performed in a dedicated area or room, in a close proximity of the biopsy 148 

area (see section 6). 149 

2.2 Equipment 150 

Biopsy equipment set up includes an inverted microscope with heated stage and three-dimensional 151 

micro-manipulators and micro-injectors, placed on antivibration pads. This equipment can be used 152 

either for ICSI or for any stage of oocyte/embryo biopsy. Air and oil micro-injectors are acceptable for 153 

biopsy. In addition, a stereoscope (for transferring oocytes/embryos in biopsy dishes and for tubing) 154 

and incubators should be available adjacent to the working area.  155 

Special equipment is requested: 156 

- Laser for assisted hatching and blastocyst biopsy: laser included in a 25x or 40x objective of the 157 

inverted microscope, piloted by a software and camera. The lowest amount of heat is 158 

recommended to avoid any embryo damage risk. A CE mark would be an advantage. Laser use 159 

can be performed either using mouse or foot switch.  160 

2.3 Materials 161 

The following materials should be available before starting the biopsy procedure:   162 

- capillaries 163 

- IVF certified dishes 164 
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- IVF certified mineral oil  165 

- buffered media (HEPES, MOPS or other)  166 

- micropipettes differ according to biopsy stages. Holding pipette can be the same as for ICSI or 167 

use one with an adapted diameter. The biopsy pipette has a special diameter according to the 168 

biopsy stage (10-15µm for PB biopsy, 30-35µm for cleavage stage biopsy, 25-30µm for 169 

blastocyst biopsy). 170 

3. TRAINING FOR BIOPSY 171 

The embryo biopsy laboratory should be supervised by a person with recognized expertise in clinical 172 

embryology and preferable also qualifications in medical genetics. 173 

The biopsy procedure should be performed by experienced practitioners with basic skills of general 174 

embryology and micromanipulation, after appropriate training and following standard operating 175 

procedures (SOPs). The number of experienced practitioners is dependent on the number of 176 

procedures. At least one back-up practitioner is recommended. Deviations to SOPs and protocols 177 

should be properly documented and justified.  178 

Training for biopsy should be to the standards required for certification in routine embryology and 179 

should be documented. Training for each biopsy stage (PB, cleavage stage, blastocyst stage), should 180 

consist of 2 steps:  preclinical training and supervised clinical training. 181 

- For preclinical training, it is recommended that at least 50 oocytes or embryos are used to 182 

practice all steps (i.e. opening of the ZP, removal of cells) of the biopsy procedure. The source 183 

of the material will depend on local regulations. Trainees can proceed to the clinical training 184 

once they meet the procedure requirements.  185 

- The supervised clinical training should include at least an additional 20 oocytes or embryos if 186 

the practitioner has extensive experience with micromanipulation, and 40 oocytes or embryos 187 

for practitioners without experience. To evaluate clinical training, post-biopsy damage and 188 

survival after continued culture or after thawing/warming need to be monitored. In addition, 189 

damage/lysis of the biopsy sample and amplification outcomes should be evaluated. All 190 

parameters should be comparable to the standards of the laboratory and the PGT consortium 191 

data. 192 

- Biopsy should be supervised by a clinical embryologist, who holds the relevant certification for 193 

their own country, and/or, where none exist, the ESHRE certification for clinical embryologists. 194 

4. BIOPSY STAGE AND PROCEDURE 195 

4.1 Polar body biopsy 196 

Polar bodies are the by-products of female meiosis, which allows predicting the resulting genotype of 197 

the maternal contribution to the embryo. In most cases, polar body 1 (PB1) can be distinguished from 198 

polar body 2 (PB2), based on size, shape and position within the perivitelline space. 199 

Organization of the biopsy 200 

Polar bodies biopsy can be performed simultaneously or sequentially.  201 

- In simultaneous biopsy PB1 and PB2 are removed between 6 and 9 hours after insemination. 202 
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- In sequential biopsy, PB1 is removed within 4 hours following oocyte retrieval and PB2 is 203 

removed following fertilization assessment (16 to 18 hours after insemination). Earlier removal 204 

of PB2 (6 to 9 hours after insemination) is also acceptable.  205 

Cryopreserved/warmed oocytes can be biopsied similarly to fresh oocytes. 206 

Biopsy procedure 207 

• The ZP opening should be performed with laser or mechanically and the diameter of the hole 208 

should be adapted to the diameter of the biopsy pipette.   209 

• In sequential biopsy, after aspiration of PB1, the oocyte is fertilized and examined for the 210 

presence of pronuclei and extrusion of PB2, which is removed in the same manner as PB1. 211 

