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Abstract
Background: In	 Canada,	 funding	 for	 genome-	wide	 sequencing	 (GWS;	 exome	
and	 whole	 genome)	 is	 provincially	 regulated.	 We	 characterized	 the	 uptake	 of	
GWS	by	genetics	health	professionals	(GHPs)	across	Canada	and	describe	how	
they	use	remote	technologies	for	patient	access	to	GWS	and	genomic	counseling.
Methods: We	distributed	a	survey	to	574	Canadian	GHPs	addressing:	GWS	use,	
remote	 technologies	 (e.g.,	 telephone,	 videoconferencing)	 for	 GWS	 and	 provider	
opinions	 regarding	 these	 technologies.	Data	were	 summarized	using	descriptive	
statistics.	 Associations	 between	 variables	 were	 evaluated	 using	 Chi-	square	 and	
Fisher's	Exact	tests	for	categorical	data,	and	t-	tests	or	Mann–	Whitney	U	tests	for	
continuous	data.
Results: Of	116	GHPs,	50%	reported	using	GWS	in	the	last	year	and	57%	of	GWS	
users	 reported	using	 remote	 technologies.	Clinical	geneticists	who	did	not	use	
GWS	reported	lack	of	provincial	funding	as	the	principal	reason.	Remote	tech-
nologies	were	most	commonly	used	for	informed	consent	and	results,	and	rarely	
used	for	initial	consultations.	Average	wait	times	for	a	GWS	appointment	were	
shorter	for	remote	appointments	(mean	44.2	(SD	40.2)	weeks)	than	for	in-	person	
(mean	58.2	(SD	42.9),	p = 0.036).
Conclusion: The	 use	 of	 GWS	 varied	 across	 Canada,	 professional	 designation,	
and	discipline.	Funding	remains	a	barrier	to	GWS	access.	Remote	technologies	
increase	patient	access	with	reduced	wait	times.
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1 	 | 	 INTRODUCTION

Genome-	wide	 sequencing	 (GWS;	 exome	 and	 whole	 ge-
nome)	 is	 increasingly	 becoming	 a	 timely	 and	 resource-	
efficient	choice	of	genetic	test,	that	is	well	suited	for	rare	
disease	 (Sawyer	 et	 al.,	 2016;	 Wright	 et	 al.,	 2018)	 and	 is	
now	recommended	as	an	early	investigation	in	a	patient's	
diagnostic	 odyssey	 (Srivastava	 et	 al.,	 2019).	 Canadian,	
American,	and	European	guidelines	recommend	genetic	
counseling	 for	 all	 families	 considering	 GWS	 (Elliott	 &	
Friedman,	2018).

In	Canada,	the	concentration	of	genetics	clinics	in	large	
metropolitan	 centers	 requires	 many	 patients	 in	 remote	
and	rural	areas	to	travel	far	and	wide	to	receive	these	ser-
vices	in-	person,	placing	a	burden	on	families	in	the	form	
of	time	away	from	work	and	home,	the	cost	of	travel	and	
accommodations,	and	the	risk	of	travel	during	inclement	
weather	(Sevean	et	al.,	2009).	Our	group	has	recently	shown	
that	travel	costs	and	caregiver	productivity	loss	associated	
with	 attending	 diagnosis-	related	 appointments	 for	 chil-
dren	with	rare	genetic	disorders	in	British	Columbia	is	ap-
proximately	$1907/family/year	 (Dragojlovic	et	al.,	2020).	
Since	these	factors	can	obstruct	access	to	genetics	services,	
some	genetics	health	professionals	(GHPs;	i.e.,	geneticists,	
genetic	counselors,	etc.)	offer	alternative	service	delivery	
methods.	In	this	study,	we	use	the	term	“remote	genetics	
service	provision”	(RGSP)	to	describe	all	strategies	that	are	
not	“in-	person”	(e.g.,	telephone,	commercial	videoconfer-
encing	software	(e.g.,	Skype,	Zoom),	provincial	telehealth	
programs	(which	involves	patients	travelling	to	a	hospital	
or	clinical	unit	near	their	place	of	residence),	and	online	
tools	such	as	decision	aids	and	webinars.

