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Abstract

Genomic sequencing (GS), such as whole genome and exome sequencing, is rapidly being
integrated into pediatric critical care settings. Results are being used to make high impact
decisions including declarations of futility, withdrawal of care, and rationing of scarce resources.
In this qualitative study, we conducted interviews with clinicians involved in the care of critically
ill children with congenital heart disease (CHD) to investigate their views on implementation of
GS into clinical practice. Interviews were transcribed and inductively analyzed for major themes
using grounded theory and thematic analysis. Three major themes emerged surrounding the use of
genomic information in the high-stakes, time pressured decision making that characterizes clinical
care of critically ill children with CHD: (1) that clinicians felt they did not have sufficient training
to accurately assess genetic results despite pressure to incorporate results into clinical decisions;
(2), that they desire knowledge support from genetic specialists, such as genetic counselors, who
both understand the critical care context and are available within the time constraints of critical
care clinical pressures; and (3), that clinicians feel a pressing need for increased genetics education
to be able to safely and appropriately incorporate GS results into clinical decisions Our data
suggest that genetics specialists may need a stronger presence in the pediatric critical care setting.
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INTRODUCTION

Rapid GS has been piloted and is being adopted in pediatric and neonatal critical care
settings (Clark et al., 2019; Farnaes et al., 2018; Petrikin et al., 2015; Priest et al., 2014;
Stavropoulos et al., 2016). Conditions seen in this setting can be diagnostically complex and
often co-occur with other diseases. Furthermore, many of these conditions warrant high-risk
treatments and early and precise diagnosis is critical. Rapid clinical trio exome sequencing
of infants with suspected genetic diseases has been reported to yield up to a 50% diagnostic
rate, and can have significant impacts on medical management (Meng et al., 2017).
Advances in sequencing technologies have drastically decreased both cost and processing
time. Analysis that previously took months can now occur in a matter of days (Clark et al.,
2019; Miller et al., 2015). The potential for rapid and cost-efficient diagnostics is leading
many institutions to develop in-house GS clinical services with the expectation of an
exponential increase in their use over the next few years (Kapil et al., 2019; Willig et al.,
2015).

Critical care genomic sequencing is especially applicable for infants with congenital heart
diseases (CHD). CHD is the most common type of birth defect leading to critical illness in
the United States (Hoffman & Kaplan, 2002; Reller et al., 2008) and is the leading cause of
birth defect-associated illness and death (Yang et al., 2006). Given the complexity of disease
and the highly invasive and costly procedures often required for children with CHD, such as
organ transplants, the care of this patient population often involves difficult clinical
decisions for both clinicians and their family members (Morell et al., 2012).

Previous studies have assessed the technical aspects of integrating genetic sequencing to
critical care settings such as turn-around times, cost effectiveness, and medical actionability
of results (Clark et al., 2019; Kapil et al., 2019; Stark et al., 2018). They have looked at
parental experiences with GS in NICU settings and have stressed the need for genetic
counseling for families considering such testing (Ayres et al., 2019). However,
implementation of GS in critical care settings may also have profound impacts on the
clinicians who care for these children.

Results from GS can be complicated and critical care physicians receive limited training in
how to interpret them. Detection of variants of uncertain significance (VUSSs), incidental
findings, and results with implications outside of the ordering physician’s area of expertise
can make GS results difficult to interpret. If acted upon incorrectly these results can have
profound medical implications for the patient. Currently, the number of practicing
geneticists and genetic counselors are inadequate to address results for all patients who
could receive GS — particularly in the setting of the time-sensitive decisions that are often
involved in critical care (Hoskovec et al., 2018; Ormond et al., 2010). With such time
pressures, the burden of interpreting and contextualizing GS results often falls on bedside
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ICU clinicians despite their having limited knowledge and understanding of genetics and
genetic testing (Baars et al., 2005; Char et al., 2018; Marzuillo C et al., 2013).

In critical care settings clinicians and families must continually assess whether the invasive
therapies offered are proving useful or are prolonging needless suffering, weighing the
uncertainties of treatment success against the pain and suffering inflicted by the treatment
choice (Boss et al., 2012). GS is being implemented in this population and has the potential
to impact on how these difficult care decisions are made (Char et al., 2018; Priest et al.,
2014; Stavropoulos et al., 2016; Willig et al., 2015). Implementation studies of GS in
pediatric critical care have shown that transition to palliative care was more often identified
as the clinical outcome of genomic sequencing than other actions such as changes to
medication, procedures or counseling (Char et al., 2018; Petrikin et al., 2015; Willig et al.,
2015). Furthermore, rapid GS can be used to support decisions to proceed or not with
surgical interventions in neonates (Miller et al., 2015; Petrikin et al., 2015). Making such
grueling and critical decisions from GS data certainly elicits ethical concerns (Char et al.,
2018).

To better understand the experience of pediatric critical care clinicians with early
implementation of GS information to clinical care, and the potential ethical and practical
challenges that could come with its implementation, we interviewed 35 clinicians caring for
critically ill children with CHD about their experiences and thoughts about this new
technology. This paper describes the themes that emerged from these interviews regarding
their role in understanding and utilizing GS results, as well as their thoughts on what support
is needed for successful implementation.

METHODS

We used a qualitative approach, interviewing physicians, nurse practitioners and physician
assistants involved in the care of critically ill children with CHD at a high-volume pediatric
heart center and other care centers within the same system. Interviews were collected
between March 2016 and May 2018.

