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Abstract
Background: Patients with heart failure (HF) represent a large population of patients 
who	are	at	high	risk	for	complications	related	to	undiagnosed	atrial	fibrillation	(AF).	
However,	currently	there	are	limited	modalities	available	for	early	AF	detection	in	this	
high-	risk	population.	An	implantable	cardiac	monitor	(ICM)	is	inserted	subcutaneously	
and	can	provide	long-	term	arrhythmia	information	via	remote	monitoring.
Methods and Results: Confirm-	AF	is	a	prospective	randomized,	nonblinded,	two	arm,	
multicenter	clinical	trial	to	be	performed	in	the	United	States,	enrolling	477	patients	
with	a	history	of	HF	hospitalization	and	left	ventricular	ejection	fraction	>35% from 
30	medical	sites.	Patients	will	be	randomized	in	a	2:1	fashion	to	undergo	ICM	implant	
with	remote	monitoring	and	symptom-	triggered	mobile	app	transmissions	versus	(vs.)	
Non-	ICM	management	and	follow-	up.	The	primary	objective	of	this	trial	is	to	compare	
the	 time	 to	 first	detection	of	AF	 lasting > 5	min	using	an	Abbott	 ICM	compared	 to	
non-	ICM	monitoring	in	symptomatic	HF	patients.	This	article	describes	the	design	and	
analytic	plan	for	the	Confirm-	AF	trial.
Conclusions: The	Confirm-	AF	 trial	 seeks	 to	 accurately	 define	 the	 burden	 of	AF	 in	
high-	risk	HF	patients	with	LVEF > 35%	using	an	Abbott	ICM.	A	finding	showing	signifi-
cantly	higher	incidence	of	AF	along	with	improved	clinical	outcomes	with	ICM	moni-
toring	is	expected	to	have	substantial	clinical	implications	and	may	change	the	method	
of	monitoring	high-	risk	HF	patients.

K E Y W O R D S
atrial fibrillation, heart failure, implantable cardiac monitor, remote monitoring, stroke

[Correction	added	on	20	December	2022,	after	first	online	publication:	The	coauthors	Nikhila	Rao,	BS,	and	Nilesh	Rao,	BS	have	been	added	to	the	author	byline.]		

www.wileyonlinelibrary.com/journal/anec
mailto:
https://orcid.org/0000-0002-9003-9384
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:mehmet_aktas@urmc.rochester.edu


2 of 9  |     AKTAS et al.

1  |  INTRODUC TION

Over	6	million	people	 in	 the	United	States	suffer	 from	heart	 failure	
(HF) (Benjamin et al., 2018). By the year 2030 the prevalence of HF is 
expected	to	exceed	8	million	people	(Heidenreich	et	al.,	2013). Heart 
failure accounts for 1 million hospital admissions each year, costing 
our	 economy	 in	 excess	 of	 $30	 billion	 dollars	 per	 year	 (Heidenreich	
et al., 2013). Mortality in patients with HF remains high, and nearly 
half	of	 all	 patients	diagnosed	with	HF	will	 die	within	5 years	 (Loehr	
et al., 2008). More than half of all patients admitted with HF decom-
pensation	have	preserved	left	ventricular	systolic	function	(Andersson	
&	Vasan,	2014; Savarese & Lund, 2017). Patients with HF and mildly 
reduced or preserved left ventricular systolic function are at high risk 
for	developing	atrial	 fibrillation	 (AF),	 the	occurrence	of	which	often	
contributes	 to	HF	decompensation	and	 increases	morbidity	and	all-	
cause mortality (Cikes et al., 2018; Goyal et al., 2018; Santhanakrishnan 
et al., 2016).	Similarly,	patients	with	AF	are	at	high	risk	for	developing	
HF due to loss of atrioventricular synchrony and rapid uncontrolled 
ventricular rates (Santhanakrishnan et al., 2016).	Detection	of	AF	can	
be challenging and may go undiagnosed in asymptomatic or minimally 
symptomatic patients through conventional monitoring methods. 
Patients with HF represent a large population who are at risk for com-
plications	related	to	undiagnosed	AF.	AF	increases	the	risk	of	stroke	
five-	fold	and	 the	 risk	of	death	nearly	 two-	fold	 (Kannel	et	al.,	1998). 
Moreover,	strokes	related	to	AF	are	twice	as	likely	to	be	fatal	or	se-
verely disabling compared to strokes due to other causes, such as 
ischemic small vessel disease or atheromatous large vessel disease (Lin 
et al., 1996).	Cardiac	 implantable	electronic	devices	 (CIEDs),	 can	be	
used	for	the	early	detection	of	AF	in	asymptomatic	or	mildly	symptom-
atic patients with HF. However, current guidelines provide an indica-
tion	for	prophylactic	implantable	cardioverter	defibrillator	(ICD)	only	
in	HF	patients	with	left	ventricular	ejection	fraction	(LVEF) ≤ 35%	(Al-	
Khatib et al., 2018),	whereas	there	are	limited	data	for	device-	based	
detection	of	AF	in	HF	patients	with	more	preserved	LVEF.

