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ACOG guidelines on preconception genetic carrier
screening, Al and embryo selection, and the hidden dangers
of environmental toxicants and ways to mitigate them

Ithough we are not able to cover all of
A the important developments in fertil-

ity medicine over the past year, there
were 3 important articles published in the
past 12 months that we highlight here. First,
we discuss an American College of Obste-
tricians and Gynecologists (ACOG) com-
mittee opinion on genetic carrier screening

clinics, across 4 countries. The authors
assessed whether a deep learning model
could predict the probability of pregnancy
with fetal heart from time-lapse videos in the
hopes that their research can improve priori-
tization of the most viable embryo for single
embryo transfer. Last, we consider a review
of the data on obstetric and reproductive
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American College of Obstetricians and Gynecolo-
gists Committee on Genetics. Committee Opinion No.
690: carrier screening in the age of genomic medicine.
Obstet Gynecol. 2017;129:e35-e40.

ith the rapid development of
advanced and high throughput
platforms for DNA sequenc-

ing in the past several years, the cost of
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genetic testing has decreased

dramatically. Women'’s health care provid-
ers in general, and fertility specialists in
particular, are uniquely positioned to take
advantage of these novel and yet affordable
technologies by counseling prospective
parents during the preconception coun-
seling, or early prenatal period, about the
availability of genetic carrier screening and
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The uptake of
genetic carrier
screening has
been shown to be
significantly higher
when offered in
the preconception
period versus
during pregnancy

12 OBG Management

February 2020

fertility

WHAT THIS EVIDENCE MEANS
FOR PRACTICE

The preconception period is the perfect
time to have a discussion about genetic
carrier screening; it offers the opportunity
for timely interventions if desired by the
couples or individuals.

its potential to provide actionable informa-
tion in a timely manner. The ultimate objec-
tive of genetic carrier screening is to enable
individuals to make an informed decision
regarding their reproductive choices based
on their personal values. In a study by
Larsen and colleagues, the uptake of genetic
carrier screening was significantly higher
when offered in the preconception period
(68.7%), compared with during pregnancy
(35.1%), which highlights the significance of
early counseling.!

Based on the Centers for Disease Con-
trol and Prevention’s Birth/Infant Death Data
set, birth defects affect 1 in every 33 (about
3%) of all babies born in the United States
each year and account for 20% of infant mor-
tality.? About 20% of birth defects are caused
by single-gene (monogenic) disorders, and
although some of these are due to dominant
conditions or de novo mutations, a signifi-
cant proportion are due to autosomal reces-
sive, or X-chromosome linked conditions
that are commonly assessed by genetic car-
rier screening.

ACOG published a committee opinion
on “Carrier Screening in the Age of Genomic
Medicine” in March 2017, which was reaf-
firmed in 2019.3
Residual risk. Several points discussed
in this document are of paramount impor-
tance, including the need for pretest and
posttest counseling and consent, as well as
a discussion of “residual risk.” Newer plat-
forms employ sequencing techniques that
potentially can detect most, if not all, of
the disease-causing variants in the tested
genes, such as the gene for cystic fibrosis
and, therefore, have a higher detection
rate compared with the older PCR-based
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techniques for a limited number of specific
mutations included in the panel. Due to a
variety of technical and biological limita-
tions, however, such as allelic dropouts and
the occurrence of de novo mutations, the
detection rate is not 100%; there is always
a residual risk that needs to be estimated
and provided to individuals based on the
existing knowledge on frequency of gene,
penetrance of phenotype, and prevalence
of condition in the general and specific
ethnic populations.

Expanded vs panethnic screening. Fur-
thermore, although sequencing technology
has made “expanded carrier screening” for
several hundred conditions, simultaneous
to and independent of ethnicity and family
history, more easily available and affordable,
ethnic-specific and panethnic screening for a
more limited number of conditions are still
acceptable approaches. Having said this,
when the first partner screened is identified
to be a carrier, his/her reproductive partners
must be offered next-generation sequenc-
ing to identify less common disease-causing
variants.*

A cautionary point to consider when
expanded carrier screening panels are
requested is the significant variability among
commercial laboratories with regard to the
conditions included in their panels. In addi-
tion, consider the absence of a well-defined
or predictable phenotype for some of the
included conditions.

Perhaps the most important matter
when it comes to genetic carrier screening
is to have a standard counseling approach
that is persistently followed and offers the
opportunity for individuals to know about
their genetic testing options and available
reproductive choices, including the use of
donor gametes, preimplantation genetic
testing for monogenic disease (PGT-M, for-
merly known as preimplantation genetic
diagnosis, or PGD), prenatal testing, and
pregnancy management options. For
couples and/or individuals who decide to
proceed with an affected pregnancy, ear-
lier diagnosis can assist with postnatal
management.
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Medicolegal responsibility. Genetic carrier
screening also is of specific relevance to the
field of fertility medicine and assisted repro-
ductive technology (ART) as a potential liabil-
ity issue. Couples and individuals who are
undergoing fertility treatment with in vitro
fertilization (IVF) for a variety of medical or
personal reasons are a specific group that
certainly should be offered genetic carrier