Studies	have	examined	the	use	of	RGSP	within	Canada,	
for	indications	such	as	prenatal	counseling	(Elliott	et	al.,	
2012),	 hereditary	 cancer	 (D’Agincourt-	Canning	 et	 al.,	
2008)	and	Huntington	disease	predictive	testing	(Hawkins	
et	 al.,	 2013a,	 2013b).	 However,	 RGSP	 adoption	 for	 GWS	
has	 not	 been	 evaluated	 as	 clinical	 GWS	 is	 not	 available	
in	all	provinces.	We	have	recently	shown	cost	efficiencies	
and	 a	 delay	 to	 complete	 trio	 sample	 accrual	 with	 tele-
health	in	a	translational	GWS	pediatric	research	study	in	
British	Columbia	(Elliott	et	al.,	2021).	To	facilitate	access	
to	GWS,	it	 is	 important	to	establish	uptake	and	provider	
opinions	 of	 RGSP	 to	 identify	 the	 barriers	 to	 adoption.	
This	study	characterizes	the	uptake	and	barriers	to	GWS	
among	 Canadian	 GHPs	 and	 how	 Canadian	 GHPs	 use	
RGSP	 for	GWS.	This	 study	 is	part	of	 the	GenCOUNSEL	

Study:	“Optimization	of	genetic	counselling	for	the	clini-
cal	implementation	of	genome-	wide	sequencing.”

2 	 | 	 METHODS

2.1	 |	 Survey development

We	 designed	 and	 administered	 a	 national	 survey	 to	
Canadian	GHPs	to	assess	the	use	of	GWS	in	the	last	year	
and	 their	 experience	 with	 remote	 service	 provision	 for	
these	cases.	A	questionnaire	was	developed	 in	consulta-
tion	 with	 geneticists,	 genetic	 counselors,	 and	 research-
ers	 affiliated	 with	 the	 GenCOUNSEL	 study	 and	 McGill	
University	 Health	 Centre.	 The	 survey	 consisted	 primar-
ily	of	closed-	ended	questions	as	well	as	three	open-	ended	
prompts	 for	 written	 comments.	 The	 questionnaire	 was	
divided	 into	 four	 categories:	 participant	 demographics,	
GWS	 use,	 RGSP	 for	 GWS	 (including	 length	 of	 appoint-
ments	and	wait	times	to	appointments	[as	compared	to	in-	
person	appointments]),	and,	provider	opinions	regarding	
benefits	and	limitations	of	RGSP	use	in	GWS.	Participants	
who	did	not	use	GWS	and/or	RGSP	had	a	 shorter	over-
all	 survey.	 When	 measuring	 opinions,	 participants	 were	
asked	to	rate	 their	agreement	with	statements	regarding	
certain	 benefits	 and	 limitations	 to	 RGSP	 for	 GWS	 using	
a	5-	point	Likert	 scale,	 ranging	 from	strongly	disagree	 to	
strongly	agree.	For	each	statement,	“agree”	and	“strongly	
agree”	responses	were	added	to	derive	percentage	agree-
ment,	 while	 “disagree”	 and	 “strongly	 disagree”	 were	
added	to	derive	percentage	disagreement	(see	supplemen-
tary	material	for	questionnaire).

2.2	 |	 Study distribution

A	letter	of	contact	with	a	link	to	the	online	survey	was	dis-
tributed	to	practicing	Canadian	GHPs	through	email	dis-
tribution	 lists	 from	the	Canadian	Association	of	Genetic	
Counsellors	(CAGC)	and	the	Canadian	College	of	Medical	
Geneticists	(CCMG).	The	survey	was	distributed	to	active,	
eligible	members	only.	The	survey	invitation	was	distrib-
uted	to	309	full	CAGC	members	and	265	CCMG	members.	
Data	were	collected	and	 stored	 in	a	 secure	REDCap	da-
tabase	(Harris	et	al.,	2009)	at	the	BC	Children's	Hospital	
Research	 Institute.	 The	 survey	 was	 open	 for	 4  months	
(September	to	December	2019).

K E Y W O R D S
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2.3	 |	 Data analysis

Data	 were	 summarized	 using	 descriptive	 statistics.	 The	
statistical	 significance	 of	 associations	 between	 variables	
were	 evaluated	 using	 Chi-	square	 and	 Fisher's	 Exact	
tests	 for	 categorical	 data,	 and	 t-	tests	 or	 Mann–	Whitney	
U	 tests	 for	 continuous	 data,	 depending	 on	 the	 distribu-
tions.	 Provinces	 and	 territories	 with	 a	 small	 number	 of	
respondents	were	combined	together	into	regions	to	pro-
vide	sufficient	 sample	size	 for	comparisons.	Specifically,	
Yukon	 Territory	 +	 British	 Columbia;	 prairie	 provinces	
(Alberta,	 +	 Saskatchewan,	 +	 Manitoba);	 Atlantic	 prov-
inces	(Newfoundland	+	Nova	Scotia)	(no	responses	were	
received	from	remaining	provinces	or	territories).	To	add	
context	 to	 our	 findings,	 open-	ended	 written	 responses	
were	 elicited	 from	 providers	 who	 reported	 using	 RGSP	
for	GWS.	These	responses	were	coded	and	allocated	into	
themes	(Braun	&	Clarke,	2006).	Coding	and	theme	identi-
fication	were	conducted	independently	by	two	coders	(EE	
and	AME).

