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Selection Methods to isolate the best sperm

• Density – Gradient Separation
• Surface Charge – Electrophoresis, Zeta Method
• Morphological Characteristics – IMSI
• Motility Characteristics – Zech Selector, Microfluidics
• Membrane Integrity – Hyaluronan Binding, HOST
• Surgical – Testicular Surgery

http://www.google.com/url?sa=i&rct=j&q=ZECH+SELECTOR&source=images&cd=&cad=rja&docid=yuZJyyFzdWzWMM&tbnid=MpnaIqH7tAz8TM:&ved=0CAUQjRw&url=http://commons.wikimedia.org/wiki/File:Zech-Selector_Abb._6b.png&ei=QVumUamzFY3OrQe_3oGABg&bvm=bv.47244034,d.bmk&psig=AFQjCNH47jEfRXrp4cFT_-GOZdJV9R5AoQ&ust=1369943166572295


Learning Objectives

• To understand the differences in sperm preparation technologies ranging from 

the use of AI to select sperm to microfluidics.

• To have a better understanding of how new sperm preparation technologies 

impact the laboratory and whether they improve outcomes.

• To understand factors related to sperm that influence fertilization, embryo 

development, live birth and future generations.



Technique Technique
Microfluidics

Rheotaxis
Chemotaxis
Thermotaxis

Electrophoresis

Interferometric microscopy Zeta Potential
Hyperspectral image ZP binding
TESE Vitality HOST
MACS Birrefringence (for immotile sperm)
Nanotechnology beads LaserBeam

AI MORPHOMETRY AND MOTILITY
SID
Q300
BESTFIT

PICSI

IMSI-MSOME



Why don’t we have a good sperm selection 

technique yet?



Venn diagram of the responsibilities of 
Reproductive Failure:

EGG
70-80%
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10-15%

EMBRYO

UTERUS 10-15%
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Patient A Patient BWhich patient 
needs sperm 

selection?



Why don’t we have a good sperm 
selection technique yet?

1. It is complicated to divorce the sperm from the egg

2. We may need to focus on the right patients



Selecting The Right Sperm

THE FUTURE
Diagnosis and Selection





Evidence pyramid
Quality of evidence

University of Illinois Chicago. Library of the Health Sciences. Evidence Based Medicine. 
https://researchguides.uic.edu/ebm.
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Metanalysis

Systematic Review

Cohort studies

Case- control studies

Series of cases and case reports

Pre-clinical studies

“Meta-studies”

“Experimental”

Randomized controlled trials

“real life”

“Non human”

Microfluidics, IMSI, MACS, TESE

Electrophoresis, PICSI

AI, Zeta potential, Birefringence, 
Laser Beam, Raman, 
Hyperspectral





Microfluidics: Meta-analysis



MAC S: Meta-analysis (Falquet et al. ,  2025, RBMO)



Can we do this?

• Microfluidics
• Optics
• Artificial intelligence
• Chemo-attractants
• Antibodies



Can we tick all the boxes?









Can we tick all the boxes?



Microfluidics



• Bovine sperm was bound to a Mab conjugated with 
positive charge beads which capture Y-sperm

• These sperm are moved to the negative electrode 
leaving X-sperm in the main channel







Can we tick all the boxes?



Chavez-Badiola Lab

AI and sperm selection












AI to select sperm and ICSI







Raman spectra of human
sperm cells from different 
classes:
a, b – Pear shaped cells
c, d – Small cells
e, f  – Double cells
g, h – Normal sperm cells 

Highlighted areas indicate
deficiencies in DNA 
packaging efficiency and
relative protein content





SPERM MITOCHONDRIA



SPERM MITOCHONDRIA
Why NADH and FAD?

Both important intermediates in the electron transport chain
NADH acts as a shuttle for electrons during cellular respiration. 