Artificial intelligence
and embryo selection

Tran D, Cooke S, Illingworth PJ, et al. Deep learning
as a predictive tool for fetal heart pregnancy following
time-lapse incubation and blastocyst transfer. Hum
Reprod. 2019;34:1011-1018.

ith continued improvements in

embryo culture conditions and

cryopreservation technology,
there has been a tremendous amount of
interest in developing better methods for
embryo selection. These efforts are aimed at
encouraging elective single embryo transfer
(eSET) for women of all ages, thereby low-
ering the risk of multiple pregnancy and its
associated adverse neonatal and obstetric
outcomes—without compromising the preg-
nancy rates per transfer or lengthening the
time to pregnancy.

One of the most extensively studied
methods for this purpose is preimplanta-
tion genetic testing for aneuploidy (PGT-
A, formerly known as PGS), but emerging
data from large multicenter randomized
clinical trials (RCTs) have again cast signifi-
cant doubt on PGT-A’s efficacy and utility.®
Meanwhile, alternative methods for embryo
selection are currently under investigation,
including noninvasive PGT-A and morpho-
kinetic assessment of embryo development
via analysis of images obtained by time-lapse
imaging.
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screening, as they have the option of “adding
on” PGT-M (PGD) to their existing treatment
plan ata fraction of the cost and treatment bur-
den that would have otherwise been needed if
they were not undergoing IVE. After counsel-
ing, some individuals and couples may ulti-
mately opt out of genetic carrier screening.
The counseling discussion needs to be clearly
documented in the medical chart.

The potential of time-lapse
imaging

Despite the initial promising results from
time-lapse imaging, subsequent RCTs have
not shown a significant clinical benefit.®
However, these early methods of morphoki-
netic assessment are mainly dependent on
the embryologists’ subjective assessment of
individual static frames and “annotation” of
observed spatial and temporal features of
embryo development. In addition to being
a very time-consuming task, this process
is subject to significant interobserver and
intraobserver variability.

Considering these limitations, even
machine-based algorithms that incorporate
these annotations along with such other
clinical variables as parental age and prior
obstetric history, have alow predictive power
for the outcome of embryo transfer, with an
area under the curve (AUC) of the ROC curve
of 0.65 to 0.74. (An AUC of 0.5 represents
completely random prediction and an AUC
of 1.0 suggests perfect prediction.)”

A recent study by Tran and colleagues
has employed a deep learning (neural net-
work) model to analyze the entire raw
time-lapse videos in an automated manner
without prior annotation by embryologists.
After analysis of 10,638 embryos from 8 dif-
ferent IVF clinics in 4 different countries,
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Early use of time-
lapse imaging for
embryo selection
has not shown
clinical benefit,
but early methods
were dependent
on embryologists’
subjective
assessment of
features of embryo
development
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WHAT DOES THIS EVIDENCE MEAN FOR PRACTICE?

Improved standardization of noninvasive embryo selection with
growing use of artificial intelligence is a promising new tool to im-
prove the safety and efficacy of ART.

=

they have reported an AUC of 0.93 (95% con-

fidence interval, 0.92-0.94) for prediction of

fetal heart rate activity detected at 7 weeks of
gestation or beyond. Although these data are
very preliminary and have not yet been vali-
dated prospectively in larger datasets for live
birth, it may herald the beginning of a new
era for the automation and standardization
of embryo assessment with artificial intelli-
gence—similar to the rapidly increasing role
of facial recognition technology for various
applications.

Environmental toxicants:

\*/ Segal TR, Giudice LC. Before the begin-

FAST
TRACK

Environmental
toxicant exposure
has significant
implications for
fertility, infertility,
pregnancy,
perinatal health,
childhood
development, adult
diseases, and
later generational
reproduction

14 OBG Management

February 2020

ning: environmental exposures and repro-
ductive and obstetrical outcomes. Fertil Steril.
2019;112:613-621.

e receive news daily about the
existential risk to humans of cli-
mate change. However, a risk that

is likely as serious goes almost unseen by the
public and most health care providers. That
risk is environmental toxicants.?

More than 80,000 chemicals are regis-
tered in the United States, most in the last
75 years. These chemicals are ubiquitous. All
of us are continuously exposed to and suf-
fused with these toxicants and their metabo-
lites. Air pollution adds insult to injury. Since
this exposure has especially significant impli-
cations for fertility, infertility, pregnancy, peri-
natal health, childhood development, adult
diseases, and later generational reproduction,
it is imperative that reproductive health pro-
fessionals take responsibility for helping miti-
gate this environmental crisis.

The problem is exceptionally
complicated

The risks posed by environmental toxicants
are much less visible than those for climate
change, so the public, policymakers, and
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The hidden danger

providers are largely unaware or may even
seem uncaring. Few health professionals
have sufficient knowledge to deliver care in
this area, know which questions to ask, or
have adequate information/medical record
tools to assist them in care—and what are the
possible interventions?