Although a second slit may be necessary to reach the second PB, it should be avoided as it may 212 

impact blastocyst hatching. 213 

• In simultaneous biopsy, the PBs should be positioned in the same focal plane to allow removal 214 

through a single slit in the ZP.  215 

• PB1 and PB2 should be clearly distinguished and identified before they are transferred to 216 

separate tubes or fixed according to the method of PGT analysis. When biopsy is performed 217 

simultaneously, discrimination of PB1 and PB2 should be reported.  218 

• The biopsied oocytes/zygotes are then cryopreserved or returned to culture.    219 

Embryo transfer and cryopreservation 220 

Embryo transfer is possible at cleavage stage or blastocyst stage, according to the policy of the centre. 221 

Cryopreservation of zygotes or supernumerary embryos can be performed according to IVF laboratory 222 

policy and patient’s preference. 223 

Rebiopsy of embryos 224 

If allowed by local regulations, rebiopsy could be considered at the cleavage or blastocyst stage. 225 

 226 

4.2 Cleavage stage biopsy  227 

Organization of the biopsy 228 

Cleavage stage biopsy is done on Day 3 post-insemination, between the 6-cell stage and the pre-229 

compaction stage of embryo development. The exact timing varies according to timings of laboratory 230 

procedures. Cryopreserved/warmed embryos can be biopsied on Day 3 similarly to fresh embryos. It is 231 

recommended to biopsy only embryos at six or more cell stage on Day 3 with an acceptable grade 232 

(fragmentation limited to 25%) and according to the laboratory policy. Embryos with a degree of 233 

fragmentation between 25% and 50% can be biopsied, taken into account lower chances of 234 

implantation, and possible issues with genetic diagnosis (misdiagnosis, failed diagnosis). Alternatively, 235 

these embryos may be cultured to the blastocyst stage for biopsy.   236 

Embryos that did not reach the 6-cell stage on the time of biopsy may be included to help establish 237 

haplotypes, for instance in de novo mutation cases (see also the paper on detection of monogenic 238 

disorders (refer PGT-M paper), but they should not be transferred.  239 

Biopsy procedure 240 
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Biopsy is performed either directly in biopsy medium (Ca2+/Mg2+-free medium) or in HEPES-buffered 241 

medium after incubation in biopsy medium according to manufacturer’s recommendations.   242 

Zona hatching/opening/breaching is performed with the laser or mechanically. The ZP opening should 243 

be up to the diameter of the biopsy pipette. It is recommended to visualise the nucleus to ensure a 244 

nucleated cell is removed, and binucleated cells are avoided. If the blastomere lyses, it is recommended 245 

to change the biopsy pipette. Biopsied blastomeres are then fixed or tubed for further PGT analysis. 246 

The biopsied embryo should be rinsed in culture medium at least once before continuing culture. 247 

It is recommended to biopsy only one cell. Nevertheless, two-cell biopsy may be required to bring the 248 

genetic testing accuracy to an acceptable level, or in case of cell lysis or absence of a nucleus.  249 

Embryo transfer and cryopreservation 250 

After biopsy, embryos are cultured according to standard IVF culture conditions. Transfer is possible on 251 

Day 4 post insemination or at the blastocyst stage. Supernumerary embryos can be cryopreserved at 252 

any stage up to the blastocyst stage according to cryopreservation procedures. 253 

Rebiopsy of embryos 254 

Rebiopsy could be considered at a later stage, according to embryo morphology and development and 255 

embryo transfer policies. It is recommended to use the original ZP opening site.  256 

 257 

4.3 Blastocyst biopsy 258 

Trophectoderm biopsy at the blastocyst stage enables the removal of several cells for genetic testing 259 

while being non-invasive to the inner cell mass (ICM) which is destined for foetal development. 260 

