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DESIGN PAPER
Atrial fibrillation associated with heart failure treated
by a 2-lead CRT-DX system (BIO-AffectDX): Study
design and clinical protocol
Jonathan C. Hsu, MD, MAS, FHRS,* Aaron B. Hesselson, MD, FHRS,†

Jackson J. Liang, DO,‡ Stavros Mountantonakis, MD, FHRS,x Gregory T. David, BSN, RN,k

Alexandru Costea, MD, FHRS{
From the *Cardiac Electrophysiology Section, Division of Cardiology, Department of Medicine, University

of California, San Diego, La Jolla, California, †University of Kentucky Gill Heart & Vascular Institute,
Lexington, Kentucky, ‡Electrophysiology, Division of Cardiology, Internal Medicine, University of
Michigan, Ann Arbor, Michigan, xDivision of Cardiac Electrophysiology, Lenox Hill Hospital,
Northwell Health, New York, New York, kBIOTRONIK, Inc, Lake Oswego, Oregon, and {Clinical
Cardiac Electrophysiology at University of Cincinnati Medical Center, Cincinnati, Ohio.
BACKGROUND Evidence to support use of cardiac resynchroniza-
tion therapy (CRT) among patients with both heart failure (HF)
and atrial fibrillation (AF) is largely limited to retrospective or
post hoc subanalyses. Data from a prospectively enrolled and
contemporary cohort are needed.

OBJECTIVE We aim to better characterize the changes from base-
line in HF patients with concomitant AF subsequently implanted
with a 2-lead CRT-DX system capable of sensing in the atrium, aggre-
gating diagnostics, and delivering CRT therapy. The primary objec-
tive of this study is to evaluate the percentage of all HF subjects
with an improvement in a clinical composite score from pre-CRT
implant to 12 months.

METHODS The study is a US-based, prospective, observational
multicenter clinical trial conducted at up to 50 sites and enrolling
approximately 400 subjects with a follow-up period of 1 year. Mul-
tiple subject assessments, atrial rhythm status, and device interro-
gation will be collected at follow-up visits occurring at 3, 6, and
12 months postimplant.
Clinical trial registration: https://clinicaltrials.gov/ct2/show/NCT0487
028. Address reprint requests and correspondence: Dr Jonathan C.
Hsu, University of California, San Diego, 9452 Medical Center Dr,
MC7411, La Jolla, CA 92037. E-mail address: Jonathan.Hsu@ucsd.edu.

2666-5018/© 2021 Heart Rhythm Society. Published by Elsevier Inc. This is an op
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
RESULTS A Clinical Events Committee will adjudicate subject HF
events, arrhythmia events, death events, and all device-classified
ventricular tachycardia and ventricular fibrillation episodes with
treatment that are collected throughout the follow-up period. Their
decisions are based on independent physician review of the data
from sites and device interrogation.

CONCLUSION The BIO-AffectDX study aims to provide further
insight into the expected outcomes from CRT treatment in patients
with HF and AF.
KEYWORDS Atrial fibrillation; Cardiac resynchronization therapy;
CRT-DX; Heart failure; Two-lead CRT-D
(Heart Rhythm O2 2021;2:642–650) © 2021 Heart Rhythm Society.
Published by Elsevier Inc. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction
Prior studies of cardiac resynchronization therapy
in atrial fibrillation patients
Heart failure (HF) and atrial fibrillation (AF) often coexist,
with one condition occasionally predisposing the other. It is
estimated that approximately 20% of patients with HF, and
25% of patients receiving cardiac resynchronization therapy
(CRT), have some form of AF.1,2 CRT is a proven treatment
shown to improve quality of life, functional status, and mortal-
ity in an indicated HF population.3–5 However, many early
clinical trials evaluating the effectiveness of CRT excluded
patients with AF, making it difficult to ascertain a benefit in
this specific comorbid population. As a result, current
guideline-concordant indications call for CRT in patients
with AF as a class IIa level of evidence B, while patients
with sinus rhythm are a class I level of evidence A indication.6

CRT effectiveness in patients with HF and AF has been
evaluated in a limited number of studies with conflicting re-
sults.2,3,7–9 Interpretation of the existing data has relied
heavily on secondary analyses of subgroups from
randomized controlled trials and retrospective analyses of
national registries. Furthermore, there is some limited
evidence suggesting that CRT-D may reduce the frequency
and duration of AF in patients with HF.10,11 More prospective
data are needed to corroborate these findings.
en access article https://doi.org/10.1016/j.hroo.2021.10.001
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KEY FINDINGS

- The findings from the BIO-AffectDX study will help
address knowledge gaps of cardiac resynchronization
therapy (CRT) utilization in concurrent heart failure
and atrial fibrillation (AF). With a specific focus on dif-
ferences between AF subtypes, this prospective study
evaluates the effectiveness of CRT in patients that
have a standard CRT-D indication per current guide-
lines.

- The BIO-AffectDX study utilizes a clinical composite
score to evaluate CRT effectiveness after 1 year of
follow-up as compared to baseline prior to device
implant. The study also aims to collect information to
further understand the association between ablation
for atrial fibrillation and CRT.

