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Abstract

Background: Prenatal genetic screens, including carrier screening (CS) and aneuploidy screening (AS), comprise an
important component of reproductive healthcare delivery. Clinical practice guidelines emphasize the importance
of informed decision-making and patient’s preferences regarding the use of these screens. Yet, it is unclear how to
achieve this ideal as prenatal genetic screening options rapidly become more complex and increasingly available to
patients. With increased complexity and availability of reproductive testing options, decision-support strategies are
critical to prepare patients to consider AS and/or CS.

Methods: A self-administered survey evaluated knowledge and decision-making preferences for expanded carrier
(CS) and aneuploidy (AS) prenatal screening. The survey was administered to participants before their first prena-
tal visit to assess baseline decision-making needs and preference at the initiation of prenatal care. Analysis was
approached as a descriptive process.

Results: Participants had similar familiarity with the concepts associated with AS compared to CS; mean knowledge
scores for CS was 0.59 [possible range 0.00 to 1.00] and 0.55 for AS. Participants reported preferences to learn about a
range of conditions, including those with severe or mild impact, childhood-onset, and adult-onset. Decision-making
preference with respect to learning about the associated disease phenotypes for the contained on AS and CS panel
shifted with the complexity of the panel, with a greater preference to learn about conditions post-test compared pre-
test education as panels increased from 5 to 100 conditions.

Conclusion: Patients'baseline knowledge of prenatal genetic screens coupled with evolving decision-making prefer-
ences presents challenges for the delivery of prenatal genetic screens. This calls for the development and implemen-
tation of innovative approaches to support pregnant patients’ decision-making commensurate with advances in
prenatal genomics.
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Background
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However, it has become extremely difficult for pregnant
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women to navigate their prenatal genetic screening
options in an informed fashion, for two reasons. First,
advances in technology have greatly increased the num-
ber of screening options available to patients [1]. Second,
clinical practice guideline changes have led to a large
increase in the number of patients offered these screens
during pregnancy, specifically universal screening
approaches that have expanded upon previous age-based
or ethnicity-based screening approaches [2-4]. Conse-
quently, it is necessary now, more than ever, to develop
effective approaches to ensure that patients can best
make informed and preference-based decisions about
their use.

One source of confusion for patients is that AS and
CS provide different kinds of risk information about
the impact of the identified variant on the pregnancy
and future reproductive decision-making. AS focuses
on identifying chromosomal aneuploidy (e.g., trisomy
21) and other genetic abnormalities such as microdele-
tions [5-9]. In contrast, CS focuses on identifying herit-
able genetic mutations that are present in the pregnant
woman and can be passed to the offspring [2]. As condi-
tions such as cystic fibrosis are heritable, the results of CS
may impact decisions about the current pregnancy and
any future reproductive decisions [10-14].

It is important to address this because previous studies
have demonstrated that patients commonly struggle with
understanding key informational aspects of both AS and
CS and often lack the health literacy and numeracy skills
to interpret and personalize the risk information gener-
ated by prenatal genetic screening [15-24]. In addition, a
significant number of patients do not present for precon-
ception care and in doing so, miss the opportunity to take
advantage of genetic screening for reproductive planning
prior to pregnancy [25-32].

Given these challenges, we conducted a study to evalu-
ate both patients’ knowledge of prenatal genetic screen-
ing and their decision-making preferences for screening
when offered as part of an expanded screening panel.

Materials and methods

We conducted a cross-sectional study to examine preg-
nant patients’ knowledge and decision-making pref-
erences for AS and CS when offered separately and
in a combined single screening panel. The study was
approved by the Cleveland Clinic Institutional Review
Board. All components of the study experiments were
performed in accordance with relevant human subject
protection guidelines and regulations. Informed consent
was obtained from all subjects. Study inclusion criteria
were women, 18years or older, who scheduled an initial
obstetric appointment at one of the outpatient clinical
practices of the Cleveland Clinic who were able to read
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and speak English and provide consent for research par-
ticipation. Eligible participants were sent a recruitment
letter describing the study procedures and a link to com-
plete a self-administered survey via REDCap survey [Ver-
sion 9.5.22] [33, 34].

Data were collected using a self-administered survey.
The survey was administered to participants before their
first prenatal visit to assess baseline decision-making
needs and preferences at the initiation of prenatal care.
The survey was administered via REDCap Survey which
could be accessed on a computer or mobile device.

