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Abstract

Background: Advances in diagnostics testing and treatment of genetic conditions have led to increased demand for genetic
services in the United States. At the same time, there is a shortage of genetic services professionals. Thus, understanding the
models of service delivery currently in use can help increase access and improve outcomes for individual s identified with genetic
conditions.

Objective: This review aims to provide an overview of barriers and facilitators to genetic service delivery models to inform
future service delivery.

Methods: We conducted a scoping literature review of the evidence to more fully understand barriers and facilitators around
the provision of genetic services.

Results:  There were a number of challenges identified, including the limited number of genetics specialists, wait time for
appointments, delivery of services by nongenetics providers, reimbursement, and licensure. The ways to address these challenges
include the use of health information technology such as telehealth, group genetic counseling, provider-to-provider education,
partnership models, and training; expanding genetic provider types; and embedding genetic counselorsin clinical settings.

Conclusions: The literature review highlighted the need to expand access to genetic services. Ways to expand services include
telehealth, technical assistance, and changing staffing models. In addition, using technology to improve knowledge among related
professional's can help expand access.

(Interact J Med Res 2021;10(1):€23523) doi: 10.2196/23523
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Introduction

Advancesin diagnostic testing and treatment optionsfor genetic
conditions have led to increased demand for genetic servicesin
the United States. The gateway to genetic services is through
multiple paths. For example, newborn screening programs test
all infants shortly after birth for avariety of genetic conditions.
Other avenuesinclude clinical diagnosis from abroad array of
specialists, such as neurologists, oncologists, and geneticists.
We sought to understand how genetic services are provided and
identify the most cost-effective methods of meeting growing
needs for services. Understanding the current delivery models
being used can help strengthen the long-term follow-up of
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individuals identified with genetic conditions and, ultimately,
improve outcomes for patients and families.

Thegoal of thisstudy isto identify evidence from theliterature
regarding the challenges and potential solutions to improve
service delivery models. We sought to understand thefollowing
research questions; (1) What are the current practice methods
and models for genetic services? (2) What are the barriers or
challenges presently being encountered that impede the
provision of timely genetic services? and (3) What are the best
practices, lessonslearned, and service offeringsthat caninform
future efforts?
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Methods

We conducted a series of 3 iterative literature searches with
increasing specificity of search terms. The searches enabled the
research team to amass a broad base of literature related to
genetic service model s spanning from genetic services delivered
in early infancy, as part of newborn screening, to services
delivered in adulthood, with the onset of health conditions such
as cancer. This was intended to explore models that may have
been implemented successfully in other heath areas or
populations that could potentially be of interest for application
or adoption in the United States. Search parameters were

Textbox 1. Search parameters of the scoping review.

Raspaet al

consistent in all 3 searches (Textbox 1), and search terms were
altered for each search (Textbox 2).

In total, 2 researchers reviewed all search results for initial
inclusion. Researchers independently reviewed each abstract
and made notations related to reported challenges and potential
solutions regarding the delivery of genetic services. These
notations guided inclusion and exclusion decisions. Researchers
reviewed each other's notations, discussed any areas of
disagreement, and ultimately came to a consensus on whether
the article should be obtained and included in the review.
Full-text articles were obtained for all search results that met
theseinitial criteria; each article wasreviewed, and themeswere
extracted.

Language
« English

Period

o  2010-2020

Geogr aphic population
«  United States and international

Databases

« PubMed

e Embase

«  PsycINFO

«  Web of Science (includes Science Citation Index Expanded, Socia Sciences Citation Index, Conference Proceedings Citation Index-Science,
and Conference Proceedings Citation Index-Social Science and Humanities)

Textbox 2. Search terms of the scoping review.

Search 1
«  Genetics AND service delivery OR model

Search 2

«  Genetic(s) service(s) provision OR genetic(s) service(s) delivery OR genetic(s) service(s) delivery model(s) OR genetic health care service(s)
delivery OR genetic(s) support delivery OR genetic(s) support model (s) OR genetic(s) service(s) delivery structure OR genetic(s) services delivery
system OR genetic(s) delivery of health care OR genetic counseling services OR genetic diagnostic services

Search 3

«  Pediatric genetic counseling OR newborn screening fol low-up AND genetic(s) service(s) provision OR genetic(s) service(s) delivery OR genetic(s)
service(s) delivery model(s) OR genetic health care service(s) delivery OR genetic(s) support delivery OR genetic(s) support model(s) OR
genetic(s) service(s) delivery structure OR genetic(s) services delivery system OR genetic(s) delivery of health care OR genetic counseling
services OR genetic diagnostic services

After an initia review, 93 articles related to genetic service
models from across the 3 searches were selected for a full-text
review. Three researchers categorized the articles by theme
together and carried out full-text reviews. Table 2 outlines the
articles included across the 3 maor themes that were
incorporated into the final review.

Results

The search yielded 187 unique abstracts or references (Table
1). Of these, 112 articles were reviewed.
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Table 1. Number of articles selected to be reviewed from search results.
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Search Referencesin search  Mention of challenges  Mention of solutionsin  Mention of challengesand ~ Number of articlesre-
results (n=187), n (%) in abstract/title (n=8), abstract/title (n=85), n  solutions in abstract/title trieved for full-text re-
n (%) (%) (n=19), n (%) view (n=112), n (%)
Search 1: broad 90 (48) 2(25) 44 (52) 14 (74) 60 (54)
Search 2: genetic 67 (36) 3(39) 31(37) 5(26) 39 (35)
services specified
Search 3: pediatric 30 (16) 3(39) 10 (12) 0(0) 13(12)

Table 2. Number of articles by theme.

Category Number of articles reviewed for solutions
Telegenetics (n=37), n (%)  Training, education, and awareness Infrastructure/workflow (n=36), n (%)
(n=34), n (%)
Search 1: broad 23(62) 18 (53) 15 (42)
Search 2: genetic services specified 2 (5) 5(15) 7(19)
Search 3: pediatric 12 (32) 11(32) 14 (39)

Challenges and BarriersIdentified in the Literature

Limited Number of Genetics Specialists

The shortage of genetics professionals coupled with a rapidly
growing need has been described as one of the biggest
challengesfacing thefield [1]. Thereisapproximately 1 genetics
professional per 300,000 individuals in the United States [2].
Radford et al [3] reported similar deficitsin staffing, noting that
2500 certified genetic counselors practice in the United States,
equating to 8.1 genetic counselors per 1 million population.
Rural areas and certain states experience these shortages more
profoundly [3,4]. Increased demand for genetics professionals
is based on a few factors, including the growing number of
conditionsthat can now beidentified as having agenetic cause,
affordability of testing technologies, and demand for genetic
counselorsin more diverse clinical settings[3,5].