- The study utilizes a novel 2-lead CRT system that pro-
vides atrial sensing diagnostics, which allows for moni-
toring of atrial status. Atrial status will be correlated
with procedures that may impact atrial rhythm, as
well as spontaneous conversion events to further eluci-
date how these events impact CRT effectiveness.

- The results of the BIO-AffectDX study are expected to
inform future societal consensus and guidance docu-
ments regarding the value of CRT in patients with
both heart failure and atrial fibrillation.
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Additionally, in a 2020 review of CRT research a panel of
experts examined the existing clinical data related to CRT
effectiveness in patients with HF with reduced ejection frac-
tion and identified several evidence gaps related to CRT.12

Two of the top-tier gaps related to the effectiveness of CRT
among patients with paroxysmal, persistent, and permanent
AF and the association and role of atrioventricular (AV)
node ablation on CRT effectiveness.

Role of atrial lead in CRT
Since 2006, studies have consistently supported the concept
that higher percentages of biventricular pacing are associated
with improved patient outcomes, with optimal percentages
ranging from 90% up to 100%.13–16 Effective CRT pacing
is difficult to achieve in the setting of AF, as loss of AV
synchrony, uncontrolled ventricular rates, and a high
percentage of fusion and pseudo-fusion beats can contribute
to suboptimal delivery of CRT pacing.17 Traditional CRT-D
systems have utilized 3 leads historically (atrial, right ventric-
ular, and left ventricular [LV]). When a patient is indicated
for atrial pacing support it is self-evident that an atrial lead
is warranted and appropriate. This lead may also provide
the added benefit of improving supraventricular and ventric-
ular arrhythmias along with identifying atrial high-rate epi-
sodes. Additionally, implanters may prefer atrial placement
at the time of CRT-D implantation to avoid a reoperation in
the event a patient develops the need for pacing support at
a later time. The decision to implant an atrial lead in patients
without a need of atrial support does not currently reflect
practices in the United States. Wide regional variation exists
in the United States regarding when to place an atrial lead and
there is evidence with implantable cardioverter-defibrillators
(ICDs), at least, that nearly two-thirds of patients without
a pacing indication are implanted with an atrial lead.18 The
added procedural and long-term risks associated with this
third lead are not insignificant, as studies have identified
increased rates of periprocedural complications, in-hospital
mortality, and complications within 90 days of device im-
plantation.19 Additionally, it has been observed that implan-
tation of atrial leads can be detrimental in that they can
actually promote AF.20 These added risks combined present
a challenge for current physicians considering the risk-benefit
ratio of an atrial lead. Furthermore, the utilization of atrial
pacing specifically in CRT patients without a clear need for
atrial pacing is not well established.21 Additionally, the
2012 EHRA/HRS expert consensus statement on cardiac re-
synchronization therapy recommended using VDD/DDD
mode with a base rate of 35–40 beats per minute to ensure
permanent or nearly permanent atrial sensing and avoid atrial
support altogether.22
Two-lead CRT system
BIOTRONIK’s CRT-DX system can deliver CRT utilizing
a novel 2-lead system that incorporates atrial sensing on the
ICD lead for supraventricular tachycardia discrimination
and AV synchronization, thus allowing for CRT delivery
with fewer leads. The 2-lead CRT-DX systems are consid-
ered for patients without a need for atrial pacing, including
those with permanent AF, and may preserve the benefits of
sensing atrial activity without the need to implant an atrial
lead.

Although experience with this system is limited, the
emerging data are encouraging and support the safety of
this system in carefully selected patients. Biffi and col-
leagues23 compared clinical and technical outcomes of
25 CRT-D recipients with 3-lead systems and 12 patients im-
planted with a CRT-DX. An absolute indication for atrial
stimulation was observed in 1.2% of CRT recipients during
a 3-year follow-up period. CRT response and chronotropic
incompetence was evaluated and there was no difference be-
tween the 2 groups observed with respect to NYHA class
improvement, peak cardiopulmonary performance, reverse
remodeling, and the presence of chronotropic incompetence
at 1 year. There were also no patients observed to develop
a need for atrial pacing support at 3 years with an absence
of atrial undersensing. Additionally, a recent subanalysis of
240 patients demonstrated significantly fewer complications
and lower rates of inappropriate shock among patients im-
planted with a CRT-DX system while supporting similar
health status outcomes as compared to patients implanted
with a conventional 3-lead CRT system.24 However, it is
difficult to extrapolate these findings to patients with AF,
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since AF history and ablation status within each cohort were
unknown.

