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Introduction: Genomic testing is becoming widely available as a diagnostic tool, although widespread

implementation is not yet established in nephrology.

Methods: An anonymous electronic survey was administered to investigate experience and confidence

with genomic tests, perceived clinical utility of genomic services, preferences for service delivery models,

and readiness for implementation among nephrologists. Questions were guided by a comprehensive

literature review and published tools, including a validated theoretical framework for implementation of

genomic medicine: Consolidated Framework for Implementation Research (CFIR).

Results: Responses were received from 224 clinicians, of which 172 were eligible for analysis. Most cli-

nicians (132 [76%]) had referred at least one patient to a genetics clinic. Despite most clinicians (136 [85%])

indicating that they believed genetic testing would be useful, only 39 (23%) indicated they felt confident to

use results of genomic testing, with pediatric clinicians feeling more confident compared with adult cli-

nicians (12 of 20 [60%] vs. 27 of 149 [18%]), P < 0.01, Fisher exact). A multidisciplinary renal genetics clinic

was the preferred model among clinicians surveyed (98 of 172 [57%]). A key implementation barrier

highlighted related to the hospital or organizational culture and/or environment. Specific barriers noted in

quantitative and qualitative responses included inadequate staffing, learning resources, and funding.

Conclusions: Our findings suggest support for genomic testing among nephrologists, with a strong

preference for a multidisciplinary model (involving a nephrologist, clinical geneticist, and genetic coun-

selor). Broad-ranging interventions are urgently required to shift the current culture and ensure successful

implementation of genomics in nephrology, including reducing knowledge gaps, increased funding and

resources, disease-specific guidelines, and streamlining of testing processes.
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clinical usefulness in the care of individuals with kid-
ney disease is beginning to emerge,2–4 with diagnostic
yields ranging from 10% to 60% depending on patient
selection strategies used. Funding for genetic and
especially genomic testing is limited in many health
care settings, and access to services such as genetic
counseling and clinical genetics consultation is highly
variable across many specialties, including
nephrology.5–7 Given the complexity of genetic kidney
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disease, in addition to the practical challenges associ-
ated with patient and test selection, result interpreta-
tion, and counseling,6 the nephrology workforce needs
to be prepared and supported for diagnostic genomics
to be effectively implemented.

A number of diverse approaches have been proposed
to meet the challenges of integrating genomics into
mainstream health care systems.8 Australia has a na-
tional health system, with shared state and federal re-
sponsibility for funding of specialist services and
testing. In addition, although many Australians choose
to have health insurance (which is also supported by
the federal government), this does not cover the cost of
genetic testing. To improve implementation within
nephrology, multidisciplinary renal genetics clinics
have been established throughout the country
(Supplementary Figure S1), driven through a national
nephrology genetics collaborative, KidGen.6 This has
occurred in the context of substantial investments in
state and national initiatives, such as Australian Ge-
nomics and Melbourne Genomics Health Alliances,
aimed at accelerating the integration of genomics into
mainstream health care.9,10 These have facilitated large-
scale genomic testing in selected patient groups,
including kidney disease.

There is a paucity of data surrounding nephrologists’
practices relating to clinical genomic testing, with cur-
rent evidence focussing on genetic predictors of chronic
kidney disease risk progression and pharmacogenomic
testing in broad chronic kidney disease populations,
rather than those with suspected monogenic condi-
tions.11,12 Furthermore, the readiness for implementation
of genomics among the nephrology workforce is un-
known. Studies of other specialists and primary care
providers suggest that physicians feel underprepared to
incorporate genomics in their clinical practice.13,14

We sought to determine the preparedness of ne-
phrologists in implementing genomics into practice for
those with suspected monogenic kidney disease and
explore this based on level of experience. Through an
electronic survey, we investigated the current attitudes
and practices of Australian adult and pediatric ne-
phrologists in genomics, and the perceived barriers and
facilitators to widespread implementation. We report
the findings from this survey, which may inform the
future planning and development of nephrology ge-
netics services.
METHODS

Survey Design and Content

We undertook a mixed methods approach in the form of
an anonymous survey with free-text boxes to allow
additional insight around survey responses. Questions
Kidney International Reports (2021) 6, 272–283
were guided by a comprehensive literature review15 and
published tools, including a theoretical framework
commonly used in genomic medicine: the Consolidated
Framework for Implementation Research (CFIR).16,17 The
CFIR is a validated conceptual framework used to facil-
itate the design, evaluation, and implementation of
health care interventions. Because of the paucity of data
on nephrologists’ engagement in genomics, the literature
review was expanded to include studies that investi-
gated other specialty physician practices.