Interviewees were initially approached via telephone or email. Potential interviewees were
stratified based on characteristics such as clinical specialty and seniority to encompass the
diversity of clinicians caring for critically ill children with heart disease at the heart center.
One-on-one interviews were conducted in-person to provide an intimate, private context for
discussing sensitive topics (such as personal decision-making) and because this approach is
well suited for exploratory research attempting to find a range of perspectives (Christensen
et al., 1992; Feveile et al., 2007; Lemaire & Wallace, 2010; Olson, et al., 2013; Poulin &
Edu, 2010; Ullstrém et al., 2014; Yoon et al., 2010). The study was approved by the IRB of
the Stanford University School of Medicine.

A semi-structured interview guide was developed and was piloted with 5 clinicians/
participants. Questions included current and hypothetical ethical considerations of GS
implementation (Supplementary Table 1: Questions). Interviews were conducted either in
person or over the telephone and were audio-recorded and transcribed. Transcripts were
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uploaded into the qualitative analysis software Dedoose, (www.dedoose.com) and interviews
were analyzed incorporating grounded theory (Charmaz, 2014; Clarke, 2005; Corbin &
Strauss, 2015). Codes were generated inductively through a collaborative reading and
analysis of a subset of interviews (DC,SL,MC) and then finalized through successive
iterations into categories and codes. At least one primary (DC) and one secondary coder (Al)
independently coded each transcript. Differences were reconciled through consensus coding.
The team collaboratively reviewed each code and discussed interpretation of themes in a
series of consultations (Ryan & Bernard, 2003). Emerging themes were identified, described
and discussed by the research group. Interviews continued until thematic saturation was
achieved.

Study participants included 35 clinicians (Table 1: Demographics). 100% of those invited to
participate completed the interview. Interviews lasted approximately 40 minutes, but ranged
from 20-60 minutes. Overall, participants expressed a need for support using GS results in
caring for critically ill children. Thematic analysis identified three areas of perceived gaps in
support: 1) lack of clinician training and ability to interpret genetic results 2) a call for more
genetics specialist support in critical care settings; and 3) clinicians desire ongoing
education about GS to keep pace with implementation.

1) Lack of clinician training and ability to interpret genetic results

The majority of clinicians saw utility and potential for GS to be used in the high-stakes
decision-making that occurs in critical care settings. Several participants described using GS
sequencing to inform treatment decisions, like recommending a particular surgery, but also
used it to make decisions about withholding treatment or transitioning patients to palliative
or comfort care.

“If a child is stuck on a ventilator and can never come off and is going to die of a
horrible respiratory disease within a few weeks, no parents want to put their child
through that amount of suffering, so GS can make a lot of hard decisions easier. But
we have to learn ourselves and be able to teach others how. Hopefully it won’t
make that many decisions harder.” (P34, Neonatologist)

However, many also expressed significant concern about interpreting genetic results and
using them to make such decisions. These clinicians recognized that genetic findings had
significance outside of their realm of clinical practice, and could have life-altering
implications for their patients. This concern was exacerbated by the fact that many
interviewees felt doubtful about their own knowledge of genetics and genomics, especially
given the rapid pace of advancement in the field.

“| trained, started my medical school six years after chromosomes were first done,
so | go back! And a lot has been learned since that time, only some of which |
know about.” (P6, Neonatologist)

Several clinicians clearly recognized that their knowledge of genomics was less than
sufficient to interpret GS, especially to the level required to make critical clinical decisions.
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The majority of participants had received only limited formal training in genetics. This was
especially true for more senior physicians who had trained before many key advances in
genetics and genetic testing.

“When | went to medical school, | mean Mendelian genetics was it. A monk taught
us genetics!” (P1, Neonatologist)

While more senior clinicians often couched their responses in jokes about age, this concern
about inadequate genetics training was also present among junior clinicians. Many
commented about the limited training that they had received in medical school, even more
recently.

“I definitely feel woefully uninformed or inadequately informed about this topic ...
I don’t know, it’s hard to keep up with the current knowledge base that we’re
expected to know.” (P3, Intensivist)

Additionally, a few interviewees commented that they were concerned that medical
education was moving away from rigorous formal study of the genome, making interpreting
GS results even harder for clinicians.

“Here in the medical school we’re cutting back dramatically on all the preclinical
courses. There’s a proposal to whittle it down to a year and a half rather than two
years, and it’s not even a year and a half of full time because half the time is spent
in practice of medicine. So they’re not even getting the basis to be able to
understand this stuff [GS] in medical school.” (P8, Cardiologist/Geneticist)

2) Call for more genetics specialist support in critical care settings

Given concerns about interpreting GS results, all participants articulated a strong need for
interpretation and decision support with GS use. Clinicians who had worked with genetic
counselors valued them immensely when they were available.

—*“I rely incredibly heavily on our genetics counselor. | rely on her like 100% and
she’s been an incredible asset to our division. | don’t know how people in other
institutions who don’t have that kind of resource are doing this [GS] and doing this
kind of logically and rationally because there’s no way to figure out what’s
important and what’s not important. It’s very helpful to have somebody translate.”
(P1, Cardiologist)

While many clinicians noted that they were limited in their ability to stay abreast of genetic
information, several commented that a geneticist or genetic counselor could fill in that gap
and play a role in interpreting GS results. For these clinicians the breadth of information in
GS results made it difficult for them to even know what was important to consider in making
clinical decisions. A number of interviewees felt it was unrealistic to expect them to master
the depth of knowledge required interpret results in addition to their already difficult task of
caring for critically ill children.