NAD+ picks up an electron from glucose, at which point it becomes NADH. 
NADH also contributes to oxidation in cell processes like glycolysis to help 

with the oxidation of glucose.
FAD is a coenzyme of oxidation-reduction can replace NAD+; FAD accepts 

two electrons and becomes FADH2

NADH and FADH2 are essential to
 cellular respiration and ATP production

NADH and FAD both auto fluoresce 
No need to add markers

Presenter Notes
Presentation Notes
So what is metabolic imaging and what are we measuring?
Again, mitochondria are key to cellular respiration: Glycolysis occurs in cytosol but everything else in the mitochondria
NADH and FADH2 are essential intermediates in cellular respiration and the electron transport chain
NADH-- its reduced form-- and FAD-- its fully oxidized form-- both auto fluoresce 
Therefore, there’s NO need to add potentially toxic dyes/markers to embryos and gametes we’re imaging




WHY MEASURE NADH/FAD?
- Both important intermediates in the ETC
- NADH acts as a shuttle for electrons during cellular respiration. 
- NAD+ picks up an electron from glucose, at which point it becomes NADH. 
- NADH also contributes to oxidation in cell processes like glycolysis to help with the oxidation of glucose.
- FAD is a coenzyme of oxidation-reduction can replace NAD+; FAD accepts two electrons and becomes FADH2
- NADH and FADH2 are essential to cellular respiration and ATP production




NON INVASIVE MICROSCOPY





Compared to conventional insemination, 
intracytoplasmic sperm injection provides no 
benefit in cases of non-male factor infertility as 
evidenced by comparable euploidy rate

Karishma Patel 1, Denis A Vaughan 2, Angie Mae Rodday 3, Alan Penzias 4,

Denny Sakkas 5

Fertil Steril. 2023 Apr 19;S0015-0282(23)00305-9. 

Objective: To evaluate if differences in euploidy rates exist between 
intracytoplasmic sperm injection (ICSI) and conventional 
insemination (CI) in non-male factor infertility cases.

https://pubmed.ncbi.nlm.nih.gov/?sort=date&size=50&term=Patel+K&cauthor_id=37085098
https://pubmed.ncbi.nlm.nih.gov/37085098/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?sort=date&size=50&term=Vaughan+DA&cauthor_id=37085098
https://pubmed.ncbi.nlm.nih.gov/37085098/#full-view-affiliation-2
https://pubmed.ncbi.nlm.nih.gov/?sort=date&size=50&term=Rodday+AM&cauthor_id=37085098
https://pubmed.ncbi.nlm.nih.gov/37085098/#full-view-affiliation-3
https://pubmed.ncbi.nlm.nih.gov/?sort=date&size=50&term=Penzias+A&cauthor_id=37085098
https://pubmed.ncbi.nlm.nih.gov/37085098/#full-view-affiliation-4
https://pubmed.ncbi.nlm.nih.gov/?sort=date&size=50&term=Sakkas+D&cauthor_id=37085098
https://pubmed.ncbi.nlm.nih.gov/37085098/#full-view-affiliation-5




In the setting of non-male factor infertility, ICSI resulted in a 
lower fertilization rate and an 11% lower embryo euploid 

rate compared to CI.



Venn diagram of the responsibilities of Reproductive Failure:

EGG
70-80%

SPERM
10-15%

EMBRYO

UTERUS 10-15%











The persistent story of miscarriage and sperm
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Sanchez Martin et al. RBM Online 2017)





The transgenerational epigenetic programming involved in the passage of environmental 
exposures to stressful periods from one generation to the next has been examined in 
human populations, and mechanistically in animal models. 
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The smaller the 
problem the 
longer it will 

take to 
manifest itself

• Fertilization 
• Embryo 

development
• Pregnancy
• Miscarriages
• Future generations

TIME TO 
EFFECT ON 
OUTCOME



Will sperm selection techniques be more of an 
insurance policy for the future?



The Take Home Message

PERSONALIZED ART
Get the Correct

•  Egg
•  SPERM
•  Embryo and
•  Uterus



THANK YOU

dsakkas@bostonivf.com

If interested in learning more please ask….

mailto:dsakkas@bostonivf.com
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