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Abstract
Objectives: Incorporating	artificial	intelligence	(AI)	into	echocardiography	operated	by	
clinicians	working	in	the	emergency	department	to	accurately	assess	left-	ventricular	
ejection	fraction	(LVEF)	may	lead	to	better	diagnostic	decisions.	This	randomized	con-
trolled	pilot	study	aimed	to	evaluate	AI	use	as	a	didactic	tool	to	improve	noncardiolo-
gist	clinicians’	assessment	of	LVEF	from	the	apical	4-	chamber	(A4ch)	view.
Methods: This	prospective	 randomized	 controlled	pilot	 study	 tested	 the	 feasibility	
and	acceptability	of	the	incorporation	of	AI	as	a	didactic	tool	by	comparing	the	ability	
of	16	clinicians	who	work	in	the	emergency	department	to	assess	LVEF	before	and	
after	the	introduction	of	an	AI-	based	ultrasound	application.	Following	a	brief	didactic	
course,	participants	were	randomly	equally	divided	into	an	intervention	and	a	control	
group.	 In	each	of	 the	first	and	second	sessions,	both	groups	were	shown	10	echo-
cardiography	A4ch	clips	and	asked	to	assess	LVEF.	Following	each	clip	assessment,	
only	the	intervention	group	was	shown	the	results	of	the	AI-	based	tool.	For	the	final	
session,	both	groups	were	presented	with	a	new	set	of	40	clips	and	asked	to	evaluate	
the	LVEF.
Results: In	the	“normal-	abnormal”	category	evaluation,	as	related	to	own	baseline	ac-
curacy	assessment,	 the	 intervention	group	had	an	 improvement	 in	accuracy	on	50	
consecutive clip assessments compared with a decline in the control group (0.10 vs. 
−0.12,	respectively,	p =	0.038).	In	the	“significantly	reduced	LVEF”	category,	the	inter-
vention group showed significantly less decline in clip assessment as compared to the 
control	group	(−0.03	vs.	−0.12,	respectively,	p =	0.050).
Conclusions: A	study	involving	AI	incorporation	as	a	didactic	tool	for	clinicians	work-
ing in the emergency department appears feasible and acceptable. The introduction 
of	an	AI-	based	tool	to	clinicians	working	in	the	emergency	department	improved	the	
assessment	accuracy	of	LVEF	as	compared	to	the	control	group.
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INTRODUC TION

Point-	of-	care	ultrasound	(POCUS)	has	long	been	considered	a	nec-
essary	skill	for	the	emergency	physician,	with	many	new	applications	
introduced each year.1	Diagnostic	and	procedural	expertise	in	bed-
side ultrasound are core competencies for all emergency medicine 
(EM)	residency	graduates.2	While	there	are	strict	requirements	for	
residency graduates in terms of numbers and types of ultrasound 
scans,	the	expected	results	are	often	general	or	binary-		abdominal	
fluid present or absent; pericardial fluid present or absent; ejection 
fraction normal or grossly abnormal.3,4	 As	 applications	 become	
more	sophisticated,	the	learning	curve	becomes	steeper,	with	more	
teaching	and	practice	required	to	master	the	technique.5-	7	POCUS	
for	bedside	echocardiographic	applications,	 in	particular,	 is	known	
to	have	a	steep	learning	curve,	especially	for	more	advanced	appli-
cations such as the identification of abnormalities of the right side of 
the	heart,	regional	wall	motion	abnormality,	and	accurate,	left	ven-
tricular	ejection	fraction	(LVEF)	measurement.8

To	overcome	this	hurdle,	artificial	intelligence	(AI)	is	used	in	gen-
eral ultrasound and echocardiography imaging by noncardiologist 
clinicians	 to	 aid	 in	 image	 acquisition,	 diagnosis,	 and	decision	mak-
ing.9	In	particular,	it	is	also	being	used	to	aid	nonexpert	clinicians	in	
cardiac	image	acquisition	and	LVEF	estimation.10

This	randomized	controlled	pilot	study	aims	to	evaluate	AI	use	as	
a	didactic	tool	to	improve	the	accuracy	assessment	of	LVEF	from	the	
apical	4-	chamber	 (A4ch)	view	by	clinicians	who	work	 in	 the	emer-
gency	department	(ED).

