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ABSTRACT

This appropriate use criteria (AUC) document is devel-
oped by the American College of Cardiology along with
key specialty and subspecialty societies. It provides a
comprehensive review of common clinical scenarios
where implantable cardioverter-defibrillator (ICD), car-
diac resynchronization therapy (CRT), cardiac contrac-
tility modulation, leadless pacing, and conduction system
pacing therapies are frequently considered. The 335 clin-
ical scenarios covered in this document address ICD in-
dications including those related to secondary
prevention, primary prevention, comorbidities, generator
replacement at elective replacement indicator, dual-
chamber, and totally subcutaneous ICDs, as well as de-
vice indications related to CRT, conduction system pac-
ing, leadless pacing, cardiac contractility modulation, and
ICD therapy in the setting of left ventricular assist devices
(LVADs).

The indications (clinical scenarios) were derived from
common applications or anticipated uses, as well as from
current clinical practice guidelines and results of studies
examining device implantation. The indications in this
document were developed by a multidisciplinary writing
group and scored by a separate independent rating panel
on a scale of 1 to 9 to designate care that is considered
“Appropriate” (median 7 to 9), “May Be Appropriate”
(median 4 to 6), and “Rarely Appropriate” (median 1 to 3).
The final ratings reflect the median score of the 17 rating
panel members.

In general, Appropriate designations were assigned to
scenarios for which clinical trial evidence and/or clinical
experience was available that supported device implan-
tation. In contrast, scenarios for which clinical trial evi-
dence was limited or device implantation seemed
reasonable for extenuating or practical reasons were
categorized as May Be Appropriate. Scenarios for which
there were data showing harm, or no data were available,
and medical judgment deemed device therapy was ill-
advised were categorized as Rarely Appropriate. For
example, comorbidities including reduced life expectancy
related to noncardiac conditions or severe cognitive
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dysfunction would negatively impact appropriateness
ratings.

The appropriate use criteria for ICD, CRT, and pacing
have the potential to enhance clinician decision making,
healthcare delivery, and payment policy. Furthermore,
recognition of clinical scenarios rated as May Be Appro-
priate facilitates the identification of areas where there
may be gaps in evidence that would benefit from future
research.

PREFACE

The American College of Cardiology (ACC) has a long
history of developing documents (eg, expert consensus
decision pathways, health policy statements, AUC docu-
ments) to provide members with guidance on both clinical
and nonclinical topics relevant to cardiovascular care. In
most circumstances, these documents have been created
to complement clinical practice guidelines and to inform
clinicians about areas where evidence is new and evolving
or where sufficient data are more limited. Despite this,
numerous gaps persist, highlighting the need for more
streamlined and efficient processes to implement best
practices in patient care.

Central to the ACC’s strategic plan is the generation of
actionable knowledge—a concept that places emphasis on
making clinical information easier to consume, share,
integrate, and update. To this end, the ACC has shifted
from developing isolated documents to creating inte-
grated “solution sets.” These are groups of closely related
activities, policy, mobile applications, decision-support
tools, and other resources necessary to transform care
and/or improve heart health. Solution sets address key
questions facing care teams and attempt to provide
practical guidance to be applied at the point of care. They
use both established and emerging methods to dissemi-
nate information for cardiovascular conditions and their
related management. The success of solution sets rests
firmly on their ability to have a measurable impact on the
delivery of care. Because solution sets reflect current ev-
idence and ongoing gaps in care, the associated tools will
be refined across time to match changing evidence and
member needs.

AUC represent a key component of solution sets. They
consist of common clinical scenarios associated with
given disease states and ratings that define when it is
reasonable to perform testing or provide therapies and,
importantly, when it is not. AUC methodology relies on
content development work groups, which create patient
scenarios, and independent rating panels that employ a
modified Delphi process to rate the relevant options for
testing and intervention as Appropriate, May Be Appro-
priate, or Rarely Appropriate. AUC should not replace
clinician judgment and practice experience but should
function as tools to improve patient care and health out-
comes in a cost-effective manner.

I extend sincere gratitude to the writing group for their
invaluable contributions to the development of this doc-
ument’s structure and clinical scenarios; to the rating
panelists—a distinguished group of professionals with
diverse expertise—for their thoughtful deliberation of the
merits of device implantation across various clinical
contexts; and to the reviewers for their thoughtful eval-
uation of the clinical scenarios and evidence mapping.
Additionally, I am grateful to the members of the Solution
Set Oversight Committee, which provided insight and
guidance, and to ACC staff members María Velásquez and
Lara Gold, for their support in bringing this document to
fruition.