3 	 | 	 RESULTS

3.1	 |	 Survey response

In	total,	127	responses	were	received,	11	of	which	were	
excluded:	(three	duplicates	and	eight	incomplete).	There	
were	116	valid	responses	from	distribution	to	574 mem-
bers,	for	a	total	participation	rate	of	20.2%.	A	significantly	
greater	proportion	of	CAGC	members	participated	rela-
tive	 to	CCMG	members	 (29.8%	 (92	of	309)	versus	9.1%	
(24	of	265);	χ2	p < .0005).	Participant	demographics	are	
summarized	 in	 Table	 S1.	 The	 majority	 of	 participants	
were	female,	English-	speaking,	worked	at	a	public	hos-
pital	 or	 university-	affiliated	 medical	 center,	 in	 general	
genetics	or	cancer	genetics	as	their	primary	area	of	prac-
tice,	 and	 lived	 in	 a	 large	 or	 very	 large	 city	 (population	
>300,000).

3.2	 |	 Use of GWS

Fifty	percent	(58/116)	of	respondents	used	GWS	in	the	last	
year.	Being	a	clinical	geneticist,	working	in	general	genet-
ics	as	a	primary	area	of	practice,	and	working	at	a	univer-
sity	medical	center	were	all	significantly	associated	with	
GWS	utilization	(Table	1).

When	 the	 58	 respondents	 who	 did	 not	 use	 GWS	 in	
their	practice	over	the	last	year	were	asked	for	their	pri-
mary	reason	for	not	using	GWS,	55%	(n = 32)	reported	it	
was	not	clinically	relevant	to	their	practice,	38%	(n = 22)	
reported	 that	 funding	 was	 not	 covered	 by	 the	 province,	

and	 5%	 (n  =  3)	 reported	 that	 no	 research	 opportunities	
with	GWS	were	available	(Table	S2).	The	main	reason	for	
not	 using	 GWS	 varied	 by	 province	 (Fisher's	 Exact	 Test:	
p = .030)	driven	primarily	by	a	difference	between	respon-
dents	from	Ontario	and	British	Columbia,	the	majority	of	
whom	(80%	(12/15)	and	71%	(12/17),	respectively)	identi-
fied	a	lack	of	relevance	to	their	practice	as	the	main	rea-
son,	whereas	for	those	based	in	Quebec,	only	27%	(4/15)	
selected	this	reason.	The	majority	of	GHPs	from	Quebec	
(67%;	10/15)	 instead	 reported	 lack	of	provincial	 funding	
as	the	main	reason.

Non-	users	 of	 GWS	 were	 represented	 across	 nearly	
all	 primary	 areas	 of	 practice	 (Table	 1).	 GWS	 non-	users	
practicing	 primarily	 in	 general	 genetics	 and	 pediatrics	
reported	that	this	was	primarily	due	to	a	lack	of	provin-
cial	 coverage	 (77.8%	 (7/9)	 and	 100%	 (4/4)),	 respectively,	
rather	than	a	lack	of	relevance	to	their	practice.	This	dif-
fers	significantly	from	GWS	non-	users	in	cancer	genetics	
(Fisher's	 Exact	 Test:	 p  =  .021),	 most	 of	 whom	 reported	
GWS	 was	 not	 relevant	 to	 their	 practice	 (65%;	 11/17).	
Areas	of	practice	where	GWS	was	most	relevant	included	
general	genetics	(91%;	30/33),	pediatrics	(100%;	8/8),	and	
metabolic	disease	(100%;	5/5);	compared	to	the	 low	rate	
of	relevance	in	cancer	genetics	(43%;	9/21)	χ = 21.2628;	
p < .00001).