Addressing risk posed by
individual toxicants

Addressing the problem clinically requires
asking patients questions about exposure
and recommending interventions. Toxicant
chemicals include the neurotoxin mercury,
which can be addressed by limiting intake of
fish, especially certain types.

Lead was used before 1978 in paint, it
also was used in gas and in water pipes. Peo-
ple living in older homes may be exposed,
as well as those in occupations exposed to
lead. Others with lead exposure risk include
immigrants from areas without lead regula-
tions and people using pica- or lead-glazed
pottery. Lead exposure has been associated
with multiple pregnancy complications and
permanently impaired intellectual develop-
ment in children. If lead testing reveals high
levels, chelation therapy can help.

Cadmium is a heavy metal used in
rechargeable batteries, paint pigment, and
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plastic production. Exposure results from
food intake, smoking, and second-hand
smoke. Cadmium accumulates in the liver,
kidneys, testes, ovaries, and placenta. Expo-
sure causes itai-itai disease, which is char-
acterized by osteomalacia and renal tubular
dysfunction as well as epigenetic changes in
placental DNA and damage to the reproduc-
tive system. Eating organic food and reduc-
ing industrial exposure to cadmium are
preventive strategies.

Pesticides are ubiquitous, with 90% of
the US population having detectable levels.
Exposure during the preconception period
can lead to intrauterine growth restriction,
low birth weight, subsequent cancers, and
other problems. Eating organic food can
reduce risk, as can frequent hand washing
when exposed to pesticides, using protective
gear, and removing shoes in the home.

Endocrine-disrupting chemicals (EDCs)
are chemicals that can mimic or block endog-
enous hormones, which leads to adverse
health outcomes. In addition to heavy met-
als, 3 important EDCs are bisphenol A (BPA),
phthalates, and polybrominated diethyl ethers
(PBDEs). Exposure is ubiquitous from indus-
trial food processing, personal care products,
cosmetics, and dust. Phthalates and BPA have
short half-lives of hours to days, while PBDEs
can persist in adipose tissue for months.
Abnormal urogenital and neurologic develop-
ment and thyroid disruption can result. Eating
organic food, eating at home, and decreasing
processed food intake can reduce exposure.

BPA is used in plastics, canned food lin-
ers, cash register receipts, and epoxy resins.
Exposure is through inhalation, ingestion,
and dermal absorption and affects semen
quality, fertilization, placentation, and early
reproduction. Limiting the use of plastic con-
tainers, not microwaving food in plastic, and
avoiding thermal paper cash register receipts
can reduce exposure.

Phthalates are synthetically derived and
used as plasticizers in personal and medical
products. The major source of phthalate expo-
sure is food; exposure causes sperm, egg, and
DNA damage. Phthalate avoidance involves
replacing plastic bottles with glass or stainless
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TABLE 1 Environmental toxicants

e Mercury

e Lead

e Cadmium

¢ Pesticides

¢ Endocrine-disrupting chemicals
o Bisphenol A
o Phthalates
o Polybrominated diethyl ethers

e Air pollution

TABLE 2 General interventions to reduce

environmental toxicants exposure

1. Limit certain types of fish intake

2. Increase organic foods, decrease processed food, eat at home

3. Replace plastic containers/bottles with glass or stainless steel

4. Do not microwave in plastic

5. Choose personal care products and cosmetics carefully, fragrance-free
6. Remove shoes in home, avoid dust

7. Reduce exposure to industrial toxicants, furniture with polybrominated

diethyl ethers

8. Wash hands when exposed to pesticides, other toxicants

9. Avoid thermal paper cash register receipts

10. Avoid heavy traffic areas, stay indoors when air is polluted, use HEPA

filter in home

steel, avoiding reheating food in plastic con-
tainers, and choosing “fragrance free” products.

PBDEs are used in flame retardants on
upholstery, textiles, carpeting, and some
electronics. Most PBDEs have been replaced
by alternatives; however, their half-life is
up to 12 years. Complications caused by
PBDEs include thyroid disruption, resulting
in abnormal fetal brain development. Avoid-
ing dust and furniture that contain PBDEs, as
well as hand washing, reduces exposure risk.

Air pollutants are associated with adverse
obstetric outcomes and lower cognitive func-
tion in children. Avoiding areas with heavy
traffic, staying indoors when air is heavily pol-
luted, and using a HEPA filter in the home can
reduce chemicals from air pollution.
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CONTINUED FROM PAGE 15

WHAT THIS EVIDENCE MEANS FOR PRACTICE

Environmental toxicants are a significant health problem that can be
effectively mitigated through patient questions and recommended
interventions.

Recommendations

The magnitude of the problem that environ-
mental toxicant exposure creates requires
health care providers to take action. The
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table in the publication by Segal and Giu-
dice can be used as a tool that patients
can answer first themselves before review
by their provider.? It can be added to your
electronic health record and/or patient
portal. Even making general comments to
raise awareness, asking questions regarding
exposure, and making recommendations
can be helpful (TABLES 1 AND 2, page 15).
When possible, we also should advocate for
public awareness and policy changes that
address this significant health issue. ®
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