In asurvey of state newborn screening coordinators within the
Southeast Regional Newborn Screening and Genetics
Collaborative, close to half of the respondents indicated that
the adequacy of the number of genetic counselors, dietitians,
and medica or biochemical geneticists was minimal to
insufficient [6]. One study related to newborn hearing loss
reported that the deficit in the workforce has resulted in poor
follow-up of patients. Al-Mulki and Todd [ 7] sought to explore
staffing and loss to follow-up in newborns who did not pass
hearing screening. The authors found that follow-up rateswere
higher when a full-time navigator position wasfilled [7].

However, asthe need for these professional s continuesto grow,
the number of clinical geneticistsentering thefield isdecreasing,
with approximately 50% of medical geneticsresidency positions
unfilled each year [1]. In some areas, genetic counseling
positions have been difficult to fill [8].

Wait Time for and Length of Genetics Appointments

Two of the main challenges related to the delivery of genetic
services were the time intensiveness of providing genetic
counseling and wait times for appointments. Despite the fact
that genetic service delivery models have changed over theyears

https://www.i-jmr.org/2021/1/e23523

and fewer visits per patient are common, thisis not the case for
all areas of genetic counseling; genetic counseling continuesto
be a time- and resource-intensive process [1]. In a survey of
cancer genetic counselors, 92% were spending fewer than 75
min for initial counseling, although recommendations suggest
up to 3 hours [9]. Genetic counseling sessions have been
reported to take longer when conducted by a genetics
professional compared with another specialist [10]. Time was
also mentioned in a study by Brierley et a [11], where
nongenetics professionals required more time than they had
available to perform genetic counseling and testing. In addition
to the length of genetics appointments, several studies have
discussed wait time asasignificant barrier to accessing services,
which is often linked to limitations in the workforce and
geography [1,4,12].

Delivery of Services by Nongenetics Providers

Several studies have explored the delivery of genetic services
by nongenetics professionals and the resulting challenges and
impacts on patients [1,4,11,13-15].

Although primary care providers are well positioned to
recognize whether genetic tests or referral to genetic counseling
is appropriate, there are still gaps in identifying the need for
genetic services [1]. In addition, nongenetics professionals do
not always follow guidelines. Thiswas indicated in one survey
conducted in Floridathat focused on pretest genetic counseling
servicesfor hereditary breast and ovarian cancer [15]. Another
study reviewed 200 patients with breast or ovarian cancer who
met the criteriafor genetic testing. Lacking areferral from the
attending oncologist was cited as the biggest barrier for 30%
of the patients who did not recelve adequate testing or
counseling [16].

Patients can experience adverse outcomes from delivery of
services by nongenetics providers. A web-based survey and
structured tel ephone interview with genetic counselorsreveaed
patients' negative outcomes on receiving genetic services from
nongenetics professionals in Minnesota. These outcomes
included adverse psychosocial effects, medical mismanagement,
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inadequate counseling, negative shifts in attitudes toward
medical providers, and unnecessary use of resources [13].
Another study invited genetic counselors from the National
Society of Genetic Counselors (NSGC) Cancer Special Interest
Group to submit cases of adverse outcomes of genetic
counseling and testing performed by nongenetics professionals.
The list included incorrect genetic tests ordered,
misinterpretation of results, inadegquate genetic counseling,
unnecessary testing and surgery, distress, and false reassurance
[11].

Reimbursement and Licensure

There are inherent challenges related to difficulties in
implementing, sustaining, and scaling alternative delivery
models[1,5]. Some of these challenges are because of logistical
issues, including billing, reimbursement, required equipment
and setup, and the inability to see the patient (ie, in the case of
telephone counseling) [17]. Nonuniform delivery of services
may be because of the varying state-level laws and license
requirements for genetic counselors [2]. Others have described
that alternative models have not been widely tested, and given
the increasing role of technology, hew approaches to training
counselors will also need to be devel oped [6].

Modelsto AddressBarriersldentified intheLiterature

Provider-to-Patient Telegenetics

The use of telehealth practices in the field of genetics, often
referred to as telegenetics, has increased steadily in the past
decade. Most often, this is through the use of video-based
technology, although phone-based delivery of services to
patients has al so been used. A landscapereview article by Terry
et a [12] found that many clinics in the Mid-Atlantic region
had started using telegenetics to deliver services to patients.
Clinicsthat had used tel egenetics were often located in academic
or other medical ingtitutionswith afocus on prenatal and cancer
services. However, in-person counseling is still a prevalent
method of genetic counseling delivery. In a web-based survey
of members of the NSGC Familial Cancer Special Interest
Group, the face-to-face pretest and posttest model was reported
as the most commonly used (92.2%) [18].

Thosewho have used telegeneticsto deliver servicesto patients
indicate that it allows providers to see more patients, reduces
wait time, and improves costs [8,19-21]. In addition, patient
satisfaction is high, with many studies citing benefits such as
reduced travel time and increased convenience [22-28]. Most
patients report being comfortable with using technology [22],
although some still prefer in-person care, given possible
technical problemsor reduction in the quality of the interaction
[24]. Those who arelessin favor of telegenetics are often older
patients [26].

A mini-review by Buchanan et a [23] identified models that
use telephone genetic counseling at different points of care.
This included pretest telephone counseling, posttest telephone
counseling, and a model developed by a Dutch group, called
DNA-direct, with a telephone pretest counseling model
accompanied by mailed educational materials, followed by an
in-person posttest consultation. Rayes et al [29] described the
protocol for MAGENTA (MAking GENEetic Testing Accessible),
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a national randomized controlled trial that will compare
web-based genetic education and tel ephone genetic counseling
for hereditary cancer genetic testing.

Outcomes reported through telegenetics are fairly well
documented, with most focusing on the delivery of telegenetic
counseling. When compared with baseline scores or in-person
genetic service delivery, most patients reported reduced anxiety
and high levels of knowledge [22]. Telephone counseling has
also reported positive outcomes[30], although one study found
better outcomes for video- versus phone-based genetic
counseling [31].

Group Genetic Counsdling

Another possible option for improving the efficiency of genetic
services is the delivery of genetic counseling services through
a group model. Two studies compared group counseling with
individual counseling [32,33]. In both the studies, participants
in each group reported high levels of satisfaction. Although
participantsin both the group and individual genetic counseling
encounters reported significantly decreased patient anxiety,
increased perceived persona control, decreased decisional
conflict, and increased knowledge, those in the individual
session reported agreater reduction in anxiety than thosein the
group session [32]. Woodson et al [34] described a group
counseling model for an underserved population in Texas
focused on women receiving counseling for hereditary breast
and ovarian cancer [34]. Group genetic counseling was also
reported to increase efficiency by decreasing the time spent per
patient [23]. When asked to rate their preference for individual
versus group counseling, however, most ranked individual
counseling higher [35].

Provider-to-Provider Telegenetic Consultation

In this model, primary care providers have access to specialty
providers to gain knowledge regarding care and monitoring of
patients with special health care needs. Much of this work has
been patterned after the Extension for Community Healthcare
Outcomes model. This approach is gaining traction in the field
of genetics[36].