Organization of the biopsy 261 

Blastocyst biopsy may be performed on fresh or previously cryopreserved embryos that have been 262 

assessed for blastocyst formation. Blastocyst biopsy is performed on Day 5-7 post-insemination, 263 

according to their rate of development, once the inner cell mass is clearly visible. Alternatively, these 264 

embryos can be further cultured up to expansion. The exact timing varies according to timings of 265 

laboratory procedures. Cryopreserved/warmed blastocysts may be biopsied once they have reached 266 

re-expansion, similarly to fresh blastocysts.  267 

Biopsy procedure 268 

The biopsy procedure may vary depending on the morphology and quality of the blastocyst, expansion 269 

grade and the position of the ICM. 270 

Biopsy is performed in HEPES-buffered medium.  271 

For blastocyst biopsy, the use of noncontact lasers is highly recommended first to make a hole in the 272 

ZP and secondly to excise TE cells. There are several methods described for biopsy of blastocysts that 273 

are not fully hatched (Figure 3): 274 

• The ZP opening may be performed on Day 3-4 post-insemination, with removal of the TE cells 275 

on Day 5-7 post-insemination. 276 

• The ZP opening may be performed early on the day of blastocyst formation, followed by a 277 

period of culture to allow herniation of TE cells from the ZP and TE cell removal.  278 



DRAFT
 FO

R ST
AKEHOLD

ER REVIEW

 9 

• Simultaneous ZP opening and TE cell excision on the day of full blastocyst expansion.  279 

Figure 3: Methods of blastocyst biopsy 280 

  281 

For biopsy, the ICM of the blastocysts should be positioned between 7 to 11 o’clock so that it is clearly 282 

visible and distant from the ZP opening. TE cells are then aspirated into the biopsy pipette with gentle 283 

suction. Laser pulses are directed at the junctions between cells to either excise the aspirated cells from 284 

the blastocyst, or to minimize cell damage while detaching TE cells mechanically via a quick flicking 285 

movement of the biopsy pipette against the holding pipette.  286 

If blastocysts are fully hatched, biopsy is still feasible and excision of TE cells is advisable using a 287 

combination of laser pulses and a flicking movement. 288 

• It is recommended to biopsy 5 to 10 TE cells for genetic testing (according to the stage of 289 

development and number of cells constituting the blastocyst). The impact of removal of more 290 

than 10 TE cells on embryo development remains an area of further investigation.   291 

• Ca2+/MG2+-free medium should not be used for blastocyst biopsy.  292 

• To avoid cross-contamination during biopsy, it is recommended to change the biopsy pipette 293 

for each blastocyst. Alternatively, it is acceptable to thoroughly rinse the biopsy pipette, but it 294 

should be verified in the laboratory that this suffices to avoid cross-contamination.  295 

• It is also recommended that following biopsy, blastocyst is immediately transferred in culture 296 

medium or cryopreserved.  297 

Embryo transfer and cryopreservation  298 

Embryo transfer can be performed in a fresh cycle if genetic testing results are available in a short time 299 

and embryos are not in an advanced stage (totally hatched at biopsy time). If the results are only 300 

available after several days, embryos have to be cryopreserved. Vitrification is the established technique 301 

for blastocyst cryopreservation. Blastocysts should be cryopreserved immediately after the biopsy 302 

according to cryopreservation procedures. 303 
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Time between blastocyst biopsy and cryopreservation is very important; it is recommended to 304 

cryopreserve them as soon as possible before re-expansion, particularly in those cases where 305 

blastocysts are totally hatched. 306 

Rebiopsy of embryos  307 

Rebiopsy at the blastocyst stage could be considered, according to blastocyst morphology, before or 308 

after cryopreservation. Before rebiopsy, adequate time is needed for blastocyst cavity re-expansion to 309 

occur. It is recommended to use the original ZP opening site.  310 

 311 

5. GENERAL STRENGTHS AND LIMITATIONS  312 

The main characteristics of the three biopsy approaches are summarized in Table 1.  313 

5.1 Polar body biopsy 314 

PB biopsy is the only option for PGT when, according to the local regulation, biopsy can be done only 315 

before syngamy. PBs are waste products of maternal meiosis. The biopsy might be performed only in 316 

