


Bec Holmes, PhD, HCLD
CCRM Network

Opportunities to Increase Usable 
Embryo Yield in the Lab 



• Neither I nor members of my immediate family have any actual or 
potential financial interests to disclose relating to the content of this 
presentation.

Disclosure Slide

Presenter Notes
Presentation Notes
I have nothing to disclose



• Increasing embryo yield is critical for patients

• We will discuss the role the IVF lab plays in this

Needs Assessment Statement and Expected Learning 
Outcomes 
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Presentation Notes
Thank you to PCRS and the org for allowing me to talk to today on how to increase embryos yields on our labs. 



Clinical End Points of IVF
• Pregnancy
• Preservation of Fertility
• Usable embryo yield
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In assisted reproduction, laboratory performance is often judged by clinical endpoints such as pregnancy or live birth rates. However, upstream of these outcomes lies a critical laboratory metric: usable embryo yield—the number of embryos suitable for transfer or cryopreservation per cycle.

Increasing usable embryo yield is not simply a matter of efficiency. It has direct implications for cumulative live birth rates, patient burden, and sustainability of treatment. Importantly, many opportunities to improve embryo yield lie within existing laboratory practices, without increasing patient risk or burden to the patient.





We all have common goals….

Get patients 
pregnant Maximize Lab KPIs

Safety First without 
Compromising 

Quality
Satisfied patient
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Presentation Notes
Common goals across the clinic are the same 

We all want to get patients preg, we want them to have a good experience in our clinics, offer safe care and of course from the lab side we are always looking at KPIs to ensure the proper performance of the lab. 





What Can the Lab Do?

More oocytes

Better fertilization

More zygotes cultured

Better culture conditions

Better/broader selection

Maintain Quality…
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What can the lab do to increase embryo yield?
 Well the Math doesn’t have to be complex- but we do want to make sure we aren’t compromising quality


We , the lab, of course rely on the medical providers to give us the best oocyte quality and yield, but once we ‘receive’ the oocyte sperm in the lab, its up to us in  the lab to make sure that we provide the highest number of usable blasts per oocyte we find

These are some of the topics I am going to hit on today.





OvaReady  

Increasing Egg Yield
Improved Recovery
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Finding oocytes, that is once place to start. 

I’m sure a lot of you have heard or read about Ovaready by AutoIVF. These guys made a splash recently with their nature paper and NYT article. 
This system can denude oocytes via microfluidics, and have shown that in the couple of large labs that they worked with that they can identify oocytes from previously scanned follicular fluid.  These were oocytes ‘missed’ by the embryologist. They call them stealth eggs.  The scanned follicular fluid is poured into the system, 20-25 mins later you are rertruend a dish of media that contains denuded oocytes. 



Improved Oocyte Recovery
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Some data from their paper here showing that they are finding eggs on their FINDCHIP-(microfluid device),
And mature eggs at that 

Further more the  eggs found in this method have comparable outcomes  to eggs found by  manual screening with an embryologist.

Not only is this proof of principle  that the ovaready system can find eggs, it can find more eggs than the embryologist.  SO potentially adding eggs to a patients cohort. 

May not be ready for prime time in all labs yet  but exciting for the future  that extra eggs can be found and are usable. And one of our goals is no eggs left behind!




Extra ICSI’s
- timing matters

Day 2 ICSI does result in good quality blastocyst development and pregnancy
Kile, Rebecca et al.
Fertility and Sterility, Volume 112, Issue 3, e278

Better Fertilization
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A lot of our patients undergo ICSI. The time which we do ICSI does matter,  lot of publications discussing whether to strip eggs immediately after retrieval or wait a few hours. Also controversies over when we should be doing ICSI, how many hours post trigger shot etc. Ultimately you need to do those studies in your own lab to find what is best for you

The overall fert rate from  the  initial round of ICSI will influence how many zygotes we have to work with in the lab. 

When I say initial round of ICSI, I am referring to mature MII oocyte identified at the set time of stripping. Depending on the stim, and of course the retrieval we hope to see about 80% of oocytes being mature. But leaves some oocytes that might be healthy and have potential that are not included in the original ICSI. 

There are ways we can use these utilize these oocytes if they mature later.  