Implantable	cardiac	monitors	 (ICM)	are	devices	 that	can	be	 in-
jected into the subcutaneous tissue and can provide automatic elec-
trocardiographic recordings of asymptomatic arrhythmias as well as 
patient-	triggered	 electrocardiographic	 recordings	 of	 symptomatic	
episodes	during	 long-	term	follow-	up.	 Implantable	cardiac	monitors	
are being paired with remote monitoring systems, capable of rapid 
remote	review	of	electrograms.	Accordingly,	we	hypothesize	that	a	
management	strategy	that	incorporates	ICM	implantation	in	patients	
with	HF	and	LVEF > 35%	will	result	in	a	significantly	higher	rate	of	AF	
detection leading to arrhythmia related interventions compared to 
Non-	ICM	monitoring	and	follow-	up	in	patients	with	HF.

2  |  METHODS

2.1  |  Objectives

The primary objective of this trial is to compare the time to first de-
tection	of	AF	lasting > 5	min	using	an	Abbott	 ICM	versus	non-	ICM	
monitoring in symptomatic HF patients.

The	six	secondary	objectives	of	this	trial,	in	prioritized	order	are:

1.	 Determine	 whether	 Abbott	 ICM	 versus	 non-	ICM	 monitoring	
results in increased rate of initiation of guideline directed ar-
rhythmic	 and	 HF	 interventions	 (AF	 ablation,	 initiation	 of	 anti-
arrhythmic	 therapy,	 anticoagulation,	 beta-	blocker	 and	 others)	
following	 detection	 of	 AF.

2.	 Compare	 the	 total	 number	 of	 cardiovascular	 hospitalization	 or	
death	using	Abbott	ICM	versus	non-	ICM	monitoring.

3.	 Compare	healthcare	utilization	(including	emergency	department	
visits,	 unplanned	 office	 visits,	 cardiovascular	 hospitalization	 or	
death)	using	Abbott	ICM	versus	non-	ICM	monitoring.

4.	 Determine	whether	Abbott	ICM	versus	non-	ICM	monitoring	re-
sults in improved mean quality of life measured using the Kansas 
City Cardiomyopathy Questionnaire (KCCQ).

5.	 Determine	the	mean	AF	burden	in	the	Abbott	ICM	arm.	Rate	of	
detection	of	arrhythmic	events	consisting	of	AF,	sustained	ven-
tricular	tachycardia,	and	high-	risk	bradyarrhythmias	(high	degree	
AV	block	or	sinus	pause >5	s),	whichever	occurs	first	in	the	ICM	
versus	non-	ICM	monitoring	arms.

The tertiary objectives of this trial are specific to the myMerlin™ 
mobile app and include the following:

1.	 Compare	 the	 effect	 of	 patient-	triggered	 transmissions	 on	 the	
time	 to	 Abbott	 ICM	 detection	 of	 arrhythmic	 events	 triggered	
by symptomatic recordings versus automatically detected ar-
rhythmic event recordings.

2. Evaluate the rate of actionable interventions (including initiation 
of oral anticoagulation, guideline directed medical therapy, device 
and	procedural	interventions)	following	symptom-	triggered	event	
versus the rate of actionable interventions associated with auto-
matic detected arrhythmic events.

2.2  |  Design (Figure 1)

Confirm-	AF	is	a	prospective,	randomized,	nonblinded,	two	arm,	mul-
ticenter clinical trial, which will be performed in the United States, 
enrolling patients from 30 sites. Subjects with a diagnosis of HF re-
quiring initiation or augmentation of decongestive therapy (oral or 
intravenous),	LVEF > 35%	during	the	past	12	calendar	months	prior	
to	consent	date	will	be	randomized	in	a	2:1	ratio	to	undergo	inser-
tion	of	an	Abbott	ICM	versus	non-	ICM	monitoring	and	management.	
Randomization	will	be	stratified	by	the	degree	of	LV	dysfunction	to	
ensure	 balanced	 enrollment	 of	HF	 patients	with	mild	 LV	 dysfunc-
tion	(LVEF	36%–	49%)	and	those	with	preserved	LVEF	(≥50%),	that	is,	
heart failure with preserved ejection fraction (HFpEF).

