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Disclosure



• Describe the objectives of genetic carrier screening in a reproductive 
medicine setting and illustrate some of the challenges in interpretation 
and clinical decision making in the patient and gamete donor populations.

• Outline the various available forms of preimplantation genetic testing 
(PGT) and summarize the benefits and limitations of these options.

• Review ASRM guidelines for genetic screening of gamete donors and 
elucidate some of the complexities of expanded carrier screening panel 
interpretation in the donor population.

• Define the common genetic causes of male and female infertility.

Learning Objectives



Genetics in Fertility Care

Three  methods  of assess ing gene tic risk 
• Personal and family medical his tory review

• Genetic carrie r screening

• Pre implantation gene tic tes ting

Most often, these  do not overlap.  However, information or 
results  from one  of these  methods  may lead to additional te s ting 
prior to, during or afte r fe rtility treatment.

Presenter Notes
Presentation Notes
Think of this as a "three pronged" approach to addressing genetic risk in preparation for and during fertility treatment.



The  object ive  of offe ring  gene t ic screening  is  to  
ident ify gene t ic risk and  address  it  

during  the  course  of fe rt ility t rea tm ent , if 
poss ib le .

Please  note : Although it may be  routine ly offe red at your clinic, all gene tic tes ting is  optional 
and intended to he lp address  gene tic risk that is  re levant and actionable  for the  patient.

The Goal of Genetic Screening Options



A quick 
refresher 
on 
genetics



Normal human karyotypes (chromosomes)



There can be differences in karyotypes

Presenter Notes
Presentation Notes
Extra or missing chromosomes tend to be sporadic in embryos.  You many hear common terms referenced such as "trisomy" to refer to three copies of a chromosome, or "monosomy" to refer to only having one copy of a chromosome instead of the typical two copies.  Any difference in the number of chromosomes is referred to as aneuploidy.  Structural chromosome rearrangements such as a translocation can be inherited and typically carriers of structural chromosome rearrangements are healthy because they have the correct amount of chromosome material in their cells, it's just in a rearranged format.  However, due to the rearrangement, they are more likely to have reproductive difficulty such as recurrent pregnancy loss or infertility, or possibly have children born with problems due to chromosome imbalance



Differences in the DNA of a single gene

Mutation = Variant with "pathogenic" or "likely pathogenic" interpretation

Presenter Notes
Presentation Notes
At a finer level, there can be differences in the letter code of the DNA in individual genes that may increase the risk for genetic disease.  The risk would depend on whether the change in the DNA causes the gene not to function properly and the inheritance pattern associated with that gene.  



Common Modes of Single Gene Inheritance

Presenter Notes
Presentation Notes
These are examples of pedigrees (family trees) illustrating the more common types of inheritance for conditions associated with single genes.  The highlighted boxes showing autosomal recessive inhertitance, sometimes just called "recessive", and X-linked recessive inheritance , sometimes just called "X-linked" are those types of genes included in genetic carrier screening we will review shortly.



Not all health or deve lopmental problems  are  due  to chromosome 
or s ingle  gene  diffe rences  or are  apparent in a patient' s  family 
his tory. Thus , gene tic carrie r screening, embryo te s ting and te s ting 
in a pregnancy cannot identify all causes  of:

• deve lopm enta l de lays , lea rn ing  problem s , au t ism

• hea lth  problem s

• birth  defect s

• gene t ic d isease

Presenter Notes
Presentation Notes
It is very important to not only be aware of the potential benefits of the available genetic testing, but also the limitations.  Bottom line, there is no test available that can address all genetic risk.  The testing we offer patients is intended to reduce but cannot eliminate risk for genetic disease in their offspring.