Heres what that time line of injections can look like



REPRODUCTIVE POTENTIAL OF LATE MATURING OOCYTES WITH SAME DAY AND NEXT DAY ICSI
Ortega, Egle A. et al.
Fertility and Sterility, Volume 122, Issue 4, e293 2024


Day 2 ICSI does result in good quality blastocyst development and pregnancy
Kile, Rebecca et al.
Fertility and Sterility, Volume 112, Issue 3, e278




Day 0                                             Day 1                                        Day 2

ICSI
Fert Check and 
Maturity check Late Maturing 

ICSI
2nd Day ICSI of 

overnight matured
2nd Day Fert 
Check 

Insemination
ICSI of no ferts 2nd Day Fert 

Check 
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For the main cohort of eggs, maybe these are being ICSI’d at noon , depending on the patients trigger time. 
This will be the prime population of eggs, MIIs at time of stripping

Some eggs might be  MIs at this time point, so eggs that have resumed meiosis but are not fully mature. It doesn take that long for an MI to become an MII,  might mature and pop that first polar body by later that afternoon. These fall into the late maturing ICSI crowd. You COULD inject them later in the afternoon. 

These two cohorts will be checked the next day at the lab usual fert check time, usually first thing
At this point there might be another cohort of eggs that have matured overnight and can be injected, known as second day ICSI. Their fert check will be done the next day, which will be day 2 of the original cohort of eggs. 


In cases of IVF insemination, there can be opportunities to icis any no ferts after fert check of the inseminated cohort, remember that we do not know the maturity any of the eggs when we perform insemination, so a low fert rate on day 1 might be a reflection of a number of things including low initial maturity. These eggs are candidate for ICSI injection, often called rescue ICSI



2nd Day ICSI

REPRODUCTIVE POTENTIAL OF LATE MATURING 
OOCYTES WITH SAME DAY AND NEXT DAY ICSI
Ortega, Egle A. et al.
Fertility and Sterility, Volume 122, Issue 4, e293 2024

Approach Outcomes

Original cohort Best fert rates and blast dev

2nd Day ICSI Ok Fert rates & Good blast dev 

Late Maturing ICSI Lower fert rates and blast dev

Rescue ICSI Poor fert rates and increased chr 
abnormalities

SUCCESS RATES OF RESCUE ICSI THE DAY AFTER FAILED 
FERTILIZATION IN CONVENTIONAL INSEMINATION: FRESH 
VERSUS FROZEN EMBRYO TRANSFERS
Batha, Sara Nasser et al.
Fertility and Sterility, 

Day 2 ICSI does result in good quality blastocyst 
development and pregnancy
Kile, Rebecca et al.
Fertility and Sterility, Volume 112, Issue 3, e278
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These three types of extra ICSI have varying results. 
Our prime performers will be the those injected nt he first round of ICSI

The best seem to be those that are ICIS’d on the second day. ~56% fertilization rate with 2nd day ICSI, ~20% GQB rate on day 5
This timing works better than the late maturing oocytes which are ICSI’d on same day as original cohort. This is likely due to nuclear maturity but not cytoplasmic maturity of the oocyte. 

Suggests that its better to hold these overnight and inject the next day: of course adding to complexity, and cost, in the lab but is working towards our goal of getting more zygotes, 

Rescue ICSI, While it offers a 28–60% fertilization rate, it often results in lower pregnancy rates and higher risks of chromosomal abnormalities. Remember that these Eggs have already been exposed to sperm, some may be fertilized but not showing those signs




Culture of abnormally fertilized zygotes

2-8 %

↓ blast rates 

1-4 %

 ≡blast rates 
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Every emb is trained to perform Pronuclear checks –PN checks. Prob a highlight of their day esp if they did the icsi the day before .. One procedure in the lab where we get instand feedback about how we did!

We are looking for two pronucelii, representing the maternal and paternal genomes. 
We of course do see abnormal ferts: 
1pns , 2-8% incidence, depending on fert type, 
3pn, 1-4 % of ferts, 
Of course we have the 0pns here too
All of these are capable of forming blasts morphologically indistinguishable from 2pns but can cause miscarriage with triploid, or molar pregnancies




Morphokinetics of Abnormally 0, 1, 3 PN embryos 

https://gametia.com/

• 1pn: 59.4% diploid (203), 40.6% 
haploid (139)

• 3pn: 13.9% diploid (63), 86.1% 
triploid (389)

• 0Pns: 98% diploidSNP analysis 
Increases number of embryos in the 

pool 
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Frequently, these abnormal zygotes can undergo division and give rise to an apparently normal embryo. Nevertheless, both the literature and our data suggest that, in both scenarios, their developmental capacity is inferior to that of 2PN zygotes, with 1PN zygotes achieving the blastocyst stage at a lower rate.
Looking at the morphkenetics, we see that 3PN and 2PN embryos exhibit quite similar morphokinetics. However, 1PN zygotes show a slower pace, taking a longer time to reach any stage of embryo division.