2.3  |  Patient eligibility

Patients	with	LVEF > 35%	and	symptomatic	HF,	as	defined	by	a	New	
York	Heart	Association	(NYHA)	functional	class	II,	III,	or	ambulatory	
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class	 IV	will	 be	 eligible	 for	 enrollment.	 A	 history	 of	HF	 exacerba-
tion requiring initiation or augmentation of decongestive therapy in 
a	 hospital	 setting	 (hospitalization	 or	 emergency	 department	 visit)	
during the past 12 calendar months will be required as an enrich-
ment	inclusion	criterion.	Patients	who	meet	all	inclusion	and	exclu-
sion criteria listed in Table 1 will be given consideration for study 
enrollment.

2.4  |  Recruitment

Screening for eligible patients will be performed in compliance with 
HIPAA	 requirements.	 Patients	who	meet	 all	 eligibility	 criteria	 and	
do	not	have	any	exclusions	will	be	recruited	by	the	research	groups	
associated with each enrolling site. Logs will be kept at each center 
of all identified patients who meet the clinical eligibility criteria. For 
eligible patients who are not enrolled, the reason for nonenrolment 
(exclusion)	will	 be	 recorded.	 A	 flow	 diagram	 of	 enrollment	 is	 pre-
sented in Figure 1.

2.5  |  Consent

After	a	patient	has	been	determined	to	meet	eligibility	criteria	and	
not	to	have	any	exclusions	from	the	Confirm-	AF	study,	the	research	

coordinator at each of the enrolling sites will offer enrollment into 
the	study.	All	materials	will	be	approved	by	the	local	IRB	and	Data	
Coordinating	 Center	 (DCC).	 After	 addressing	 all	 questions	 and	

F I G U R E  1 Confirm-	AF	enrollment	flow	
diagram

Approach patient for 
participation

Pre-Enrollment Process:
Screening Visit

Step 1: Obtain patient consent
Step 2: Reconfirm Inclusion/exclusion criteria 

Randomization 

YES

ICM Monitoring 
N = 318

Non ICM 
Monitoring 

(conventional 
management)

N = 159

Does Patient Meet All Eligibility Criteria?

YES

NO
Pre-Screening Failure

Patient does not qualify do 
not approach for study.

Pre-Screening
Identify potential patients

(Age > 18 years,  acute HF event treated  with decongestive therapy in hospital setting with past 12 
months,  FDA-approved indication for an ICM, preserved EF of > 35% on cardiac imaging study with 

past 12 months, willing to undergo ICM implant with remote monitoring)

Implant ICM within 1 
calendar month of 

randomization

TA B L E  1 Patient	eligibility	criteria

Inclusion Criteria
•	 Patients	≥18	of	age	(no	upper	age	limit)
•	 HF	exacerbation	requiring	initiation	or	augmentation	of	
decongestive	therapy	in	a	hospital	setting	(hospitalization	or	
emergency department visits) during the past 12 calendar 
months.

•	 LVEF > 35%	on	a	cardiac	imaging	study	(echocardiogram,	nuclear	
imaging, cardiac magnetic resonance imaging) performed during 
the past 12 calendar months prior to consent date.

•	 One	or	more	FDA-	approved	indications	for	an	Abbott	ICM	
(unexplained	symptoms	such	as	dizziness,	palpitations,	chest	pain,	
syncope, and shortness of breath, as well as patients who are at 
risk for cardiac arrhythmias)

•	 Willing	to	undergo	an	Abbott	ICM	implant	and	agree	to	remote	
ICM	monitoring.

Exclusion Criteria
•	 Existing	cardiac	implantable	electronic	device	or	planned	

implantation
•	 Known	or	documented	history	AF	or	atrial	flutter	any	time	in	the	

past.
• Unable or unwilling to follow the study protocol.
• Unable or unwilling to sign the consent for participation.
• Participation in other clinical trials (observational registries are 

allowed with approval from the CDC).



4 of 9  |     AKTAS et al.

concerns and an appropriate time period to consider the option of 
participating, the patient will be given the opportunity to sign the 
consent	form.	If	available,	electronic	consenting	will	be	utilized.	The	
patient will receive a copy (paper or digital) of the signed consent 
form and the consent document will also be maintained in the cent-
er's records.

2.6  |  Baseline evaluation

After	the	patient	signs	the	consent	and	before	randomization,	all	
enrolled	 subjects	will	 have	a	baseline	 reference	examination,	 in-
cluding	 a	 clinical	 history,	 physical	 exam,	 12-	lead	 ECG,	 and	 qual-
ity of life assessment using the Kansas City Cardiomyopathy 
Questionnaire.