METHODS

Study design

This	prospective	randomized	controlled	pilot	study	involved	16	phy-
sicians	 (including	EM	attendings,	EM	residents,	 and	 internal	medi-
cine	residents)	and	physician	assistants	who	work	in	the	emergency	
department of a tertiary care medical center. The chosen partici-
pants	 routinely	work	at	 the	 front	 lines	of	evaluating	patients	with	

potential	acute	cardiac	pathology	in	this	institution's	ED.	Ultrasound	
machines	that	they	use	daily	include	the	Sparq	(Philips	Healthcare;	
Amsterdam,	Netherlands)	and	the	Venue	 (GE	Healthcare,	Chicago,	
Illinois,	United	States).

The	study	used	archived	ultrasound	clips	acquired	by	a	certified	
echocardiographic	technician	(equivalent	to	a	Registered	Diagnostic	
Cardiac	Sonographer).	The	clips,	taken	from	adult	patients,	were	all	
deidentified	to	remove	any	patient's	details.	All	clips	were	evaluated	
by	two	fellowship-	trained	echocardiographic	cardiologists	for	LVEF	
whose assessment was set as the ground truth for further study 
requirements.	 In	 case	 of	 a	 ≤10%	 difference	 in	 their	 assessments,	
the	mean	LVEF	was	used,	and	if	the	difference	was	higher,	we	used	
Simpson's	methods	for	exact	LVEF	calculation.

The	clips	were	also	evaluated	with	LVivoEF	(DiA	Imaging	Analysis	
Ltd,	Israel),	a	patented	AI	algorithm	that	evaluates	the	LVEF	from	the	
A4ch	view.	The	algorithm	results	were	compared	and	verified	with	
the ground truth.

Study protocol

The study design is presented in Figure 1.	The	study	took	place	after	
work	 in	 the	 late	 afternoon/early	 evening.	 After	 explaining	 the	 aims	
and	 design,	 study	 participants	 underwent	 a	 frontal	 didactic	 lecture	
delivered	by	a	cardiology	fellow	(ZD)	with	2	years	of	echocardiogra-
phy	experience.	The	lecture	focused	on	LVEF	and	regional	wall	motion	
abnormality,	including	theory	and	clinical	importance.	All	17	segments	
were	 thoroughly	explained	and	 identified	on	both	parasternal	 short-	
axis	and	A4ch	views	via	illustrations	and	actual	echocardiographic	clips	
of	 deidentified	 patients.	 After	 this,	 eight	 A4ch	 view	 video	 clips	 and	
nine	parasternal	short-	axis	video	clips	were	projected	and	the	follow-
ing	details	were	explained	for	each:	left	ventricular	function,	normal	or	
reduced;	exact	LVEF	value;	type	of	dysfunction	(global	or	regional);	and	
identifying	 segment,	 if	 any,	 that	 demonstrates	 reduced	 contraction.	
This	study	only	evaluated	the	ability	of	the	AI	tool	to	aid	clinicians	work-
ing	in	the	emergency	department	to	assess	LVEF	from	the	A4ch	view.

During	the	presentation,	all	participants	were	given	time	before	
presenting the results to assess the above parameters and if not 

K E Y W O R D S
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department,	left	ventricular	function

F I G U R E  1 Flowchart	depicting	the	study	design.	Gr.;	group
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corrected	 later,	 the	examination	was	 readdressed	with	a	 real-	time	
focused	explanation.

Following	 the	 training	session,	 the	participants	were	 randomly	
divided	into	two	groups,	according	to	clinician	subgroups:	an	inter-
vention group and a control group. The groups were later separated 
into different rooms for the first trial session. The session was held 
by two separate nonmedical study members and was supervised by 
a	physician	(ZD	and	EAA)	for	verification	of	protocol	adherence.

At	the	beginning	of	the	first	session,	the	intervention	group	was	
given	a	10-	min	introductory	session	on	the	AI-	based	tool	and	how	
to interpret its report. The understanding was confirmed using a 
sampled	report.	Each	participant	was	given	an	answer	sheet	with	a	
unique	identification	number.	There	was	a	short	series	of	questions	
that	focused	on	demographics	and	prior	POCUS	training	and	expe-
rience.	Then,	for	the	first	two	sessions,	both	groups	were	presented	
with	a	total	of	20	identical	serial	A4ch	clips	(10	clips	for	each	session)	
and	were	requested	to	 individually	 fill	out	a	written	 form	estimat-
ing	the	LVEF.	Participants	in	both	groups	were	given	50	s	for	each	
clip	 evaluation	 and	 documentation	 of	 their	 assessment.	 Following	
each	 clip	 assessment,	 only	 the	 intervention	 group	was	 shown	 the	
AI-	based	tool	assessment	of	the	clip	 (35	s).	The	control	group	was	
blinded	to	the	A4ch	clip	results.	The	clips	were	played	continuously	
and	no	questions	or	talking	were	allowed.