The survey was developed based on prior validated
instruments and in conjunction with experts in prenatal
genetics, obstetrics, and decision-making. The survey
was composed of three sections. The first section focused
on knowledge of CS and AS. These items were developed
using clinical practice guidelines that outline the compo-
nents of an informed decision-making process [35-39].
Knowledge questions were designed as a series of closed-
ended items, with a true or false statement followed by
response options of “Agree;” “Disagree’, and “I am not
sure” for each knowledge item. The second section
focused on decision-making preferences. One set of ques-
tions examined patient preferences for learning about
conditions which different implications for quality of life
for a child, using 5-point Likert scale responses. These
questions did not define the quality of life but asked the
participant to select the response that best aligned with
her notions of mild, moderate, or severe. Another set of
close-ended questions assessed patients’ preferences with
respect to when they would want to learn about the con-
ditions contained on an AS or CS panel. The third sec-
tion collected participants’ demographic information and
reproductive history information. The instrument was
pilot tested with a representative sample of patients using
a cognitive interview process and continued until no new
points of revision were noted. The survey was revised
based on those responses. A final version was developed
for field use.

Analysis was approached as a descriptive process. A
codebook was used to determine correct and incorrect
answers to the knowledge questions. Overall knowl-
edge scores were calculated based on the correctness of
24 knowledge questions for CS and 20 questions for AS.
Possible overall scores range from 0.00 to 1.00. Other
approximately normally distributed continuous measures
were summarized using means and standard deviations
and compared using t-tests. Continuous measures that
showed a departure from normality and ordinal meas-
ures were summarized using medians and quartiles and
compared using Wilcoxon rank-sum tests or the Kruskal-
Wallis test. Categorical factors by age and reproductive
history for knowledge items were summarized using
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frequencies and percentages and were compared using
Pearson’s chi-square tests or Fisher’s Exact tests and edu-
cational levels using ANOVA. Pearson’s chi-square test
and Kruskal-Wallis test were used to examine categori-
cal factors for preference items. Analysis was conducted
using SAS (version 9.4, The SAS Institute, Cary, NC). A
p <0.05 was considered statistically significant.

Results

We approached 736 patients to participate in the study
between May and November 2019. In total, 267 agreed
to participate (36.3% participation rate). Of that, 75.2%
of the surveys were completed. The mean age of partici-
pants used for analysis (201) was 32 £ 4 years old, and the
majority had at least one prior pregnancy (67.2%), had
a college degree or higher (75.1%), and classified them-
selves as Caucasian (87.1%) (Table 1).

Knowledge of concepts associated with aneuploidy

and carrier screening

The mean overall score for knowledge items (e.g., knowl-
edge of the indications for screening, knowledge of post-
screen options) was 0.58 [0.42, 0.75] for CS knowledge,
and for AS knowledge was 0.60 [0.40, 0.75] (Table 2). Par-
ticipants were more familiar with the concepts associated
with AS compared to CS. With respect to conditions,
higher knowledge levels were noted for autosomal ane-
uploidies, with 62.2% of patients correctly identifying AS
identified the risk of trisomy 21, 48.8 and 42.3% correctly
identified the inclusion of trisomy 18, and trisomy 13.
There was less familiarity with some of the newer screen-
ing applications: only 24.5% identified that AS could be
performed for Turner syndrome and 22.0% for Klinefelter
syndrome. Overall, lower knowledge levels were noted
for conditions associated with CS compared to AS: 43.8%
were familiar with cystic fibrosis, 39.3% with sickle cell
anemia, 33.8% with spinal muscular atrophy, and 26.4%
with thalassemia.

Baseline knowledge of the genetic factors associated
with fetal chromosomal aneuploidy and recessive condi-
tions was low (Table 2). With respect to understanding
the etiology of aneuploidy or a recessive condition, 30.8%
of the participants correctly responded to a question
about the percent chance of having a child with a reces-
sive condition if both biological parents were carriers,
and 81.6% correctly responded to a question about the
potential for a fetus to have a chromosomal condition
even if there is no family history of the condition. When
asked about post-screen testing options following a posi-
tive screen result, 57.7% correctly identified options to
follow a positive aneuploidy screen, and 53.2% correctly
identified options to follow a positive CS result. With
respect to the impact of one of these genetic conditions
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Table 1 Demographics

Demographics of Participants Total (n =201)

Age 319+41
Non-AMA (< 35) 150 (74.6)
AMA (>35) 51(25.4)