2.7  |  Randomization

The random assignment to one of the two study groups will be made 
by the DCC and transmitted to the enrolling clinical center by logging 
on	to	a	Web-	based	automated	program.	Randomization	will	be	made	
only after verification that the steps mentioned above have been 
completed.	The	date	of	randomization	serves	as	the	subject's	date	
of	entry,	or	enrollment	date,	into	the	clinical	trial.	Each	randomized	
subject will remain counted as a member of the assigned treatment 
group	to	which	the	subject	was	assigned	(intention-	to-	treat).	For	the	
purpose of analysis, subjects will not be censored at withdrawal, and 
every effort will be made to ascertain the occurrences or nonoccur-
rence of the primary endpoints.

2.8  |  ICM group

Subjects	randomized	to	the	ICM	intervention	group	arm	of	the	trial	
will	 undergo	 implant	 of	 an	 Abbott	 ICM	 (Abbott	 Park,	 Illinois)	 im-
planted	by	a	physician	within	1	calendar	month	after	randomization.	
All	devices	in	the	Confirm-	AF	trial	will	be	market-	released	products	
and will be implanted according to standard sterile implant tech-
niques per hospital protocols.

2.9  |  ICM programming

The	AF	duration	parameter	in	the	Abbot	ICM	will	be	programmed	to	
30 s,	which	determines	the	shortest	AF	episode	that	will	be	stored	
by	the	device.	The	ICM	triggers	the	storage	of	an	electrogram	(EGM)	
when	 a	 detected	 AF	 episode	 is	 longer	 than	 the	 programmed	 AF	
Duration.	Along	with	the	EGM,	there	 is	a	scatter	plot	of	the	heart	
rate	during	the	AF	EGM.	Figure 2 shows a screenshot of the available 
AF	programming	options	in	the	Confirm	Rx™	ICM.

The	Abbot	ICM	also	provides	AF	diagnostic	data	that	contain	the	
following information:

•	 AF	Burden.	Shows	the	percentage	of	time	that	the	patient	was	in	
AF	since	the	AF	diagnostics	data	were	last	cleared.	The	data	are	
presented	as	the	daily	percentage	over	a	1-	year	period	that	can	
be viewed and printed from Merlin.net.	A	31-	day	burden	trend	is	
available on the programmer

•	 AF	Summary.	Histograms	of	the	Mean	Ventricular	Heart	Rate	and	
the	Duration	of	AF	episodes	since	AF	diagnostic	data	were	 last	
cleared.

•	 AF	Statistics.	Statistical	data	for	AF	episodes	stored	since	AF	di-
agnostic data were last cleared.

• Read Diagnostics button. Retrieves diagnostic data from the de-
vice and updates the data shown.

• Last Session. The date and time of the last programmer session.
• Last Remote Session. The date and time of the last remote session.
• Last Read. The date and time that the diagnostic data were last 

read.
• Last Cleared. The date and time that the diagnostic data were last 

cleared.

The	 settings	 for	 stored	 AF	 EGM	 will	 be	 programmed	 as	 fol-
lows:	the	AF	Pre-	Trigger	Duration	parameter,	which	determines	the	
amount	of	time	recorded	before	an	AF	episode	is	detected	will	be	
set	to	30 s	(nominal	setting);	the	AF	Post-	Trigger	Duration	parameter	
determines	the	amount	of	time	recorded	after	an	AF	episode	is	de-
tected	and	will	be	set	to	120 s	(nominal	setting).

2.10  |  myMerlin™ mobile app

The myMerlin™ mobile app is an interface that is paired and used with 
an	Abbott	 ICM.	The	 app	 is	 available	 for	 download	 from	 the	Apple	
App	Store	or	from	the	Google	Play	Store.	The	myMerlin™	app	uses	
Bluetooth wireless connectivity to securely and proactively commu-
nicate	between	the	 ICM	and	the	smartphone.	Following	 implant	of	
the	Abbott	ICM,	the	device	is	paired	with	the	patient's	smartphone.	In	
the	event	that	a	patient	does	not	already	own	a	smartphone,	Abbott	
provides a smartphone with limited functionality (free of charge) to 
allow	the	patient	to	utilize	remote	monitoring.	The	app	uses	WiFi	and/
or	cellular	connections	to	transmit	data	from	the	Abbott	ICM	to	the	
Merlin.net and can be reviewed by the clinician. The myMerlin™ mo-
bile	app	performs	a	Daily	Device	Check.	In	the	daily	device	check	the	
app looks for new episodes and transmits the new data to Merlin.net. 
This capability can be modified by turning direct alerts for different 
arrhythmia types on or off. Subjects enrolled can also use the myMer-
lin™ the device is immediately paired with the patient's smartphone. 
In	the	event	that	a	patient	does	not	already	own	a	smartphone,	app	
to	manually	trigger	an	ICM	recording	and	record	symptoms	(Fainting,	
Dizziness	Fluttering,	Shortness	of	breath,	Fast	heart	 rate	or	Other)	
from a dropdown menu with the app. The symptoms episodes are im-
mediately transmitted to Merlin.net. The myMerlin™ mobile app also 
performs a scheduled follow based on the schedule set on Merlin.net. 
At	the	end	of	the	scheduled	follow-	up,	if	programmed	on	Merlin.net, 
all device data and diagnostics can be cleared.