There is also some evidence that suggests patients in AF
receiving CRT may experience a reduction in overall atrial
burden and up to 10% of patients may spontaneously convert
back to sinus rhythm.25 The CRT-DX system may offer an
added benefit of providing appropriate detection of AF and
mode switch capability and provide ventricular pacing sup-
port during pauses without the need and increased risk that
is associated with an atrial lead. Compared to systems
without a dedicated atrial lead, DX has been proven superior
with regard to detection of atrial tachycardia / AF, which al-
lows for earlier intervention.23,26 Based on the need for addi-
tional prospective data, the BIO-AffectDX Study is designed
to evaluate the percent of subjects with 12-month improve-
ment from pre-CRT implant in a large cohort of HF patients
with AF implanted with a novel, 2-lead CRT system. The
analysis particularly emphasizes a comparison of patient out-
comes between the AF subtypes.
Objectives
The primary objective of this study is to evaluate the percent-
age of all HF subjects with an improvement in a clinical com-
posite score (CCS) from pre-CRT implant to 12 months.
Subjects will be stratified by paroxysmal, persistent,
and long-standing persistent AF subtypes implanted with
a 2-lead CRT-DX system.

Secondary objectives include the following: (1) to eval-
uate the rate of composite all-cause death and HF hospitaliza-
tions through 12 months; (2) to compare AF subtypes for
CCS status, changes in Atrial Fibrillation Effect on
Quality-of-Life Questionnaire, changes in Minnesota Living
with Heart Failure Questionnaire, changes in NYHA,
changes in 6-minute walk test, and changes in AF burden
at 6 and 12 months; (3) to evaluate the proportion of subjects
showing improvement from pre-CRT using a CCS at
6 months; (4) to evaluate the observed major complication
rates from device implantation in this population at
12 months; (5) to evaluate the percentage of subjects convert-
ing to sinus rhythm at any time during the 12-month follow-
up period, along with reason for conversion, both overall and
by AF subtype.
Design
General considerations
The BIO-AffectDX Study is a multicenter, prospective,
observational, single-arm study designed to evaluate the
rate of subjects showing improvement from pre-CRT using
a CCS at 12 months in up to 400 HF subjects with parox-
ysmal, persistent, or long-standing persistent AF subtypes
and a 2-lead CRT-DX system. This study is an industry-
initiated clinical trial designed by a steering committee con-
sisting of physicians (who also serve as investigators) in
collaboration with the sponsor. Study subjects will be
enrolled at up to 50 participating US sites. Target enrollment
percentages are 50%, 30%, and 20% of the total study popu-
lation for paroxysmal, persistent, and long-standing persis-
tent AF, respectively. Patients will be screened for the
inclusion and exclusion criteria and sign an informed consent
prior to baseline assessments, which include quality-of-life
assessment, 6-minute walk test, NYHA class assessment,
rhythm collection, and pertinent medical history. Subjects
will be implanted with a CRT-DX (BIOTRONIK SE & Co
KG, Berlin, Germany) pulse generator and DX ICD (BIO-
TRONIK SE & Co KG) lead, plus an LV lead within
30 days following informed consent. All subjects eligible
for the study will receive a new (de novo) implant or undergo
an upgrade from an existing single-chamber ICD system that
includes a DX ICD lead. Subjects will be seen for follow-up
visits at 3, 6, and 12 months postimplant. In addition, details
on ablation or cardioversion procedures occurring during
follow-up will be collected, which include recording atrial
rhythm pre- and postprocedure, the cardioversion and cath-
eter ablation procedure date, type and success as determined
by the investigator, and device programming and settings, as
well as device diagnostics, electrical parameters, and pro-
grammed parameters. HF, all-cause mortality, and
arrhythmia events will be collected and adjudicated by inde-
pendent event committees. All-cause death and HF hospital-
ization among all subjects will be calculated as raw number
and percentage of subjects at 12 months. Mortality will be as-
sessed by each site by a thorough review utilizing all avail-
able medical records. HF events will include HF
hospitalization and worsening HF events without hospitaliza-
tion. Adjudicated arrhythmic events will be limited to device-
classified ventricular tachycardia (VT) and ventricular fibril-
lation (VF) episodes with shock treatment. Device-classified
VT and VF episodes with antitachycardia pacing but no
shock that transmitted and are available on home monitoring
will also be adjudicated. Study results will be hypothesis
generating, given the observational design of the study
without use of a prospective control arm.
Sample size justification
There is no formal inferential analysis scheduled for the pri-
mary objective. The study was designed to limit the number
of subjects involved, while still providing CRT-DX therapy
to a sufficiently large subject population to ensure a represen-
tative and statistically meaningful sample. It is anticipated
that at least 400 subjects will be implanted and followed
through 12 months postimplantation at up to 50 US sites.
The sample size required to assess the primary objective is
based on the precision of improvement from baseline
achieved using an exact point estimate and 1-sided upper
95% confidence interval. The sample size for the primary
objective was calculated based on the following assumptions:

The standard normal approximation to the 95% confi-
dence interval associated with an estimate of a binomial
parameter (p) is given by:

95% Confidence Interval: p 6 1.96 [ p (1 2 p) / n ]1/2

To meet the enrollment goals for the BIO-AffectDX
study, target enrollment percentages within each AF subtype
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and based on prior use of CRT-DX systems are defined as
50%, 30%, and 20% of the total study population for parox-
ysmal, persistent, and long-standing persistent AF, respec-
tively. Therefore, it is expected that no single AF subtype
will be greater than 60% of the total study population.