Nicole M. Bhave, MD, FACC
Chair, ACC Solution Set Oversight Committee

1. INTRODUCTION

This updated AUC document focuses on cardiac implant-
able electronic devices (CIEDs), highlighting clinical areas
for which new information is available or changes in
practice have occurred since publication of the 2013
document,1 which includes new procedures and technol-
ogies that have become more readily available or
approved by the U.S. Food and Drug Administration (FDA)
since then. Specifically, this includes sections dedicated
to conduction system pacing (His bundle pacing [HBP] or
left bundle area pacing), leadless pacing, and cardiac
contractility modulation (CCM). Technologies that were
not yet approved by the FDA when the rating panel met
(eg, extravascular ICDs) are not included in this docu-
ment. The writing group also thought it was important to
add additional heart failure (HF) sections that include
LVADs and devices following cardiac transplantation,
because these scenarios may include complexities related
to ICD indications and device management. In addition to
developing many new scenarios, the writing group
reviewed all scenarios from the 2013 document, and those
that remain current were not changed; however, due to
the duration of time since the last publication, the rating
panel was asked to vote on all scenarios to determine
whether there were any changes in practice that would
impact on the ratings.

While guideline documents provide recommendations
that include evidence available from clinical trials, it is
recognized that gaps exist and “real-world” practice in-
cludes many scenarios that cannot be incorporated in
guideline documents. AUC documents can help address
these patient populations that are either not represented
in currently available clinical trials or treatment recom-
mendations that may be supported by lower levels of
evidence. In addition, it is important to recognize that
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when patients are excluded from a clinical trial, the result
of the trial should not be interpreted to mean that the
treatment was proven to be ineffective for patients who
were excluded. Clinicians should use their best judgment
in deciding whether a treatment might be beneficial to
patients who were excluded from trial enrollment.

During development of this document, rapid advance-
ments in leadless and physiological pacing have occurred,
and the writing group recognizes that ratings for these
scenarios represent only a single point in time. It is
anticipated that an evolution of pacing indications will
continue to occur with time as research and technology
further expand.

The AUC were designed to include a broad spectrum of
clinical scenarios representative of those encountered in
daily practice. Because ICDs, CRT, and pacing play a
central role in the care of patients with cardiovascular
disease and often involve complex decision making,
guidance around the rationale and practical use of device
implantation is the goal of the current document.

2. METHODS

To begin the AUC process, a writing group of multidisci-
plinary experts from several cardiovascular subspecialty
societies and American College of Cardiology (ACC)
Councils was formed to identify and categorize common
clinical scenarios. Members of the writing group and the
rating and review panels were selected in large part
because of their active involvement in the clinical practice
of electrophysiology, HF, and other related areas of car-
diovascular medicine. The writing group focused on
choosing the most common situations encountered in
daily practice because it would be impossible to cover
every possible patient presentation without making the
list excessively long. Whenever possible during the
writing process, the group members would map the in-
dications to relevant guidelines, clinical trials, and other
key references (Guideline Mapping Online Appendix). It
should be noted that the term “indication” is used inter-
changeably with “clinical scenario” in this document and
does not imply that a procedure should necessarily be
performed. The indications included in this publication
incorporate a wide range of cardiovascular symptoms,
disease states, and physiological assessments, including
but not limited to measurements of left ventricular ejec-
tion fraction (LVEF), HF functional class, duration of the
QRS complex, monitoring data, and results of electro-
physiological studies. Once the indications were drafted,
they were reviewed and critiqued by numerous external
reviewers representing a variety of cardiovascular sub-
specialty societies and ACC Councils.

After the writing group incorporated this initial feed-
back from the reviewers, the indications were sent to an
independent rating panel comprised of additional ex-
perts, along with a Guideline Mapping document for its
reference. The rating panel was asked to independently
evaluate the clinical scenarios, assessing the benefits and
risks of the device implantation scenarios. The panel then
convened for a virtual meeting to discuss each clinical
scenario. Before the meeting, panel members were given
their scores and a blinded summary of their peers’ scores.
Following this group discussion of the indications and
related considerations, subsequent individual ratings
were again performed. As the “2023 HRS/APHRS/LAHRS
Guideline on Cardiac Physiologic Pacing for the Avoid-
ance and Mitigation of Heart Failure”2 was underway
during development and was published prior to comple-
tion of this AUC document, the rating panel was reconv-
ened for reassessment of the clinical scenarios related to
novel atrioventricular (AV) conduction system pacing
(Section 12). This guideline was included in the Guideline
Mapping document and the rating panel was given the
opportunity to rate these scenarios covered in that
document and these final scores are included in the cur-
rent document.