Race
White 175 (87.0%)
Black 13 (6.5%)
Asian 6 (3.0%)
American Indian or Alaska Native 1(0.5%)
Other 6 (3.0%)
Hispanic or Latino (Yes) 10 (5.0%)

Education Level
Some High School 1 (0.5%)
High School Graduate or GED 12 (6.0%)
Associates Degree, technical degree, or some college 37 (18.4%)
College graduate 75 (37.3%)
Graduate or professional degree 76 (37.8%))

Marital Status
Single 14 (7.0%)
Currently Married 169 (84.1%)
Committed relationship 18 (9.0%)

Faith (Yes) 129 (64.2%)
Christian 119 (92.2%)
Muslim 3(2.3%)
Hindu 1(0.78%)
Other 6 (4.7%)

Prior Pregnancies
No prior pregnancy 66 (32.8%)
One or more Prior pregnancy 135 (67.2%)

for a future pregnancy, most participants (80.6%) rec-
ognized that aneuploidy is commonly spontaneous and
would not affect future pregnancies (independent of
maternal age). In contrast, only 34.8% understood that
the identification of an autosomal recessive variant could
affect a future pregnancy. Participants had little famili-
arity with current recommendations that all patients
should be offered CS (46.3%) and AS (45.3%). Just over
half of the participants recognized what kind of genetic
variant would result in a recessive condition (51.2%) or
aneuploidy (69.2%). The majority correctly identified that
there was still a risk of the fetus being diagnosed with a
recessive condition (85.1%) or aneuploidy (82.6%) if the
biological parents did not have a prior pregnancy affected
by these conditions. Most thought that maternal age
was a risk factor for both CS and AS. Few patients could
identify if conditions screened for were inherited (CS) or
sporadic (AS). The level of education proved a significant
factor for predicting knowledge of CS or AS, with higher
education levels associated with higher knowledge levels
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Table 2 Knowledge items for carrier screening and aneuploidy screening

Baseline knowledge of Carrier Screening and Aneuploidy Screening

Knowledge of: Carrier Aneuploidy

Overall score median [Q1, Q3] 0.58 [0.46, 0.75] 0.55[0.40, 0.75]

Overall score mean =+ sd 0.59+0.18 0.554+0.23

Conditions recommended for screening

Etiology of recessive condition or aneuploidy condition
Recommended action for a positive screen result
Implications for future pregnancies

Recommendation for universal offering of screen
Etiology of the genetic condition

Reproductive History risk for condition

Maternal age as a risk factor for a condition

Inheritance (heritable or sporadic condition)

% (N) correctly answered
Cystic fibrosis 43.8% (88)
SMA 33.8% (68)
Thalassemia 26.4% (5)
Sickle cell 39.3% (79)

% (N) correctly answered
Trisomy 21,125 (62.2%)
Trisomy 18,177 (48.8%)
Trisomy 13 85 (42.3%)
Turner 53 (26.4%)
Klinefelter 44 (21.9%)

30.8% (62) 81.6% (164)

53.2% (107) 57.7% (116)

34.8% (70) 80.6% (162)

46.3% (93) 45.3% (91)

51.2% (103) 69.2% (139)

85.1% (171) 82.6% (166)

(No increase with age) (Increase with age)
23.9% (48) 79.1% (159)

34.8% (70) 27.4% (55)

for CS (p <0.001) and AS (p =0.066). No associations
were noted based on age, parity, or ethnicity.

Decision-making preferences for aneuploidy and carrier
screening

With respect to decision-making preferences, several
trends for AS and CS were observed. As panels increased
in the number of tested conditions, participants noted
a greater preference to learn about genetic conditions
only after screen results were available. When AS panels
screened for 5 conditions, 32.8% noted preferences for
pre-test access to information about all of the conditions
on the panel, and 19.9% wanted to learn only about con-
ditions they were at risk for, while 47.2% noted a prefer-
ence to defer learning to the post-test period. Preferences
shifted as panels contained more conditions. When pan-
els increased to contain 50 conditions, fewer participants
(17.9%) noted preferences to learn about all of the condi-
tions on the panel, while the number of participants who
preferred post-test education increased (62.1%). Of note,
participants who preferred to limit pre-test education to
conditions at which they were at risk for did not change
significantly as panels increased from 5 conditions to 100
conditions. Similar trends were noted for preferences
regarding information exchange and the number of con-
ditions contained on a CS panel (Table 3).