“To have a genetic counselor that can say, these are the things that are important,
this is what it means rather than having to have us understand all of the test results
and what that means and what the ramifications are, or what the ramifications
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aren’t, because I think then that’s where it kind of opens the kind of can of worms
where you just don’t have the time or complete understanding to be able to answer
all of that.” (P4, Intensivist)

One participant likened interpretation of GS results to that of CTs scans in critical care
decisions. When it comes to CT scans a radiologist has expertise in scan interpretation and
works with the clinician to develop a plan for patient care. They felt the same could be true
for results from GS. A physician may not have the necessary training to interpret the results
and may need to collaborate with a genetics specialist.

“Why we have experts over-reading CT scans is partly to protect us from not
having to understand every single technology that we use, and so the same thing
would go here [with GS]. You would expect an expert to read the genetic test result
and for you, as a physician, to be responsible for reading the approved test results...
But it’s somewhat of a new world where we get information on so many different
diseases” (P12, Cardiologist/Geneticist)

Several clinicians recognized that, unlike radiology where a radiologist could provide a
comprehensive interpretation of the diagnostic imaging through over-reading, with GS there
is not a clear model of knowledge support for the burden of contextualizing GS findings
across so many potential clinical implications. Consequently, these clinicians desired genetic
counseling support when making clinical decisions from GS results. However, many felt that
support was often hard to find.

“Our genetics program is not, at least clinically, a service that has been very
accessible to us.” (P17, Intensivist)

Many commented on the potential for problems should support not be available, especially
given the rapid integration of GS. Clinicians were uncertain of who would provide needed
GS support, since geneticists and genetic counselors were not often accessible or included in
making acute or high-stakes decisions.

3) Desire for ongoing education about GS

While most participants saw that genetic counselors would serve a valuable role in providing
the clinical support needed to use GS in critical care, the majority also recognized that there
is a professional responsibility to understand the fundamentals of GS. This was especially
pertinent given the impact that GS results could have on their specific patient population.

“If our patient population is going to be a good target population for this type of
approach — and certainly congenital heart disease is an excellent target — then |
think we need to better understand what the issues are, what the technology is, what
the limitations of the technology’s results are. It should be entering into med school
curricula, it should be part of residency training and fellowship training curricula,
as we go forward, and then ought to be part of continuing medical education for
practitioners who are already out and about.” (P30, Cardiac Intensivist)

One participant noted that while a genetic counselor may be able to provide guidance on GS,
it is also imperative that the bedside clinician be able to integrate various genetic risks with
other clinical information to develop a comprehensive care plan.
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“It’s the nine blind men and the elephant, they’re looking at that little part of the
patient that might be abnormal, might be affected by a genetic aberration, or a
genetic combination, and | don’t know that we’re looking at those things together.”
(P7, Cardiologist)

Participants repeatedly commented on a desire for further education in genetics. For some
the need was more urgent, as genetic results were already being used in their practice.
Others felt that there had not been the clinical pressure to learn about GS yet, however, they
could foresee it becoming more important in the future as the technology becomes more
ubiquitous.

I certainly think it should be embedded in all of our ongoing medical education as
the technology... But, you know, in my work, | don’t have many times where |
think 1 wish | really understood this more because it doesn’t...current state, you
know, it isn’t affecting what I’m doing day to day, but again, | don’t think it’s far
off that it will be. (P25, intensivist)

While most participants recognized that they would not have the same training as a genetic
specialist, they did feel that a basic understanding of GS would help them improve patient
care. Participants identified a number of competencies that they thought would be valuable
to understand. These included: how to interpret a result, applications and limitations of the
technology, how GS works, as well as ethical issues surrounding GS.

“I know a little bit about genetics, I’'m not a geneticist, I’m a cardiologist, but |
have some...and | have a lot of patients who have cardiogenetic disorders and so |
know some of the basics. But WGS/WES, pros and cons and differences in targeted
gene testing, | think this is the thing that a lot of cardiologist and general
practitioners know very little about, so | would be very in favor of more education
on this.” (P28, Cardiologist)

Clinicians clearly recognized that the rapid implementation of genomic sequencing was out-
pacing their ability to learn about genetics on their own time. In attempt to balance the need
for genetics training with clinicians already busy schedules many suggested using grand

rounds, seminars or conferences as a way to incorporate genetics into continuing education.

What | would love to do is have maybe a quarterly update, you know, maybe...I
don’t know, maybe rolled into a conference of some kind. You know, one of the
conferences that we normally have in Neonatology it might be helpful to have a
specifically targeted state of affairs for genetic testing. Here’s the update, so now
you know. | don’t know. (P31, Neonatologist)

Others felt that a return to formal didactics or course-based education is needed.

“My daughter is taking genetics right now in college and she was starting to go
through it and I’'m like, oh my god, this is like a whole new world. So | have told
her when she is done, we are keeping her textbook and I’m sitting down and
reading it.” (P1, Cardiologist)

Several felt it would be most valuable for clinicians to have access to genetics education in-
real time, as it applied to their patients, an on-the-job version of the case-based learning.
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“Most of us learn best from our patients and so | would think the way to educate
people about whole genome sequencing is when they’re ordering other stuff that
might be supplanted by whole genome sequencing, make that suggestion.” (P7,
Cardiologist)

Building on this a number of participants looked to the way that genetic results themselves
are presented. They commented that results from GS were often so confusing that it was
hard to understand what they actually meant in relation to their patient’s care, “I don’t know
how easily we’ll be able to pick stuff out that matters.” (P9, Intensivist)

A few participants pointed out that simplifying genetic results to make them more
interpretable and easier to understand for clinicians could make them more useful.