For	the	third	session,	all	participants	rejoined	 in	a	single	room.	
All	participants	were	presented	with	a	different	set	of	40	A4ch	clips	
over	50	s	per	clip	and	were	required	to	enter	the	same	information	
as in the first session.

AI- based tool

The	LVivo	EFTM	tool	provides	an	objective	automated	AI-	based	EF	
analysis	from	the	A4ch	view.	Within	a	few	seconds,	the	tool	outlines	

the	internal	borders	of	the	LV	with	marked	tracings	that	visually	ap-
pear on the screen throughout the entire cardiac cycle with the re-
sults	of	an	exact	LVEF	value	next	to	it	(Figure 2).

Measures

Feasibility

The	feasibility	of	this	randomized	controlled	pilot	trial	was	assessed	
by	 the	 following:	 (1)	 breadth	 of	 recruitment	 strategies	 needed	 to	
achieve	the	required	study	sample	size,	(2)	response	rates	to	invita-
tions to participate (calculated as actual study participants divided 
by	entire	potential	 target	group	 individuals),	 and	 (3)	 retention	 rate	
throughout the trial.

Acceptability

Acceptability	to	this	trial	was	assessed	by	measuring	the	rate	of	fully	
assessed clips out of the total presented clips. The participants were 
asked	not	to	blindly	guess	and	if	they	felt	that	they	had	no	idea	of	
the	LVEF,	to	leave	that	assessment	blank.	To	estimate	whether	the	
allocation	to	each	of	the	trial	arms	affected	the	active	assessments,	
we	calculated	this	rate	for	the	intervention	and	control	groups,	and	
compared the two for the difference.

LVEF	assessment

LVEF	 assessments	 were	 compared	 to	 the	 ground	 truth	 (evaluation	
by	two	expert	echocardiographers)	according	to	categories:	normal-	
abnormal	 LVEF	 (“normal-	abnormal,”	 <50%)	 and	 significant	 LVEF	

F I G U R E  2 LVivoEF:	Artificial	
intelligence-	based	tool	for	automated	
left ventricle function evaluation from an 
apical	4-	chamber	view	echocardiographic	
clip
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reduction	(“significantly	reduced	LVEF,”	≤40%).	Each	participant	was	
scored	for	the	number	of	correct	assessments	(“assessment	accuracy”)	
in	 each	 of	 the	 three	 sessions.	 Subsequently,	 the	 accuracy	 rate	 for	
each	group	was	set	for	each	session.	For	progress	calculations,	each	
group's	accuracy	 rate	 in	Session	1	was	set	as	 the	baseline	achieve-
ment. The percentage change of assessment accuracy for each of the 
two	groups	was	calculated	comparing	the	accuracy	in	Sessions	2	and	
3	and	combined	Sessions	2	and	3	versus	the	accuracy	in	Session	1.

Finally,	the	progress	was	compared	between	the	two	groups	ac-
cording	 to	 the	 two	 predefined	 categories:	 “normal-	abnormal”	 and	
“significantly	reduced	LVEF.”

Sample size calculation

Sample	size	calculations	were	designed	to	meet	the	study	endpoint	
and	were	performed	using	PS:	Power	and	Sample	Size	Software	(ver-
sion	3.1.2.	NCSS,	LLC,	Utah).	We	planned	a	study	of	the	 independ-
ent	 intervention	group	and	controls	with	a	1:1	 randomization	 ratio.	
Lacking	previous	data	regarding	the	LVivoEF	usage	as	a	didactic	tool,	
we	 assumed	 that	 the	 introduction	 of	 an	AI-	based	 tool	 to	 clinicians	
working	 in	the	emergency	department	will	 improve	the	assessment	
accuracy	of	LVEF	by	12%	as	compared	with	participants	without	such	
exposure.	Based	on	the	prior	data11	and	these	assumptions,	we	cal-
culated that data accrued from eight intervention group participants 
and eight controls would suffice to reject the null hypothesis with a 
probability	(power)	of	0.8.	The	type	I	error	was	calculated	as	0.05.