Day 1 or both in Day 0 and Day 1. In any case, both PBs are required for a successful/accurate diagnosis 317 

and must be reliably distinguished and identified. Simultaneous biopsy is less time-consuming but more 318 

complex than the latter sequential, as discrimination of PB1 and PB2 may be problematic.  319 

Mitotic errors and paternally-derived meiotic errors and mutations cannot be detected from PBs. 320 

Nonetheless, in case of maternally-derived meiotic aneuploidies or maternal mutations, this biopsy 321 

strategy is sufficient for testing.  322 

PB biopsy entails a high workload since all oocytes and/or zygotes must be biopsied regardless of their 323 

developmental competence, which is unpredictable at this stage. Moreover, there is a moderate risk for 324 

technical complications, such as fragmentation or degeneration. 325 

Following biopsy, extended embryo culture might be performed while waiting for genetic results, but 326 

this is not mandatory. If required, PB biopsy approach is compatible with fresh embryo transfer.  327 

The amount of DNA is limited, since single cells are analysed, and the estimated rate of inconclusive 328 

diagnosis is expected to be lower than 10%. Nonetheless, rebiopsy can be performed at a later 329 

developmental stage (if allowed by local regulation) and still within the timing to allow fresh embryo 330 

transfer (if required).  331 

To date, the impact of PB biopsy on embryo reproductive competence has not been studied.   332 

5.2 Cleavage stage biopsy  333 

Cleavage stage biopsy results in the collection of a single blastomere (the removal of 2 cells is 334 

discouraged). At this stage of development, blastomeres have the potential to contribute to the embryo 335 

proper since their commitment to either the inner cell mass or TE is not firmly established. 336 

Meiotic errors from both parents can be detected, but mitotic errors leading to chromosomal 337 

mosaicism cannot be estimated from a single blastomere.  338 
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The amount of DNA is limited since a single cell is analysed and the estimated rate of inconclusive 339 

diagnosis is expected to be lower than 10%. Nonetheless, rebiopsy can be performed at the blastocyst 340 

stage and still within the timing to allow fresh embryo transfer (if required).  341 

Cleavage stage biopsy is performed on Day 3 only. Cleavage stage biopsy entails moderate to high 342 

workload as it is not frequent that zygotes arrest before Day 3 and all must be biopsied regardless of 343 

their developmental competence, which is unpredictable at this stage. Following biopsy, embryos may 344 

be either subjected to extended embryo culture while waiting for genetic result and used in fresh 345 

embryo transfers or cryopreserved.  346 

This approach is characterized by the highest worldwide experience and its complexity is moderate low. 347 

To date, an impact of cleavage stage biopsy upon embryo competence has been reported, but more 348 

data are required to investigate this issue. 349 

5.3 Blastocyst biopsy 350 

TE biopsy entails the collection of a multicellular fragment (5 to 10 cells) on Day 5-7 from a part of the 351 

blastocyst which gives origin to the placenta and the extra-embryonic membranes (the foetus 352 

originates from the inner cells mass, which is kept intact).  353 

Blastocyst biopsy offers several advantages compared to alternative biopsy procedures, including 354 

higher reliability by the analysis of a higher number of cells.  355 

Alternative biopsy approaches involve different learning curves and level of skills, specifically, i) the Day 356 

3 and Day 4 hatching-based strategies are more time-consuming but easier unless  hatching starts from 357 

the ICM ; ii) the same day hatching-based strategy is also more time-consuming since it requires a 358 

constant check of the blastocyst (ideally to be conducted via a time-lapse incubator), but it is also the 359 

easiest approach; iii) the simultaneous ZP opening and TE cells retrieval strategy is the least time-360 

consuming, but also difficult to acquire as skill for the laboratory personnel. The choice among these 361 

three protocols depends on the laboratory policy. 362 

More time slots should be planned from Day 5 to Day 7 to conduct TE biopsy in a busy IVF clinic; yet, 363 

less embryos per patient are biopsied, namely only the ones reaching this stage of development. 364 