A limitation of using the above method is that secondary
and subanalyses are exploratory and will not be adequately
powered. This will be mentioned in all results, with confi-
dence intervals and effect sizes also given to provide com-
plete transparency, with a clear distinction that owing to
small samples, the results likely overestimate the true effect
size in the population.
Eligibility
Subjects will be eligible for enrollment if they meet the stan-
dard CRT-D indication according to current guidelines and
have a documented history of paroxysmal, persistent, or
long-standing persistent AF. Paroxysmal AF will be defined
as AF that terminates spontaneously, or with intervention
within 7 days. Persistent-continuous AF will be defined as
sustained AF beyond 7 days. Long-standing persistent-
continuous AF will be defined as AF of greater than 12
months in duration. The full list of eligibility criteria is sum-
marized in Table 1.
Protection of human rights, recruitment, and
consent
Institutional Review Board approval is required from each
institution prior to participation in this clinical study. Written
informed consent will be obtained from the patient prior to
collection of any study-specific data.
Table 1 Study eligibility criteria

Inclusion criteria � Standard CRT-D indicati
� Patient has documented
� De novo implant or upg
� Implant planned to occ
� Patient is able to under
� Patient is able to under
� Patient is willing and ab
up to 12 months of follo

� Patient is willing to util
� Patient age is greater th

Inclusion criteria after consent has been
obtained

� Baseline subject assessm
at study enrollment visi

� Baseline subject assessm
walk distance �450 me

Exclusion criteria � Contraindication to CRT
� Patient has current or p
� Patient is considered fo
� Patient has current or p
system prior to enrollin

� Patient is currently plan
� Patient life expectancy
� Patient is expected to re
after implant

AF 5 atrial fibrillation; CRT 5 cardiac resynchronization therapy; ICD 5 impla
Consented subjects will be considered provisionally
enrolled until a CRT-DX is implanted successfully. Subjects
with both signed informed consent and an implanted
CRT-DX system are considered enrolled. Provisionally
enrolled subjects that exit prior to implant or do not receive
a CRT-DX system within 30 days of signing consent will
be considered screen failures, and will not be included in
the analysis population or count toward the 400-subject
enrollment goal.
Baseline data collection
Baseline data collection such as basic demographics, medical
history, current cardiovascular and oral anticoagulant medi-
cations, AF subtype, ablation history, HF hospitalization,
and arrhythmia hospitalization history will be collected for
fully enrolled subjects. Electrocardiogram patch, Holter
monitor, and recent echocardiogram results obtained �6
months prior to implant will be collected and analyzed if
data are available. The study flowchart outlining screening,
enrollment, implantation, and study visits of subjects in
BIO-AffectDX is shown in Figure 1.
Device implantation
Patients will be implanted with a CRT-DX system according
to current clinical standards, based on current guideline-
based clinical indications for a CRT-D. Implantation with a
CRT-DX system can take place no more than 30 days after
consent. The CRT-DX system will be determined by the
site investigator to be a successful implantation of the
CRT-DX pulse generator, a DX ICD lead, and a quadripolar
LV lead. A CRT-DX system is considered “unsuccessful” if
any component of the CRT-DX system (CRT-DX pulse
on according to current guidelines
history of paroxysmal, persistent, or long-standing persistent AF

rade from a DX ICD system
ur no more than 30 days after signing consent
stand English or Spanish
stand the nature of the study and provide informed consent
le to complete all routine study visits at the investigational site for
w-up
ize BIOTRONIK Home Monitoring� via CardioMessenger
an or equal to 18 years or older
ent is evaluated as NYHA class II, III, or ambulatory IV heart failure
t
ent of 6-minute walk test is completed at study enrollment visit and
ters (1476 feet)
-D/CRT-DX
revious atrial pacing need
r a His bundle pacing system
revious pacemaker, non-DX ICD implant, or biventricular pacing
g
ned for a PVI catheter ablation procedure within 3 months of consent
is less than 1 year
ceive heart transplantation or ventricular assist device within 1 year

ntable cardioverter-defibrillator; PVI 5 pulmonary vein isolation.



Figure 1 BIO-AffectDX Study design flowchart. AFEQT 5 Atrial Fibrillation Effect on Quality-of-Life Questionnaire; CRT 5 cardiac resynchronization
therapy; IEGM 5 intracardiac electrogram; MLHFQ 5Minnesota Living with Heart Failure Questionnaire; NYHA 5 New York Heart Association classifica-
tion; PGA 5 Patient Global Assessment; VT 5 ventricular tachycardia.
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Table 2 Required and recommended programmed parameters

Parameters Programmed setting

Ventricular pacing BiV (required)
DX sensing ON (required)
BIOTRONIK Home Monitoring� ON (required)
IEGMs for therapy episodes ON (required)
SMART Detection� ON
ICD therapy ON
MPP OFF