Statistical analyses

Descriptive statistics were first used to describe baseline char-
acteristics and the averaged scoring of the two groups in the dif-
ferent	sessions	to	study	variable	frequencies	and	distributions	to	
determine the need for nonparametric methods. The unadjusted 
association of baseline characteristics between the two groups 
was	initially	studied	using	the	Fisher	exact	test.	Echocardiography	
LVEF	assessments	and	the	progress	between	the	two	groups	for	
Sessions	2	and	3	and	combined	Sessions	2	and	3	were	assessed	

using	the	t-	test	or	Mann-	Whitney	U	test	for	normally	distributed	
and	 nonnormally	 distributed	 continuous	 variables,	 respectively.	
The	combined	progress	of	Sessions	2	and	3	was	set	as	 the	main	
indicator	for	progress.	AI-	based	tool	assessment	was	compared	to	
the ground truth for linear correlation using the Pearson correla-
tion coefficient. The r values <0.3,	0.3	to	0.5,	0.5	to	0.7,	and	≥0.7	
were	considered	to	represent	poor,	poor	to	fair,	fair	to	good,	and	
excellent	agreement,	 respectively.	The	sensitivity	and	specificity	
of	 the	AI-	based	 tool	 and	 the	 ground	 truth	were	examined	using	
a	 cutoff	 of	 40%	 as	 the	 LVEF.	 Finally,	 the	 two	 expert	 echocardi-
ographers’ assessments were assessed for interobserver correla-
tion using the Pearson correlation coefficient. Covariates with p 
values	of	 less	than	0.05	were	considered	statistically	significant.	
Statistical	 analyses	 were	 performed	 using	 SPSS	 Statistics	 for	
Windows	version	21	(SPSS	Inc.,	Chicago,	IL).

All	 participants	 provided	 written	 consent.	 The	 study	 received	
approval	from	the	hospital's	Institutional	Review	Board.

RESULTS

Participants’ characteristics

Sixteen	participants,	11	physicians	and	5	physician	assistants,	were	
recruited	to	the	trial	(5	females,	all	of	whom	were	physicians,	31.3%)	
and	 randomized	 to	 the	 two	 study	 groups.	Baseline	 characteristics	
between the two groups did not differ (Table 1).

Feasibility

The	study	target	sample	size	(n =	16)	was	achieved	by	directly	ap-
proaching potential participants and by sending an invitation via 
email	 and	 WhatsApp	 groups.	 The	 rate	 of	 participation	 was	 40%	
(potential	 participants	 included	 40	 physicians	 and	 physician	 assis-
tants).	Two	participants	were	assigned	to	the	trial	but	were	unable	
to	 attend	 due	 to	 last-	minute	 schedule	 limitations.	 Retention	 rates	
throughout	 the	 trial	 were	 excellent	 with	 no	 participant	 dropouts	
(Retention rate =	100%).

Variable
All
n = 16

Intervention group
n = 8

Control group
n = 8

Female	sex,	n	(%) 5	(31.3) 3	(37.5) 2	(25.0)

Physician	medical	profession,	n	(%) 11	(68.8) 6	(75.0) 5	(62.5)

Residents,	n	(%) 9	(56.3) 5	(62.5) 4	(50.0)

Attendings,	n	(%) 2	(12.5) 1	(12.5) 1	(12.5)

Physician	assistants,	n	(%) 5	(31.3) 2	(25.0) 3	(37.5)

Prior	POCUS	course,	n	(%) 9	(56.3) 4	(50.0) 5	(62.5)

Prior	POCUS	practice,	n	(%) 1	(6.3) 0	(0.0) 1	(12.5)

Note: No	statistically	significant	difference	was	demonstrated	between	the	two	groups.
Abbreviations:	n,	number;	POCUS,	point-	of-	care	ultrasound.

TA B L E  1 Clinician	characteristics	and	
prior	POCUS	exposure	of	intervention	
group vs control group
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Acceptability

Among	the	total	cohort,	the	rates	of	assessed	clips	for	each	of	the	
sessions	were	94.4%	for	session	1,	98.1%	for	session	2,	and	98.9%	
for	session	3.	The	rates	among	the	intervention	group	were	97.5%	
for	 session	 1,	 98.8%	 for	 session	 2,	 and	 100%	 for	 session	 3,	 and	
among	the	control	group	were	91.2%	for	session	1,	97.5%	for	ses-
sion	2,	and	97.8%	for	session	3.	The	rates	of	assessed	clips	did	not	
differ	between	the	two	trial	groups	 (p	values	of	0.438,	0.554,	and	
0.277,	respectively).