A detailed description of the methods used for rating
the clinical scenarios can be found in previous ACC AUC
methodology publications, including the 2018 methodol-
ogy update paper.3 This process combines evidence-based
medicine and practice experience and engages a rating
panel in a modified Delphi exercise.3 For the scoring, care
is taken to provide the rating panel with objective, unbi-
ased information, including guidelines and key references
in the field (Guideline Mapping Online Appendix).

In scoring the clinical scenarios, the rating panelists
were asked to assess whether it is Appropriate, May Be
Appropriate, or Rarely Appropriate to implant a device
given the specific patient scenario. When scoring the in-
dications, panel members are asked to use the following
definition of appropriate use:

An Appropriate procedure is 1 in which the potential
benefits, in terms of survival and/or other health ben-
efits (symptoms, functional status, and/or quality of life
[QOL]), exceed the potential adverse health conse-
quences related to the acute procedural risk and the
long-term consequences of living with an implanted
device.

The panel members scored the scenarios according to
the following scale:

Score 7 to 9: Appropriate care for specific indication
(generally acceptable and reasonable approach for the
indication). An appropriate option for management of
patients in this population due to benefits generally out-

weighing risks; effective option for individual care plans
although not always necessary depending on clinician
judgment and patient-specific preferences (ie, generally
acceptable and generally reasonable for the indication).
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Score 4 to 6: May Be Appropriate care for specific
indication (may be generally acceptable and may be a
reasonable approach for the indication). May Be Appro-
priate also may imply that more research and/or patient
information is needed to classify the indication defini-
tively. At times an appropriate option for management of
patients in this population due to variable evidence or
agreement regarding the benefits/risks ratio, potential
benefit based on practice experience in the absence of evi-
dence, and/or variability in the population; effectiveness
for individual care must be determined by a patient’s
clinician in consultation with the patient based on addi-
tional clinical variables and judgment along with patient
preferences (ie, may be acceptable and may be reasonable
for the indication).

Score 1 to 3: Rarely Appropriate care for specific
indication (not generally acceptable and not a reason-
able approach for the indication). Rarely an appro-

priate option for management of patients in this
population due to the lack of a clear benefit/risk advan-
tage; rarely an effective option for individual care plans;
exceptions should have documentation of the clinical
reasons for proceeding with this care option (ie, not
generally acceptable and not generally reasonable for the
indication).

The division of the numerical scores into 3 levels of
appropriateness is somewhat arbitrary, and the numerical
designations should be viewed as a continuum. It is
important to note that there may be diversity in clinical
opinion for particular clinical scenarios, such that scores
in the intermediate level of appropriate use should be
labeled May Be Appropriate, because critical patient or
research data may be lacking or discordant. This desig-
nation should serve as a prompt to carry out definitive
research in this field whenever possible.

The scenarios included in this document are based on
our current understanding of patient outcomes plus the
potential benefits compared with risks of the treatment
strategies involved. Each patient should be treated
individually based on their own particular needs at a
given point in time. It is also expected that clinicians
will occasionally care for patients with unique condi-
tions that could result in a Rarely Appropriate score.
When this occurs, clinicians should document the spe-
cific situation and patient characteristics, but it should
not be used as a deterrent for treating the patient or
denial of payment. While a Rarely Appropriate desig-
nation should not prevent a treatment from being per-
formed, an Appropriate designation is also not a
requirement or “must do” for a given treatment. The
AUC are offered to help guide patient care but should
not be considered a substitute for sound clinical judg-
ment and practice experience.
3. ASSUMPTIONS

To limit inconsistencies in interpretation, specific as-
sumptions were developed by the writing group when
creating scenarios, and these assumptions were used by
the rating panel in scoring the clinical indications for the
appropriate use of device implantation.

General Clinical Assumptions

1. For each indication, the rating should reflect whether
device implantation is reasonable for the patient ac-
cording to the appropriate use definition.