A working group of 6 experts in renal genetics
implementation: 2 nephrologists (KJ and CQ), a clinical
geneticist (ZS), an implementation scientist (SB), and
genomic education and evaluation experts (BM andAN),
developed and iteratively refined the survey questions,
adapted from previous work by the authors.18,19 KJ
made the final decision regarding wording amendments.
There were 12 items in the survey, including 7 free-text
boxes, and 1 final “overall comments” box at the end of
the survey. The surveywas piloted with 6 nephrologists
to improve content and face validity before final re-
finements were made by the working group. The final
survey can be found in the Supplementary Final Survey
Distributed to Nephrologists. Figure 1 summarizes the
survey development process.

Demographic information was collected, including
qualification (nephrologist vs. trainee), years of prac-
tice, and location. Respondents were asked to report
the number of patients referred to a genetics clinic for
genomic testing within the past 12 months and select
barriers to incorporating genomics in practice. Ne-
phrologists were also asked about perceived clinical
utility of genomic testing, and the preferred model for
genomics service delivery for patients with kidney
disease. Readiness for implementation was measured
using an adapted provider questionnaire from the
“Implementing Genomics in Practice (IGNITE)”
resource hub,13 which contains 14 5-point Likert
statements mapped against constructs from the CFIR.17

The study was approved by The Human Research
Ethics Committee at The University of Melbourne
(HREC 1646785). The survey had a plain language in-
formation statement, and consent was indicated by
checking a box on the first page of the survey.
Although the term “genetic” is usually used to describe
single gene tests, and “genomic” describes tests refer-
encing the whole genome, exome, or a panel of genes,
these terms may have caused confusion for some ne-
phrologists. Therefore, we provided a statement at the
beginning of the survey to specify that although the
term “genetic testing” was used throughout the sur-
vey, this included all types of genetic and genomic
tests (Supplementary Final Survey Distributed to
Nephrologists).
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Systematic search and literature review
Performed by KJ and EC

Informed primary questions

Received feedback to establish face and content
validity

September 2018-February 2020

Refined survey questions

decided on theoretical framework
Developed questions

Refined content

Project working group meetings

Pilot test with 6 nephrologists

Discussion with working group

Electronic dissemination via RedCap
link

Email invitation to Advanced
trainee network (n=120) and VTRG

email network (n=134*)

Link to survey included in ANZSN
weekly email newsletter

publication

Snowball sampling across Australia

N=172

Direct email invitation to
department heads/representatives

of nephrology units at public
hospitals

(n=51)

Figure 1. Flowchart of survey development and dissemination. ANZSN, Australia and New Zealand Society of Nephrology; VTRG, Victoria and
Tasmanian Renal Group. Note: There is overlap between VTRG and Advanced trainee members.
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Dissemination Strategy and Study Sample

The survey was hosted in REDCap20 online software
from September 2018 to February 2020, accessible by
public link, with an estimated time to completion
of <10 minutes. All nephrologists and trainees who
had formally entered nephrology advanced training
before 2019, and who currently practiced in Australia,
either in pediatric or adult medicine, were eligible to
participate. We included advanced trainees, as they
represent the future nephrology workforce and there-
fore interventions to guide genomics implementation
also should consider this group.

The recruitment strategy was multipronged
(Figure 1). A convenience sample was obtained by
advertising the survey in the Australian and New
Zealand Society of Nephrology member newsletter
and through voluntary distribution by the depart-
ment head/administration of nephrology units at
tertiary hospitals. An advanced trainee and educa-
tional network mailing list were used to target
nephrology trainees, and nephrology providers’
practicing in Victoria and Tasmania, respectively.
The newsletter and all e-mails included information
related to study aims, the expected time to complete
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the survey, and instructions to complete the survey
only once. Recipients and survey respondents were
encouraged to forward the survey information to
colleagues, at their discretion, resulting in snowball
sampling. A presentation describing the study and
providing the survey link also was given at the
Australian and New Zealand Society of Nephrology
annual scientific meeting. An automatic end-survey
was initiated at the first page if respondents
selected that they had commenced nephrology
training after 2018.