With respect to the type of condition that could be
identified, the time of disease onset was important. Most
reported their preferences as very or extremely impor-
tant to learn about a condition that would result in a

child’s death soon after birth (88.0%) and in the first year
of life (88.0%). A majority also wanted to learn about
childhood-onset genetic conditions with mild impact
on child’s quality of life (QoL) (69.0%), moderate impact
on child’s QoL (78.9%), severe impact on child’s QoL
(89.0%), and conditions for which the QoL unknown
(73.4%). More than half also noted a preference for pre-
natal genetic screens that would convey information
about an adult-onset condition (60.5%) (Table 4).

Education levels were associated with these prefer-
ences: women with high-school/some college/technical
degree reported that it was very or extremely impor-
tant to learn about conditions that would mildly affect
QoL (p =0.008) and conditions that would fully affect
QoL would not be known until after birth (p =0.025)
compared to women with college or a graduate degree.
Prior pregnancy experience was associated with differ-
ent preferences. Participants without previous pregnancy
reported greater preferences to learn about a condition
that would lead to the death of a child soon after birth
(97.0% vs. 83.6%; p =0.007) or severely affect the QoL of
a child (97.0% vs. 85.1%; p =0.012), compared to partici-
pants who had a prior pregnancy (Table 5).

Discussion

This study highlights the challenges that prenatal genetic
screening presents for both pregnant patients and their
obstetric healthcare providers. Our findings raise impor-
tant clinical and ethical questions about how best to
ensure that patients can make autonomous, informed
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Table 3 Preferences of when to receive education in regards to various conditions based on number of screened conditions

Number of conditions being screened for

5 10 50 100
Aneuploidy Screening Panels
% (N)
Aneuploidy screening knowledge correct %
Preference for pre-test information: 32.8% (66) 29.3% (59) 17.9% (36) 18.4% (37)
All conditions on a panel 0.60 0.60 0.50 0.50
Preference for pre-test information: 19.9% (40) 19.9% (40) 19.9% (40) 16.9% (34)
Only conditions at-risk for 0.55 0.60 0.55 0.55
Preference for post- test information 47.2% (95) 50.7% (102) 62.1% (125) 64.6% (130)
0.55 .50 62 .60
Carrier Screening Panels
% (N)
Carrier screening knowledge correct %
Preference for pre-test information: 28.8% (58) 27.8% (56) 15.0% (30) 14.5% (29)
All conditions on a panel 58 .58 .58 50
Preference for pre-test information: 20.8% (42) 20.8% (42) 20.5% (41) 20.0% (40)
Only conditions at-risk for 58 56 63 56
Preference for post- test information 50.2% (101) 51.2% (103) 64.5% (129) 65.5%(131)
63 63 64 63

Table 4 Importance of Information about Different Conditions:
Very Important or Extremely Important responses

Condition Type N (%)
(N=201)

Childhood onset - Death soon after birth 176 (88.0%)
Childhood onset - Death first year of life 178 (89.0%)
Childhood onset - Mild impact on child’s QoL 138 (69.0%)
Childhood onset - Moderate impact on child’s QoL 157 (78.9%)
Childhood onset - Severe impact on child’s QoL 178 (89.0%)
Childhood onset - Impact on QoL unknown 146 (73.4%)
Adult onset condition 121 (60.5%)

decisions about their screening options. That includes
not only ensuring that patients have the information
and resources they need to make decisions about those
options, but also understanding patients’ needs and val-
ues in the process so that the final decision best reflects
their goals.

While knowledge levels for both kinds of screening
were low at baseline, participants had greater familiar-
ity with AS at the onset of prenatal care compared to CS.
Knowledge deficits were noted across several informa-
tional categories, including the conditions contained in
these screenings, the risk factors for a fetus being diag-
nosed with chromosomal or genomic variant, the inter-
pretation of screen results, and the implications of those
risk assessments on their pregnancy and future repro-
ductive decision-making. In many regards, these find-
ings were expected. Prior studies have demonstrated
patient knowledge deficits and challenges for informed

decision-making for prenatal AS factors have persisted
despite the continued growth of cfDNA screening [40—
43]. Other studies have demonstrated deficits in patient
knowledge and decision-making for CS [18, 36, 44—47].
While some of these are due to patient-related factors,
others are due to healthcare-related factors, including
impediments in provider knowledge and adherence to
evidence-based guidelines about their use [48—55].