LVEF assessments

The ground truth and the mean assessment of both groups and 
the	 AI	 are	 presented	 in	 Table 2.	 In	 each	 of	 the	 sessions,	 both	
groups	underestimated	 the	LVEF	as	 related	 to	 the	ground	 truth	
(p ≤	0.017),	whereas	AI	 did	 not	 differ	 from	 the	 ground	 truth	 in	

Sessions	1	or	2	(p = 0.102 and p =	0.093,	respectively,	data	not	
shown).

Study participants and the ground truth comparison

Comparing the percentage change of assessment accuracy in the 
“normal-	abnormal”	 category	 as	 compared	with	 the	 control	 group,	
the	intervention	group	improved	in	Session	2	vs.	Session	1	(interven-
tion: +0.17,	control:	−0.26,	p =	0.010),	had	a	nonsignificant	improve-
ment	in	Session	3	vs.	Session	1	(intervention:	+0.09,	control:	−0.08,	
p =	0.083),	 and	 improved	 in	combined	Sessions	2+3	vs.	Session	1	
(intervention: +0.10,	control:	−0.12,	p =	0.038)	(Figure 3).

Comparing the percentage change of accuracy assessment in the 
“significantly	reduced	LVEF”	category	as	compared	with	the	control	
group,	 the	 intervention	 group	 had	 a	 statistically	 similar	 improve-
ment	in	Session	2	vs.	Session	1	(intervention:	+0.06,	control:	+0.11,	
p =	0.645),	less	decline	in	Session	3	vs.	Session	1	(intervention:	−0.05,	

TA B L E  2 Echocardiography	EF	assessment	in	each	session	according	to	expert	echocardiographers	(ground	truth),	intervention	group,	
control	group,	and	AI-	based	tool

Variable
Session 1
n = 10

Session 2
n = 10

Session 3
n = 40

p 
valuea

Gold	Standard

Ejection	fraction,	%	(mean	±	SD) 50.6	± 13.6 53.3	±	14.1 47.1	± 12.3 0.648

Systolic	function	classification

Normal/preserved	(EF	≥	50%),	n	(%) 5	(50.0%) 7	(70.0%) 18	(45.0%)

Mildly	reduced	(40%	<EF	<	50%),	n	(%) 3	(30.0%) 1	(10.0%) 9	(22.5%)

Significantly	reduced	(EF	≤	40%),	n	(%) 2	(20.0%) 2	(20.0%) 13	(32.5%)

Intervention group assessmentb

Ejection	fraction,	%	(mean	±	SD) 43.2	± 12.1 47.3	±	16.5 42.9	± 13.9 0.891

Systolic	function	classification

Normal/preserved	(EF	≥	50%),	n	(%) 3	(30.0%) 5	(50.0%) 16	(40.0%)

Mildly	reduced	(40%	<	EF	<	50%),	n	(%) 4	(40.0%) 2	(20.0%) 9	(22.5%)

Significantly	reduced	(EF	≤	40%),	n	(%) 3	(30.0%) 5	(50.0%) 15	(37.5%)

Control group assessmentb

Ejection	fraction,	%	(mean	±	SD) 42.9	± 9.0 44.1	± 11.7 40.9	±	7.4 0.557

Systolic	function	classification

Normal/preserved	(EF	≥	50%),	n	(%) 4	(40.0) 3	(30.0%) 5	(12.5%)

Mildly	reduced	(40%	<	EF	<	50%),	n	(%) 2	(20.0%) 3	(30%) 14	(35%)

Significantly	reduced	(EF	≤	40%),	n	(%) 4	(40.0%) 4	(40.0%) 21	(52.5%)

AI-	based	tool	assessment

Ejection	fraction,	%	(mean	±	SD) 45.0	±	20.5 46.9	± 21.1 0.661

Systolic	function	classification

Normal/preserved	(EF	≥	50%),	n	(%) 6	(60.0%) 4	(40.0%)

Mildly	reduced	(40%	<	EF	<	50%),	n	(%) 2	(20.0%) 3	(30.0%)

Significantly	reduced	(EF	≤	40%),	n	(%) 2	(20.0%) 3	(30.0%)

Abbreviations:	AI,	artificial	intelligence;	EF,	ejection	fraction;	n,	number;	SD,	standard	deviation.
ap	value	refers	to	the	comparison	between	Sessions	2+3	and	Session	1.
bAveraged	assessment	is	presented	in	each	session.
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control:	−0.18,	p =	0.005),	and	less	decline	in	combined	Sessions	2+3 
vs.	Session	1	(intervention:	−0.03,	control:	−0.12,	p =	0.050)	(Figure 4).