3.3	 |	 Appointment characteristics of 
GWS and RGSP

Of	the	58	respondents	who	used	GWS	in	the	last	year,	57%	
(n = 33)	reported	that	they	used	RGSP	in	at	least	one	case	
involving	GWS.	There	were	no	significant	differences	 in	
RGSP	uptake	for	GWS	by	profession,	area	of	practice,	or	
province.	Respondents	reported	involvement	in	a	median	
of	10	GWS	cases	in	the	past	year	(IQR = 5	to	23.75;	n = 56).	
This	 translated	 to	 a	 median	 of	 21	 GWS	 appointments	
(IQR = 10	to	60),	of	which	29%	(median	6	(IQR = 3	to	15))	
conducted	using	RGSP.	Respondents	who	reported	using	
RGSP	in	the	past	year	also	reported	more	GWS	cases	over-
all	per	year	(mean	of	35.50	vs.	12.25;	p = .04).	While	there	
was	no	significant	difference	between	clinical	geneticists	
and	 genetic	 counselors	 in	 the	 uptake	 of	 RGSP	 for	 GWS	
in	 the	 previous	 year,	 clinical	 geneticists	 were	 less	 likely	
to	 use	 RGSP	 in	 GWS	 appointments	 than	 GCs	 (12.7%	 of	
appointments	vs.	37.4%,	p = .02).	Average	GWS	appoint-
ment	 length	 was	 63  min	 (SD  =  23),	 with	 an	 estimated	
average	 length	 of	 38  min	 (SD  =  17)	 for	 RGSP	 appoint-
ments	and	89 min	(SD = 81)	for	in-	person	appointments	
(p <  .0005).	Average	wait	 times	for	a	GWS	appointment	
were	 shorter	 for	 RGSP	 appointments	 (mean	 44.2  weeks	
(SD	40.2),	n = 26)	than	for	in-	person	appointments	(mean	
58.2 weeks	(SD	42.9),	p = .036).
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3.4	 |	 Characteristics of RGSP for GWS

Among	 the	 respondents	 who	 used	 RGSP	 for	 GWS,	 the	
most	common	modalities	were	telephone	and	provincial	
telehealth	programs	(Table	2).	One	reported	using	email	
(entered	under	“other”).	Of	the	three	GHPs	who	reported	
using	online	tools,	two	used	decision	aids	for	pre-	test	coun-
seling,	and	one	used	written	education	material.	All	three	
who	used	online	tools	reported	that	it	was	to	supplement,	
rather	 than	replace,	 in-	person	or	 remote	counseling.	No	

respondents	reported	using	webinars	or	informed	consent	
modules	for	GWS	service	delivery.

Most	 RGSP	 users	 (88%;	 28/33)	 reported	 using	 it	 for	
more	than	one	part	of	the	GWS	service.	In	order	of	use,	
92%	of	RGSP	for	GWS	users	reported	using	it	for	post-	test	
counseling	 and	 results	 (n  =  30),	 75%	 for	 informed	 con-
sent	 (n = 24),	66%	for	pre-	test	counseling	 (n = 21),	and	
47%	for	further	follow-	up	(n = 15).	Only	two	respondents	
(6%)	reported	having	used	RGSP	for	the	initial	consulta-
tion/physical	exam.	One	participant	reported	using	RGSP	

T A B L E  1 	 Associations	between	provider	characteristics	and	GWS	use	(N = 116	respondents).

Participants
Total 
N

Did not 
use GWS

Used 
GWS

DifferenceN (%) N (%)

Professional	designation

Genetic	counsellors 91 50	(55) 41	(45) Clinical	geneticists	are	significantly	more	likely	to	use	GWS	
than	genetic	counsellors	(χ2 = 10.486	(1)	p = .001)

(Note:	Nurses	&	PhD	Geneticists	excluded)
Clinical	geneticists 20 3	(15) 17	(85)

Nurses 1 1	(100) 0	(0)

PhD	geneticists 4 4	(100) 0	(0)

Primary	area	of	practice

General	genetics 33 10	(30) 23	(70) There	is	a	significant	association	between	area	of	practice	
and	GWS	utilization.	(χ2 = 13.57	(5	df)	p = .016);	(Fisher's	
Exact	Test	13.869,	p = .015)

Those	in	general	genetics	appear	to	be	more	likely	to	use	
GWS	than	other	specialties,	while	those	in	cancer	genetics	
appear	to	be	less	likely.

Cancer 21 17	(81) 4	(19)

Prenatal 12 6	(50) 6	(50)

Pediatrics 8 4	(50) 4	(50)

Research	&	Laboratory 16 9	(56) 7	(44)

Other	specialties 26 12	(46) 14	(54)

Type	of	institution

Public	hospital/medical	facility 53 27	(51) 26	(49) Working	at	a	university	medical	center	is	associated	with	a	
higher	likelihood	of	GWS	use	(Fisher's	exact	test	12.854,	
p = .03).