http://merlin.net
http://merlin.net
http://merlin.net
http://merlin.net
http://merlin.net
http://merlin.net
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2.11  |  Non- ICM group

Subjects	randomized	to	the	Non-	ICM	arm	of	the	trial	will	undergo	
arrhythmia monitoring based on clinical indications and per stand-
ard available modalities including periodic electrocardiograms (ECG), 
Holter and/or event monitoring.

2.12  |  Follow- up

Subjects	 randomized	 to	 the	 ICM	 arm	will	 be	 enrolled	 in	 Abbott's	
Merlin.net	Patient	Care	Network.	Interrogations	and	remote	down-
loads will be made available to both the patient's treating physician 
as well as the study DCC. Regular monthly downloads will be ob-
tained from Merlin.net or when a patient triggers a recording for a 
symptomatic event. Merlin.net data will be transmitted on a monthly 
basis to the treating physician and the DCC, where it will be further 
reviewed independently by a blinded study arrhythmia adjudication 
committee.	Patients	will	be	followed	for	a	time	period	of	2 years	for	
clinical and subclinical arrhythmic events, medication and device in-
terventions, clinical events, adverse events, and quality of life.

Follow-	up	information	in	both	arms	will	be	obtained	through	
alternating	 remote	 and	 in-	person	 cardiology	 clinics	 visits	 at	

6-	month	intervals.	At	each	follow-	up	visit	a	list	of	medications,	an	
interim history focusing on occurrence of any arrhythmic events, 
adverse	events,	and	physical	exam	will	be	recorded.	Laboratory,	
electrocardiographic, Holter, event monitoring data that may 
have	 been	 acquired	 as	 standard	 of	 care	 will	 be	 recorded.	 Any	
assessment	 of	 LVEF	 (determined	 by	 echocardiography,	 nuclear	
imaging, cardiac magnetic resonance imaging) if acquired per 
standard	of	care,	not	mandated	per	protocol	during	follow-	up	will	
be recorded.

2.13  |  End points

The	primary	endpoint	of	Confirm-	AF	is	the	time	to	first	detection	
of	AF	lasting > 5	min	in	the	ICM	arm	or	captured	by	clinical	symp-
toms	and	documented	by	ECG	or	Holter	 in	the	Non-	ICM	arm.	All	
secondary endpoints are provided in Table 2.	The	Abbot	ICM	uti-
lizes	 a	 unique	mobile	 app	 (myMerlin™)	 that	 allows	 immediate	 ar-
rhythmia	transmission	from	the	ICM	and	allows	for	annotation	of	
symptoms	(dizziness,	palpitations,	chest	pain,	syncope,	and	short-
ness	 of	 breath).	 Confirm-	AF	 will	 include	 a	 tertiary	 app-	specific	
endpoint	to	evaluate	the	impact	of	symptom-	triggered	arrhythmic	
events by use of the myMerlin™ mobile app (Table 2.)

F I G U R E  2 Screenshot	showing	Abbott	programming	options	for	AF	episode	and	alert	detection	criteria	in	the	confirm	Rx™	implantable	
cardiac monitor

http://merlin.net
http://merlin.net
http://merlin.net
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2.14  |  Core laboratories and committees

2.14.1  |  Electrogram	and	device	interrogation	
core laboratory

This	 lab	consists	of	a	director	and	co-	director	and	their	appointed	
staff.	The	core	lab	will	review	all	ICM	interrogations	using	electronic	
media downloaded from myMerlin™ or during device interrogations 
at the enrolling sites. The enrolling sites' interpretation and classi-
fication will be available to the core lab but they will form a final 
opinion of the nature of the detected arrhythmias. The core lab will 
review all interrogations to capture and adjudicate all events.