Data Analysis

Descriptive statistics were used to summarize de-
mographics, baseline characteristics, and frequency of
other survey responses. The utility scores of genetics
services were expressed as medians, given the data
were nonparametric. Chi-squared, the c2 test for
trend, or Fisher exact tests were performed to compare
survey responses across provider type (advanced
trainee vs. consultant, pediatric vs. adult clinician),
years of experience, and professional development in
genomics within the past 12 months (yes vs. no).
Given that we hypothesized that genomic technology
Kidney International Reports (2021) 6, 272–283



Table 1. Baseline data of survey respondents
Type of provider n % % Representationa

Adult nephrologist 119 69.2 78.4

Pediatric nephrologist 16 9.3 1.7

Adult trainee 33 19.2 18.1

Pediatric trainee 4 2.3 1.8

Years of practice

#10 58 33.7

11–15 34 19.8

16–20 19 11.1

21–25 17 9.9

26–30 17 9.9

>30 27 15.7

Location of practice

New South Wales 50 29.1 31.8

Victoria 65 37.8 31.1

South Australia 7 4.1 5.8

Northern Territory 6 3.5 2.7

Queensland 22 12.8 17.3

Tasmania 3 1.7 1.6

Western Australia 7 4.1 7.4

Australian Capital Territory 0 0 2.3

Missing 12 7 N/A

Number of patients referred for genetic/genomic testing (via clinic or directly) over the
past 12 mo

0 80 46.5

1–4 66 38.4

5–9 15 8.7

$10 11 6.4

N/A, not available.
a% representation by location based on data from correspondence from the Royal
Australian College of Physicians (https://www.racp.edu.au); % representation by dis-
tribution by provider type based on data from Report of the Workforce Review Com-
mittee of the Australian and New Zealand Society of Nephrology 2017.
Supplementary Table S6 is a detailed table broken down by provider type.
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would not be as widely used by clinicians graduating
before 1995, #25 versus >25 years of experience was
compared. Advanced trainees also are less likely to
have hands-on experience with genomics but may
have had more exposure to genomics in their under-
graduate/postgraduate training. Therefore, we also
compared responses between advanced trainees and
specialists. Responses from Likert scales were
analyzed as ordinal data and were combined where
appropriate (for example, strongly agree/agree) to
achieve reasonable numbers for analysis and visuali-
zation. To analyze the qualitative data generated from
the free-text comments section, SB and KJ systemati-
cally reviewed all comments independently, and
generated coding themes. Data were categorized ac-
cording to these themes, initially independently and
then compared, with differences of opinion discussed.
Any unresolved or ambiguous free-text comments
were resolved through discussion with BM. Non-
identifying demographic details are presented
together with qualitative comments, including
whether the clinician had ordered a test in their career
(ordered ¼ Y/N).
Kidney International Reports (2021) 6, 272–283
RESULTS

Participant Characteristics

A total of 224 eligible participants responded to the
survey, of whom 52 (23%) chose not to proceed
beyond giving demographic information, and therefore
were excluded. This resulted in 172 responses suitable
for analysis, including 135 nephrologists and 37
nephrology trainees, of whom 141 (83%) fully
completed the questionnaire. The remainder of re-
spondents completed $90% of questions and were
included in the analysis of the questions they
answered. Because of the broad dissemination methods
used, we were unable to calculate an accurate response
rate. However, in 2018, the estimated number of
practicing nephrologists and advanced trainees in
Australia was 450 and 120, respectively (Australian and
New Zealand Society of Nephrology, personal commu-
nication, 2018), hence the survey represented at least
30% of practicing nephrologists and advanced trainees
in Australia.

Detailed demographic characteristics of the 172
survey participants are summarized in Table 1. The
location of practice among clinicians was representative
of the distribution of nephrologists in Australia, ac-
cording to data provided by the Royal Australasian
College of Physicians.21 No respondents indicated they
had formal genetics subspecialist qualifications.
Current Practice and Beliefs

Most clinicians (132 [77%]) had referred at least one
patient to a genetics clinic, with a higher proportion of
nephrologists referring patients to genetics clinics
compared with nephrology trainees (110 of 133, 83%
vs. 22 of 37, 59%, P ¼ 0.003). More pediatric clinicians
had referred at least one patient for genetic testing
compared with adult clinicians (19 of 20 [95%] vs. 113
of 150 [75%], P ¼ 0.047). In addition, there was an
increasing trend in number of tests ordered in the past
year among pediatric (P < 0.001, Supplementary
Table S1) compared with adult clinicians.

Although 109 respondents (63%) had ordered a
genomic test at least once, 28 of 109 (26%) of them
stated they had “never” been actively involved with
results disclosure, and 58 of 109 (53%) indicated they
had “sometimes” been involved. Sixty-three re-
spondents (37%) had never ordered a genomic test,
with reasons outlined in Figure 2. Of the 92 clinicians
who had ordered a test within the past 12 months, 66
(72%) had ordered a test for 1 to 4 patients over this
period (demographics of these respondents are pro-
vided in Supplementary Table S2).Clinicians were also
asked to select from a list, the most challenging as-
pects of genomic testing. The most challenging aspects
275
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0%

I did not know which test was appropriate

The genetic testing process was confusing*

A genetic test did not seem useful

A genetic test was not available

Other

My patient did not want testing

* For example, consent, cost, paperwork, proximity of service, insurance implications, etc.