• Certain fe rtility challenges  can have  a gene tic cause

• Male  factor infe rtility
• Sperm production is sues  (non-obs tructive  azoospermia or oligospermia) – blood 

chromosome diffe rence  or Y chromosome microde le tions
• Congenital absence  of the  vas  de fe rens  – mutations  in CFTR (cys tic fibros is ) genes

• Female  factor infe rtility
• Primary ovarian insufficiency/early menopause  - fragile  X carrie r or blood 

chromosome diffe rence

• Recurrent miscarriage  (two or more) – blood chromosome rearrangement for 
EITHER partner

• Pos itive  results  for these  tes t results  may e ffect treatment decis ions  and 
lead to the  option of embryo tes ting

• Other less  common tes ts  may be  available  based on the  patient's  specific 
fe rtility diagnos is

Reproductive 
History

Presenter Notes
Presentation Notes
The tests lists above are intended to achieve two goals 1) identify a cause for the fertility difficulty 2) identify indications for additional testing on embryos



If the  patient is not already aware  or suspecting, it’s  unlike ly there  is  a 
gene tic disease  in the ir family.  However, he re  are  some things  to ask of 
the  patient and the ir reproductive  partner:

• Does  anyone  have  a suspected or known gene tic condition?

• Has  anyone  been told they are  a carrie r of a gene tic condition?

• Has  anyone  had reproductive  difficulty (recurrent miscarriages , s tillbirths , infant 
deaths ,  infe rtility)?

• Was anyone  born with a phys ical diffe rence  (heart defect, cle ft lip, e tc) or had a 
medical problem from a young age?

• Does  anyone  have  deve lopmental de lays , learning difficulty, or autism?

• Are  there  any patte rns  of cancer, cancer in multiple  generations  or cancer at a 
younger age  than typical?

• Do any conditions  seem to “ run”  in the  family?

Family 
Medical 
History

Presenter Notes
Presentation Notes
Your clinic may already have a means of obtaining this type of information from a patient prior to treatment, such as a questionnaire.  If you would like any assistance in reviewing, creating or updating such a tool, please let me know.



Most conditions commonly seen in family 
histories are multifactorial:

• alle rgies , as thma, eczema
• late  onse t cancer
• late  onse t heart disease , high blood pressure , choles te rol disorder
• adult onse t diabe tes
• late  onse t dementia/Alzhe imer disease
• autoimmune  conditions
• mental health/psychiatric diagnoses
• and many others
 
These  types  of conditions  may be  a patte rn in a family, but because  they don’t have  a 
s ingle  cause , the re  are  often no definitive ly predictive  gene tic tes ts .

Presenter Notes
Presentation Notes
Multifactorial, as the name implies, means that a condition is due to a number of variables in a person's biology, genetics and environment.  Some of these factors are not well-defined.  There may be routine screening that a general practitioner can do for these conditions, but predictive genetic testing is typically not available.



National Society of Genetic Counselors (nsgc.org)

Presenter Notes
Presentation Notes
For patients who may benefit from genetic services that may fall outside of the scope of reproductive care (e.g., pediatric, cardiovascular, cancer, neurology etc), NSGC has a "find a genetic counselor" function on their website.  If you are uncertain whether a patient should be referred out to a specialty genetics service, please feel free to reach out to me for case review.  I can also help find a specialty genetics service close to the patient and that would best suit their needs.



Genetic Carrier Screening



In fertility care, our OBJECTIVE in offering carrier screening is 
to identify reproductive pairs at risk to have a child with 
a recessive or X-linked genetic disease. 

The more genes we screen for, the more likely we are to 
identify at-risk pairs and offer preimplantation genetic testing 
for monogenic (single gene) disorders, or PGT-M.

The objective of genetic carrier screening



As genetic carrier screening panels expand, we need to shift 
our PERSPECTIVE to being more comfortable with positive 
results. 

We are all carriers of multiple gene variants. The more genes we 
test, the greater the chance we will detect these variants.

Patients should be aware of this as well.

Adjusting our perspective on genetic carrier screening



Family history is not predictive of carrier status

Just because a patient says they don't have a family history of
any genetic diseases does NOT mean they won't be a carrier of something on the carrier 

screening panel.

Most carriers of recessive and X-linked genetic conditions 
have no family history

Remember and remind patients...



• Intended for individuals  who do not have  a family his tory of the  conditions  
screened. More  targe ted tes ting may be  appropriate  for individuals  with a pos itive  
family his tory for optimal inte rpre tation.