2.14.2  |  Events	Review	Committee

A	three-	member	Events	Review	Committee	will	review	source	docu-
ments obtained from each of the enrolling sites. The information will 
be used to determine the nature of any clinical and adverse events. 
Available	medical	records	and	source	documents	will	be	used	to	de-
termine	cause-	specific	mortality.

2.15  |  Organizational structure

The	organizational	structure	for	Confirm-	AF	is	presented	in	Figure 3. 
This	 is	 an	 investigator	 initiated	 clinical	 trial.	 Abbott	 will	 provide	

funding support for the trial through an unrestricted research grant 
to the University of Rochester School Medical Center.

2.16  |  Statistical analysis

The	Confirm-	AF	 trial	 is	 designed	 to	 have	 90%	 power	 to	 detect	
a	 3-	4-	fold	 improvement	 in	 detecting	AF	 over	 two-	years	 among	
patients	in	the	ICM	versus	Non-	ICM	group,	with	a	two-	sided	sig-
nificance	level	of	0.05.	Among	HF	patients,	prior	published	data	
show	 an	 annual	 rate	 of	 AF	 detection	 of	 3%–	4%	 per	 year	 using	
conventional	management	 strategies	 (i.e.,	 an	 event	 rate	 of	 6%–	
8%	at	2-	years)	(Ducharme	et	al.,	2006; Pellicori et al., 2019). Prior 
published data in similar cohorts of HF patients with relatively 
preserved	LVEF	 suggest	 an	AF	 rate	of	20%–	30%	at	2-	years	de-
tected	by	 ICM	 (Reiffel	et	al.,	2017).	Accordingly,	 for	 the	sample	
size	calculations,	we	estimated	a	clinical	AF	detection	rate	of	8%	
in	the	Non-	ICM	arm	versus	23%	AF	detection	rate	in	the	ICM	are	
at	2-	years.

Ranges	 of	 sample	 size	 considerations	 are	 detailed	 in	 Table 3. 
Accordingly,	the	planned	sample	size	will	be	477	patients	who	will	
be	 randomized	 in	 a	 2:1	 ratio	 to	 Abbot	 ICM	 guided	 management	
(n =	318)	versus	non-	ICM	management	(n =	159),	assuming	20%	loss	
of	patients	during	 trial	 follow-	up.	Randomization	will	be	 stratified	
by	the	degree	of	LV	dysfunction	to	ensure	balanced	enrollment	of	
HF	patients	with	mild	LV	dysfunction	(LVEF	=	36%–	49%)	and	those	
with	preserved	LVEF	(≥50%).

Sample	size	calculations	for	the	secondary	endpoint	of	arrhyth-
mia related interventions such as pharmacologic and device inter-
ventions	 in	 the	 Abbott	 ICM	 versus	 non-	ICM	 arms,	 the	 following	
assumptions were made;

•	 Detection	rate	at	24 months	of	any	arrhythmic	episodes	(AF,	sus-
tained ventricular tachycardia or ventricular fibrillation, atrioven-
tricular	block)	in	the	ICM	arm	= 40% (Lin et al., 1996).

•	 Detection	 rate	 of	 clinical	 arrhythmic	 episodes	 (AF,	 sustained	
ventricular tachycardia or ventricular fibrillation, atrioventricular 
block) in the control arm = 10%.

TA B L E  2 Endpoints	of	the	confirm-	AF	trial

Primary Endpoint
•	 Time	to	first	detection	of	AF	lasting > 5	mina

Secondary Endpoints
• Rate of initiation of guideline directed arrhythmic and HF 
interventions	(AF	ablation,	initiation	of	antiarrhythmic	therapy,	
anticoagulation,	beta-	blocker	and	others)	following	detection	of	
AF.

•	 Total	number	of	cardiovascular	hospitalizations	or	death.
•	 Healthcare	utilization	(including	emergency	department	visits,	
unplanned	office	visits,	cardiovascular	hospitalization	or	death).

• Quality of life measured using the Kansas City Cardiomyopathy 
Questionnaire

•	 AF	burden	using	the	Abbott	ICM
•	 Composite	of	identified	arrhythmic	events	consisting	of	AF,	
sustained	ventricular	tachycardia,	and	high-	risk	bradyarrhythmia	
(high	degree	AV	block	or	sinus	pause	> 5	s),	whichever	occurs	
first.

myMerlin™ app- specific Endpoints
•	 Time	to	ICM	detection	of	arrhythmic	events,	triggered	by	

symptoms versus automatically detected arrhythmic events.
• Rate of actionable interventions (including initiation of oral 

anticoagulation, guideline directed medical therapy, device and 
procedural interventions) following symptom triggered events 
versus the rate of actionable interventions associated with 
automatically detected arrhythmic events.

aDefined	as	ICM	detected	AF	in	the	intervention	arm	or	captured	by	
clinical	symptoms	and	documented	by	ECG	or	Holter	in	the	Non-	ICM	
arm.