Partnership Models Between Genetics and Nongenetics
Providers

In addition to telegenetics, the use of a team-based or
collaborative approach has been suggested as an aternative
genetic service delivery model [37]. Kubendran et al [38]
described the implementation of pediatric telegenetic services
by ateam comprising ageneticist, apediatrician, and a genetic
counselor. Patients reported high satisfaction with this
team-based approach. A similar multidisciplinary approach was
used in a pediatric metabolic practice for patients with inborn
errors of metabolism [39]. This team consisted of metabolic
geneticists, pediatric dietitians, clinica pharmacists, social
workers, metabolic nurses, and genetic counselorswho provide
care and frequent follow-up to patients. An important feature
that was highlighted as part of this model was the ability of the
genetic counselor to build a long-term relationship with the
patients and families because of the frequency of management
visits. Other benefits of the multidisciplinary mode include
reducing the burden of frequent visits to the hospital for the
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patient and family to see each care provider separately and
reducing the financial burden for frequent visitsto the hospital
because many patients travel from longer distances to access
tertiary care.

Other studies have discussed a partnership model between
genetic counselors and physiciansin oncology [40]. One study
inan oncology clinical setting eval uated the differences between
a model of cancer genetic counselors in traditional clinics
combined with a medical geneticist compared with genetic
counselor—only appointments [41]. The authors tracked the
amount of time spent on patient interaction and
outpatient-related care over 9 months and found that genetic
counselors performed similar activities without the medical
geneticist present and spent significantly less time in
appointments when they worked alone as opposed to working
with amedical geneticist, which may be attributed to redundancy
in services.

One study in Hong Kong used a new model to provide clinical
genetic services [42]. An institute located within a hospital
provided genetic diagnostic and counseling clinics that were
supported by an in-house laboratory, including cytogenetics,
molecular genetics, and diagnostic laboratories. This model
allowed the geneticsteam to work closely with avariety of other
providersin the hospital setting.

Partnership models with other health professionals, such as
social workers and psychologists, also emerged as potential
models for patient-centered genetic care. Telfair argues that
social work education should include the basics of genomics
because social workers may play a large role in genetic
counseling, noting their ability to ensurethat clients have access
to counseling and testing [43]. Other authors explore
partnershipswith psychologiststo improve carefor patientsand
familiesreceiving genetic services. For example, thefeasibility
of offering a narrative group session offered by a genetic
counselor and aclinical psychologist to individual s who tested
negative for Huntington disease was assessed, and participants
provided overwhelmingly positive feedback about this approach
[44]. Another study assessed the level of satisfaction among
Brazilian mothers of children with Down syndrome who
received care from a multidisciplinary team consisting of 3
counselors, 3 psychologists, a socia worker, 3 physicians, and
2 nurses. Satisfaction with the information received and
psychological support was high among the mothers [45].

Training and Educational Resources

With genetics and nongenetics professional salike, training and
educational resources were indicated as needs [2,6,14,15].
Genetic counselor training programs face challenges related to
the need to expand knowledge and to meet increasing demands
within the context of the various roles that genetic counselors
play in academia, clinical service, and industry [5]. Moreover,
as genetic services continue to become more integrated into
primary care or other specidties, roles, data and database
sharing, and preparation of nongenetics professionalswill need
to be explored [46]. Stoll et a [1] discuss training and
educational interventions as solutions to assist primary care
providers in improving knowledge and helping to recognize
and triage patients for genetic testing and counseling services
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[1]. Others have noted that professionals can incur liability, and
patients can experience negative outcomes as a result of
inadequately trained providers[6].

Embedding Genetic CounselorsWithin Clinical Settings

Another approach to the delivery of genetic servicesisto embed
genetic services or genetic counselors into nongenetic clinical
practices. In 2012, Battista et a [46] carried out a literature
review of genetic services in North America, Europe, and
Australia, highlighting the advantages of integrating genetic
services into primary care. For rare genetic conditions, the
study’s authors recommended the use of multidisciplinary
specialist clinics or coordinated services with primary care
providers. For other common genetic conditions, such as
genetics-related cancers, interprofessional collaboration between
geneticists and other medical providers seemed sufficient for
coordinating care.

One study assessed the attitudes and barriers of incorporating
a genetic counselor into a cystic fibrosis clinic in New York
[47]. Among center directors and clinic coordinators who
responded to the survey, 84% indicated that genetic counselors
provide a valuable service in the clinic and 85% endorse this
relationship (as indicated by a recommend or strongly
recommend response).

This model has been trandlated into and tested in multiple
clinical settings, including cancer care. In a gynecologic
oncology clinic in Ohio, a higher number of patients were
referred for genetic consultation after changing to a
genetics-embedded model; referralsincreased from 21% to 44%
of patients[48]. In addition, time from referral to scheduling a
genetics appointment was reduced. A similar finding was
reported in a specialized gastrointestinal cancer center [49]. A
223% increase in the number of patients receiving genetic
services occurred after integrating genetic counselors into the
gastrointestinal cancer center. Pederson et a [50] conducted a
retrospective review of patterns of genetics referrals,
compliance, and testing over a 2-year period before and after a
genetic counselor was embedded within a breast surgery clinic
[50]. Not only did the likelihood of being referred to genetic
servicesincrease by 49%, but agreater number of patientswere
also more likely to go through with a genetic counseling
appointment and take part in agenetic counseling session before
surgery. Notably, the authors reported a 31% reduction in time
to treatment between the 2 periods.

Use of Genetic Counseling Assistants

The use of genetic counseling assistants (GCAS) has also been
explored as a solution to the shortage of genetic counselors.
Pirzadeh-Miller et a [51] explored the use of GCAs from a
survey distributed to certified genetic counselors, GCAs, and
genetic counseling program directors [51]. Genetic counselors
were able to see more patients when they had a GCA (58.5%
more patients with a ratio of 3 genetic counselorsto 1 GCA),
and all genetic counselors surveyed reported an increase in
efficiency in patient care or productive time utilization. GCA
responsibilities endorsed by genetic counselorsincluded entering
data, shipping test kits, performing administrative tasks, and
ordering supplies. However, fewer than half of genetic
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counselors reported endorsing GCAs for calling patients with
test results or formulating results letters for patients. Of the
genetic counselor respondents, 90% reported that the GCA
profession could lead to a genetic counseling career. GCA
respondents reported similar duties, and most GCAs (86%) were
interested in a genetic counseling career.

In arecent survey, members of the NSGC responded to asurvey
regarding the role of GCAs and the impact they may have on
the genetic counseling profession [52]. Themes that arose for
how GCAs could change their practice included increased time
available for higher-level duties, higher patient volumes, and
increased efficiency. There was consensus among respondents
on what GCAs should be doing, but the scope and guidelines
for therole of GCAs have not been clearly defined. Respondents
who currently did not use GCAs had greater concerns about the
role of, and burden of supervising, GCAs compared with
respondents who were currently working with GCAs.