University	Medical	Center 47 17	(36) 30	(64)

Laboratory 5 4	(80) 1	(20)

Other 11 10	(91) 1	(9)

Years	of	practice

Less	than	6 years 40 21	(52.5) 19	(47.5) Years	of	practice	are	not	significantly	associated	with	GWS	
utilization	(χ2 = 3.907	(2)	p=	0.144)6–	15 years 40 23	(57.5) 17	(42.5)

More	than	15 years 34 12	(35) 22	(65)

Province

BC	&	Yukon 30 17	(57) 13	(43) Province	is	not	significantly	associated	with	GWS	utilization	
(χ2 = 5.064	(4	df)	p = .285)Prairie	provinces 15 7	(47) 8	(53)

Ontario 36 15	(42) 21	(58)

Québec 23 15	(65) 8	(35)

Atlantic	provinces 12 4	(33) 8	(67)

Size	of	community

Less	than	1 million	people 58 28	(48) 30	(52) There	were	no	significant	differences	between	genetics	
professionals	working	in	cities	below	1 million	inhabitants	
versus	above	1 million	inhabitants	(χ2 = 0.138	(1)	
p = .853)

More	than	1 million	people 58 30	(52) 28	(48)
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for	 a	 pre-	appointment	 call	 to	 collect	 family	 history.	The	
four	respondents	who	used	RGSP	for	only	one	component	
of	 GWS	 appointments,	 all	 reported	 using	 it	 for	 post-	test	
counseling	and	results.

We	 asked	 providers	 what	 types	 of	 facilities	 their	 pa-
tients	 accessed	 RGSP	 for	 GWS.	 Seventy-	two	 percent	 of	
providers	 reported	 that	 patients	 were	 seen	 at	 a	 hospital	
within	the	patient's	community	(n = 23),	53%	at	the	pa-
tient's	home	(n = 17),	44%	at	a	clinic/nursing	station	 in	
the	patient's	community	(n = 14),	and	34%	at	a	hospital	or	
health	unit	outside	of	the	patient's	community	(n = 11).

Reasons	why	respondents	used	RGSP	instead	of	an	in-	
person	session	for	GWS	were	assessed	by	multiple-	choice	
questions	(Table	S4).	When	asked	to	select	the	primary	rea-
son	for	offering	RGSP	for	GWS	cases,	63%	selected	travel.

3.5	 |	 Providers who did not use RGSP 
for GWS

Forty-	three	 percent	 (25/58)	 of	 GWS	 users	 did	 not	 use	
RGSP	(Table	3)	with	44%	(11/25)	 reporting	 they	did	use	
RGSP	in	their	practice	for	any	indication.

3.6	 |	 Provider opinions of benefits and 
limitations of using RGSP for GWS

Findings	from	Likert	scale	questions	are	shown	in	Figure	
S1a,b.	 Limitations	 of	 RGSP	 for	 GWS	 include	 increased	
difficulty	with	non-	verbal	communication	(72%	in	agree-
ment)	 and	 psychosocial	 assessment	 (72%	 in	 agreement)	
compared	 to	 in-	person	 GWS	 consultations.	 Providers	
were	 unanimous	 in	 agreement	 that	 RGSP	 improves	 ac-
cessibility	to	GWS	for	remotely	located	patients	and	that	
RGSP	for	GWS	is	an	efficient	use	of	resources	(e.g.,	time,	
travel	cost).

Respondents	 were	 also	 given	 open	 response	 fields	 to	
write	comments	on	the	benefits,	drawbacks,	and	any	other	
considerations	with	respect	to	RGSP	for	GWS.	Quotations	
were	sorted	into	general	themes	(Tables	S5–	S8).	Benefits	
identified	included:	patient	appreciation	(Q1-	3)	improve-
ment	of	patient	access	to	GWS	technology	(Q4-	8),	conve-
nience	and	efficiency	for	the	patient	(Q9-	18),	efficiency	for	
the	provider	(Q19-	21),	and	reducing	the	burden	of	multi-
step	workup	(Q22-	24).	A	multistep	workup	was	inherent	
to	 ordering	 GWS	 for	 some	 providers	 where	 GWS	 is	 not	
commonly	accessible	as	a	first-	line	test:

T A B L E  2 	 Modalities	of	RGSP	used	by	providers	for	GWS	and	genomic	counselling	(times	per	year	each	modality	was	used)	as	reported	
for	the	previous	year	(n = 32	respondents).	Providers	could	select	more	than	one	modality.

Type of RGSP
Number of respondents 
reporting use (%)

Minimum number of 
uses per year

Maximum number of 
uses per year

Median number 
of uses per year

Telephone 24	(73) 1 45 5

Telehealth 23	(70) 1 50 3

Videoconferencing 1	(3) 4 4 4

Online	tools 3	(9) 5 50 10

Other* 1	(3) —	 —	 —	

*Email.