“it’s got to be simple enough for physicians but there’s no person who is a
physician who’s going to be able to cover, to understand all of that and do their
day-to-day job.” (P33, Cardiac intensivist)

In addition, clinicians highlighted the nuance in differentiating significant findings from
‘clinically significant’ findings.

“say we could move the needle between 40% and 45%, probability and we have a
10% confidence to do that. | don’t believe there’s any [clinical] utility knowing that
information, but if you did know that there was a 20% chance of this fatal disease,
then that’s a very different equation.” (P12, Cardiologist/Geneticist)

DISCUSSION

Our study identifies both gaps and areas for support for clinicians in implementing GS into
critical care settings. As a whole participants were concerned about their own inability to
accurately use genetic results in clinical decision making, which could have serious impacts
on patient care. Consequently, when faced with implementing genomic testing results into
high-stakes decisions, interviewed clinicians strongly desired both decision and knowledge
guidance from collaboration with genetics specialists, though many felt that such specialists
were often not available within the timeframe required by many critical care decisions.
Lastly clinicians felt that they needed continuing education for themselves about genomic
findings to be able to use GS to improve patient care.

Previous studies have shown disparities in genetic expertise amongst clinicians, especially
when it comes to the wide range of results that can come from genomic sequencing (Graf,
Char, Hanson-Kahn, & Magnus, 2019). This is especially pertinent for syndromic results
that may have implications outside of the ordering clinician’s specialty, as well as
complicated results such as incidental findings and variants of uncertain significance (VUSS)
where there is potential for clinicians to overstate the significance of a finding (Campion,
Goldgar, Hopkin, Prows, & Dasgupta, 2019; Graf et al., 2019). The support requested by
clinicians in our study was twofold: they desired both general knowledge support in
understanding genetic findings for themselves, as well decision support from genetic
specialist in contextualizing those results into a patient’s care plan and using them in the
critical care space.
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Many of the clinicians in our cohort expressed being unsure of how to read the genetics
results themselves and desired education that would help them be able to actively use
genetic information. Clinicians are unlikely to attain the same depth of training as a genetics
specialist, such as a genetic counselor, however, they felt it was important to understand the
key principles. In this manner, genetic results could be likened to clinicians’ understanding
of statistics. A cursory understanding of statistics allows physicians to make some clinical
decisions based in complex literature, without consultation from a statistician to confirm
each studies validity. Improving the clarity of genetics results and training clinicans to use
them could allow them to be used in a similar manner.

This highlights the need for the development of systems to communicate the known clinical
weight of various findings. The discipline of Evidence-Based Medicine has worked to
develop a hierarchical system of classifying evidence for prognostic studies as well as
practice recommendations (Burns et al, 2011). In genomics evidence scoring systems, such
as ClinGen (https://clinicalgenome.org/), will likely be integral in transitioning genomics
into new clinical settings like critical care (Khoury et al., 2018). While bedside clinicians
will need to become familiar with these grading scales of findings, having understanding of
these scales could streamline their ability to use genetic information and collaborate with
genetics professionals on care decisions. Additionally, such rubrics guiding clinicians’
interpretation of GS findings might facilitate needed collaborative translational research on
the best approaches to implementing genomics to clinical care (Khoury et al., 2018).

Building on this, clinicians in our study stressed a need for further education in genetics and
genomics. Further education has tremendous potential to both allow clinicians to make calls
on genetic results should a genetics specialist not be available, and work collaboratively with
specialists when they are present. This is perhaps the most challenging issue to address,
given the significant demands already present on bedside clinicians’ time. While formal
didactics, like pre-clinical courses in genetics/genomics, would be the most comprehensive
they are also the most schedule intrusive (Campion et al., 2019).

Medical education in the last two decades has focused on the value of “case-based learning”
(Riddell et al., 2017). Bedside care of an individual patient is what case-based learning aims
to duplicate. Prioritization of genetics and genomics education through already existing
continuing medical education platforms (such as weekly grand rounds or journal clubs)
coordinated with GS implementation might also be beneficial. Additionally, some clinicians
desired genetics education to be accessible in real-time as it pertained to patients that they
were directly caring for. There could be a role for web-based and self-paced educational
modules such as massive open online courses (MOOCS) or other online modules that could
provide clinicians with pertinent genetics instruction as it is needed (Campion et al., 2019).

But when it came to the second objective of contextualizing results into a patient’s care plan,
clinicians saw access to a dedicated critical care genetic counselor as the best solution to
addressing their concerns. Stark et al. found similar results in a study of Australian critical
care providers who strongly preferred that rapid genomic testing in the acute pediatric
setting to be led by clinical genetic services (Stark et al., 2019). Previous studies have
highlighted the roles of genetic counselors in critical care settings with a focus on patient
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support (Ayres et al., 2019; Clowes Candadai, Sikes, Thies, Freed, & Bennett, 2019).
Genetic counselors can allow for long-term follow up and continuity of care surrounding
genetic results. They can identify support resources for the family and coordinate cascade
testing. They also provide psychosocial support for families in crisis, especially surrounding
life-limiting diagnoses and the initiation of palliative care. Genetic counselors also ensure
that other implications of genetic testing, such as incidental findings, are considered in high-
stress environments (Ayres et al., 2019; Clowes Candadai et al., 2019).