Use of Health Technologies and Patient Educational
Tools

A handful of studies described various technologies that are
being implemented to support the delivery of genetic services.
Flannery [53] identified some of these technologies, including
eConsult, an internet-based communication method between
primary care physicians and specialists; chatbots, which use
artificial intelligence (Al) to produce interactive conversations;
and a web-based platform that integrates education on carrier
results with personal test results. Moreover, 2 other studies
endorse the use of chatbots [54,55]. Schmidlen et a [55]
explored the use of chatbots for scaling up communication in
genomics research, specificaly for consenting to research,
interacting with health care providers after receiving genomics
results, and sharing genetic information with relatives.

Kearney et al [56] describe the current applications of Al in
genomics and genetic counsaling and the potential for continued
and increased integration of Al in genetics. Medical genetic
testing is one of the major applications of machinelearning and
deep learning in genomics. Another use of machinelearning is
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inthe development of clinical decision support tools. Examples
cited include tools that could search literature based on
molecular profile, image recognition to identify a genetic
diagnosis based on a patient’s phenotype, or matching genetic
diseases to the identified symptoms.

I mplementation and Evaluation of Alternate Service
Delivery Models

A few recent papers explored how to best implement or evaluate
the use of alternate service delivery models. For example, Chou
et a [57] devel oped agenetic services assessment tool consisting
of 16 quality indicatorsfor statesto useto evaluate public health
genetic services. The major domains identified include (1)
structural metrics that are key components to quality genetic
services: workforce, training and education, information
systems, and types of programs provided; (2) clinical process
metrics affecting quality genetic services. patient-provider
interactions, care coordination and management, quality
assurance and improvement mechanisms, and care provision
and service delivery (metrics describe patient-provider
interactions, continuity of care, quality programs, and
performance tracking); and (3) outcome measures of quality
genetic services. process-of-care outcomes (screenings and
referralsrather than health outcomes). The authors suggest that
thistool will help statesidentify key areasfor improvement and
quantify progress made.

Other quality improvement initiatives have underscored the
potential for new and innovative frameworks or learning
collaboratives to address existing shortcomings and challenges
in genetic service delivery. Russ et a [58] described one such
quality improvement approach that was used to reduce the
significant loss to follow-up after newborn hearing screening.
Beforeimplementation, morethan half of the children werelost
to follow-up after anewborn hearing screening. However, after
using this quality improvement approach, new strategies were
adopted, and teams reported decreasing lossto follow-up rates.

Textbox 3 presents an overview of the challenges and possible
solutions outlined in the literature.
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Textbox 3. Challenges and possible solutions.
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Limited number of genetics specialists

«  Patient-to-provider telegenetics

«  Group genetic counseling

«  Useof genetic counseling assistants

« Useof heath technologies and patient educational tools

«  Implementation and evaluation of alternate service delivery models

Wait time for and length of genetics appointments

«  Patient-to-provider telegenetics

« Useof heath technologies and patient educational tools

« Implementation and evaluation of alternate service delivery models

«  Embedding genetic counselors within clinical settings

Delivery of services by nongenetics providers

«  Provider-to-provider telegenetic consultation

«  Partnership models between genetics and nongenetics providers
«  Training and educational resources

« Useof health technologies and patient educational tools

«  Implementation and evaluation of alternate service delivery models

Reimbur sement and licensure
«  Useof genetic counseling assistants

« Implementation and evaluation of alternate service delivery models

Discussion

Expand Accessto Genetic Services

The literature review pointed out severa challenges that are
currently facing the field of genetics. Those that cause the most
concern for access to genetic services are the limited number
of genetics specialists available to meet the growing demand
for servicesand thelong wait times needed to get appointments.
However, severa possible solutions highlighted in thisliterature
review could be implemented to address these challenges.

The use of telehealth is one of the main waysto increase access
to genetic services. On the basis of the literature review, there
is ample evidence to support the use of telehealth. Several
challenges can be addressed through the use of telehealth. First,
because of the vastness of the United States and the dearth of
genetic service providers, each of the genetic services centers
serves a large catchment area. Thus, there are geographic
barriers to access to care. Telehealth can help aleviate these
barriers. Second, many states have a large Spanish-speaking
population. However, there is a shortage of Spanish-speaking
providers. Through telehealth, bilingual providers can expand
their reach. In addition, telehealth can facilitate the use of remote
tranglation services. Finally, there is a nationwide shortage of
genetic service providers across the continuum. Telehealth
expansion can help with workforceissues by obviating the need
for staff to travel to multiple locations. In addition, telehealth
can help with load-balancing staff across locations.

https://www.i-jmr.org/2021/1/e23523

Increasing the use of telehealth services, however, may require
additional assistance or planning. Other needs related to the
expansion of telehealth may emerge. For example, providers
may need access to training opportunities, to purchase
equipment, or to feel prepared to implement tel ehealth. Support
for training can come through existing resources, such as those
provided by Telehealth Resource Centers [59]. Readiness
assessment tools can assist with preparations to implement
telehealth [60,61]. In addition, there are organizational factors
associated with theimplementation of tel ehealth. Providers need
to develop a telehealth delivery plan that might include an
outline for which types of visits will be used for telehealth (eg,
only follow-up visits), which providers can implement tel ehealth
(eg, dietitians and genetic counsel ors), and how to integrate the
telehealth platform with the electronic health record. In addition,
sharing ideas and recommendations on change management
principles associated with telehealth, such asreadiness, training,
and workflow, can help the state manage implementations and
saveresources. Finally, it will beimportant to monitor the status
of reimbursement for telehealth services. Although
reimbursement for telehealth has expanded recently, mainly
because of the COVID-19 pandemic, it remainsunclear if some,
all, or none of the recent changes will be permanent. Changes
include the removal of geographic restrictions (including
allowing telehealth from home), billing and reimbursement
changes (eg, new reimbursement codes available and same
fee-for-service rate as in-person visits), and the addition of
phone-only service provision. Thus, coordinating with Medicaid,
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as well as private payers, on reimbursement for telehealth
services could facilitate uptake.

In addition to telehedlth, there are a few possible solutions
related to clinical workflow that may improve accessto genetic
services. The use of GCAs has been rated favorably in many of
the studies included in the literature review. For high-volume
clinics, another consideration to improve clinic flow could be
the use of group genetic counseling for low-risk populations
followed by an individual in-person or telephone session.
Another possibility isthe use of patient education toolsto assist
with the amount of time genetic counsel ors spend with patients
individually.