Genetic counsellors
N = 19
n (%)

Clinical geneticists
N = 6
n (%)

Total
N = 25
n (%)

1.	Billing	issues 0	(0) 0	(0) 0	(0)

2.	Not	standard	practice 6	(32) 2	(33) 8	(32)

3.	Patients	are	close	by 11	(58) 2	(33) 13	(52)

4.	Data	security	concerns 1	(5) 0	(0) 1	(4)

5.	Provider	access	to	
technology

5	(26) 1	(17) 6	(24)

6.	Patient	access	to	
technology

1	(5) 0	(0) 1	(4)

7.	Technology	is	difficult,	
unreliable

0	(0) 0	(0) 0	(0)

8.	Lack	of	interest 1	(5) 0	(0) 1	(4)

9.	Other	(not	specified) 6	(32) 2	(33) 8	(32)

T A B L E  3 	 Reasons	RGSP	was	not	
used	for	cases	involving	GWS,	categorized	
according	to	professional	designation.	
Participants	could	select	more	than	one	
reason.
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“At the institution where I work, offering GWS is 
a multi- step process. We often order other baseline 
testing first. If we decide the patient should be of-
fered GWS, we then discuss this with them to see if 
they are interested. If they are interested, we then 
apply to a governing body within the hospital (or 
sometimes at an outside lab/hospital depending 
on what province they live in) to determine if we 
get approval to order this testing (i.e., if the hospi-
tal will agree to cover the cost for this individual/
family). If we do get approval, I then often fol-
low- up by phone or telehealth to discuss GWS in 
more detail and consent them to testing.” (Q22)

A	 significant	 drawback	 to	 RGSP	 for	 GWS	 reported	 by	
respondents	was	the	limited	ability	to	perform	the	physical	
examination	by	RGSP	(Q27-	35).	The	physical	exam	was	em-
phasized	as	an	essential	component	of	the	consultation	for	
GWS	cases.

“For whole exome, we generally require one 
in- person appointment for a physical exam, so 
it's unlikely that all appointments could be con-
ducted via Telehealth.”	(Q27)

“We do not provide RGSP for physician ap-
pointments at this time due to challenges with 
physical examination. It is only a service our 
clinic uses for genetic counselling and follow- up 
appointments with physicians or genetic coun-
sellors for result provision or relaying recom-
mendations/management.”	(Q30)

Other	 drawbacks	 included	 logistical	 and	 technological	
challenges	(Q36-	40;	e.g.,	booking,	sample	collection),	issues	
with	 communication	 and	 assessment	 of	 comprehension	
(Q41-	52),	and	increased	difficulty	with	non-	verbal	and	psy-
chosocial	cues	(Q53-	58).

Multiple	providers	spoke	to	the	usefulness	of	RGSP	for	
pre-	test	counseling	(Q68)	and	informed	consent	(Q63-	66).

“This process is much easier for families and 
means that I can be giving them as much time 
as they need to discuss secondary findings, etc., 
without there being pressure for them to con-
sent and sign a form the same day.”	(Q63)

RGSP	was	also	useful	for	results	and	follow-	up	(Q70-	75),	
depending	on	varying	clinician	and	patient	factors.

“Results disclosure and other follow- up is usu-
ally more amenable to RGSP if the patient 
would prefer not to travel to the clinic.”	(Q75)

One	provider	expressed	that	they	envisioned	RGSP	to	be	
used	in	the	future	to	reduce	wait	times:

“In my experience, RGSP is rarely or less fre-
quently used for the initial consultation with 
physical assessment and genetic counselling.	
This part of the testing process is the greatest 
bottleneck to patients being seen in a reason-
able timeframe, and I think RGSP could be very 
efficient in releasing this block, but would re-
quire significant clinical change and a shift in 
provider mindset.”	(Q33)

4 	 | 	 DISCUSSION

Our	 findings	 reflect	 the	 variability	 of	 GWS	 usage	 and	
RGSP	for	GWS	across	Canada	and	identifies	benefits	and	
drawbacks	of	using	RGSP	for	GWS.

4.1	 |	 GWS access and usage

Half	of	the	participating	GHPs	indicated	they	used	GWS	
in	their	practice	in	the	last	year.	The	relevance	of	GWS	to	
clinical	practice	varied	by	professional	designation.	More	
clinical	 geneticists	 used	 GWS	 than	 genetic	 counselors,	
and	all	geneticists	who	did	not	use	it,	indicated	that	this	
was	due	to	a	lack	of	provincial	coverage,	indicating	varia-
tion	in	funding	for	GWS	across	Canada	influences	access	
to	this	technology	for	families.