Our findings indicate that it will require significant
time and effort for healthcare providers to overcome the
patients’ deficits in knowledge. This is problematic, given
that providers have increasingly less time during clini-
cal encounters to engage in lengthy conversations. These
results point to the increasing workload required at the
first prenatal visit to ensure patients are prepared to
make informed prenatal genetic screens decisions. Ide-
ally, prenatal genetic screening options should be offered
at the onset of prenatal care. While final decisions about
the use of prenatal genetic screens may not be made at
the initiation of prenatal care, the counseling that occurs
at this time sets the stage for patients’ informed access
to genetic information about the pregnancy. In reality,
these discussions do not occur in isolation, but during
the time at which other important aspects of prenatal
healthcare delivery must be discussed (e.g., the role of
folic acid, immunization), with the addition of significant
topical issues (e.g., COVID-19) [1]. These factors affect
how much time and effort can be allocated during this
visit to support patients’ understanding of screening and
diagnostic testing options and the implications of their
choices on the outcome of the pregnancy [56, 57].
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Table 5 Importance of Information about Different Conditions
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Factor Total Some high College graduate Graduate or p-value
N school to (N=75) professional
some degree
college (N=76)
(N=50)
I would want to learn about a medical condition that would result in the 200 0.19°
death of a child soon after birth.
Not at all important 0 (0.00) 0 (0.00) 1(1.3)
Slightly/Somewhat 4(8.0) 7(9.3) 12 (16.0)
Very/Extremely important 46 (92.0) 68 (90.7) 62 (82.7)
I would want to learn about a medical condition that would result in the 200 040°
death of a child in the first year of childhood.
Not at all important 0 (0.00) 0 (0.00) 1(1.3)
Slightly/Somewhat 5(10.0) 6 (8.0) 10(13.3)
Very/Extremely important 45 (90.0) 69 (92.0) 64 (85.3)
I would want to learn about a a medical condition that would mildly affect 200 0.008°
the quality of life of a child.
Not at all important 1203 3(4.0) 3(4.0)"
Slightly/Somewhat 7 (14.0) 19 (25.3) 29 (38.7)
Very/Extremely important 42 (84.0) 53(70.7) 43 (57.3)
I would want to learn about a a medical condition that would moderately 199 0.091°
affect the quality of life of a child.
Not at all important 1(2.0) 1(1.3) 2(2.7)
Slightly/Somewhat . 16 (21.3) 18 (24.0)
Very/Extremely important 44 (89.8) 58(77.3) 55(73.3)
I would want to learn about a medical condition that would severely affect 200 0.31°
the quality of life of a child.
Not at all important 0 (0.00) 0 (0.00) 1(1.3)
Slightly/Somewhat 3(6.0) 8(10.7) 10(13.3)
Very/Extremely important 47 (94.0) 67 (89.3) 64 (85.3)
I would want to learn about a medical condition that’s full effects on the 199 0.025°
quality of life of the child will not be known until after birth.
Not at all important 1.0)°3 2(2.7) 207!
Slightly/Somewhat 5(10.2) 19 (25.3) 24 (32.0)
Very/Extremely important 43 (87.8) 54 (72.0) 49 (65.3)
I would want to learn about a medical condition that may develop whena 200 0.071°
child grows up and is an adult.
Not at all important 1(2.0) 4(53 5(6.7)
Slightly/Somewhat 13 (26.0) 25(33.3) 31(41.3)
Very/Extremely important 36 (72.0) 46 (61.3) 39(52.0)

Statistics presented as Mean =+ SD, N (column %)

@ p values determined by the Kruskal-Wallis test

' Significantly different from Some high school to some college
2 Significantly different from Graduate or professional degree

Post-hoc pairwise comparisons were done using Bonferroni adjustment

In addition, as prenatal genetic panels become
increasingly complex, it will become more difficult to
structure and individualize a patient-centered decision-
making process. For instance, we found that partici-
pants preferred to learn about all of the conditions on a
panel when there were only 5-10 conditions; however,
when the number of conditions increased to 50 or 100,

participants preferred to defer learning about condi-
tions until the post-test period. While some authors
have suggested using a generic informed consent pro-
cess for expanded panels [58], this approach may not
meet patients’ needs for informed and autonomous
decision-making for panels with less than 50 condi-
tions, as it is necessary to ensure patients understand
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how screening accuracy may decrease as the number of
conditions on a panel increases [59]. In addition, par-
ticipants in this study found personal value in panel
tests that can provide information about a range of dif-
ferent identifiable variants that can affect the quality of
life or viability. This preference included not only infor-
mation about variants associated with severe child-
hood-onset conditions but also those associated with
adult-onset conditions and conditions which have an
uncertain impact on the quality of life, although screen-
ing is not recommended for such conditions [ 3, 14, 18].
Thus, there may be a need to align patient preferences
with evidence-based guidance, an effort complicated
by the continued availability of expanded panels that
depart from current guidelines.