F I G U R E  3 Confirm-	AF	trial	organizational	structure
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•	 Rate	of	arrhythmia	related	interventions	based	on	ICM	detected	
episodes in the intervention arm (initiation of oral anticoagulant 
therapy,	rate	versus	rhythm	control	of	AF,	ablation,	device	ther-
apy	for	brady/tachyarrhythmias)	will	occur	in	approximately	60%	
of	patients	with	 ICM	detected	arrhythmias	 (i.e.,	24%	of	 the	pa-
tients	in	the	ICM	arm).

• Rate of arrhythmia related interventions based on clinical episodes 
in the control arm (initiation of oral anticoagulant therapy, rate 
versus	rhythm	control	of	AF,	ablation,	device	therapy	for	brady/
tachyarrhythmias)	will	occur	in	approximately	80%	of	patients	with	
clinical arrhythmias (i.e., 8% of the patients in the control arm).

Power	with	477	sample	size	and	a	2:1	randomization	will	be	>95%,	
assuming	20%	dropout	and	deaths	before	2 years	and	at	two-	year	ar-
rhythmia	rates.	The	overall	2-	sided	significance	level	of	0.05	will	be	
maintained by using smaller nominal alphas at these time points. The 
primary	analysis	will	be	based	on	the	intention-	to-	treat	(ITT)	principle.

Event-	free	survival	rates,	as	captured	by	the	composite	primary	
endpoint,	 will	 be	 displayed	 using	 the	 method	 of	 Kaplan–	Meier.	
The	planned	data	 analysis	will	 use	 a	 log-	rank	 test	 to	nonparamet-
rically	 compare	 the	 ICM	 versus	 Non-	ICM	 management	 groups.	
Additionally,	the	Cox	proportional	hazards	regression	model	will	be	
used	 to	develop	hazard	 ratios	 and	 their	 accompanying	confidence	
intervals	for	the	association	of	ICM	management	and	the	ability	to	
detect the primary endpoint.

2.16.1  |  Early	termination

There will be significance tests for efficacy by the Database and 
Safety	Monitoring	Board	(DSMB)	at	12 months,	18 months	and	study	
end.

2.17  |  Protection of human subjects

The	study	will	be	approved	by	a	 single	 Institutional	Review	Board	
(IRB)	at	the	University	of	Rochester,	NY,	per	recent	NIH	guidance.	

Enrolling	sites	will	be	provided	with	a	written	IRB	approval	to	par-
ticipate in the study. Devices used in this study have Food and Drug 
Administration	(FDA)	approval	for	the	detection	of	AF.

An	 impartial	 DSMB	 will	 be	 appointed	 to	 independently	 mon-
itor the conduct and the outcome of the trial. The DSMB will be 
responsible	for	monitoring	the	safety	and	well-	being	of	the	patients	
participating in this study and ensuring the ethical conduct of the 
trial.	Since	this	study	is	a	randomized	clinical	trial	requiring	an	ICM	
implant in the intervention arm, data on clinical events including 
procedural	complications,	hospitalizations,	stroke,	and	death	will	be	
collected during the study and provided to the DSMB for evalua-
tion of risks associated with participation in the study. Efforts will be 
made	to	maintain	confidentiality	of	study	data.	All	study	data	will	be	
coded with an unidentifiable study code. The study coordinator will 
maintain a key linking the patient's name with study data. The data 
center will also maintain a master key in a password protected data 
form separate from the main database.

Enrolling	 teams	 will	 adhere	 to	 all	 applicable	 FDA	 guidelines	
for	 clinical	 research,	 the	 Confirm-	AF	 protocol,	 the	 “Declaration	
of Helsinki: Recommendations Guiding Medical Doctors in 
Biomedical	Research	Involving	Human	Patients,”	and	the	approved	
IRB	 regulations.	 At	 each	 encounter	 with	 a	 potential	 or	 enrolled	
study	 subject	 the	 Investigator	will	 be	 responsible	 for	 protecting	
the subject and determining if further participation in the clinical 
trial	 is	 appropriate	 for	 that	 individual	 subject.	 The	 Investigators	
and Research Coordinators are charged with maintaining the in-
tegrity of the trial and utmost confidentiality of patient and clinical 
trial information.