GWS	was	used	more	frequently	by	clinicians	in	gen-
eral,	 pediatric	 and	 metabolic	 genetics	 than	 in	 cancer	
genetics.	The	 benefits	 of	 GWS	 over	 other	 testing	 strat-
egies	(multi-	gene	panels,	sequential	 testing)	have	been	
described	to	include	potentially	higher	diagnostic	yields	
(Clark	 et	 al.,	 2018;	 Lionel	 et	 al.,	 2018),	 a	 broader,	 un-
biased	 testing	strategy	 that	can	detect	multiple	genetic	
diseases	 in	 a	 single	 patient	 (Boycott	 &	 Innes,	 2017),	
and	reduced	 time	 to	diagnosis	and	associated	cost	 sav-
ings	when	used	early	 in	 the	patient's	diagnostic	 trajec-
tory	 (Tan	 et	 al.,	 2017).	 These	 benefits	 all	 appear	 to	 be	
of	greatest	value	in	general	genetics	rather	than	cancer	
genetics,	which	currently	in	Canada,	is	largely	served	by	
multi-	gene	panels	and	familial	testing.

4.2	 |	 Use of RGSP for GWS

Several	studies	have	found	a	limiting	factor	in	the	adop-
tion	of	RGSP	 for	other	 indications	 is	 clinician	comfort	
and	 acceptance	 (Otten	 et	 al.,	 2016;	 Wade	 et	 al.,	 2014),	
and	 that	 patient	 satisfaction	 with	 the	 service	 can	 be	
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higher	 than	 that	 of	 the	 GHPs	 (D’Agincourt-	Canning	
et	al.,	2008;	Gray	et	al.,	2000).	In	our	study,	43%	of	GHPs	
using	GWS	did	not	use	RGSP	for	any	part	of	the	consul-
tation	and	56%	of	 these	 indicated	 that	 they	do	not	use	
RGSP	in	any	case	for	other	types	of	consultations.	The	
most	common	reasons	for	RGSP	non-	use	included:	pa-
tients	resided	near	the	treating	hospital,	RGSP	was	not	
standard	practice,	and	that	there	were	barriers	to	access-
ing	 the	 relevant	 technology,	 consistent	 with	 findings	
previously	described	(Otten	et	al.,	2016).

The	uptake	of	RGSP	reported	here	(57%	of	GWS	users,	
29%	 of	 all	 appointments)	 for	 GWS	 was	 higher	 than	 the	
rates	of	8%	and	2%	reported	in	the	USA	of	GHPs	for	tele-
phone	 and	 videoconferencing	 (Cohen	 et	 al.,	 2012),	 and	
17%	 and	 9%	 of	 GHPs	 reported	 in	 Europe	 (Otten	 et	 al.,	
2016).	 Motivations	 included	 reducing	 travel	 distance	 for	
patients,	 improving	access	 to	genetics	services,	and	con-
venience	and	efficiency	for	both	the	patient	and	provider.	
Providers	of	RGSP	for	GWS	appear	to	endure	some	of	the	
drawbacks,	such	as	difficulty	with	non-	verbal	and	psycho-
social	 communication,	 in	 order	 to	 provide	 this	 service.	
Benefits	of	RGSP	that	are	more	specific	 to	GWS	include	
1)	 reducing	 the	 travel	 burden	 of	 multi-	step	 workup	 and	
2)	 allowing	 extra	 time	 to	 consider	 the	 relevant	 genomic	
counseling	issues	such	as	secondary	findings	and	ethical	
implications	 (Ormond,	 2013),	 rather	 than	 feeling	 pres-
sured	to	consent	on	the	same	day.	The	themes	generated	
by	the	open-	ended	questions	mirrored	the	issues	interro-
gated	on	the	Likert	scale	questions.

RGSP	 appointments	 in	 GWS	 cases	 were	 significantly	
shorter	 than	 in-	person	 appointments;	 this	 is	 different	
from	 other	 studies	 that	 showed	 that	 telehealth	 and	 in-	
person	appointments	to	be	similar	(Buchanan	et	al.,	2015).	
This	could	be	explained	by	the	higher	frequency	of	RGSP	
being	used	for	results	(i.e.,	calling	out	negative	results	by	
telephone)	or	informed	consent,	rather	than	the	full	initial	
assessment,	which	was	rarely	performed	remotely.