I’ve never encountered a patient who I suspect has a
genetic cause of kidney disease

20% 40% 60% 80%

68.3%

34.9%

17.5%

12.7%

12.7%

9.5%

1.6%

Figure 2. Reasons for never ordering a genomic test b (n ¼ 63). Note: Respondents were able to select more than 1 reason.
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reported were: “selecting the right test”, followed by
"interpreting the test result" and “identifying which
patient[s] to test” (Table 2). One nephrologist gave
further details as to why they had not ordered a test:
“the different services available are not clearly delin-
eated or easy to discern. I have no idea where I should
refer patients onto. I would be happy to refer onwards if
this information were readily available” (adult
nephrology trainee, ordered ¼ N, R#192). Another
nephrologist commented at the conclusion of the
survey that support was needed for results disclosure:
“There is definitely a need for a multidisciplinary team
specializing in renal genetics to assist with counseling/
interpretation of results” (adult nephrologist, R#131).

Most providers (136 [85%]) indicated that they
believed genetic testing would be useful in the man-
agement of patients with suspected genetic kidney
disease (6 respondents selected unsure). Median utility
scores of genetic testing, clinical genetics consultation,
and genetic counseling are displayed in Figure 3. Cli-
nicians also believed that of patients who underwent
genetic testing, a high proportion would have a result
that would affect patient care (median 70% of patients
Table 2. Most challenging aspects in the management of patients
with suspected genetic kidney disease
Listed options Scorea

Selecting the right test 215

Interpreting the test result 188

Identifying which patient(s) to test 161

Follow-up genetic counseling of family 96

Discussing results with patient and/or family 95

Integrating result into clinical care 83

Ordering the test 78

Consenting for the genetic test 60

Other: please specifyb 16

aRespondents were asked to rank the top 3 aspects: first most challenging was given
score of 3, second most challenging was given score of 2, third most challenging was
given score of 1; totals of these scores for each option are displayed. The top 3
challenges were the same in trainees and consultants.
bListed in Supplementary Table S8.
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tested, range 0%–100%). Free-text comments were
received from 38 (22%) respondents. Some nephrolo-
gists commented at the conclusion of the survey that
genetic testing will become more important in the
future: “I have referred many patients to a renal genetics
clinic and on rare occasions I get something useful.
However, that is not the point. This is a new and growing
area which needs to be encouraged, and sending in mem-
bers of interesting kindreds, or conditions of interest to the
clinic, will enable these groups to develop a database of
matching genes banks, clinical histories and family trees.
The relevance and benefit of renal genetics will inevitably
be significant, and the more we support it the quicker that
will be” (adult nephrologist with >30 years of experience,
ordered ¼ Y, R#186).

Preferences for Model of Service Delivery

Most clinicians (98 [57%]) preferred to refer patients to
a multidisciplinary renal genetics clinics (Table 3). The
second most popular model was that the nephrologist
orders the test themselves (38 [22%]), followed by
referring to a clinical genetics service (25 [15%]).
Compared with senior nephrologists (>25 years), junior
nephrologists were more likely to prefer a multidisci-
plinary model of service delivery (64% vs. 39%, P ¼
0.004, Table 3). There was no association between re-
spondents’ self-perceived confidence levels with
genomic testing and the preference for a multidisci-
plinary model (P ¼ 0.87). When considering practi-
calities of attending a genetics service, the median
percentage of patients whom nephrologists considered
unable to attend was 10% (range 0–90). Several free-
text responses reflected views on the preferred clinic
model (Supplementary Table S3), with some nephrol-
ogists recognizing the clinic model may evolve: “I think
for common genetic conditions being able to order test and
counsel patients should be possible for a clinical
nephrologist, with backup counseling if needed. For less
common conditions, where there is uncertainty
Kidney International Reports (2021) 6, 272–283



Table 3. Preferred model of service delivery, by level of experience

Preference for model of
service, frequency

£25 years of
experience
(n [ 127)

>25 years of
experience
(n [ 44)

Total cohort
(n [ 171)

Nephrologist refers to multidisciplinary
renal genetics clinic

81 (63.8) 17 (38.6) 98 (57.3)

Nephrologist orders test and returns result
with clinical genetics support as needed

27 (21.3) 11 (25.0) 38 (22.2)

Nephrologist orders test and discloses result 1 (0.8) 4 (9.1) 5 (2.9)

Nephrologist refers to clinical genetics 15 (11.8) 10 (22.7) 25 (14.6)

Other 3 (2.4) 2 (4.5) 5 (2.9)