ICD 5 implantable cardioverter-defibrillator; IEGM 5 intracardiac elec-
trogram; MPP 5 multipole pacing.
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generator, DX ICD lead, and LV lead) is attempted to be im-
planted but could not be placed in a stable position, or if the
CRT-DX system is unable to deliver adequate therapy owing
to any cause attributable to the implant procedure as deter-
mined by the investigator. Additionally, geographic location
of the atrial dipole within the atrium will be assessed visually
by the site investigators. The anatomic locations within the
atrium will be characterized at the time of implant as upper
third, mid third, lower third, or unknown. Lead implantation
and implant approaches will be performed according to insti-
tutional standard procedures of the enrolling centers.
Although it is not required by protocol, sites choosing to
perform defibrillation threshold testing will do so according
to their institutional standards.
Device programming
In the BIO-AffectDX study the devices are programmed to
achieve maximal biventricular pacing percentage; therefore,
at a minimum, LV pacing is required to be programmed
ON. The pulse generators in this study provide a wide range
of mode settings and 20 different LV pacing vectors and con-
figurations, including integrated bipolar LV pacing and true
LV bipolar pacing. Additional programming options that
are available include triggered pacing and timing options
such as initially paced chamber and/or interventricular delay
programming. The protocol allows for investigator judgment
in determining these features for individual subjects. The per-
centage of CRT pacing will be determined and confirmed by
analyzing device diagnostics from in-office interrogations
and home monitoring transmissions. DX sensing, home
monitoring transmission to allow collection and evaluation
of daily remote data, and intracardiac electrogram collection
for tachycardia therapy are to be programmed ON. Study
subjects should be registered in the Home Monitoring Ser-
vice Center as soon as possible following implant. Specific
bradyarrhythmia settings, tachyarrhythmia settings, and
CRT optimization are at the discretion of the investigator.
Required and recommended settings for programmed param-
eters are provided in Table 2.
Follow-up
Following patient consent and the implantation procedure,
subjects will be evaluated during in-office follow-up visits
at 3, 6, and 12-month postimplant. Subject assessments at
each visit will include an Atrial Fibrillation Effect on Quality
of Life questionnaire, Minnesota Living with Heart Failure
Questionnaire, and an NYHA class assessment. In addition,
a Patient Global Assessment (PGA) will be given to collect
the patient’s reported rating of overall health at each
follow-up compared to prior to receiving the CRT system.
Subject responses to the PGA are captured on a scale of 7 re-
sponses, from Markedly Better to Markedly Worse. Addi-
tionally, at the 6- and 12-month visits a 6-minute walk test
will be administered. After completion of subject assess-
ments, a routine device interrogation, review of all stored
device-classified VT and VF shock intracardiac electro-
grams, and cardiovascular and oral anticoagulation medica-
tion reconciliation will occur. An evaluation of current
atrial rhythm via a standard method (3-lead, 5-lead, 12-
lead, programmer strip, etc) will also be collected. Echocar-
diography data will be obtained and analyzed for subjects
with routine echocardiography testing data available both at
baseline and 12-month follow-up. Some of the echocardiog-
raphy data of interest will include left atrial size and LV di-
mensions and degree of mitral regurgitation in addition to
other clinically relevant parameters. Adverse events
including HF, arrhythmia, and death events will be collected
at each visit.

Telehealth follow-up visits are replacing in-office follow-
up visits in many centers. While the BIO-AffectDX Study
strongly recommends an in-office visit whenever possible,
telehealth visits in conjunction with a live phone or video
call between the subject and investigational site staff are al-
lowed. As conventional methods used to obtain a subject’s
cardiac rhythm status are not available during a telehealth
follow-up visit, an on-demand remote device data download
will be used to provide current rhythm status for the subject.
Ablation/cardioversion procedures
Ablation and cardioversion procedures occurring during the
study will be documented. Specifically, atrial rhythm pre-
and postprocedure, date and type of procedure, success of
procedure, postprocedure device programming and settings,
and any reportable adverse events will be obtained. Success
of these procedures will be determined and specified by the
site investigator based upon their clinical experience. Addi-
tionally, cardioversion from AF identified by site personnel
to be the result of shocks delivered during the implantation
procedure will be captured.
Data analysis
For all study objectives and any additional data of interest
collected, descriptive statistics will be used to present and
summarize the data collected during the study.

Frequency distributions and cross-tabulations will be pre-
sented for discrete variables. Means, standard errors, and
ranges will be presented for continuous variables.

The primary objective of this study is to evaluate the num-
ber and percentage of all HF patients with paroxysmal,
persistent, and long-standing persistent AF subtypes showing



Figure 2 Hierarchy of clinical composite score. NYHA 5 New York Heart Association classification; PGA 5 Patient Global Assessment.
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improvement from baseline at 12 months. A CCS based on
changes in NYHA class, PGA status, HF hospitalization sta-
tus, and all-cause death is utilized to define the primary objec-
tive. The primary objective will be assessed by performing an
exact point estimate and 1-sided upper 95% confidence inter-
val for the rate of improvement.