• Includes  screening for conditions  associated with severe , childhood onse t 
conditions  for which there  is  no treatment or early inte rvention will improve  
outcome

• Carrier screening tests genes associated with autosomal recessive and X-linked conditions; 
it does  not evaluate  all genes /gene tic conditions

• All carrie r screening has  limited (less  than 100% ) de tection rate , thus :
• A negative  result means  a s ignificantly reduced (typically <1% ) chance  of 

be ing a carrie r
• A pos itive  result is  highly accurate  (typically >99% )
• Variant inte rpre tation can evolve  as  more  data is  available  in world-wide  

databases , thus  an addended report may be  available  from the  ECS lab as  
years  pass

• Not intended to diagnose  and individual with a gene tic condition. However, for 
some genes  there  may be  "manifes ting he te rozygotes" in which carrie rs  may have  
some health risks

Main 
Points of 
Genetic 
Carrier
Screening

Presenter Notes
Presentation Notes
Genetic carrier screening is getting more complex over the years with greater numbers of genes included on the panels corresponding to rarer genetic conditions.  Genetic testing labs provide interpretation on the gene variants they discover based on world wide reference databases for variant curation, which can evolve as more testing is done and more data is added to these databases.  WE will delve into the complexities and nuances of genetic carrier screening in a separate webinar.



Screening only specific 
populations (e.g., Tay Sachs 
enzyme analysis in the Ashkenazi 
Jewish and sickle cell screening 
in the African American 
populations)

Non-DNA screening DNA based screening

Targeted testing of only 
specific variants in a gene 
with limited detection rate

PresentPast Future

Testing of one gene at a time

Sequencing hundreds of 
genes simultaneously 
with high detection rates

Whole genome 
sequencing

"Pan-ethnic" screening

Screening for common/high carrier 
frequency conditions only

Screening for rare/low 
carrier frequency conditions

A brief history of carrier screening



• American College of Obstetricians and 
Gynecologists

• American College of Medical Genetics

• National Society of Genetic Counselors

• American Society of Reproductive Medicine

• Society of Obstetrician and Gynaecologists of 
Canada

• Canadian College of Medical Geneticists
https://doi.org/10.3390/soc12020033

Recommendations from professional organizations



• "...ECS is superior compared to ethnicity-based carrier screening in that it both identifies more carriers of AR and XL 
conditions as well as eliminates a single race-based medical practice."

• "ECS should be offered to all who are currently pregnant, considering pregnancy, or might otherwise biologically 
contribute to pregnancy."

• "Barriers to the broad implementation of and access to ECS should be identified and addressed..."

Recommendation from NSGC



• Mutation = "pathogenic" or "likely pathogenic“ variant

• Heterozygous = “carrier” of a variant in one copy of their gene pair 
(one copy of the F508del variant in the CFTR gene)

• Compound heterozygous* = two variants of a different type in the gene pair  
(one copy of the F508del and one copy of the W1282X variant in the CFTR gene)

• Homozygous* = two variants of the same type in the gene pair     
(two copies of the F508del in the CFTR genes)

* Individuals with two variants in the same recessive gene may be affected

Terminology



• "Detection rate" is the probability that the screening can identify a variant in a gene being tested if 
it is present

• No test has a 100% detection
• A limitation of ALL carrier screening, regardless of the laboratory and method
• Newer DNA test methodologies have higher detection rates than older ones

• "Residual risk" is the chance that an individual might still be a carrier with a negative result
• Calculated by knowing or estimated the carrier frequency minus the detection rate

• Carrier screening labs should provide the detection rate and residual risk with a negative result for 
an individual, and with a combined report, for the reproductive pair

Condition (Inheritance Pattern) Gene Population
Carrier 

Frequency
Detection 

Rate
Residual 

Risk

Essential Concepts: Detection Rate and Residual Risk



1. Different variants in the same recessive gene of two gamete providers creates the risk to offspring. It doesn't have 
to be the same variant between the two gamete sources. 

2. Because the associated condition can go by different names and sometimes one gene is associated with multiple 
conditions, it is important to compare the gene names on the report and not just the associated condition name. 