Note: there was no difference between preference of model type between trainee and
consultant and preference for multidisciplinary clinic versus other (c2 ¼ 2.71, P ¼ 0.61,
and c2 ¼ 1.10, P ¼ 0.29, respectively). Please refer to Supplementary Table S9 for table
broken down by trainee versus nephrologist, and Supplementary Table S10 for details
on “other” preferred models.
Data are n (%).
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Figure 3. Utility scores of genetic testing, clinical genetics consul-
tation, and genetic counseling services. Boxes show median and
interquartile range. Whiskers show upper and lower extremes.
Outliers are plotted. Note: Clinicians were asked to rank the use-
fulness of these services from 1 ¼ “Not at all useful” to 10 ¼ “Very
useful”; useful is defined as score of $6.
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(vesicoureteral reflux, etc.) and where the genetic test isn’t
obvious, then initial genetics referral may be better. I
think this is a field that is in its infancy in adult
nephrology and time and experience will likely see a
reasoned response – somewhere between limited genetic
services being swamped with referrals (I’m told the local
waiting time is 6 months) and much of the initial testing
being ordered and actioned by the treating nephrologist.
Obviously, the profession will need to upskill in this area
and quality training resources and investigation and
management algorithms will be helpful” (adult nephrol-
ogist with 21–25 years of clinical experience, ordered ¼ Y,
R#205).

Perceptions of Readiness for Implementation

A total of 169 clinicians completed the adapted
IGNITE pre-implementation provider questionnaire
coded by the CFIR (see Supplementary Tables S4 and
S5 for responses and details of constructs).16 The
constructs that scored the lowest related to the “Inner
Setting.” This construct includes participants’ views
on the implementation climate (including staff, pro-
cesses, learning resources) and indicates concern over
the organization’s readiness for implementing
genomic sequencing. The highest scoring constructs
related to the “intervention characteristics,” with
most (136 ¼ 80%) clinicians agreeing that the infor-
mation generated by genomic testing is important for
patient care. Despite this, only 39 (23.1%) indicated
they felt confident to use results of genomic testing.
Nephrology trainees felt less confident compared with
nephrologists (1 of 37, 3% vs. 38 of 132, 29%, P ¼
0.001); however, there was no significant difference in
confidence levels between junior and senior
Kidney International Reports (2021) 6, 272–283
nephrologists (>25 years’ experience, P ¼ 0.23). A
greater proportion of pediatric providers selected that
they felt confident compared with adult providers (12
of 20, 60% vs. 27 of 149, 18%, P < 0.001). Similarly,
more pediatric providers agreed that their training
had prepared them to treat patients with genetic
kidney disease (13 of 20 [65%]) compared with adult
nephrologists (37 of 151, 25%, P < 0.001). Responses
of the overall cohort are summarized in Figure 4, and
further details including comparisons between pedi-
atric and adult nephrology clinicians are provided in
Supplementary Tables S6 and S7.
Genomic Education and Training

Fewer than half (77 [45%]) of respondents had attended
professional development activities in genomics, with
no difference in attendance by years of professional
experience (P [ 0.98). The most common preferences
for modes of professional development were intra-
disciplinary workshops (69%) and conferences (65%),
rather than specific genomics workshops or confer-
ences (Table 4). When asked about current practices in
learning about genomics, the most common response
was reading journals (55%), then specialty seminars
and conferences (49%). Group reflections, such as
multidisciplinary meetings, were also favored for both
learning about genomics (32%) and regular profes-
sional development activities (32%). A significantly
higher proportion of providers who attended profes-
sional development selected they felt confident to use
results of genetic testing (27 of 76, 36% vs. 12 of 92,
13%, P [ 0.001), and referred patients for genomic
testing (55 of 77 [71%] vs. 52 of 93 [56%] who had not
attended professional education, P ¼ 0.037). Providers
who had attended education in genomics also preferred
a multidisciplinary clinical model compared with those
who had not (53 of 77 [69%] vs. 44 of 93 [47%], P ¼
0.005).
277



Figure 4. Provider responses to the adapted IGNITE pre-implementation provider questionnaire, coded by Consolidation Framework for
Implementation Science. GT, genomic testing.
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Qualitative Responses

Optional free-text comments were collected at the
conclusion of the survey from 38 respondents. Given the
broad nature of responses, the authors were unable to
categorize response domains using a theoretical frame-
work. Therefore, based on the final comments from re-
spondents, we identified 5 categories that reflected
views on genomics implementation in nephrology:

� self-awareness of current knowledge and practice
of genomics

� enthusiasm for incorporation of genomics in cur-
rent and future practice

� doubt over sustainable application at present
� perceived barriers and facilitators to the imple-
mentation of genomics