 
In order to be used with confidence these embryos should be PGT-a tested with snp analysis to determine maternal and paternal contribution 
Must inform the genetics lab of the embryo Pronuclear status origin not all will do snp analysis on all embryos. Without SNP most platforms will not distinguish the Ploidy

In our hands at CCRM  we see almost 60% of embryos graded as 1pn to be a diploid euploids. 
Much lower in the 3pns, with only 14% being diploid
Majority of 0pns that form a blast come back as diploid
So including the culture of 0, 1, &3pns in your culture system can increase the poetianl for your patient







Day 7 Culture “trophectoderm biopsy of D7 blastocysts is a clinical option for 
poor prognosis infertility patients since viable euploid 
blastocysts may result.”

BENEFITS OF DAY 7 BLASTOCYST CULTURE?: A COMPARISON OF CONVERSION AND EUPLOIDY RATES BETWEEN RELATED IVF LABORATORIES WITH 

DIFFERENT VOLUMES Swain, Jason E. et al. Fertility and Sterility, Volume 114, Issue 3, e120

MORPHOKINETICS AND REPRODUCTIVE POTENTIAL OF DAY 7 EMBRYOS Reckhow, Jensen et al.Fertility and Sterility, Volume 124, Issue 6, e23 - e24
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Day 7 culture is a great way to ‘easily’ add to your patients cohort of embryos. We know that their reproductive potential is significantly lower than that of their day 5 and day 6 sibling embryos. 

Within the CCRM network we are seeing about 37% of day 7 embryos PGT-A tested coming back as euploid with parental age being a significant factor contributing to aneuploidy. 





Day 7 culture
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This study looked at day 7 culture across our network of labs. 

Each laboratory was able to cryopreserve day 7 blastocysts. The number of blastocysts and resulting euploid rate varied by location. No correlation was apparent between number of retrievals and percentage of day 7 blastocysts, 

If your culture system is dialled in, the embryos should be able to sustain culture to day 7 



Day 7 culture
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This study showed that patients in any age group may obtain extra useable blastocysts from day 7 of embryo culture. While this does not mean that every individual patient may result in more blastocysts after culture to day 7, use of an extra day of culture may help obtain extra embryos. 
The practice of culturing embryos to day 7 may be useful for any patient who has no or lower than expected blastocysts by day 6, to further increase their reproductive potential following IVF.

Hard to justify not doing it, especially if your patient learns that the clinic down the street is doing it.




COMMON IVF LAB STRESSORSCulture Conditions
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Evidence consistently shows that even small environmental stresses can increase developmental arrest. Improving stability often leads to incremental but meaningful gains in blastocyst formation, particularly in patients with limited embryo numbers.


At anytime point our embryos can be impacted by multiple  stressors form temp, ph, etc, especially whilst we not looking, when they are tucked up in their incubators. 





Improved Culture Conditions

• Maintain strict control of temperature, gas 
composition, and pH

• Minimize environmental fluctuations during 
oocyte, sperm and embryo handling

• Designing laboratory workflows that prioritize 
efficiency

• Choose the best media for your lab

Presenter Notes
Presentation Notes

Variables within the IVF laboratory can impact embryo development & viability so we must (read slide)




Culture Conditions
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Presentation Notes
Its important to note that the media for your lab uses might not be the best media for the lab down the street from you. 
Subtle differences in culture conditions affect how that media works. 
There is also evidence that the media we use can affect aneuploidy levels.

At our lab in Boston we trialed a different vendors media than what we usually use. Did sibling splits. We ended up with more blastocysts, so were feeling pretty chuffed with ourselves. But as the PGT A results came rolling in, the new ‘better’ media gave us more aneuploid embryos. So in the end less useable embryos. 