The CCS employs a hierarchical method to classify each
subject with a status of “Improved,” “Worsened,” or “Un-
changed.” A patient is classified as “Worsened” if they
have experienced death due to any cause, a HF hospitaliza-
tion, a moderate or marked worsening in PGA, or worsening
of NYHA functional class compared to baseline. A patient is
considered “Improved” if they improved in at least 1 of the
NYHA or PGA and did not worsen in any component. All
other patients are classified as “Unchanged.” The hierarchy
to determine CCS classification is displayed in Figure 2.
The PGA will ask subjects to assess how their overall status
has changed since prior to receiving CRT therapy.27,28

In the BIO-AffectDX study, subjects will be analyzed on
both an intention-to-treat and an as-treated basis to account
for removal or exchange of the implanted CRT-DX device
system. The primary analysis for the primary objective will
include the entire cohort, including all AF subtypes. Second-
ary objective analysis for each AF subtype (ie, paroxysmal
AF, persistent AF, and long-standing persistent AF) sub-
group will utilize the subtype documented at the baseline
medical history collection using the intention-to-treat popula-
tion.

Several prespecified and preplanned exploratory subgroup
analyses on primary and secondary objective data will also be
performed, when it is determined feasible and appropriate
based on the available data The prespecified subgroups
may include, but are not limited to, the following: AF sub-
type, AF burden, age, sex, race, NYHA class, LV ejection
fraction, type of cardiomyopathy, QRS type and duration,
ablation type and status, LV lead position and pacing vector,
DX lead tip position in addition to the atrial dipole position
(based upon operator visual assessment as high atrium, mid
atrium, low atrium, or other), number of hospitalizations
within the last 12 months, number of HF or arrhythmia hos-
pitalizations within the last 12 months, ventricular pacing
percentage, left atrial size and LV dimensions obtained dur-
ing baseline echocardiography, degree of mitral regurgita-
tion, and clinically relevant echocardiographic data.
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Additionally, study objective outcomes may be compared to
rates from published literature and/or outcomes from
a contemporary control group of subjects in sinus rhythm
receiving a CRT-D. Daily remote monitoring data, including
but not limited to AF burden and ventricular arrhythmias,
will be obtained throughout the study participation. A variety
of analyses will be conducted on the subgroups depending on
the structure of the data and given normality. For categorical
data this includes c2, binomial proportion test, andMcNemar
test, while for continuous data includes paired t test, t test, and
2-sample t test. If the assumption of normality is not met, then
nonparametric versions of the appropriate method will be
used. Effect sizes and 95% confidence intervals will be given
for all results of the subanalyses. An alpha of 0.05 will be
used, and all analysis will be conducted with SAS
9.4 (SAS Institute Inc, Cary, NC).
Significance of the trial
The BIO-AffectDX study will provide important clinical in-
formation regarding improvement in clinical outcomes in pa-
tients with HF and AF who receive a CRT-D device. There
are several knowledge deficits in the space targeted by the
BIO-AffectDX study. First, since many prospective clinical
trials investigating improvement of patients receiving CRT-
D excluded patients with AF, the BIO-AffectDX study will
evaluate the overall improvement of a CCS of HF in patients
that have been identified as having evidence gaps related to
the effectiveness of CRT, namely those with coexisting AF
and HF. Patients enrolled in the BIO-AffectDX study will
all have a history of AF. All subtypes of AF will be enrolled,
including paroxysmal, persistent, and long-standing persis-
tent AF. Given the exclusion of AF patients in many CRT tri-
als, the BIO-AffectDX study will be one of the largest
prospective studies to ever study clinical outcomes in this
unique population. Second, additional secondary outcomes
in patients with AF and congestive heart failure receiving
CRT-D therapy will be evaluated in the BIO-AffectDX
study, including quality of life, HF hospitalization, death,
and maintenance of sinus rhythm. Therefore, the BIO-
AffectDX study will be able to specifically analyze several
clinical outcomes in this population of patients, and evaluate
differences based on the patient subtype of AF. Third, the
BIO-AffectDX will utilize a unique CRT-D system that
does not require implantation of a separate atrial lead, but uti-
lizes an atrial dipole contained within the high-voltage defi-
brillator lead for atrial sensing. The study allows for the
evaluation of outcomes in patients with AF and HF that
qualify for CRT-D therapy with the use of fewer leads to pro-
vide this CRT therapy and will provide important insights
into outcomes in AF patients who qualify for CRT therapy
but may not require atrial pacing therapy.