2. A qualified clinician has completed a thorough clinical
history and physical examination such that the clin-
ical status of the patient can be assumed to be valid as
stated in the indication. It is also assumed that the
procedures are ordered by clinicians knowledgeable
in ICD/CRT/pacing indications and the procedures are
performed and interpreted by qualified personnel in
facilities compliant with national standards.

3. End-of-life discussion, advanced directive, and pa-
tient consent have been adequately addressed. Pa-
tients are assumed to be candidates for ICD/CRT/
pacing only after shared decision making has been
undertaken between the patient and the clinician,
including family and/or legal decision makers when
appropriate.

4. The clinical scenarios should be preferentially rated
based on evidence from published literature and
clinical practice guidelines regarding the risks and
benefits of ICD/CRT/pacing.4-8 Selected specific pa-
tient groups not well represented in the literature or
in clinical practice guidelines are presented in many
of the current clinical scenarios because the writing
group recognizes that decisions about device im-
plantation in such patients are frequently required
despite gaps in available evidence.

5. All patients are receiving optimal care, also called
“guideline-directed medical therapy” (GDMT) in
clinical practice guidelines. This includes GDMT and
guideline-based risk factor modification for primary or
secondary prevention for coronary artery disease
(CAD) and HF in cardiovascular patients unless spe-
cifically noted.9-13

6. There are no unusual extenuating logistical or process
of care circumstances such as inability to comply with
follow-up due to any number of reasons (eg, mental
instability, lack of transportation) unless specifically
noted.

7. There are no patient-specific technical limitations for
device implantation or other comorbidities that are
likely to substantially increase procedural risk, unless
specifically noted.
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8. CAD: For sections that reference revascularization,
additional assumptions may apply, including but not
limited to the following:

a. For scenarios in which no revascularization is

planned, it should be assumed that revasculariza-
tion is not indicated unless otherwise specified, eg,
there are no major epicardial coronary lesions
measuring $70% (non-left main) or $50% (left
main) or no evidence of ischemia by fractional flow
reserve or perfusion imaging.

b. Other scenarios may include cases where patients
are not candidates for revascularization for what-
ever reason, including but not limited to severe,
diffuse CAD that is not amenable with
revascularization.

c. When revascularization is considered or per-
formed, it is assumed that patients are acceptable
candidates for revascularization based on the
absence of other noncardiac comorbidities that
would be a contraindication for revascularization.

d. If patients are candidates for revascularization and
revascularization is planned, electrophysiology
(EP) testing should not be performed until the
appropriate timing after the intended revasculari-
zation procedure is performed.

e. An ICD should not be implanted before revascu-
larization to circumvent the current Centers for
Medicare and Medicaid Services’ 3-month waiting-
period rule.14

f. Regardless of whether revascularization is per-
formed, GDMT for HF should be administered in
the setting of CAD and reduced left ventricular (LV)
systolic function.
9. An assessment of the LVEF during hospitalization
following acute infarction or revascularization gener-
ally prompts consideration of ICD/CRT implantation.
When a subsequent waiting period is required (eg,
after GDMT, myocardial infarction [MI], or revascu-
larization), it is assumed that the final decision to
treat will be based on a follow-up LVEF assessment
after expiration of the waiting period. For all in-
dications, it is assumed that the LVEF stated in the
indications was measured within a time frame rele-
vant to making the decision about eligibility for ICD
implantation.

10. With respect to CRT indications, it is assumed that
sinus rhythm is present unless otherwise specified
that atrial arrhythmias are present; however, it is
assumed that the presence of intermittent or persis-
tent atrial arrhythmias would not preclude CRT im-
plantation, and the benefits of CRT would also apply
to patients with persistent atrial arrhythmias, as long
as CRT is maintained $98% of the time.15,16
11. The potential adverse effects of right ventricular (RV)
pacing in the setting of pre-existing LV systolic
dysfunction are well described.17-21 Therefore, at-
tempts should be made to reduce unnecessary RV
pacing by appropriate programming of single- and
dual-chamber ICDs or pacemakers (PMs), whenever
possible. The use of cardiac physiological pacing using
conduction system pacing or CRT may be considered
as an alternative to ventricular pacing avoidance al-
gorithms in certain situations.