AI assessment and the ground truth comparison

Comparing	AI	assessment	to	the	ground	truth	for	the	clips	presented	
at	 Sessions	 1+2 showed an almost perfect correlation (r =	 0.889,	
p <	0.001)	(Figure 5).	The	sensitivity	and	specificity	of	the	AI-	based	
tool	and	the	ground	truth	examining	LVEF	cutoff	of	40%	were	0.86	
and	0.85,	respectively	(data	not	shown).

Expert echocardiographers interobserver comparison

Comparing	 the	 two	 expert	 echocardiographers’	 assessments	
showed an almost perfect correlation (r =	0.826,	p <	0.001).

DISCUSSION

This	 randomized	controlled	pilot	 study	demonstrated	 that	 research	
involving	AI	incorporation	as	a	didactic	tool	appears	to	be	feasible	and	

acceptable.	In	the	“normal-	abnormal”	category	evaluation,	as	related	
to	own	baseline	assessment	accuracy,	the	intervention	group	(i.e.	the	
group	that	was	shown	the	AI	results)	had	an	improvement	in	accuracy	
on	50	consecutive	clip	assessments	compared	with	a	decline	 in	the	
control	group.	Moreover,	in	the	“significantly	reduced	LVEF”	category	
evaluation,	the	intervention	group	had	a	significantly	less	decline	on	
the	50	consecutive	clips	assessment	compared	to	the	control	group.

The	use	of	AI	is	currently	in	its	infancy	in	EM	and	is	being	used	
and studied mostly for operational improvement and clinical pre-
diction modeling.12,13	While	AI	 is	 currently	used	 in	echocardiog-
raphy	 interpretation,	 it	 is	becoming	more	widespread	 in	medical	
education across specialties. It is currently being used mostly for 
learning support.14	 One	 recent	 study	 supports	 the	 use	 of	 AI	 to	
assist medical students in identifying hip fractures.15	 As	 radiol-
ogy	 is	going	 to	be	positively	 impacted	by	 the	AI	 revolution,	 res-
idents are already being prepared for its integration into their 
practice.16	Students	on	an	ophthalmology	rotation	have	used	AI	to	
improve their understanding of congenital cataracts.17	AI	is	even	
being integrated into surgical education in simulated virtual op-
eration training.18	In	the	field	of	cardiology,	AI	is	being	studied	to	
improve	 image	 acquisition	 and	 aid	 in	 diagnostic	 evaluation	 such	
as	 estimating	 LVEF.10	 This	 study	 shows	 that	AI	 can	 be	 a	 tool	 to	
help	physicians	and	physician	assistants	working	in	the	emergency	

F I G U R E  3 Comparison	of	the	
percentage change of assessment 
accuracy	for	normal-	abnormal	
echocardiography category between 
intervention	and	control	groups:	Further	
accuracy	rates	in	Sessions	2	(S2)	and	3	(S3)	
are compared to baseline accuracy rate in 
Session	1	(S1)
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department	 acquire	 the	 skills	 to	 make	 clinically	 important	 esti-
mations	of	LVEF.	An	important	advantage	of	this	AI-	based	tool	is	
the	 concomitant	 visual	 tracing	of	 LV	 internal	 borders,	 appearing	
throughout the cardiac cycle and thus presenting to the observer 
the	LV	dynamic	contraction	and	relaxation.	Also,	other	parameters	
are	being	evaluated	by	this	tool	(including	LV	systolic	and	diastolic	
volumes,	 stroke	volume,	and	global	 longitudinal	 strain).	A	mean-
ingful	challenge	currently	not	addressed	by	this	tool	is	the	require-
ment	for	correct	clip	acquisition	that	may	have	an	impact	on	the	
LVEF	 assessment	 necessitating	 proper	 manual	 teaching	 before	
POCUS	use.	The	AI-	based	tool	(LVivoEF)	is	available	for	real-	time	
use	in	POCUS	settings,	and	though	not	studied	specifically	in	this	
current	trial,	the	AI-	based	tool	may	potentially	improve	the	learn-
ing	curve	of	LVEF	assessment	accuracy	during	routine	clinical	use.