Build Expertise and I mprove Knowledge About
Genetic Services Among Nongenetics Professionals

Given that fewer genetics professionals are entering the field
and the current workforceissues, thereisaneed to build genetics
knowledge and expertise among nongenetics professionals. This
can be accomplished by using one or more possible approaches
that were revealed during the literature review. Partnership
models were used to expand access to genetic services in
collaboration with nongenetics professional s, sometimesthrough
telehealth. These solutions allow patients and familiesto access
a genetics specialist and build relationships with nongenetics
providers, which enhances their expertise. This could be
accomplished through outreach to primary care settings of
existing patients who see a genetics professional. Similarly,
provider-to-provider telegenetic consultation is a strategy that
can be employed to pair genetics providers with nongenetics
providers. Through consultation with experts, nongenetics
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professionals gain a better understanding of their patients and
are better able to care for their unique needs. Both these
approaches would also help to address the noted challenges of
nongenetics providers delivering services without the support
of a genetics specialist (eg, ordering the wrong genetic test or
panel).

Another possible solution to improve the knowledge and
expertise of nongenetics professionals is to embed genetics
providers within primary care settings. Typically, genetic
counselors are hired to be part of primary care settingsto assist
with referrals and provide long-term support to patients. This
approach, though, may be more challenging to implement, given
there is ill an insufficient number of genetic counselors,
although the field is growing. It may also be more difficult,
given that the state does not have the authority to direct how
primary care providers structure their office staff.

Conclusions

The literature review illuminated the challenges and identified
possible solutions that could be implemented to improve the
delivery of genetic services. Options that include telehealth
applications may be the most straightforward and immediate
option for genetic centersto pilot. However, amore long-term
investment will be to complement telehealth models with the
education of nongenetics professionals. Given the likely
continued shortage of providers in the field of genetics, a
transdisciplinary approach will be needed to build the expertise
of primary care providers and other health care professionals
to best serve the needs of patients and families.

The authors appreciate the support, help, and guidance from the State Department of Health involved in this work.

Authors Contributions

MR and SH conceived the study design. All authors reviewed the search terms. RM and SH collected articles, and MR, RM, DT,
and SH analyzed and interpreted the data. MR, RM, DT, and SH drafted, critically reviewed, and approved the submission of the

Mmanuscript.

Conflictsof Interest
None declared.

References

1.  Stoll K, Kubendran S, Cohen SA. The past, present and future of service delivery in genetic counseling: Keeping up in the
era of precision medicine. Am JMed Genet C Semin Med Genet 2018 Mar;178(1):24-37. [doi: 10.1002/ajmg.c.31602]

[Medline: 29512888]

2. Pa T, Radford C, Vadaparampil S, Prince A. Practical considerationsin the delivery of genetic counseling and testing
services for inherited cancer predisposition. Community Oncol 2013 May;10(5):147-153. [doi: 10.12788/j.cmonc.0010]

3.  Radford C, Prince A, Lewis K, Pal T. Factors which impact the delivery of genetic risk assessment services focused on
inherited cancer genomics: expanding the role and reach of certified genetics professionals. J Genet Couns 2014
Aug;23(4):522-530. [doi: 10.1007/s10897-013-9668-1] [Medline: 24306140]

4.  Pierle M, Mahon SM. Genetic Service Delivery Models: Exploring Approachesto Care for Families With Hereditary
Cancer Risk. Clin JOncol Nurs 2019 Feb 01;23(1):60-67. [doi: 10.1188/19.CJON.60-67] [Medline: 30681998]

5. Bamshad MJ, Magoulas PL, Dent KM. Genetic counselors on the frontline of precision health. Am JMed Genet C Semin
Med Genet 2018 Mar;178(1):5-9 [FREE Full text] [doi: 10.1002/ajmg.c.31610] [Medline: 29582554]

6. Bellcross CA, Harmond L, Floyd-Browning P, Singh R. Healthcare (Basel) 2015 Oct 15;3(4):964-972 [FREE Full text]

[doi: 10.3390/heal thcare3040964] [Medline: 27417806]

https://www.i-jmr.org/2021/1/e23523

Interact JMed Res 2021 | vol. 10 | iss. 1 | €23523 | p. 8
(page number not for citation purposes)


http://dx.doi.org/10.1002/ajmg.c.31602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29512888&dopt=Abstract
http://dx.doi.org/10.12788/j.cmonc.0010
http://dx.doi.org/10.1007/s10897-013-9668-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24306140&dopt=Abstract
http://dx.doi.org/10.1188/19.CJON.60-67
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30681998&dopt=Abstract
http://europepmc.org/abstract/MED/29582554
http://dx.doi.org/10.1002/ajmg.c.31610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29582554&dopt=Abstract
https://www.mdpi.com/resolver?pii=healthcare3040964
http://dx.doi.org/10.3390/healthcare3040964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27417806&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Raspaet a

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Al-Mulki K, Todd NW. Relation of public health staffing to follow-up after newborn hearing screening in three health
districtsin Georgia, 2009-2015. Int J Pediatr Otorhinolaryngol 2020 Feb;129:109784. [doi: 10.1016/j.ijporl.2019.109784]
[Medline: 31760333]

Weissman SM, Zellmer K, Gill N, Wham D. Implementing a Virtual Health Telemedicine Program in a Community Setting.
J Genet Couns 2018 Apr;27(2):323-325. [doi: 10.1007/s10897-017-0177-5] [Medline: 29204808]

Wham D, Vu T, Chan-Smutko G, Kobelka C, Urbauer D, Heald B. Assessment of clinical practices among cancer genetic
counselors. Fam Cancer 2010 Sep;9(3):459-468. [doi: 10.1007/s10689-010-9326-9] [Medline: 20140525]

Pal T, Lee J, Besharat A, Thompson Z, Monteiro ANA, Phelan C, et al. Modes of delivery of genetic testing services and
the uptake of cancer risk management strategiesin BRCA1 and BRCA?2 carriers. Clin Genet 2014 Jan;85(1):49-53 [FREE
Full text] [doi: 10.1111/cge.12130] [Medline: 23438721]

Brierley KL, Campfield D, Ducaine W, Dohany L, Donenberg T, Shannon K, et al. Errorsin delivery of cancer genetics
services: implications for practice. Conn Med 2010 Aug;74(7):413-423. [Medline: 20806621]

Terry AB, Wylie A, Raspa M, Vogel B, Sanghavi K, Djurdjinovic L, et a. Clinical models of telehealth in genetics: A
regional telegenetics landscape. J Genet Couns 2019 Jun;28(3):673-691. [doi: 10.1002/jgc4.1088] [Medline: 30825358]
Bensend TA, Veach PM, Niendorf KB. What's the harm? Genetic counselor perceptions of adverse effects of genetics
service provision by non-genetics professionals. J Genet Couns 2014 Feb;23(1):48-63. [doi: 10.1007/s10897-013-9605-3]
[Medline: 23754506]

Scheuner MT, Marshall N, Lanto A, Hamilton AB, Oishi S, Lerner B, et al. Delivery of clinical genetic consultative services
in the Veterans Health Administration. Genet Med 2014 Aug;16(8):609-619. [doi: 10.1038/gim.2013.202] [Medline:
24503778]