The authors anticipate that the results of this important
studywill inform future societal consensus and guideline doc-
uments that call for further study of the effect of CRT in AF
patients, and will help clarify the role of CRT therapy in pa-
tients with both AF and HF that qualify for CRT therapy use.
Funding Sources
This study is supported by BIOTRONIK, Inc.
Disclosures
Jonathan Hsu has received honoraria from Abbott, Biosense-
Webster, Biotronik, Boston Scientific, Bristol-Myers Squibb,
Janssen Pharmaceuticals, Medtronic, Pfizer, and Zoll Medi-
cal, and research grants from Biosense-Webster and Bio-
tronik, and has equity interest in Acutus Medical and
Vektor Medical. Aaron Hesselson has received honoraria
from Biotronik and Impulse Dynamics. Jackson Liang has
received honoraria from Abbott, Biotronik, and Boston Sci-
entific. Stavros Mountantonakis has received honoraria
from Biotronik, Medtronic, and Zoll Medical and research
grants from Abbott and Biotronik. Gregory David is a sala-
ried employee of Biotronik, Inc. Alexandru Costea has
received honoraria from Biosense-Webster and Biotronik
and research grants from Biotronik.
Authorship
All authors attest they meet the current ICMJE criteria for
authorship.
Patient Consent
Written informed consent will be obtained from the patient
prior to collecting any study-specific data.
Ethics Statement
Institutional Review Board approval is required from each
institution prior to participation in this clinical study.
References
1. Anter E, Jessup M, Callans DJ. Atrial fibrillation and heart failure: treatment con-

siderations for a dual epidemic. Circulation 2009;19:2516–2525.
2. Kalscheur MM, Saxon LA, Lee BK, et al. Outcomes of cardiac resynchronization

therapy in patients with intermittent atrial fibrillation or atrial flutter in the COM-
PANION trial. Heart Rhythm 2017;14:858–865.

3. Cleland JG, Daubert JC, Erdmann E, et al. The effect of cardiac resynchronization
on morbidity and mortality in heart failure. N Engl J Med 2005;352:1539–1549.

4. Cleland JG, Daubert JC, Erdmann E, et al. Longer-term effects of cardiac re-
synchronization therapy on mortality in heart failure [the Cardiac
Resynchronization-Heart Failure (CARE-HD) trial extension phase]. Eur Heart
J 2006;27:1928–1932.

5. McAlister FA, Ezekowitz J, Hooton N, et al. Cardiac resynchronization therapy
for patients with left ventricular systolic dysfunction: a systematic review.
JAMA 2007;297:2502–2514.

6. Tracy CM, Epstein AE, Darbar D, et al. 2012 ACCF/AHA/HRS Focused Update
of the 2008 Guidelines for Device-Based Therapy of Cardiac Rhythm Abnormal-
ities: A Report of the American College of Cardiology Foundation/American
Heart Association Task Force on Practice Guidelines and the Heart Rhythm So-
ciety. Circulation 2012;14:1784–1800.

7. Pozzoli M, Cioffi G, Traversi E, et al. Predictors of primary atrial fibrillation and
concomitant clinical and hemodynamic changes in patients with chronic heart
failure: a prospective study in 344 patients with baseline sinus rhythm. J Am
Coll Cardiol 1998;32:197–204.

8. Crijns HJ, Tjeerdsma G, de Kam PJ, et al. Prognostic value of the presence and
development of atrial fibrillation in patients with advanced chronic heart failure.
Eur Heart J 2000;21:1238–1245.

9. Mamas M, Caldwell J, Chacko S, et al. A meta-analysis of the prognostic signif-
icance of atrial fibrillation in chronic heart failure. Eur J Heart Fail 2009;
7:676–683.

http://refhub.elsevier.com/S2666-5018(21)00196-3/sref1
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref1
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref2
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref2
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref2
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref3
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref3
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref4
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref4
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref4
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref4
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref5
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref5
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref5
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref6
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref6
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref6
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref6
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref6
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref7
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref7
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref7
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref7
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref8
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref8
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref8
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref9
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref9
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref9


650 Heart Rhythm O2, Vol 2, No 6PA, December 2021
10. Lellouche N, Diego CD, Vaseghi M, et al. Cardiac resynchronization therapy
response is associated with shorter duration of atrial fibrillation. Pacing Clin Elec-
trophysiol 2007;30:1363–1368.

11. Hugl B, Bruns HJ, Unterberg-Buchwald C, et al. Atrial fibrillation burden during
the post-implant period after CRT using device-based diagnostics. J Cardiovasc
Electrophysiol 2006;17:813–817.

12. Fudim M, Dalgaard F, Al-Khatib SM, et al. Future research prioritization in car-
diac resynchronization therapy. Am Heart J 2020;223:48–58.

13. Gasparini M, Auricchio A, Metra M, et al. Long-term survival in patients under-
going cardiac resynchronization therapy: the importance of performing atrio-
ventricular junction ablation in patients with permanent atrial fibrillation. Eur
Heart J 2008;29:1644–1652.

14. Koplan BA, Kaplan AJ, Weiner S, et al. Heart failure decompensation and all-
cause mortality in relation to percent biventricular pacing in patients with heart
failure: is a goal of 100% biventricular pacing necessary? J Am Coll Cardiol
2009;53:355–360.

15. Hayes DL, Boehmer JP, Day JD, et al. Cardiac resynchronization therapy and the
relationship of percent biventricular pacing to symptoms and survival. Heart
Rhythm 2011;8:1469–1475.