Following TE biopsy, cryopreservation is mostly mandatory due to the turn-around time of the testing 365 

strategies required for PGT. Therefore, laboratories should have in place an efficient cryopreservation 366 

program.  367 

Meiotic errors are reliably assessed from the TE. Mitotic errors leading to chromosomal mosaicism 368 

might be detected within given technical, methodological and biological limitations, mainly depending 369 

on the platform used to conduct PGT, on the validation parameters defined within each genetic 370 

laboratory, as well as on the inevitable sampling bias underlying the retrieval of a biopsy from a mosaic 371 

blastocyst. 372 

The amount of DNA is higher since a multiple cell fragment is analysed and the estimated rate of 373 

inconclusive diagnosis is expected to be lower than 5%. Blastocyst biopsy allows running multiple 374 

analyses for different indications from the same sample (for instance chromosomal abnormalities and 375 

mutations). Rebiopsy cannot be performed within the timing to allow fresh embryo transfer.   376 
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To date, no impact of blastocyst biopsy upon embryo competence has been reported when less than 377 

15 cells are retrieved especially from excellent/good quality embryos. However, more data are still 378 

required. 379 

Table 1. The main oocyte and embryo biopsy approaches to conduct PGT. The parameters “low”, 380 

“moderate” and “high” were agreed unanimously after a thorough discussion among all the 381 

components of the working group. TE, trophectoderm; PB, polar body; ZP, zona pellucida. 382 

 PB biopsy Blastomere/cleavage 
stage biopsy 

Blastocyst/TE biopsy 

Fragment origin Waste products of 
maternal meiosis 

Totipotent cells TE gives origin to the placenta and the extra-
embryonic membranes 

Number of cells 
retrieved 

2 (both required) 1  
Two might be retrieved, 
but it is discouraged 

5-10 TE cells 

Complexity in the 
acquisition of the 
skill  

Day 0 + Day 1 approach: 
Moderate 
Day 1-only approach: 
Moderate to high (PB1 
and PB2 should be 
reliably recognized) 

Moderate Day 3 hatching-based strategy: Low to moderate 
Morula hatching-based strategy: Low to moderate 
Same day hatching-based strategy: Low to 
moderate 
Simultaneous ZP opening and TE cells retrieval 
strategy: Moderate to high 

Complexity in the 
performance of 
tubing 

Moderate to high Moderate Moderate to high 

Embryo 
developmental 
competence 

Unpredictable at this 
stage 

Unpredictable at this 
stage 

Only embryos developing to the blastocyst stage 
are biopsied 

Laboratory 
workload 

High  
(all oocytes/zygotes 
should be biopsied 
regardless of their 
developmental 
competence) 

Moderate  
(all embryos should be 
biopsied regardless of 
their developmental 
competence) 

Multiple time slots required (Day 5-7) and 
cryopreservation mostly mandatory 
 
Day 3 hatching-based strategy: Moderate to high 
(all embryos should undergo ZP opening at the 
cleavage stage regardless of their developmental 
competence) 
Morula hatching-based strategy: Moderate to high 
(all morulas should undergo ZP opening regardless 
of their developmental competence) 
Same day hatching-based strategy: Moderate to 
high (all blastocysts should undergo ZP opening 
and monitoring of TE cells hatching) 
Simultaneous ZP opening and TE cells retrieval 
strategy: Moderate 

Extended embryo 
culture 

Suggested, but not 
mandatory 

Suggested, but not 
mandatory 

Mandatory 

Cryopreservation 
following biopsy  

According to 
laboratory/country 
policy 

According to laboratory 
/country policy 

Mostly mandatory 

Meiotic errors 
assessed 

Only maternal Yes Yes 

Mitotic errors 
assessed 

Not Not Possible within given technical, methodological 
and biological limitations (e.g. molecular platform- 
and bioinformatic parameters-dependent, 
inevitable sampling bias) 

Inconclusive 
diagnoses 

~10% ~10% <5% 

Impact on embryo 
reproductive 
competence 

Not reported, but more 
data are still required 

Reported, but more 
data are still required 

Not reported, but more data are still required 
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6. TUBING OF CELLS 383 