� preferences for model of service delivery
A description of these categories and supporting

quotations are provided Figure 5. Detailed responses
can be found in Supplementary Table S3.
DISCUSSION

Our study identified low rates of genomic testing,
coupled with low confidence levels among nephrolo-
gists and trainees practicing in Australia. Pediatric
providers reported higher confidence and experience,
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as well as increased training in genomics compared
with adult providers, which may reflect increased
attention to core genomics knowledge in the pediatric
nephrology curriculum in Australia22 and/or higher
exposure to patients with genetic disease in the pedi-
atric population, giving opportunity for experiential
learning.23 Among clinicians surveyed, attendance at
genomics professional development activities was
associated with increased confidence and referral of
patients for genetic testing. However, it was not
possible to determine from this survey the reasons for
attending education. It is possible that those clinicians
interested in genomics are more likely to attend edu-
cation, and therefore feel more confident and refer
patients for genetic testing. The most common barriers
to using genomic testing among nephrologists sur-
veyed were the test selection and ordering process,
which may reflect lack of both clinical and process
knowledge among this cohort. Similarly, the most
challenging aspects of genomics for respondents in this
survey were patient and test selection, followed by
interpreting test results. The development of guidelines
for genomic testing may help improve understanding
in these areas and testing practices.

Despite low levels of confidence among respondents
and limited utilization of genomics services in
nephrology, there was enthusiasm among providers
Kidney International Reports (2021) 6, 272–283



Table 4. Preferences for genomic education
Preferences n %

Which of the following do you currently access to keep up
to date with, or learn new skills in, genomic medicine?a

Reading specialty texts (journals, papers, etc.) 94 54.7

Internal specialty seminars, conferences, etc. 85 49.4

External specialty seminars, conferences, etc. 76 44.2

Participating in multidisciplinary meetings 55 32.0

CPD/CME activities 46 26.7

External genetic or genomic seminars, conferences, etc. 29 16.9

Online webinars, courses, MOOCs, etc. 28 16.3

Internal genetic or genomic seminars, conferences, etc. 21 12.2

Certification/fellowship activities 13 7.6

Study days at place of employment 12 7.0

Social media (e.g., Twitter) 10 5.8

Other 5 2.9

Which professional development method/s do
you find are most effective for you?b

n

Workshop 119 69.2

Conference 111 64.5

Group discussion/reflection 60 34.9

Hands-on learning 57 33.1

Self-directed 50 29.1

Lecture-style 49 28.5

Preparing and giving a presentation/poster/paper, etc. 45 26.2

Online 44 25.6

One-on-one discussion/reflection 30 17.4

Other 2 1.2

CPD/CME, continuing professional development/continuing medical education; MOOCs,
massive open online course.
aRegarding current education use, the only choices that resulted in a statistical dif-
ference between trainees and consultants were “external specialty seminars/confer-
ences” (69 of 135 [51%] consultants selected this vs. 7 of 35 [19%] or trainees, P < 0.01)
and “certification/fellowship activities” (7 of 135 [5%] consultants selected this vs. 6 of
37 [16%] of trainees, P ¼ 0.03).
bRegarding the most effective professional development method, the only choice that
resulted in a statistical difference between trainee and consultant was “workshop” (96
of 135 [71%] consultants selected this vs. 15 of 37 [41%] of trainees, P < 0.01). Re-
sponses of trainees versus nephrologists can be found in Supplementary Table S8.
Note: respondents were able to select multiple responses; 172 respondents answered
both questions.
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about the benefits of genomic testing in current and
future practice. Clinicians also recognized the need to
invest time and resources into genomics to reap these
future benefits, through the generation of evidence,
and through building data repositories. Overall, clini-
cians indicated that genomics has the potential to
improve the management of nephrology patients,
indicating that a median of 70% of patients who un-
derwent genomic testing would have an impact on
their clinical care. This appears to be consistent with
current evidence, which reports varying diagnostic
utility as high as 60% in carefully selected pop-
ulations.4 There are limited data on the clinical utility
of genomic testing, but a recent study reported changes
to management in 59% of patients following a genomic
diagnosis.24