16. Jin H, Gu M, Hua W, et al. Predictors of super-response to cardiac resynchroni-
zation therapy: the significance of heart failure medication, pre-implant left ven-
tricular geometry and high percentage of biventricular pacing. J Geriatr Cardiol
2017;14:737–742.

17. Kamath GS, Cotiga D, Koneru JN, et al. The utility of 12-lead holter monitoring in
patients with permanent atrial fibrillation for the identification of nonresponders
after cardiac resynchronization therapy. J Am Coll Cardiol 2009;53:1050–1055.

18. Matlock DD, Peterson PN, Wang Y, et al. Variation in use of dual-chamber
implantable cardioverter-defibrillators. Arch Intern Med 2012;172:634e41.

19. Dewland TA, Pellegrini CN, Wang Y, Marcus GM, Keung E, Varosy PD. Dual-
chamber implantable cardioverter-defibrillator selection is associated with increase
complication rates and mortality among patients enrolled in the NCDR implantable
cardioverter-defibrillator registry. J Am Coll Cardiol 2011;58:1007–1013.
20. Peterson PN, Varosy PD, Heidenreich PA, et al. Association of single- vs dual-
chamber ICDs with mortality, readmissions, and complications among patients
receiving an ICD for primary prevention. JAMA 2013;309:2025–2034.

21. Olshansky B, Richards M, Sharma A, et al. Survival after rate-responsive pro-
gramming in patients with cardiac resynchronization therapy-defibrillator im-
plants is associated with a novel parameter: the heart rate score. Circ Arrhythm
Electrophysiol 2016;9:e003806.

22. Daubert JC, Saxon L, Adamson PB, et al. 2012 EHRA/HRS expert consensus
statement on cardiac resynchronization therapy in heart failure: implant and
follow-up recommendations andmanagement. Heart Rhythm 2012;9:1524–1576.

23. Biffi M, Iori M, De Maria E, et al. The role of atrial sensing for new-onset atrial
arrhythmias diagnosis and management in single-chamber implantable cardi-
overter-defibrillator recipients: results from the THINGS registry. J Cardiovasc
Electrophysiol 2020;31:846–853.

24. Shaik NA, Drucker M, Pierce C, et al. Novel two-lead cardiac resynchronization
therapy system provides equivalent CRT responses with less complications than a
conventional three-lead system: results from the QP ExCELs lead registry. J Car-
diovasc Electrophysiol 2020;31:1784–1792.

25. Gasparini M, Steinberg JS, Arshad A, et al. Resumption of sinus rhythm in pa-
tients with heart failure and permanent atrial fibrillation undergoing cardiac re-
synchronization therapy: a longitudinal observational study. Eur Heart J 2010;
31:976–983.

26. Thomas G, Choi DY, Doppalaudi H, et al. Subclinical atrial fibrillation detection
with a floating atrial sensing dipole in single lead implantable cardioverter-defi-
brillator systems: results of the SENSE trial. J Cardiovasc Electrophysiol 2019;
30:1994–2001.

27. Packer M. Proposal for a new clinical end point to evaluate the efficacy of drugs
and devices in the treatment of chronic heart failure. J Card Fail 2001;7:176–182.

28. Packer M, Holcomb R, Abraham WT, et al. Rationale for and design of the
TRUE-AHF trial: the effects of ularitide on the short-term clinical course and
long-term mortality of patients with acute heart failure. Eur J Heart Fail 2017;
19:673–681.

http://refhub.elsevier.com/S2666-5018(21)00196-3/sref10
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref10
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref10
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref11
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref11
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref11
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref12
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref12
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref13
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref13
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref13
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref13
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref14
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref14
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref14
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref14
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref15
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref15
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref15
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref16
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref16
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref16
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref16
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref17
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref17
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref17
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref18
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref18
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref19
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref19
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref19
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref19
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref20
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref20
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref20
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref21
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref21
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref21
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref21
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref22
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref22
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref22
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref23
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref23
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref23
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref23
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref24
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref24
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref24
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref24
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref25
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref25
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref25
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref25
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref26
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref26
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref26
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref26
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref27
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref27
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref28
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref28
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref28
http://refhub.elsevier.com/S2666-5018(21)00196-3/sref28

	Atrial fibrillation associated with heart failure treated by a 2-lead CRT-DX system (BIO-AffectDX): Study design and clinic ...
	Introduction
	Prior studies of cardiac resynchronization therapy in atrial fibrillation patients
	Role of atrial lead in CRT
	Two-lead CRT system

	Objectives
	Design
	General considerations
	Sample size justification
	Eligibility
	Protection of human rights, recruitment, and consent
	Baseline data collection
	Device implantation
	Device programming
	Follow-up
	Ablation/cardioversion procedures
	Data analysis

	Significance of the trial
	Funding Sources
	Disclosures
	Authorship
	Patient Consent
	Ethics Statement
	References