This study highlights yet another important role for counselors in the crucial care setting:
working with clinicians to integrate genetic information into critical care decision making.
Additionally, increased presence of genetic counselors and a clear rubric for addressing the
statistical and evidentiary support behind various GS findings could contribute significantly
to on-the-job education of clinicians using and encountering GS. A critical care GC could
guide GS testing choices and explain both the findings and their potential clinical
implications, not just to the patient or their family, but to the entire care team. Bringing this
new perspective to the table will likely enhance discussions around the use of GS in critical
care decisions and would provide a point person when clinicians come across unfamiliar
information in the genetics space. GCs would also be able to tailor clinician education to be
the most fitting for the challenges that emerge in the critical care setting.

Interviewees in this cohort lauded specialized cardiac genetic counselors, when they were
available, to provide insight on cardiac-related GS findings. Critical care similarly requires
specialty knowledge. GCs serving in such settings would need to have an understanding of
the types of decisions being made in critical care, as well as the time pressure that
accompany them (Ayres et al., 2019). The desire to have a genetic counseling presence in
critical care settings also brings forth the question of if genetic counselors should receive
additional formal training to function in critical care settings? There are many unique
medical and psychosocial considerations when it comes to counseling in a critical care
settings (Ayres et al., 2019; Clowes Candadai et al., 2019; Smith, du Souich, Dragojlovic,
Elliott, & Elliott, 2019). In the past genetic counselors have primarily functioned in
pediatric, cancer and prenatal settings, but more recently roles in neurology, cardiology,
pharmacology and even psychiatry have emerged (Heald et al., 2016). Genetic counseling
programs have begun to build specific training in these specialties, as well as topics such as
genomic variant interpretation, into their curriculum (Grove et al., 2019). There may be
room to incorporate critical care specific training into genetic counseling curriculum or into
continuing education programs for genetic counselors.

While most clinicians saw having a specialized critical care genetic counselor as being the
gold-standard, they were also aware that there is a scarcity of genetic specialists. It is known
that the number of geneticists and genetic counselors is inadequate to interpret results for all
patients who undergo GS, even in the outpatient setting (Hoskovec et al., 2018; Ormond et
al., 2010). Additionally, one of the key elements of having a genetic counselor in a critical
care setting would be having them available to consult within the time-frames of high-
pressure critical care decisions and offer continual support to the clinical team. Although it
is unclear if a dedicated critical care genetic counselor would be cost-effective, with
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significant efforts underway to implement rapid genomic testing to pediatric critical care the
need is clear.

Critical care clinicians need support in implementing GS, even if having a fulltime genetic
counselor may not be an attainable solution for all hospitals. In lieu of such services there
are several additional solutions that could lessen some of the concerns identified by
clinicians in our cohort. Hospitals could improve access to genetics consultations through
counselors who either work in different departments, or who share responsibilities between
multiple hospitals. Tele-genetic counseling is one of the fastest growing areas in genetic
counseling and contracting companies could help bring support to clinics on an as needed
basis, especially in rural settings, or smaller hospitals (Fang et al., 2016; Stalker et al., 2006).

It is also possible that this is an area where well-designed artificial intelligence (Al) may be
able to provide some decision support to clinicians. Al technologies are being developed to
assist in interpretation of clinical tests like radiology, and to replace traditional clinical
algorithms (Hov et al., 2018; Lynn, 2019; Yoo et al., 2019). Al offers the potential to analyze
complicated components of a patient’s case which clinicians may not be able to interpret,
and it is reasonable to believe that these programs will soon be able to provide guidance on
which patients may benefit from genetic testing, and what actions should be taken based on
GS results. While Al offers promise to aid in clinical decision making, it is not without
limitations and ethical concerns. Algorithms will need substantial training, continual
evaluation for accuracy, and may also come with a learning curve before data becomes
useful for clinicians.

While these solutions may offer some support and could remove some of the pressures on
the already strained genetics workforce, they are unlikely to be able to provide the same
benefits for both patients and providers of having a dedicated genetic counselor. The
dynamic and evolving nature of implementation of genomic findings to care suggest that, at
least for the near term, having an accessible genetic specialist who understands both the
current genetic literature as well as the clinical demands of the critical care context is the
best approach to support clinical decisions and improve overall clinical knowledge about
genomic findings. Hospitals may need a variety of approaches to help clinicians use GS in
critical care settings depending on their specific needs and resources. We hope that future
research will continue explore ways for hospitals to provide such supports.

LIMITATIONS

The interviewer for all collected interviews (DC) is a practicing clinician who works at the
institution. This work relationship may have introduced interviewer bias into the interview
dynamic. However, this association may also have provided a dynamic allowing for greater
candor by interviewees, such as expressing unguarded anxieties or concerns and ethical
challenges that they perceive with GS implementation that they might not have revealed to
an interviewer unfamiliar with their work or practice environment. As with all qualitative
studies there are limits to generalizability. This study’s field site is developing a genomics
service, with many clinicians involved in genetic or affiliated research. Clinicians at this
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particular field site may have thought about or considered the uses and impacts of GS more
than clinicians in other critical care settings.