Vadaparampil ST, Scherr CL, Cragun D, Malo TL, Pal T. Pre-test genetic counseling services for hereditary breast and
ovarian cancer delivered by non-genetics professionalsin the state of Florida. Clin Genet 2015 May;87(5):473-477 [FREE
Full text] [doi: 10.1111/cge.12405] [Medline: 24735105]

Swink A, Nair A, Hoof P, Matthews A, Burden C, Johnson K, et al. Barriersto the utilization of genetic testing and genetic
counseling in patients with suspected hereditary breast and ovarian cancers. Proc (Bayl Univ Med Cent) 2019
Jul;32(3):340-344 [FREE Full text] [doi: 10.1080/08998280.2019.1612702] [Medline: 31384183]

Cohen SA, Huziak RC, Gustafson S, Grubs RE. Analysis of Advantages, Limitations, and Barriers of Genetic Counseling
Service Delivery Models. JGenet Couns 2016 Oct;25(5):1010-1018. [doi: 10.1007/s10897-016-9932-2] [Medline: 26762366]
Trepanier AM, Allain DC. Models of service delivery for cancer genetic risk assessment and counseling. J Genet Couns
2014 Apr;23(2):239-253. [doi: 10.1007/s10897-013-9655-6] [Medline: 24158360]

Brown J, Athens A, Tait DL, Crane EK, Higgins RV, Naumann RW, et a. A Comprehensive Program Enabling Effective
Delivery of Regional Genetic Counseling. Int J Gynecol Cancer 2018 Jun;28(5):996-1002. [doi:
10.1097/1GC.0000000000001256] [Medline: 29664846]

Buchanan AH, Datta SK, Skinner CS, Hollowell GP, Beresford HF, Freeland T, et al. Randomized Trial of Telegenetics
vs. In-Person Cancer Genetic Counseling: Cost, Patient Satisfaction and Attendance. J Genet Couns 2015 Dec;24(6):961-970
[FREE Full text] [doi: 10.1007/s10897-015-9836-6] [Medline: 25833335]

Cohen SA, Marvin ML, Riley BD, Vig HS, Rousseau JA, Gustafson SL . Identification of genetic counseling servicedelivery
modelsin practice: areport from the NSGC Service Delivery Model Task Force. J Genet Couns 2013 Aug;22(4):411-421.
[doi: 10.1007/s10897-013-9588-0] [Medline: 23615968]

Bradbury A, Patrick-Miller L, HarrisD, Stevens E, Egleston B, Smith K, et al. Utilizing Remote Real-Time Videoconferencing
to Expand Access to Cancer Genetic Servicesin Community Practices: A Multicenter Feasibility Study. JMed Internet
Res 2016 Feb 01;18(2):e23 [FREE Full text] [doi: 10.2196/jmir.4564] [Medline: 26831751]

Buchanan AH, Rahm AK, Williams JL. Alternate Service Delivery Modelsin Cancer Genetic Counseling: A Mini-Review.
Front Oncol 2016;6:120 [FREE Full text] [doi: 10.3389/fonc.2016.00120] [Medline: 27242960]

Bussell J, Melville D. Making genetic counselling services accessible: results of a pilot service delivery feasibility study
of telemedicine appointments. Eur JHum Genet 2019;27:715.

Fenton GL, Smit AK, Freeman L, Badcock C, Dunlop K, Butow PN, et al. Development and Evaluation of a Telephone
Communication Protocol for the Delivery of Personalized Melanoma Genomic Risk to the General Population. J Genet
Couns 2018 Apr;27(2):370-380. [doi: 10.1007/s10897-017-0183-7] [Medline: 29199389]

Hilgart J, Hayward JA, Iredale R. E-genetics: exploring the acceptability and feasibility of using technology in cancer
genetics services. Clin Genet 2012 Jun;81(6):514-520. [doi: 10.1111/j.1399-0004.2011.01813.x] [Medline: 22091995]
Hopper B, Buckman M, Edwards M. Evaluation of satisfaction of parents with the use of videoconferencing for apediatric
genetic consultation. Twin Res Hum Genet 2011 Aug;14(4):343-346. [doi: 10.1375/twin.14.4.343] [Medline: 21787118]
Meropol NJ, Daly MB, Vig HS, Manion FJ, Manne SL, Mazar C, et al. Delivery of Internet-based cancer genetic counselling
services to patients homes: afeasibility study. J Telemed Telecare 2011;17(1):36-40 [FREE Full text] [doi:
10.1258/jtt.2010.100116] [Medline; 21097566]

Rayes N, Bowen DJ, Coffin T, Nebgen D, Peterson C, Munsell MF, et al. MAGENTA (Making Genetic testing accessible):
aprospective randomized controlled trial comparing online genetic education and telephone genetic counseling for hereditary

https://www.i-jmr.org/2021/1/e23523 Interact JMed Res 2021 | vol. 10 | iss. 1 | €23523 | p. 9

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.ijporl.2019.109784
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31760333&dopt=Abstract
http://dx.doi.org/10.1007/s10897-017-0177-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29204808&dopt=Abstract
http://dx.doi.org/10.1007/s10689-010-9326-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20140525&dopt=Abstract
http://europepmc.org/abstract/MED/23438721
http://europepmc.org/abstract/MED/23438721
http://dx.doi.org/10.1111/cge.12130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23438721&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20806621&dopt=Abstract
http://dx.doi.org/10.1002/jgc4.1088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30825358&dopt=Abstract
http://dx.doi.org/10.1007/s10897-013-9605-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23754506&dopt=Abstract
http://dx.doi.org/10.1038/gim.2013.202
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24503778&dopt=Abstract
http://europepmc.org/abstract/MED/24735105
http://europepmc.org/abstract/MED/24735105
http://dx.doi.org/10.1111/cge.12405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24735105&dopt=Abstract
http://europepmc.org/abstract/MED/31384183
http://dx.doi.org/10.1080/08998280.2019.1612702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31384183&dopt=Abstract
http://dx.doi.org/10.1007/s10897-016-9932-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26762366&dopt=Abstract
http://dx.doi.org/10.1007/s10897-013-9655-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24158360&dopt=Abstract
http://dx.doi.org/10.1097/IGC.0000000000001256
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29664846&dopt=Abstract
http://europepmc.org/abstract/MED/25833335
http://dx.doi.org/10.1007/s10897-015-9836-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25833335&dopt=Abstract
http://dx.doi.org/10.1007/s10897-013-9588-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23615968&dopt=Abstract
https://www.jmir.org/2016/2/e23/
http://dx.doi.org/10.2196/jmir.4564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26831751&dopt=Abstract
https://doi.org/10.3389/fonc.2016.00120
http://dx.doi.org/10.3389/fonc.2016.00120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27242960&dopt=Abstract
http://dx.doi.org/10.1007/s10897-017-0183-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29199389&dopt=Abstract
http://dx.doi.org/10.1111/j.1399-0004.2011.01813.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22091995&dopt=Abstract
http://dx.doi.org/10.1375/twin.14.4.343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21787118&dopt=Abstract
http://europepmc.org/abstract/MED/21097566
http://dx.doi.org/10.1258/jtt.2010.100116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21097566&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Raspaet a