 

For example, a reproductive pair is at 25% risk to have a child affected with cystic 
fibrosis if one has a F508del variant in the CFTR gene and the other has a W1282X 

variant in the CFTR gene, because the both have variants in the same gene.

For example, a reproductive pair is at risk to have a child affected with cystic fibrosis 
and related conditions if one is a carrier of "cystic fibrosis" associated with a variant 
in the CFTR gene and the other is a carrier of "CFTR related conditions" associated 
with a variant in the CFTR gene, because they both have variants in the CFTR gene.

When comparing two carrier screening results REMEMBER...



• Integral to patient full understanding
• Limitations
• Implications for care
• Residual risks

• Recommended for all who have ECS

• Genetic testing laboratories offer free brief results counseling with their lab-based genetic counselors for 
individuals who have used their test

• Lab-based genetic counselors can also support provider understanding and education

• Lab-based genetic counseling about test results is not intended to be "comprehensive genetic counseling" (i.e., 
does not include in depth discussion of family history, other test results or test options) as it is beyond their 
scope of practice 

Genetic Counseling for Carrier Screening



• We used to think heterozygotes ("carriers”) were unaffected with the condition

• Some people who are carriers of an autosomal recessive or X-linked conditions may have symptoms, otherwise 
known as manifesting heterozygotes (aka manifesting carriers)

• Symptoms may be considered a dominant form of the condition

• See ECS lab interpretation
• Some labs have a general statement about health risks
• Some labs will include language that specifies a variant is associated with recessive vs dominant inheritance
• Not all labs agree on whether there are health risks associated with certain genes

 
• Depending on the interpretation

• This may exclude a donor based on ASRM or our internal guidelines
• May warrant additional medical monitoring
• May warrant offering embryo testing (PGT-M) for patients

Carriers may not just be carriers



An example of variant interpretation



• Only "likely pathogenic" or "pathogenic" interpretation of a variant is considered reportable and actionable 
with carrier screening

• All variant classifications are reported with diagnostic testing for individuals with a clinical or family history of 
the condition

Variant Classification



• Variant classification dependent upon numerous variables
• Information in world-wide variant databases
• Some variants may not have much information in the database and labs depend on computer 

modeling or expected impact on gene function

• One lab may call a variant "likely pathogenic" or "pathogenic" while another lab may not, and thus 
not report it on carrier screening

• A variant may have more accumulated data over time, and thus be reclassified after initial reporting

• Some reclassifications may be actionable with carrier screening, while others may not
• Actionable: "likely pathogenic"/"pathogenic" to "VUS"/"likely benign"/"benign" or vice versa
• Not actionable:

• "likely pathogenic" to "pathogenic" or vice versa
• "VUS" to "likely benign" or "benign" or vice versa

Variant classification can vary between labs and over time



Preimplantation Genetic Testing



• Optional testing for patients doing IVF

• Considered a screening tool intended to reduce risk of embryos having specific genetic 
conditions

• Detection rates in high 90 percentiles; limitations in accuracy based on
• Small amount of DNA from few cells
• Assumption that the sample of cells tested represent remaining cells of embryo
• Test technology

• Does not replace prenatal testing options

• Is not able to test for “everything”

Key Considerations for Preimplantation Genetic Testing (PGT)



• Pre implantation Genetic Tes ting for Aneuploidy

• Most common type  of embryo tes ting

• Screening embryos  for sporadic (not inherited) 

chromosome abnormalities  (aneuploidy)

• Aneuploidy increases  with maternal (egg) age

• Other indications  for PGT-A
• Previous  pregnancy affected with aneuploidy
• His tory of unexplained miscarriage
• His tory of unexplained recurrent failed IVF 

cycles /implantation failure
• General embryo se lection/optimization of pregnancy 

rates

PGT-A

Presenter Notes
Presentation Notes
PGT-A used to be referred to as Preimplantation Genetic Screening (PGS) or Comprehensive Chromosome Screening (CCS).