CONCLUSION

Integrating GS into clinical decision making for critically-ill children with CHD has the
potential to improve care and clinical outcomes. For this implementation to be successful,
however, clinicians need to have the appropriate training and support to use these results.
Our assessment revealed that clinicians do not currently feel comfortable using this
information in making high impact decisions. While they felt it was necessary to be able to
weigh in on results themselves through continuing genetics education, they saw that having
greater presence of genetic counselors in critical care settings was imperative. To best serve
in this setting a genetic counselor would need to have an understanding of the complexity
and time sensitivity of critical care decisions, as well as context for the psychological needs
of the families being evaluated. This presents a new area and important area for genetic
counselors to improve care through their unique skill set. Future research is needed to
identify best practices for providing this support.
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Refer to Web version on PubMed Central for supplementary material.

ACKNOWLEDGEMENTS

Research reported in this publication was supported by the National Human Genome Research Institute of the
National Institutes of Health under Award Number KO1HG008498. The authors would like to thank the participants
for their time and thoughtful responses. Additionally, they would like to thank Dr. David Magnus for helpful
feedback in thematic analysis and Alvan Ikoku for his assistance doing secondary coding of interviews.

REFERENCES

Ayres S, Gallacher L, Stark Z, & Brett GR (2019). Genetic counseling in pediatric acute care:
Reflections on ultra-rapid genomic diagnoses in neonates. Journal of Genetic Counseling, 28(2),
273-282. 10.1002/jgc4.1086 [PubMed: 30663825]

Baars MJH, Henneman L, & ten Kate LP (2005). Deficiency of knowledge of genetics and genetic
tests among general practitioners, gynecologists, and pediatricians: A global problem. Genetics in
Medicine, 7(9), 605-610. 10.1097/01.9im.0000182895.28432.c7 [PubMed: 16301861]

Boss RD, Kinsman HI, & Donohue PK (2012). Health-related quality of life for infants in the neonatal
intensive care unit. Journal of Perinatology, 32(12), 901-906. 10.1038/jp.2012.82 [PubMed:
22743406]

Burns PB, Rohrich RJ, & Chung KC (2011). The Levels of Evidence and their role in Evidence-Based
Medicine. Plast Reconstr Surg. 10.1097/PRS.0b013e318219¢171

Campion M, Goldgar C, Hopkin RJ, Prows CA, & Dasgupta S (2019). Genomic education for the next
generation of health-care providers. Genetics in Medicine, 1 10.1038/s41436-019-0548-4

Char DS, Soo-Jin Lee S, Magnus D, & Cho M (2018). Anticipating uncertainty and irrevocable
decisions: provider perspectives on implementing whole-genome sequencing in critically ill children
with heart disease. Genetics in Medicine. 10.1038/gim.2018.25

Charmaz K (2014). Constructing grounded theory. Sage.

Christensen JF, Levinson W, & Dunn PM (1992). The heart of darkness: the impact of perceived
mistakes on physicians. Journal of General Internal Medicine, 7(4), 424-431. 10.1007/bf02599161
[PubMed: 1506949]

J Genet Couns. Author manuscript; available in PMC 2021 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Deuitch et al.

Page 13

Clark MM, Hildreth A, Batalov S, Ding Y, Chowdhury S, Watkins K, ... Kingsmore SF (2019).
Diagnosis of genetic diseases in seriously ill children by rapid whole-genome sequencing and
automated phenotyping and interpretation. Science Translational Medicine (Vol. 11). Retrieved from
http://stm.sciencemag.org/

Clarke A (2005). Situational Analysis. 2455 Teller Road, Thousand Oaks California 91320 United

States of America: SAGE Publications, Inc 10.4135/9781412985833

Clowes Candadai SV, Sikes MC, Thies JM, Freed AS, & Bennett JT (2019). Rapid clinical exome
sequencing in a pediatric ICU: Genetic counselor impacts and challenges. Journal of Genetic
Counseling, 28(2), 283-291. 10.1002/jgc4.1116 [PubMed: 30964580]

Corbin JM, & Strauss AL (2015). Basics of qualitative research: Techniques and Procedures for
Developing Grounded Theory. Retrieved from https://us.sagepub.com/en-us/nam/basics-of-
qualitative-research/book235578

Fang JL, Collura CA, Johnson RV, Asay GF, Carey WA, Derleth DP, ... Colby CE (2016). Emergency
Video Telemedicine Consultation for Newborn Resuscitations: The Mayo Clinic Experience.
Mayo Clinic Proceedings, 91(12), 1735-1743. 10.1016/j.mayocp.2016.08.006 [PubMed:
27887680]

Farnaes L, Hildreth A, Sweeney NM, Clark MM, Chowdhury S, Nahas S, ... Kingsmore SF (2018).
Rapid whole-genome sequencing decreases infant morbidity and cost of hospitalization. Genomic
Medicine, 3(1), 10 10.1038/s41525-018-0049-4 [PubMed: 29644095]

Feveile H, Olsen O, & Hogh A (2007). A randomized trial of mailed questionnaires versus telephone
interviews: response patterns in a survey. BMC Medical Research Methodology, 7, 27
10.1186/1471-2288-7-27 [PubMed: 17592653]

Graf M, Char D, Hanson-Kahn A, & Magnus D (2019). Use of genetic risks in pediatric organ
transplantation listing decisions: A national survey. Pediatric Transplantation, (January), 1-9.
10.1111/petr.13402