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

cancer genetic testing. BMC Cancer 2019 Jul 02;19(1):648 [FREE Full text] [doi: 10.1186/s12885-019-5868-x] [Medline:
31266460]

Kinney AY, Butler KM, Schwartz MD, Mandelblatt JS, Boucher KM, Pappas LM, et a. Expanding access to BRCA1/2
genetic counseling with telephone delivery: a cluster randomized trial. J Natl Cancer Inst 2014 Dec;106(12) [FREE Full
text] [doi: 10.1093/jnci/dju328] [Medline: 25376862]

Voils Cl, Venne VL, Weidenbacher H, Sperber N, Datta S. Comparison of Telephone and Televideo Modes for Delivery
of Genetic Counseling: aRandomized Trial. JGenet Counsel 2017 Dec 15;27(2):339-348. [doi: 10.1007/s10897-017-0189-1]
Cloutier M, Gallagher L, Goldsmith C, Akiki S, Barrowman N, Morrison S. Group genetic counseling: An alternate service
ddlivery model in ahighrisk prenatal screening population. Prenat Diagn 2017 Nov;37(11):1112-1119. [doi: 10.1002/pd.5149]
[Medline: 28873215]

Lohn Z, Nuk J, Fok A. Large scale group genetic counselling: a novel service delivery model. Eur JHum Genet 2019;27.
Woodson AH, Profato JL, Park M, Rizvi SH, Elsayegh N, Rieber AG, et al. Service Delivery Model and Experiencesin a
Cancer Genetics Clinic for an Underserved Population. J Health Care Poor Underserved 2015 Aug;26(3):784-791. [doi:
10.1353/hpu.2015.0090] [Medline: 26320913]

McDonald E, Lamb A, Grillo B, Lucas L, Miesfeldt S. Acceptability of telemedicine and other cancer genetic counseling
models of service delivery in geographically remote settings. J Genet Couns 2014 Apr;23(2):221-228. [doi:
10.1007/s10897-013-9652-9] [Medline: 24014153]

Rahm AK. Alternate delivery models for genetic counseling: clinical and implementation considerations. Can JUrol 2019
Oct;26(5 Suppl 2):42-43 [FREE Full text] [Medline: 31629429]

Kaye Cl. Genetic service delivery: infrastructure, assessment and information. Public Health Genomics 2012;15(3-4):164-171.
[doi: 10.1159/000335552] [Medline: 22488459

Kubendran S, Sivamurthy S, Schaefer GB. A novel approach in pediatric telegenetic services: geneticist, pediatrician and
genetic counselor team. Genet Med 2017 Nov;19(11):1260-1267 [FREE Full text] [doi: 10.1038/gim.2017.45] [Medline:
28471436]

Hartley JN, Greenberg CR, Mhanni AA. Genetic counseling in a busy pediatric metabolic practice. J Genet Couns 2011
Feb;20(1):20-22. [doi: 10.1007/s10897-010-9324-y] [Medline: 20839038]

Oliver J, Cronister A. Abstract P2-09-21: HBOC genetic counseling: a genetic counselor-physician partnership model. In:
American Association for Cancer Research. 2016 Feb 16 Presented at: Thirty-Eighth Annual CTRC-AACR San Antonio
Breast Cancer Symposium; December 8-12, 2015; San Antonio, TX URL: https://cancerres.aacrjournal s.org/content/ 76/
4_Supplement/P2-09-21

Heald B, Gustafson S, Mester J, Arscott P, Lynch K, Moline J, et a. A time study of cancer genetic counselors using a
genetic counselor-only patient care model versus atraditional combined genetic counselor plus medical geneticist care
model. J Natl Compr Canc Netw 2013 Sep 01;11(9):1076-1081. [doi: 10.6004/jnccn.2013.0129] [Medline: 24029123]
Lam STS. AB016. A new model of provision of clinical geneticsservice. Ann. Transl. Med 2017 Sep;5(S2):AB016-ABO016.
[doi: 10.21037/atm.2017.5016)]

Telfair J. Public health social workgenetic health services delivery. In: Keefe R, Jurkowski ET. editors. Handbook for
public health social work. New Yorkpringer; 2012:9780826107428-9780826107162.

MaclLeod R, Moldovan R, Stopford C, Ferrer-Duch M. Genetic Counselling and Narrative Practices: A Model of Support
following a. J Huntingtons Dis 2018;7(2):175-183. [doi: 10.3233/JHD-170276] [Medline: 29562548]

Micheletto MRD, Valerio NI, Fett-Conte AC. Effects of a genetic counseling model on mothers of children with down
syndrome: a Brazilian pilot study. J Genet Couns 2013 Dec;22(6):784-794. [doi: 10.1007/s10897-013-9619-x] [Medline:
23794002]

Battista RN, Blancquaert I, Laberge A, van Schendel N, Leduc N. Geneticsin health care: an overview of current and
emerging models. Public Health Genomics 2012;15(1):34-45 [FREE Full text] [doi: 10.1159/000328846] [Medline:
21734357)

Tluczek A, Zaeski C, Stachiw-Hietpas D, Modaff P, Adamski CR, Nelson MR, et al. A tailored approach to family-centered
genetic counseling for cystic fibrosis newborn screening: the Wisconsin model. J Genet Couns 2011 Apr;20(2):115-128
[FREE Full text] [doi: 10.1007/s10897-010-9332-y] [Medline: 20936425]

Senter L, O'Malley D, BackesF, Copeland L, Fowler J, Salani R, et al. Change in genetics service model increases ovarian
cancer patient referrals and decreases time to consultation: Improving compliance with guideline-based quality care.
Gynecologic Oncology 2017 Jun;145:165-166. [doi: 10.1016/j.ygyno.2017.03.380]

You Y, Vu T, SaraiyaD. Delivery of genetic counseling services to patients with gastrointestinal cancer syndromes: a
patient oriented integrated care model. Fam Cancer 2011;10.