One	of	 the	most	common	applications	 for	 the	knowledge	of	 the	
LVEF	 is	 diagnosing	 and	managing	 exacerbations	 of	 congestive	 heart	
failure.19	 However,	 other	 concerns	 such	 as	 undifferentiated	 shock,	
chest	pain,	or	shortness	of	breath	may	include	in	their	differential	di-
agnosis entities such as myocarditis or sepsis where it is also important 
to	evaluate	the	LVEF.	General	knowledge	of	the	LVEF	is	also	critical	in	
guiding antiarrhythmic drug choice for the patient with atrial fibrillation. 
For	example,	certain	medications	such	as	propafenone	and	flecainide	
would be contraindicated in the patient with a low ejection fraction.20

Part	of	the	success	of	the	group	exposed	to	the	AI	program	was	
that it resulted in less cognitive decline compared to the control 
group.	The	challenges	of	long-	term	knowledge	retention,	skill	mas-
tery,	and	cognitive	fatigue	have	been	well	studied	in	the	setting	of	
medical education.21,22 Part of the challenge of this study may have 
been that it was conducted late in the afternoon and evening hours 
after	the	groups	participated	in	a	full	day	of	work	and	as	such	may	
represent underdiagnosis of the two groups’ improvements in fur-
ther	sessions	and	may	explain	the	decline	 in	the	consecutive	third	
session	among	the	control	group.	In	this	respect,	this	study	may	re-
flect	the	real	world	of	clinicians	working	long	hours	in	the	busy	and	
chaotic emergency department.

Other	methods	 of	 training	 nonexpert	 clinicians	 have	 been	 de-
scribed.	One	such	device	for	self-	training	is	a	simulator.23	However,	
this	may	incur	a	significant	expense.	As	AI	becomes	more	ubiquitous	
in	clinical	medicine,	the	algorithms	can	be	programmed	into	existing	
POCUS	platforms.

Limitations

This study only evaluated the ability of the didactic tool to aid the 
participant	 to	 identify	 LVEF	 based	 on	 previously	 collected	 video	
clips.	It	does	not	reflect	the	real-	world	setting	whereby	the	clinician	
has to collect the images and then interpret them. The study incor-
porated	all	 staff	 clinicians	 in	 this	ED	 including	EM	attendings,	EM	
residents,	internal	medicine	residents,	and	physician	assistants.	This	
reflects	the	real-	world	ED	at	this	institution	as	well	as	most	ED	in	the	
country	where	this	study	took	place.	The	results	could	perhaps	be	
different	if	only	certain	subgroups	were	evaluated.	Also,	the	study	
involved a relatively small number of participants from a single medi-
cal	center,	which	should	be	taken	into	account	when	drawing	conclu-
sions. The participants were generally aware that they were part of 
a	study	to	evaluate	AI	as	a	didactic	tool,	thereby	raising	the	issue	of	
bias.	To	minimize	 this	bias,	we	did	not	compare	absolute	accuracy	
rates	 between	 the	 groups,	 but	 each	 participant	was	 compared	 to	
their own achievements and only the progress rate was then com-
pared	 between	 the	 groups.	 Lastly,	 the	 assessment	 accuracy	 was	
evaluated	only	on	A4ch	clips	and	the	generalizability	of	its	conclu-
sions on other views needs to be demonstrated.

CONCLUSION

This	randomized	controlled	pilot	study	demonstrated	that	research	
involving	AI	incorporation	as	a	didactic	tool	appears	to	be	feasible	
and	acceptable.	The	 introduction	of	an	AI-	based	 tool	 to	clinicians	

F I G U R E  5 Correlation	of	AI-	based	
tool assessment and the ground truth on 
echocardiographic clips in sessions 1 and 
2
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working	in	the	emergency	department	improved	the	assessment	ac-
curacy	of	LVEF	as	compared	to	the	control	group.	Studies	should	be	
conducted	with	a	larger	sample	size	of	participants	in	a	real-	world	
setting	with	the	hands-	on	acquisition	of	images	taken	from	multiple	
views.	Also,	studies	should	be	conducted	on	other	clinically	impor-
tant	cardiac	POCUS	assessment	skills	such	as	the	identification	of	
regional wall motion abnormality and right ventricular function.
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