3  |  DISCUSSION

The	Confirm-	AF	trial	is	a	clinical	investigation	evaluating	the	benefit	
of	an	Abbott	ICM	for	the	detection	of	AF	in	patients	with	HF.	We	will	
enroll	patients	with	LVEF > 35%	and	symptomatic	HF	(as	defined	by	
a	NYHA	Class ≥ II).	All	enrolled	patients	will	also	be	required	to	have	a	
history	of	HF	hospitalization	during	the	preceding	12 months,	which	
is	recognized	to	be	a	high-	risk	marker	for	arrhythmic	and	clinical	ad-
verse events in this population (Kelly et al., 2015).

There is significant overlap in the underlying pathophysiologic 
mechanisms	that	lead	to	the	development	of	AF	as	well	as	HF,	and	
it	is	well	recognized	that	HF	can	trigger	AF,	and	the	reverse	is	also	
true	(Anter	et	al.,	2009).	Atrial	fibrillation	with	rapid	ventricular	rates	
can result in a tachycardia related cardiomyopathy, the prompt de-
tection and treatment of which is often reversible (Gopinathannair 
et al., 2015).	Furthermore,	loss	of	organized	atrial	contraction	during	
AF,	which	contributes	to	25%	of	LV	filling,	can	also	trigger	HF	de-
compensation (Mountantonakis et al., 2012). Therefore, the timely 
detection	and	diagnosis	of	AF	has	significant	clinical	implications.

Currently	there	is	no	AF	screening	recommendation	in	high-	risk	
HF	patients.	When	AF	is	suspected	clinicians	rely	primarily	on	ECG	
detection or Holter/event monitoring. However, a substantial pro-
portion	of	patients	with	AF	may	have	minimal	symptoms	and	may	
even initially be asymptomatic. Furthermore, the use of intermittent 

TA B L E  3 Ranges	of	sample	size	considerations	for	the	confirm-	
AF	trial

Power Total N Control N ICM N

Event rate 
estimates through 
24 months

Control ICM

90% 306 101 205 8% 28%

90% 393 130 263 8% 25%

90% 408 135 273 5% 20%

90% 432 143 289 8% 24%

90% 477 159 318 8% 23%

90% 603 199 404 6% 18%

Note: The primary event rate hypothesis is highlighted in bold.
Abbreviation:	N, number of patients.
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ECGs	and	Holter	monitoring	may	be	ineffective	in	detecting	AF	epi-
sodes	in	patients	who	have	paroxysmal	AF.

In	the	proposed	trial,	 the	detection	of	AF	 is	expected	to	trig-
ger a variety of interventions that may prevent HF decompensa-
tion	and	reduce	the	risk	of	long-	term	adverse	outcomes.	First	and	
fore-	most,	 timely	 detection	 of	 AF	 can	 facilitate	 the	 appropriate	
initiation	of	anticoagulation	based	on	the	subjects	CHA2DS2-	VASc	
score.	Second,	the	detection	of	AF	with	rapid	ventricular	rates	will	
expedite	the	titration	of	beta-	blocker	therapy	so	as	to	achieve	ad-
equate	ventricular	 rate	control.	Third,	 the	 recognition	of	AF	may	
prompt therapies tailored to maintain SR such as antiarrhythmics 
and/or catheter ablation especially given the recent evidence in 
support of maintaining SR in HF patients (Kirchhof et al., 2020; 
Marrouche et al., 2018).

The	 ICM	 has	 transformed	 our	 approach	 to	 screening	 and	 de-
tection	 of	 arrhythmia	 in	 high-	risk	 populations	 such	 as	 in	 patients	
following a cryptogenic stroke (Sanna et al., 2014).	 Insertion	of	an	
ICM	 is	a	 low-	risk	procedure;	however,	 the	yield	can	be	 immensely	
valuable particularly in HF patients, who are known to be at high risk 
for	development	of	atrial	and	ventricular	tachyarrhythmias.	In	addi-
tion,	the	capability	of	the	Abbott	ICM	to	provide	patient-	triggered	
submissions using the myMerlin™ app offers the added benefit 
of prompting interventions that have the potential to avert a HF 
decompensation.

In	 conclusion,	 the	 Confirm-	AF	 trial	 seeks	 to	 accurately	 define	
the	burden	of	AF	in	high-	risk	HF	patients	with	LVEF > 35%	using	an	
Abbott	ICM.	A	finding	of	significant	incidence	of	AF	with	ICM	mon-
itoring	is	expected	to	have	substantial	clinical	implications	and	may	
change	the	method	of	monitoring	high-	risk	HF	patients.
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