Pederson HJ, Hussain N, Noss R, Yanda C, O'Rourke C, Eng C, et al. Impact of an embedded genetic counselor on breast
cancer treatment. Breast Cancer Res Treat 2018 May;169(1):43-46. [doi: 10.1007/s10549-017-4643-4] [Medline: 29349711]
Pirzadeh-Miller S, Robinson LS, Read P, Ross TS. Genetic Counseling Assistants: an Integral Piece of the Evolving Genetic
Counseling Service Delivery Model. JGenet Couns 2017 Aug;26(4):716-727. [doi: 10.1007/s10897-016-0039-6] [Medline:
27832509]

https://www.i-jmr.org/2021/1/e23523 Interact JMed Res 2021 | vol. 10 | iss. 1 | €23523 | p. 10

(page number not for citation purposes)


https://bmccancer.biomedcentral.com/articles/10.1186/s12885-019-5868-x
http://dx.doi.org/10.1186/s12885-019-5868-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31266460&dopt=Abstract
http://europepmc.org/abstract/MED/25376862
http://europepmc.org/abstract/MED/25376862
http://dx.doi.org/10.1093/jnci/dju328
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25376862&dopt=Abstract
http://dx.doi.org/10.1007/s10897-017-0189-1
http://dx.doi.org/10.1002/pd.5149
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28873215&dopt=Abstract
http://dx.doi.org/10.1353/hpu.2015.0090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26320913&dopt=Abstract
http://dx.doi.org/10.1007/s10897-013-9652-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24014153&dopt=Abstract
http://www.canjurol.com/abstract.php?ArticleID=&version=1.0&PMID=31629429
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31629429&dopt=Abstract
http://dx.doi.org/10.1159/000335552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22488459&dopt=Abstract
http://europepmc.org/abstract/MED/28471436
http://dx.doi.org/10.1038/gim.2017.45
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28471436&dopt=Abstract
http://dx.doi.org/10.1007/s10897-010-9324-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20839038&dopt=Abstract
https://cancerres.aacrjournals.org/content/76/4_Supplement/P2-09-21
https://cancerres.aacrjournals.org/content/76/4_Supplement/P2-09-21
http://dx.doi.org/10.6004/jnccn.2013.0129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24029123&dopt=Abstract
http://dx.doi.org/10.21037/atm.2017.s016
http://dx.doi.org/10.3233/JHD-170276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29562548&dopt=Abstract
http://dx.doi.org/10.1007/s10897-013-9619-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23794002&dopt=Abstract
https://www.karger.com?DOI=10.1159/000328846
http://dx.doi.org/10.1159/000328846
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21734357&dopt=Abstract
http://europepmc.org/abstract/MED/20936425
http://dx.doi.org/10.1007/s10897-010-9332-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20936425&dopt=Abstract
http://dx.doi.org/10.1016/j.ygyno.2017.03.380
http://dx.doi.org/10.1007/s10549-017-4643-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29349711&dopt=Abstract
http://dx.doi.org/10.1007/s10897-016-0039-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27832509&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Raspaet a

52.

53.

54.

55.

56.

57.

58.

59.
60.
61.

Hnatiuk MJ, Noss R, Mitchell AL, Matthews AL. The current state of genetic counseling assistants in the United States. J
Genet Couns 2019 Oct;28(5):962-973. [doi: 10.1002/jgc4.1148] [Medline: 31290196]

Flannery DB. Challenges and opportunities for effective delivery of clinical genetic servicesin the U.S. healthcare system.
Curr Opin Pediatr 2018 Dec;30(6): 740-745. [doi: 10.1097/M OP.0000000000000693] [Medline: 30199404]

Powers J, Spielman K, Mueller R, Batson M, Pundock S, ArutyunovaA, et al. Genetic counseling and oncology: proposed
approachesfor collaborative care delivery. Can JUrol 2019 Oct;26(5 Suppl 2):57-59 [FREE Full text] [Medline: 31629436]
Schmidlen T, Schwartz M, DiLoreto K, Kirchner HL, Sturm AC. Patient assessment of chatbots for the scalable delivery
of genetic counseling. J Genet Couns 2019 Dec;28(6):1166-1177. [doi: 10.1002/jgc4.1169] [Medline: 31549758]
Kearney E, Wojcik A, Babu D. Artificial intelligence in genetic services delivery: Utopia or apocalypse? J Genet Couns
2020 Feb;29(1):8-17. [doi: 10.1002/jgc4.1192] [Medline: 31749317]

Chou AF, Mulvihill J, Kaye C, Mann S, Williams M S, Williamson L. Developing a genetic services assessment tool to
inform quality improvement efforts in state genetic service delivery. Genet Med 2019 Apr;21(4):955-964. [doi:
10.1038/s41436-018-0141-2] [Medline: 30214070]

Russ SA, Hanna D, DesGeorges J, Forsman |. Improving follow-up to newborn hearing screening: alearning-collaborative
experience. Pediatrics 2010 Aug;126 Suppl 1:S59-S69. [doi: 10.1542/peds.2010-0354K] [Medline: 20679321]

Telehealth Resource Center. URL : https:.//tel ehealthresourcecenter.org/ [accessed 2021-02-10]

Telehealth Readiness Assessment Tool. URL : http://mhcctel eheal thtool .herokuapp.com/ [accessed 2020-12-23]

NYMAC Telegenetics Toolkit. URL: https://tel egenetics.matrc.org/ [accessed 2020-12-23]

Abbreviations

Al: artificial intelligence
GCA: genetic counseling assistant
NSGC: National Society of Genetic Counselors

Edited by G Eysenbach; submitted 14.08.20; peer-reviewed by D Bowen, J Brigham; comments to author 25.09.20; revised version
received 28.12.20; accepted 16.01.21; published 25.02.21

Please cite as:

Raspa M, Moultrie R, Toth D, Haque SN

Barriers and Facilitators to Genetic Service Delivery Models. Scoping Review
Interact J Med Res 2021;10(1):€23523

URL: https://www.i-jmr.org/2021/1/e23523

doi: 10.2196/23523

PMID: 33629958

©Melissa Raspa, Rebecca Moultrie, Danielle Toth, Saira Naim Hague. Originally published in the Interactive Journal of Medical
Research (http://www.i-jmr.org/), 25.02.2021. Thisisan open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in the Interactive Journal of Medical Research, is properly cited. The
complete bibliographic information, a link to the origina publication on http://www.i-jmr.org/, as well as this copyright and
license information must be included.

https://www.i-jmr.org/2021/1/e23523 Interact JMed Res 2021 | vol. 10 | iss. 1 | 23523 | p. 11

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1002/jgc4.1148
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31290196&dopt=Abstract
http://dx.doi.org/10.1097/MOP.0000000000000693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30199404&dopt=Abstract
http://www.canjurol.com/abstract.php?ArticleID=&version=1.0&PMID=31629436
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31629436&dopt=Abstract
http://dx.doi.org/10.1002/jgc4.1169
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31549758&dopt=Abstract
http://dx.doi.org/10.1002/jgc4.1192
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31749317&dopt=Abstract
http://dx.doi.org/10.1038/s41436-018-0141-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30214070&dopt=Abstract
http://dx.doi.org/10.1542/peds.2010-0354K
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20679321&dopt=Abstract
https://telehealthresourcecenter.org/
http://mhcctelehealthtool.herokuapp.com/
https://telegenetics.matrc.org/
https://www.i-jmr.org/2021/1/e23523
http://dx.doi.org/10.2196/23523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33629958&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