Grove ME, White S, Fisk DG, Rego S, Dagan-Rosenfeld O, Kohler JN, ... Hanson-Kahn AK (2019).
Developing a genomics rotation: Practical training around variant interpretation for genetic
counseling students. Journal of Genetic Counseling, 28(2), 466-476. 10.1002/jgc4.1094 [PubMed:
30706981]

Heald B, Rybicki L, Clements D, Marquard J, Mester J, Noss R, ... Eng C (2016). Assessment of
clinical workload for general and specialty genetic counsellors at an academic medical center: a
tool for evaluating genetic counselling practices. Genomic Medicine, 1(1), 16010 10.1038/
npjgenmed.2016.10 [PubMed: 29263811]

Hoffman JIE, & Kaplan S (2002). The incidence of congenital heart disease. Journal of the American
College of Cardiology, 39(12), 1890-1900. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/
12084585 [PubMed: 12084585]

Hoskovec JM, Bennett RL, Carey ME, DaVanzo JE, Dougherty M, Hahn SE, ... Wicklund CA (2018).
Projecting the Supply and Demand for Certified Genetic Counselors: a Workforce Study. Journal
of Genetic Counseling, 27(1), 16-20. 10.1007/s10897-017-0158-8 [PubMed: 29052810]

Hov MR, Zakariassen E, Lindner T, Nome T, Bache KG, Raislien J, ... NASPP study group, on behalf
of the N. study. (2018). Interpretation of Brain CT Scans in the Field by Critical Care Physicians in
a Mobile Stroke Unit. Journal of Neuroimaging, 28(1), 106-111. 10.1111/jon.12458 [PubMed:
28766306]

Kapil S, Fishler KP, Euteneuer JC, & Brunelli L (2019). Many newborns in level IV NICUs are
eligible for rapid DNA sequencing. American Journal of Medical Genetics Part A, 179(2), 280—
284.10.1002/ajmg.a.61011 [PubMed: 30569577]

Khoury MJ, Feero WG, Chambers DA, Brody LE, Aziz N, Green RC, ... Mensah GA (2018). A
collaborative translational research framework for evaluating and implementing the appropriate
use of human genome sequencing to improve health. PLOS Medicine, 15(8), e1002631 10.1371/
journal.pmed.1002631 [PubMed: 30071015]

Lemaire JB, & Wallace JE (2010). Not all coping strategies are created equal: a mixed methods study
exploring physicians’ self reported coping strategies. BMC Health Services Research, 10, 208
10.1186/1472-6963-10-208 [PubMed: 20630091]

J Genet Couns. Author manuscript; available in PMC 2021 February 01.


http://stm.sciencemag.org/
https://us.sagepub.com/en-us/nam/basics-of-qualitative-research/book235578
https://us.sagepub.com/en-us/nam/basics-of-qualitative-research/book235578
http://www.ncbi.nlm.nih.gov/pubmed/12084585
http://www.ncbi.nlm.nih.gov/pubmed/12084585

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Deuitch et al.

Page 14

Lynn LA (2019). Artificial intelligence systems for complex decision-making in acute care medicine: a
review. Patient Safety in Surgery, 13(1), 6 10.1186/5s13037-019-0188-2 [PubMed: 30733829]

Marzuillo C, De Vito C, B. S. (2013). Knowledge, attitudes and behavior of physicians regarding
predictive genetic tests for breast and colorectal cancer. Preventive Medicine, 57(5), 477-482.
10.1016/J.YPMED.2013.06.022 [PubMed: 23827720]

Meng L, Pammi M, Saronwala A, Magoulas P, Ghazi AR, Vetrini F, ... Lalani SR (2017). Use of
Exome Sequencing for Infants in Intensive Care Units. JAMA Pediatrics, 171(12), e173438
10.1001/jamapediatrics.2017.3438 [PubMed: 28973083]

Miller NA, Farrow EG, Gibson M, Willig LK, Twist G, Yoo B, ... Kingsmore SF (2015). A 26-hour
system of highly sensitive whole genome sequencing for emergency management of genetic
diseases. Genome Medicine, 7(1), 100 10.1186/s13073-015-0221-8 [PubMed: 26419432]

Morell E, Wolfe J, Scheurer M, Thiagarajan R, Morin C, Beke DM, ... Blume ED (2012). Patterns of
care at end of life in children with advanced heart disease. Archives of Pediatrics & Adolescent
Medicine, 166(8), 745-748. 10.1001/ARCHPEDIATRICS.2011.1829 [PubMed: 22473887]

Ormond KE, Wheeler MT, Hudgins L, Klein TE, Butte AJ, Altman RB, ... Greely HT (2010).
Challenges in the clinical application of whole-genome sequencing. Lancet (London, England),
375(9727), 1749-1751. 10.1016/S0140-6736(10)60599-5

Paul Olson TJ, Brasel KJ, Redmann AJ, Alexander GC, & Schwarze ML (2013). Surgeon-Reported
Conflict With Intensivists About Postoperative Goals of Care. JAMA Surgery, 148(1), 29 10.1001/
jamasurgery.2013.403 [PubMed: 23324837]

Petrikin JE, Willig LK, Smith LD, & Kingsmore SF (2015). Rapid whole genome sequencing and
precision neonatology. Seminars in Perinatology, 39(8), 623—-631. 10.1053/j.semperi.2015.09.009
[PubMed: 26521050]