Respondents indicated a strong preference for a
multidisciplinary model approach to genomic testing,
which involves a clinical geneticist and genetic coun-
selor in the clinical consultation. Although one may
Kidney International Reports (2021) 6, 272–283
attribute a preference for this model to lack of confi-
dence with genomic testing, results from this survey
suggest otherwise, given that there was no association
between self-reported confidence of genomic testing
and preference for model of service delivery. More-
over, those who had genomic education were more
likely to prefer the multidisciplinary model, suggesting
that recognizing the complexities that accompany
genomic testing may inform clinician choices. Most
respondents indicated minimal involvement with
counseling and result disclosure, in keeping with
subspecialist surveys that highlight a strong desire for
additional genetics support, especially around result
return.25,26 Increasing support for multidisciplinary
clinics should be a priority for policymakers to help
nephrologists better serve individuals with genetic
kidney disease. It is also evident from many qualitative
responses that as this area evolves, and genomic testing
becomes more standardized, nephrologists may be more
equipped to adequately assess and counsel these pa-
tients. Therefore, the current model involving a
nephrologist, clinical geneticist, and genetic counselor
may be required only in the short term, whereas
knowledge transition is occurring. In the future, if
nephrologists feel comfortable with using genomics in
routine care, the renal genetics clinics may involve a
nephrologist with genetics expertise together with a
genetic counselor, with review by a clinical geneticist
being reserved for complex cases. This model would
provide a more feasible approach, particularly in the
context of shortage of genomics professionals in
Australia and internationally.27–29

One of the main implementation barriers highlighted
in this survey related to CFIR domain of the “inner
setting”; that is, the hospital or working culture and/or
environment, in keeping with a recent survey of atti-
tudes toward rapid genomic testing in pediatric critical
care, which highlighted the “inner setting” as the
lowest scoring construct identified by clinical genetics
professionals, and found similar high-scoring con-
structs to our survey.18 Specifically, inadequate staff-
ing, learning resources, and funding for genomics were
highlighted in quantitative and qualitative responses.
Currently, there is a paucity of data surrounding the
effectiveness of any specific intervention to increase
physician preparedness.30 Possible interventions in
nephrology that hold the potential to increase uptake
of genomics in nephrology include the development of
guidelines, streamlining of test practices, and increased
funding for tests. Changes in the nephrology learning
curriculum may help improve clinician knowledge in
the first instance, as results of this study indicate that
most nephrologists felt that their training had not
prepared them to integrate genomics into their
279



Category

Self-awareness of current
knowledge and prac�ce

Enthusiasm for incorpora�ng
genomics in current and

future prac�ce

Doubt over sustainable
applica�on of genomics at

present

Barriers and facilitators for
widespread implementa�on

Preferences for models of
service delivery

Barriers: lack of training, funding, �me
constraints

Facilitators: funding, training
guidelines

Clinicians described reasons for
choices, and the expected evolu�on of

the clinic model

Clinicians felt the current applica�on of
genomics in kidney disease is not

effec�ve or clinically useful

Clinicians recognized that genomics is
rapidly evolving, and is important to
understand disease pathogenesis as

well as impact on care

Clinicians felt underprepared to offer
tes�ng and did not understsnd
intricacies of tes�ng processes

“Limited knowledge about the methodology of genome sequencing, cost, poten�al
pi�alls, and where tests are available, how to order and pay for them are provided
to nephrologists during training. Also, as the scien�fic techniques change rapidly it
is easy to be le� behind in this area” (#73)  

Descrip�on Illustra�ve quote

“As an advanced trainee with mul�ple compe�ng interests, the very complex nature
of gene�cs make it difficult to incorporate it into meaningful prac�ce” (#194)

“I can see it is an expanding field and will be an important part of ‘personalized’
medicine” (#167)

“I think the tes�ng currently is more important for families rather than individuals; I
also support tes�ng to expand our understanding of the biology of disease” (#141)

“Genomic medicine in general is unsupported at state and federal levels, essen�ally
run by volunteers and understanding heads of units” (#21)

“We have to be clear what is clinical useful and prac�ce vs what is research driven
at this stage. This isn’t always clear. A lot of tests can be ‘nice to know’ but does not
change management” (#167)

“Tes�ng is expensive and from a resource perspec�ve would be best requested in
the hands of someone who knows how it will change that person’s management if
at all. Budgets will be an issue - eg. renal/gene�c/pathology -who pays for the
tests, might create a reluctance to order even when able to do so” (#118)

“Need to be aware of  out-of-pocket costs incurred by pa�ents, if the test(s) are not
covered by Medicare. This is o�en a limit on tes�ng. informa�on on where to
request (which lab) the tests will be helpful” (#109)

“Considering the complexi�es of the tests and the evolving nature of the field, I
think invoking mul�disciplinary gene�cs clinics provide op�mal pa�ent care”
(#173)

“There is definitely a need for a mul�disciplinary team specialising in renal gene�cs
to assist with counseling/interpreta�on of results” (#131)

Figure 5. Summary of free-text comments from 38 respondents.
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practice, which echoes results of previous studies.31

Our survey suggests that the most useful means of
dissemination are through internal and external
nephrology seminars and workshops. This is consistent
with a recent study on education needs of medical
specialists that found that clinicians prefer genomics
education through experiential learning opportunities
that are tailored to their specialty. Furthermore, clini-
cians look to experts (i.e., “genomics champions”)
within their own specialty.23 Therefore, it may be
effective for nephrologists who have experience with
genomics to lead these in-house workshops and semi-
nars in collaboration with genomic experts, to allow
specific and contextualized support for practicing ge-
nomics within the speciality.