Aneuploidy and Maternal Age
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Presenter Notes
Presentation Notes
I know many of your are already familiar with the correlation between maternal age and aneuploidy.  This graph illustrates that relationship quite dramatically and represents rates in recognized pregnancies.  Rates of aneuploidy in preimplantation embryos is even higher.  The main objective of offering PGT-A is to identify the embryos in a cohort that have the greatest reproductive potential.  
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Benefits and Limitations of PGT-A
• For each embryo transferred that has  a euploid tes t result:

• Higher implantation rate
• Reduced miscarriage  risk
• Reduced chance  of fe tal or newborn chromosome abnormality
• Greater e fficiency with each embryo transfer

• Prenatal tes ting s till appropriate  to cons ider afte r IVF with PGT-A because :
• PGT-A can’t de tect problems with fe tal anatomy or growth that may be  

de tected on ultrasound
• Some prenatal tes ts , such as  chorionic villus  sampling (CVS) or 

amniocentes is  ("amnio") are  more  accurate  than PGT-A at de tecting 
aneuploidy

• PGT-A alone  does  not evaluate  for s ingle  gene  disorders , small copy 
number changes  balanced chromosome rearrangements



Normal female karyotype Normal female PGT-A result from NGS

Trisomy 21 karyotype Trisomy 21 PGT-A result from NGS

PGT-A does not create a karyotype

Presenter Notes
Presentation Notes
Aneuploidy is evaluated differently with PGT-ANot a karyotype, but using a test technology called next generation sequencing or "NGS"Not evaluating individual cells, but rather collectively analyzing the amount of DNA representing each chromosome from the group of 5-10 trophectoderm cells biopsied from blastocyst stage (5-7 day) embryos



EUPLOID ANEUPLOIDMOSAIC OTHER NON-EUPLOID
(segmental, chaotic, etc.)

High predictive value High predictive valueLower predictive value

Predictive Value of PGT-A Results



Intermediate Copy Number (Mosaicism) with PGT-A

Euploid

Aneuploid

Intermediate Copy Number/"Mosaic"

normal 
reference

• Intermediate copy number variations in a 
trophectoderm biopsy containing several cells

• Does not evaluate individual cells but rather the 
collective amount of DNA from a group of multiple 
lysed cells

• Chromosomal mosaicism is presumed in PGT-A as the 
reason for the intermediate copy read, but not 
observed directly (as with a karyotype)

Presenter Notes
Presentation Notes
Historically, we believed PGT-A results to be rather black and white.  Embryos had aneuploid results and were not considered for transfer or they had euploid results and were transferred.  Now we have a rather "gray" type of result called "mosaic".  When this type of result comes up, it warrants further discussion and decision making between providers and patients.  Both PGT lab and clinical genetic counselors are specifically trained to discuss such results with patients and providers.  ASRM recommends that each clinic have clear protocols on how they might manage the various result types that can come from PGT.  These protocols should be known to all clinical staff and patients should be informed PRIOR to pursuing a cycle with PGT.  



Embryos with mosaic results have lower 
implantation and ongoing pregnancy rates, and 
higher miscarriage rates

Evidence from 1000 Mosaic Embryo Transfers (F&S 2021)



However, in ongoing pregnancies and deliveries, mosaic outcomes are 
similar to euploids

More evidence from Viotti et al 2023



Guide for Ranking Embryos with Mosaic Results

Viotti M, et al. Using Outcome Data From One Thousand Mosaic Embryo Transfers to Formulate an Embryo Ranking System for 
Clinical Use. Fertil Steril 2021; 115:1212-24



…persisting mosaicism prenatally and postnatally detected

Estimated to be roughly 1%

Also important to consider…



• An extra or missing piece of chromosome

• May also be referred to as deletion, duplication, partial monosomy or partial 
trisomy

• Caution with PGT-SR as segmental aneuploidy is expected to be related to parental 
chromosome rearrangement; associated with poor reproductive outcomes

• Can be in the mosaic and non-mosaic state – be careful not to confuse the two

• New data on non-mosaic segmental aneuploidy transfer outcomes demonstrating 
reproductive potential

Clarification on Segmental Aneuploidy



• 25 embryos with non-mosaic segmental 
aneuploidy transferred

• Some had addtl mosaic findings

• 17 SETs, 8 DETs
• 6 with mosaic
• 2 with euploid

• 6 apparently healthy live births (24%)
• 3 isolated seg 
• 3 seg + mos
• Prenatal diagnosis performed for 3 

with normal results
• 1 euploid on rebx

Segmental Aneuploidy Transfer Outcomes



A quick primer on PGT-A and Mosaicism

Hear from one of the world experts on 
non-euploid embryo transfer outcomes 

Andria Besser, MS, CGC 
tomorrow morning at 8am!