Poulin M, & Edu M (2010). Reporting on first sexual experience: The importance of interviewer-
respondent interaction. Demographic Research. 10.4054/DemRes.2010.22.11

Priest JR, Ceresnak SR, Dewey FE, Malloy-Walton LE, Dunn K, Grove ME, ... Ashley EA (2014).
Molecular diagnosis of long QT syndrome at 10 days of life by rapid whole genome sequencing.
Heart Rhythm, 11(10), 1707-1713. 10.1016/j.hrthm.2014.06.030 [PubMed: 24973560]

Reller MD, Strickland MJ, Riehle-Colarusso T, Mahle WT, & Correa A (2008). Prevalence of
Congenital Heart Defects in Metropolitan Atlanta, 1998-2005. The Journal of Pediatrics, 153(6),
807-813. 10.1016/j.jpeds.2008.05.059 [PubMed: 18657826]

Riddell J, Jhun P, Fung C-C, Comes J, Sawtelle S, Tabatabai R, ... Swadron SP (2017). Does the
Flipped Classroom Improve Learning in Graduate Medical Education? Journal of Graduate
Medical Education, 9(4), 491-496. 10.4300/JGME-D-16-00817.1 [PubMed: 28824764]

Ryan GW, & Bernard HR (2003). Techniques to Identify Themes. Field Methods, 15(1), 85-109.
10.1177/1525822X02239569

Smith EE, du Souich C, Dragojlovic N, Elliott AM, & Elliott AM (2019). Genetic counseling
considerations with rapid genome-wide sequencing in a neonatal intensive care unit. Journal of
Genetic Counseling, 28(2), 263-272. 10.1002/jgc4.1074 [PubMed: 30964583]

Stalker HJ, Wilson R, McCune H, Gonzalez J, Moffett M, & Zori RT (2006). Telegenetic medicine:
improved access to services in an underserved area. Journal of Telemedicine and Telecare, 12(4),
182-185. 10.1258/135763306777488762 [PubMed: 16774698]

Stark Z, Lunke S, Brett GR, Tan NB, Stapleton R, Kumble S, ... White SM (2018). Meeting the
challenges of implementing rapid genomic testing in acute pediatric care. Genetics in Medicine,
20(12), 1554-1563. 10.1038/gim.2018.37 [PubMed: 29543227]

Stark Z, Nisselle A, McClaren B, Lynch F, Best S, Long JC, ... Gaff CL (2019). Attitudes of
Australian health professionals towards rapid genomic testing in neonatal and paediatric intensive
care. European Journal of Human Genetics, 1 10.1038/s41431-019-0429-y

Stavropoulos DJ, Merico D, Jobling R, Bowdin S, Monfared N, Thiruvahindrapuram B, ... Marshall
CR (2016). Whole Genome Sequencing Expands Diagnostic Utility and Improves Clinical
Management in Pediatric Medicine. Genomic Medicine, 1, 15012 10.1038/npjgenmed.2015.12
[PubMed: 28567303]

J Genet Couns. Author manuscript; available in PMC 2021 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Deuitch et al.

Page 15

Ullstrdm S, Andreen Sachs M, Hansson J, @vretveit J, & Brommels M (2014). Suffering in silence: a
qualitative study of second victims of adverse events. BMJ Quality & Safety, 23(4), 325-331.
10.1136/bmjgs-2013-002035

Willig LK, Petrikin JE, Smith LD, Saunders CJ, Thiffault I, Miller NA, ... Kingsmore SF (2015).
Whole-genome sequencing for identification of Mendelian disorders in critically ill infants: a
retrospective analysis of diagnostic and clinical findings. The Lancet. Respiratory Medicine, 3(5),
377-387. 10.1016/S2213-2600(15)00139-3 [PubMed: 25937001]

Yang Q, Chen H, Correa A, Devine O, Mathews TJ, & Honein MA (2006). Racial differences in infant
mortality attributable to birth defects in the United States, 1989-2002. Birth Defects Research Part
A: Clinical and Molecular Teratology, 76(10), 706-713. 10.1002/bdra.20308 [PubMed: 17022030]

Yoo TK, Ryu IH, Lee G, Kim Y, Kim JK, Lee IS, ... Rim TH (2019). Adopting machine learning to
automatically identify candidate patients for corneal refractive surgery. Digital Medicine, 2(1), 59
10.1038/s41746-019-0135-8 [PubMed: 31304405]

Yoon JD, Rasinski KA, & Curlin FA (2010). Conflict and emotional exhaustion in obstetrician-
gynaecologists: a national survey. Journal of Medical Ethics, 36(12), 731-735. 10.1136/jme.
2010.037762 [PubMed: 21112936]

J Genet Couns. Author manuscript; available in PMC 2021 February 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Deuitch et al.

Demographics of Interviewees

[T
Gender
Male 20 | 57%
Female 15 | 43%
Relative Seniority (years since completion of training)
Junior 12 | 34%
(10 years or less)
Mid-Career 10 | 29%
(10-20 years)
Senior 13 | 37%
(20+ years)
Clinician Specialty Type
Cardiologist 10 | 29%
« Cardiologist-geneticist (3)
Nurse Practitioner (NP) 8 | 23%
Anesthesiologist 6 | 17%
Intensivist 3 9%
Neonatologist 3 9%
Surgeon 3 9%
« Cardiothoracic (2)
« Ear nose and throat (ENT) (1)
Physician Assistant (PA) 2 6%
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