We know that Embryo stress in culture can lead to diff euploidy rate




Rates of embryo 
mitotic errors can 

vary as much as >30% 
between IVF facilities
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There is also evidence that mitotic errors can vary greatly between labs inferring that the culture system may be impacting them 

We know that Embryo health is extremely sensitive to its environment 

Even small differences in lab conditions can significantly impact genetic stability, including mitotic errors



IMPACT OF pH on Cellular Aneuploidy
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Is your lab routinely measuring pH? And with what?
Older style prob, not well controlled? Or a blood gas analysiser?

Make sure it is dialed in, will def affect your blast rate




Culture Conditions
 -the lab can affect aneuploidy which in turn 
affects the total number of usable embryos 
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By controlling our culture conditions and reducing embryo stress, we can increase the number of usable embryos for our patients. 



Calcium Ionophore
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Cal ionophore is use  to trigger egg activation

It primarily increases the permeability of the cell membrane to allow the inward flow of extracellular Ca2+ into the oocyte, resulting in an increase in the Ca2+ concentration in the oocyte and thus oocyte activation. 

There were 12 studies were included in this 2024 meta-analysis. Overall these showed that Cal iono is associated with an increase in the overall fertilization rate and live birth rate. 
All secondary outcomes including cleavage, blastocyst, high-quality embryo, implantation, biochemical pregnancy, clinical pregnancy showed some superiority or equivalence with cal iono use. 

the use of calcium ionophore did not increase the miscarriage rate. Cal iono did not seem to  affect aneuploidy;

In subgroup analysis, AOA-ICSI exhibited a more significant effect on patients with prior indications of no or low fertilization. 

We can probably spend time arguing the benefits of cal ion, we don’t think it does any harm and may help a subset of patients. And with lots of IVF add ons the bigger issue is identifying which subset of patients will benefit the most. 




Future - 

From aged mice, oocytes treated with UP-036 showed a 
statistically significant reduction in PSSC frequency 
compared to untreated oocytes. Oocytes from aged mice 
that underwent treatment were statistically significantly 
less likely to exhibit chromosome errors compared to 
untreated counterparts; with PSSC rates approaching those 
of young mice controls..
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Shugoshin-1 (SGO1) is a "guardian" protein that protects chromosome stability in human eggs, with levels that decline as women age. 
Recent research shows that supplementing older eggs with SGO1 can reduce age-related chromosome errors by nearly half, offering a potential breakthrough to improve IVF success for women in their late 30s and beyond

SGO1 functions like molecular glue for chromosome pairs, declines sharply with age.
 and adding back SGO1 reduced genetic defects in older eggs from 53% to 29%.

Has potential for the future, def not there yet but maybe one day!



Summary
• extra work, resourcesBalance quantity and 

quality

•specific patients?Personalized medicine 
vs. Standardized

Incremental additions to a patients 
cohort of eggs can have profound 

affects on a cycle  

1 + 1 + 1 + 1
         ↓
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Presentation Notes
There are methods that we can use to increase our embryo yield from  the number of eggs we extract. Some of these might be lab routine, other might be add ons for that personalized medicine touch. 

Probably the biggest logistical issue is how to balance these add ons in busy labs. Some of the methodologies presented can be adjusted without little advance warning, day 7 culture for example. Other need more planning and communication. 

The key here is standardized systems

When routine processes are:
Predictable, Consistent, Well-controlled
then cognitive and technical capacity is freed up  to focus on the cases that genuinely need individual consideration.

In this sense, standardization protects personalization by ensuring that variation is intentional, not accidental.

Standardization as the Enabler, Not the Enemy, of Personalization
This may sound counter intuitive, but strong standardization is what makes personalization possible.

If every patient we have has pages worth of specific instructions, errors will occur as there is no standardization. Standardization allows us to concentrate on those non-mainstream patients. It should be a joint effort between the lab and clinical staff to identity those patients in need of personalization. 

Importantly at the end of the day, incremental additions to a patients cohort of eggs can have a profound effect on a patients cycle. We all have those stories of that one egg patient, maybe wasn’t mature on day 1, 2nd day ICSI, 1pn, blast culture to day 7= baby.

Would love to hear so of your success stories, either now in the Q&A or later. Ultimately being able to utilse every last egg is what patients expect form us and can lead to many success stories. 





Q&A
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