An efficient transfer of biopsied cells to reaction tubes, i.e. tubing, is a critical step and a deciding factor 384 

for a successful PGT cycle. In principle, tubing requires careful and accurate handling of embryonic cells 385 

to prevent exogenous DNA contamination.  386 

Laboratory issues related to tubing 387 

Tubing should be carried out under stringent precautions to minimize contamination and maximise 388 

chances for amplification.  389 

To prevent contamination, protective clothing should be worn, including full surgical gown (clean, not 390 

sterile and changed regularly), hair cover/hat, face mask (covering nose and mouth) and preferably 391 

shoe covers or dedicated shoes. Gloves should be worn at all times and changed frequently. These 392 

should be well-fitting (e.g. nitrile, but not vinyl examination gloves).  393 

Work surfaces, equipment, etc. should be cleaned with DNA decontamination solutions or 10% bleach 394 

prior to each use. It is not recommended to use 70% ethanol solution only, as it does not decontaminate 395 

DNA.  396 

The materials and reagents for tubing should be prepared in advance by the staff of the PGT centre. 397 

Labelling and witnessing 398 

General recommendations on labelling and witnessing are presented in the paper on organisation of 399 

PGT (refer to ORG paper).   400 

Quality control 401 

General recommendations on quality management and risk assessment are presented in the paper on 402 

organisation of PGT (refer to ORG paper). 403 

Laboratory infrastructure, equipment and materials 404 

Infrastructure 405 

The tubing area should be in a DNA-free environment (pre-amplification area). DNA decontamination 406 

measures required for the tubing area are mostly incompatible with IVF good laboratory practices.  407 

It is therefore advised that tubing is performed in a dedicated area or room in a close proximity of the 408 

biopsy area.  409 

Equipment and materials 410 

To minimize contamination, the preparation of materials and reagents, and the tubing of biopsied cells 411 

should be performed in a dedicated class-II laminar flow hood, which is irradiated with UV-C light for 412 

DNA decontamination prior to each use. Tubing equipment set up further includes a microcentrifuge 413 

and a stereoscope. 414 

• Whenever possible, all solutions or reagents should be purchased ‘ready to use’ and should be 415 

of ‘molecular biology’ grade or equivalent. All reagents (purchased and in-house) should be 416 

tested (for efficiency and contamination) and validated. All plastic-ware used, including filter 417 

tips, should be certified DNA-free and DNase-free. 418 
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• Batch or lot numbers should be recorded for traceability, according to the quality standards in 419 

the laboratory.  420 

• Whenever possible, solutions or reagents should be split into small aliquots and no aliquot 421 

should be re-used for a clinical case. 422 

• It is recommended to avoid repeated freeze-thaw cycles of reagents. 423 

• Materials and reagents may be UV-C irradiated or autoclaved (when applicable, for example 424 

tube racks). Alternatively, reagents and solutions made in-house can be autoclaved, preferably 425 

using a PGT-dedicated autoclave. 426 

The tubing materials and reagents should be kept away from any DNA source and preferably stored in 427 

the pre-amplification area. 428 

The following materials should be available before starting the tubing procedure:   429 

- IVF certified dishes 430 

- IVF certified mineral oil  431 

- transfer pipettes 432 

 433 

Training for tubing 434 

The process of tubing requires adequate training, which is separate from the embryo biopsy training. 435 

Similar to embryo biopsy, training for tubing should be supervised by an experienced certified clinical 436 

embryologist/biopsy practitioner or/and a specialised geneticist, competent and authorized to perform 437 

clinical diagnostics according to local or national regulations (see also 3. Training for biopsy). Training 438 

for tubing should evaluate amplification outcomes and ensure absence of exogenous DNA 439 

contamination.  440 

Tubing procedure 441 

• Prior to the biopsy procedure, dishes with numbered drops of washing buffer under mineral oil 442 

should be prepared. Similarly, tubes should be clearly numbered and be readily available. 443 

• Biopsied cells should be washed at least twice using a sterile transfer pipette before transfer 444 

into reaction tubes. Special care must be taken while washing cells from the trophectoderm, 445 

as they are usually sticky. 446 

• it is recommended that a new pipette is used for each embryo to prevent DNA carry over. 447 

• If the single cell is lysed or part of the cell sample is lysed during washing or transfer, the pipette 448 

is possibly contaminated and has to be discarded. For cleavage-stage biopsy, another 449 

blastomere should be sampled, whenever possible. 450 

• The amount of medium co-transferred with the biopsied cell(s) into the tube should be minimal 451 