We recognize that issues related to patients’ health
literacy and knowledge with respect to prenatal genetic
screening have been an ongoing clinical challenge. This
situation calls for integrating innovative approaches,
resources, and technological solutions as we reevaluate
how to best support patients’ informed decision-making
about an expanding array of prenatal genetic screening
options at the onset of prenatal care [60]. For instance,
patient engagement software is a new approach used in
other areas of healthcare driven by patient preferences
and needs [61]. These types of programs can present
information with decision aids and then, using the input
of patients, respond and adapt to patient preferences and
needs to provide more personalized education. Such an
approach may reduce the challenges to condensing these
processes in a single visit. In addition, using program-
ming pathways, information delivery can be automated
so that it can be delivered at different time points in pre-
natal care delivery. This would be an optimal approach to
initiate decision-making once a pregnant patient sched-
ules her initial prenatal visit and then at set times over
the prenatal episode in conjunction with screening and
diagnostic testing milestones. It would also help prepare
patients to discuss their options with a genetic counse-
lor by introducing them to genetic screening concepts
in preparation for that visit. Further research is needed
to determine how to integrate innovative approaches
into prenatal care delivery to meet the challenges posed
by genomics. This should include studies that seek to
understand patients’ goals and preferences, not only with
prenatal genetic screening but also with the process that
leads to the final decision to use or decline this option,
a factor that will be critical with advances in screening
technology.

As study data were collected using a self-administered
survey among eligible patients who elected to participate,
it is crucial to consider the impact of response and selec-
tion bias among the types of patients who completed the
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survey, particularly given our low response rate. How-
ever, when we tested for statistical differences between
responders and non-responders, we did not find sig-
nificant differences between groups. In conducting
this study, we sought a broad demographic representa-
tion in our recruitment efforts; yet, most respondents
were>35years of age, self-described Caucasian, with
higher education levels, and from the same geographic
areas. Knowledge and decision-making preferences of
women of different ages, education levels, or race/eth-
nic groups remain uncertain. Thus, further research is
needed to elucidate these important issues. Despite these
limitations, our study sheds light on significant chal-
lenges facing patients, healthcare providers, and health-
care systems with the clinical implementation of new
prenatal genomic screens. These findings, in conjunction
with studies demonstrating the role of healthcare tech-
nology in navigating healthcare decisions, may highlight
the role of an innovative way to approach the persistent
issues related to patients’ health literacy and knowledge.
There is a growing awareness of the role of patient edu-
cation and decision-making tools that allow for patients’
asynchronous learning before and after the clinical visit
in which prenatal genetic screens and diagnostic tests
are discussed. There is also the increasing role of arti-
ficial-intelligence based tools that can provide a more
“human” and natural conversational language experience
of patients who use these technologies. These may be
important new avenues to support patients as they con-
sider an increasing number of prenatal genetic screening
options. While such tools may not take the place of dis-
cussions with a healthcare provider or genetic counselor,
they may be adjunct to synergizing resources in the goal
to personalize care to patients. At the same time, there
is also the opportunity to revisit the formative discus-
sions that patients may have with their healthcare pro-
vider. This also calls for exploring the role of individual
and small group counseling to determine what approach
may best align with the needs of patients as they consider
their prenatal genetic screening options.

Conclusion

In conclusion, we have identified significant clinical
and ethical challenges to ensuring that patients have
the information and decision support needed to make
informed choices about their prenatal genetic screen-
ing options during pregnancy. Thus, it is necessary
for healthcare providers and systems to revisit how to
structure the medical decision-making processes dur-
ing the onset of prenatal care in a way that is commen-
surate with advances in prenatal genomics. It is unlikely
that one approach will solve the challenges presented
by emerging genomic applications in prenatal care.
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Instead, we must look for a combination of resources to
best prepare for the individualized needs of patients as
they consider their prenatal genetic screening and diag-
nostic testing options. This presents a prime opportu-
nity for innovation, not just in leveraging advances in
digital educational tools and resources, but approaches
to optimize the important discussions that patients
may have with their healthcare provider over the course
of the pregnancy.
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