This is the first study to investigate nephrologists’
attitudes to and practices of genomics implementation
in clinical practice. Previous studies of nephrologists’
attitudes focused on pharmacogenomics11 and APOL1
risk recurrence in living kidney donors,12 neither of
which are widely applicable in the Australian health
care system. A recent multisite survey13 investigated
280
physician-reported barriers to implementing genomic
medicine; however, that study focused on primary care
providers rather than nephrologists, and combined a
number of speciality disease areas, including pharma-
cogenomics, diabetes, and chronic kidney disease. We
adapted a tool used in the study design by Owusu
Obeng et al.13 on perceptions of readiness for imple-
mentation and found similar levels of confidence and
training among nephrologists to those providers at
disease sites reported in this paper. Studies published
on other medical specialists focus on clinician knowl-
edge and beliefs, with little consideration to organiza-
tional constraints or other factors that influence
clinician behavior.30,32 A major limitation emphasized
by recent systematic reviews was that almost all reports
failed to incorporate theoretical frameworks in their
methodology,14,30,33 thereby limiting comparison of
findings between various studies and/or specialties.
Comparison of our findings of “readiness for imple-
mentation” and surveys of other specialties that
adopted similar frameworks suggest that barriers and
facilitators in implementing genomics may be similar
Kidney International Reports (2021) 6, 272–283
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across specialties.13,18 The importance of a multifaceted
approach to implementation has been highlighted
extensively in the literature.32 By using a theoretical
framework to inform our survey design, we were able
to capture multiple domains that may influence
implementation. Another strength of our study is that
we gathered a large and representative sample of the
nephrology workforce in Australia, by experience and
location.

We recognize that our study has limitations.
Although all practicing nephrologists were invited to
participate in the survey, our main sampling strategy
focused on public sector service provision. We also
cannot rule out selection bias in the responses
received. For example, advanced trainees may have
less practical experience with genomics, and therefore
influence results. However, in most cases, apart from
the referral patterns for genomic testing, there was no
significant difference in responses between trainees
and specialists. In addition, trainees represented 22%
of the total sample, which is a close representation of
the nephrology workforce in Australia (trainees make
up 21% of the workforce, Table 1). Furthermore,
given the broad range of providers included in this
survey, and the representative distribution across
location and experience levels, selection bias is less
likely. In addition, cross-sectional surveys may
introduce response bias, and given several questions
regarding practice patterns relied on self-reporting,
they were subject to recall bias. Because of our
broad and inclusive dissemination technique, we
cannot estimate a response rate, as our total sample
population was unknown. However, even if all ne-
phrologists in Australia were invited to participate,
this would achieve a minimum response rate of 30%.
The response rate is higher, and our sampling strategy
is more inclusive, compared with previously pub-
lished surveys of nephrologists and other physicians
in developed countries.30,34–38 Finally, our survey
results, including the enthusiasm for genomics
implementation by nephrologists in Australia, must
be considered alongside the current implementation
climate available to nephrologists who were surveyed.
Over the past 3 years, more than AUD $125M (USD
$87M) have been invested into supporting research
and infrastructure to accelerate clinical genomics
implementation through Australian genomics, and
state-funded genomics programs.10 One of the
research programs specifically focuses on determining
the workforce training and education needs and
evaluating genomic education interventions, whereas
another is evaluating genomic testing in suspected
monogenic renal disorders.39 Such initiatives have a
fundamental role in promoting genomics
Kidney International Reports (2021) 6, 272–283
implementation in the workforce and ultimately will
enable effective translation of genomics from research
to clinical practice.10

CONCLUSIONS

Our study identifies that despite low uptake and con-
fidence in genomic medicine by nephrology specialists,
most believed genomics to be useful in clinical care.
There was strong support of a multidisciplinary service
model, which will help the transition of genomic
testing to the nephrology workforce. We highlight a
broad range of barriers that span multiple imple-
mentation domains. Interventions aimed at addressing
the working culture include increased funding and
resources, disease-specific guidelines, and streamlining
of testing processes to ensure successful implementa-
tion of genomics within nephrology. Future research
should focus on exploring barriers to implementation
in detail, as well as identifying and testing in-
terventions to increase clinician preparedness.
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