(<1μl). Tubes may be centrifuged in a microfuge before being stored or processed. 452 

• It is acceptable to transfer biopsied cells to   tubes with or without microscopic visualization.   453 

• Tubing can be performed in PBS or directly in lysis buffer, depending on the protocol 454 

requirements of the PGT centre. Both alkaline lysis and proteinase K/sodium dodecyl sulphate 455 

are acceptable for cell lysis. 456 

• A minimum of one negative control per buffer (sample collection buffer, biopsy media, or 457 

washing media, depending on the protocols of the PGT centre) is recommended to control for 458 

contamination during each procedure of cell sample collection (i.e. the IVF laboratory negative 459 

control); e.g. collection on two different timepoints for a specific cohort of embryos should 460 
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yield minimum 2 negative controls of this type. As the contamination risk is substantially higher 461 

when working with single cells in comparison to few cells, the number of negative controls 462 

should preferably be increased. 463 

For transport of biopsied cells, the shipment can be done at room temperature, cooled or frozen, in 464 

accordance with the logistic arrangements of the service level agreement between the IVF centre and 465 

the PGT centre. If shipment of the cells is done using dry-ice (solid carbondioxide) it is recommended 466 

that the tubes are well closed and packaged thoroughly, preferably in a suitable rack with lid, packaged 467 

in a plastic sealable bag to prevent carbondioxide to get in contact with the sample.  468 

7. CRYOPRESERVATION OF BIOPSIED EMBRYOS 469 

There are several situations when oocytes/embryos may be frozen in cases of PGT, depending on 470 

laboratory strategy and local regulations:  471 

i) prior to the biopsy (e.g. accumulation of oocytes/embryos; surplus oocytes/embryos from 472 

previous non-PGT cycles),  473 

ii) after the biopsy (i.e. testing platforms often require cryopreservation as a mandatory step 474 

to give time to the genetic laboratory to analyse the samples; in general, cryopreservation 475 

is required also if implementing a freeze-all strategy);  476 

iii) or after the biopsy and diagnosis (e.g. fresh embryos have been transferred but 477 

supernumerary tested embryos need to be stored).  478 

At any stage along preimplantation development, cryopreservation via vitrification is recommended, 479 

and the same protocol applies to biopsied and non-biopsied embryos. Biopsied embryos should be 480 

vitrified individually on a cryo-support properly labelled and witnessing is mandatory.  481 

Multiple vitrification-warming cycles may be necessary in a minority of PGT cases, however, the 482 

influence of this approach on embryo viability/implantation and clinical outcomes still needs further 483 

investigation. 484 

It is recommended that each centre decides its own policy regarding the cryopreservation/vitrification 485 

of PGT embryos based on its experience and performance. 486 

8. ALTERNATIVE SAMPLING METHODS  487 

Cell free DNA analysis (blastocentesis, spent media) and morula stage biopsy are under validation as 488 

alternative sampling methods for genetic testing (Figure 4). 489 

Morula-stage biopsy 490 

The biopsy of morula-stage embryos on Day 4 is performed after artificial decompaction (requiring 491 

Ca2+/Mg2+-free medium), characterized by the loss of intercellular contacts. It is technically similar to 492 

cleavage stage biopsy but allows to get the same number of cells as blastocyst biopsy. This technique 493 

requires more evidence before broad clinical implementation. 494 

Blastocentesis 495 

Blastocoel fluid contains cell-free genomic DNA, which can be collected using a minimally invasive 496 

approach. The DNA can be purified and amplified for downstream genetic testing. According to the 497 
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results to date, the efficacy and accuracy of this technique are still controversial and need further 498 

investigation.  499 

Spent media analysis 500 

Cell-free genomic DNA obtained (in a non-invasive way) from the embryo culture medium may be 501 

potentially used for genetic testing. One of the limitations of the technique is the current inability to 502 

discriminate embryonic DNA from sources of DNA contamination. Further optimization of the 503 

methodology is required.  504 

 505 

Figure 4: Alternative sampling methods 506 

 507 

  508 
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