The	utility	of	RGSP	may	be	different	for	GWS	than	for	
other	types	of	genetic	consultations	for	which	RGSP	has	
previously	 been	 studied	 in	 Canada,	 such	 as	 hereditary	
cancer	 (D’Agincourt-	Canning	 et	 al.,	 2008)	 and	 predic-
tive	testing	protocols	(Hawkins,	Creighton,	&	Ho,	2013).	
In	 a	 pediatric	 GWS	 study,	 TH	 (through	 the	 provincial	
telehealth	 program	 in	 British	 Columbia)	 was	 offered	 to	
families	 for	 pre-	test	 counseling	 if	 the	 patient	 had	 been	
previously	evaluated	by	a	clinical	geneticist,	revealing	cost	
efficiencies	for	families	seen	via	TH	but	also	a	significant	
delay	 to	 complete	 sample	 accrual	 of	 the	 trio,	 resulting	
in	 potential	 delays	 for	 families	 who	 receive	 a	 diagnosis	
(Elliott	et	al.,	2021).	In	the	present	study,	while	many	re-
spondents	 in	 our	 study	 used	 RGSP	 for	 pre-	and	 post-	test	
GWS	counseling,	only	two	providers	reported	using	RGSP	
for	 the	 initial	 consultation	 and/or	 physical	 exam.	 This	

emerged	as	a	strong	theme	among	respondent	comments:	
that	GHPs	required	at	least	one	in-	person	appointment	for	
a	 physical	 exam,	 often	 as	 the	 initial	 consultation	 (Table	
S6,	Q27-	35).	This	represents	a	barrier	to	the	completely	re-
mote	provision	of	service	for	cases	involving	GWS.	Some	
centers	 have	 reported	 success	 using	 telemedicine	 strate-
gies,	whereby	geneticists	conducted	dysmorphology	eval-
uation	by	real-	time	video,	although	a	genetic	counselor	or	
nurse	was	present	to	run	the	consultation	and	trained	to	
take	diagnostic	measurements,	and	some	dysmorphic	fea-
tures	were	missed	(Hopper	et	al.,	2011;	Lea	et	al.,	2005).

Previous	studies	have	shown	that	remote	service	deliv-
ery	improves	patient	access	to	genetics,	including	shorter	
wait	times	(Greenberg	et	al.,	2020;	Terry	et	al.,	2019).	In	our	
study,	 the	overall	average	wait-	time	was	 lower	 for	RGSP	
consults	 than	 in-	person	 consults.	 However,	 this	 benefit	
depended	on	the	clinical	approach,	as	some	participants	
reported	that	patients	who	required	physical	examination	
prior	to	ordering	GWS,	wait	times	were	not	reduced.

4.3	 |	 Limitations

An	ascertainment	bias	may	be	present	if	professionals	who	
do	 not	 use	 GWS	 and	 RGSP	 were	 less	 likely	 to	 respond.	
However,	 the	 demographic	 proportions	 represented	 are	
comparable	 with	 those	 in	 Canada.	 Certain	 regions	 with	
few	GHPs	had	small	sample	sizes	and	therefore	responses	
from	 provinces	 in	 these	 regions	 were	 combined	 even	
though	they	have	distinct	provincial	funding	models.

The	Canadian	context	of	this	study	limits	its	general-
izability	 to	 other	 countries	 with	 either	 approved	 public	
funding	of	GWS	or	privatized	health	care	models.	In	these	
systems,	there	may	be	other	factors	that	influence	the	use	
of	both	GWS	and	RGSP.	Billing	and	reimbursement	issues	
are	cited	as	limiting	factors	to	the	use	of	RGSP	in	the	USA	
(Cohen	et	al.,	2016).

The	 rapid	 proliferation	 of	 COVID-	19	 and	 associated	
physical	 distancing	 measures	 is	 serving	 as	 a	 catalyst	 for	
the	use	of	remote	service	provision	in	novel	ways	and	at	
new	 capacities	 in	 medical	 genetics	 services,	 as	 was	 pre-
dicted	across	all	health	sectors	(Smith	et	al.,	2020).

5 	 | 	 CONCLUSIONS AND 
PRACTICE IMPLICATIONS

This	study	demonstrated	the	uptake	of	GWS	and	RGSP	
identifying	 benefits	 and	 drawbacks.	 Travel	 distance	
for	 the	 patient	 was	 the	 primary	 reason	 for	 offering	 a	
GWS-	related	 consultation	 by	 RGSP.	 Wait	 times	 were	
less	 than	 for	 in-	person	 consultations,	 but	 the	 require-
ment	of	a	physical	 examination	necessitated	 in-	person	
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appointments	 for	many	GHPs.	This	 issue	 is	even	more	
relevant	 as	 COVID-	19	 protocols	 limit	 the	 ability	 for	
GHPs	to	see	patients	in-	person.	A	move	towards	adop-
tion	 of	 utilizing	 telehealth	 or	 videoconferencing	 for	
physical	examination	will	remedy	this	issue.	Provincial	
funding	for	clinical	GWS	remains	a	significant	barrier	to	
access	in	some	jurisdictions.
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