• What are the clinic policies on transfer of embryos with mosaic or other 
non-euploid results?

• Is the clinic policy documented and known to all embryology and clinical 
staff?

• Is the clinic policy shared with all patients PRIOR to IVF-PGT cycle start?

• Are non-euploid embryos kept in cryopreservation and for how long?

What do we do with these complexities?



“Fertility clinics are strongly 
encouraged to draft and make 
available to all patients written 
policies on whether or not the 
program agrees to the transfer of 
embryos with known health-
affecting genetic anomalies.

…these policies should be the 
product of an informed, 
deliberative, and collaborative 
process that includes all relevant 
clinic personnel.”



• Euploid embryos should be 
prioritized

• Patients should consult with 
geneticist/genetic counselor 
prior transfer of mosaic (non-
euploid) embryos with ample 
time to consider currently 
known risks/benefits

• Prenatal and postnatal follow up 
genetic counseling and testing 
consideration recommended

First published 2020
Updated version pending publication 2023 



PGT for Inherited Conditions

• PGT-M
• Screening for specific s ingle  gene  conditions  (aka “monogenic”  disease)
• Typically done  when the  gene tic condition in the  family or for which parents  are  carrie rs  is  

associated with s ignificant medical and/or deve lopmental risk in offspring
• Gene  and specific variant(s ) need to be  known to se t up tes ting in embryos

• PGT-SR
• Screening of specific inherited aneuploid based on parent’s  s tructural rearrangement
• Embryos  at increased risk for chromosomal imbalance  re lated to parent’s  chromosome 

rearrangement
• Parents '  karyotypes  mus t be  known to se t up additional tes ting in embryos

NOTE:  These  types  of PGT typically include  PGT-A

Presenter Notes
Presentation Notes
PGT for inherited conditions is far less common that PGT-A and warrants much more careful coordination with genetic counselors to ensure proper set up prior to the cycle start and accurate interpretation of results.  Communication with PGT lab based genetic counselors is essential, and collaboration with clinic based genetic counselors (when available) is optimal.



• Need to know the inheritance pattern, gene and gene variant 

• Requires review with the PGT lab before case can be accepted

• Often requires patients’ family members to provide DNA samples

• Requires lead time for the PGT lab to accurately set up testing 
• ask PGT lab for details 
• often more than one month from the time family member samples 

are received 
• “Fast Track” option may be available

PGT-M requirements



• Chromosome rearrangements in a parent lead 
to higher change of imbalance in gametes and 
therefore embryos

• Breakpoints for rearrangements and size of 
chromosome segments unique to the 
patient/family

• Review of the case with PGT lab necessary to 
ensure proper set up and accurate reporting

• PGT-SR typically does not differential normal 
from balanced configuration

PGT-SR



• What they are able to provide
• Pretest PGT education for patients
• Support for clinicians in understanding PGT results
• Post-test PGT results review for patients; especially important when 

considering a NEET

• What they cannot provide
• Discussion of clinic specific SOPs
• Direction on which embryo should be transferred first

PGT lab genetic counselors



• Three  m eans  of assess ing  gene t ic risk in  a  reproduct ive  se t t ing :
1. Personal and family his tory review
2. Gene tic carrie r screening of patients /gamete  donors
3. Pre implantation gene tic tes ting of embryos

• Genet ic counse lors  can  be  an  essen t ia l pa rt  o f the  fe rt ility ca re  
team  to  ensure : 

• Proper assessment of gene tic risk
• Offering and coordination of appropriate  gene tic tes ts
• Inte rpre tation of gene tic tes t results
• Facilitation of patient decis ion making regarding gene tic tes ting
• Supporting the  care  team with gene tic tes ting for patients /donors

Summary



Q&A
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