12. Single- vs dual-chamber ICD selection: It is assumed
that most patients undergoing ICD implantation who
have standard dual-chamber pacing indications will
undergo attempted insertion of an atrial lead as
described in the 2012 HRS/American College of Car-
diology Foundation Expert Consensus Statement on
Pacemaker Device and Mode Selection.22 However,
there is currently controversy regarding single- vs
dual-chamber device selection in patients who do not
meet strict pacing indications but are undergoing ICD
implantation without CRT. Because there is a differ-
ence in cost, complication rates, and a potential dif-
ference in longevity of single- vs dual-chamber
devices, without clear benefit of dual-chamber sys-
tems in discrimination between ventricular and sup-
raventricular arrhythmias, these scenarios were felt to
be important to address in this document.23-27

13. Decisions for ICD implantation should be based on a
reasonable expectation of survival with a good func-
tional status for $1 year. The clinical trial populations
used to derive published predictive survival models
may differ from the general HF population with regard
to age and comorbidities. Therefore, consideration
should be given to advanced age or other comorbid-
ities that might reduce the likelihood of benefit or
increase the risk of ICD therapy.28,29

Practice Parameters/Standard of Care

14. Operators performing device implantation have
appropriate clinical training30 and experience consis-
tent with established standards of care and have
satisfactory outcomes as assessed by quality assur-
ance monitoring, such as national benchmark data
from the National Cardiovascular Data Registry
(NCDR) ICD Registry (now NCDR EP Device Implant
Registry).31 CIEDs are implanted with transvenous
electrodes unless implantation of a totally subcu-
taneous ICD or leadless pacing is specifically noted.
Because the extravascular ICD was not approved by
the FDA at the time of development of this document,
potential scenarios utilizing this device are not
included in this AUC document. Appropriate training
applies to standard devices as well as new technology
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or techniques, including leadless pacing and physio-
logical pacing.

15. It is assumed that skilled operators and appropriate
implantation resources are locally available to
perform CIED implantation procedures.

16. Adjunctive cardiac imaging modalities are often
required for appropriate patient selection. These may
include coronary angiography, cardiac computed to-
mography, echocardiography, cardiac magnetic reso-
nance imaging, and radionuclide imaging. It assumed
that laboratories performing these services have
appropriate clinical training and experience, perform
these studies, and interpret them according to na-
tional standards, and have satisfactory outcomes as
assessed by quality improvement monitoring.

17. It is recognized that there may be variability in the
measurement of LVEF utilizing different imaging
modalities. It is assumed that echocardiograms used
for decision making provide a quantitative output and
not just a qualitative or semiqualitative assessment.
The laboratories performing LVEF assessments will
have quality assurance measures in place to ensure
accuracy of each individual method for determining
and reporting LV function.

18. All procedures are presented for clinical indications
and not as part of a research protocol.

Cost/Value

19. From the standpoint of the practicing clinician caring
for an individual patient, potential clinical benefits of
device implantation must be weighed against poten-
tial risks of the procedure. As related to societal ben-
efits, costs should also be considered in relationship to
potential benefits to better understand comparative
value. Although cost and value are clearly important
factors, which are also relevant to payers and policy-
makers, it is recognized that healthcare providers
typically do not primarily base individual patient de-
cisions about device implantation on these consider-
ations. Therefore, it is anticipated that panel members
will rate the scenarios primarily based on risks-
benefits, although cost/value considerations may
also be taken into consideration if deemed Appro-
priate by panel members for particular scenarios.

Guidance Specifically for AUC Users

20. Reducing care that is Rarely Appropriate remains a
valuable means of reducing costs and population risks
of ICD/CRT/PM implantation.

21. The category of May Be Appropriate should be used
when insufficient clinical data are available for a
definitive categorization or there are substantial dif-
ferences in opinion regarding the appropriateness of
that indication. The absence of definitive data
supporting implantation in a particular subset of pa-
tients does not imply lack of benefit, and in such cases
careful assessment of the particular clinical scenario
is warranted. The designation of May Be Appropriate
should not be used as the sole grounds for denial of
payment in an individual patient.

4. DEFINITIONS

Definitions of terms used throughout the indication set
are listed here.

HF duration: The duration of HF symptoms is defined
as the duration of symptoms since the initial diagnosis of
HF to the date of device implantation. Clinical trials and
the NCDR ICD (EP Device Implant) Registry have utilized
time frames of <3, 3 to 9, and >9 months. The committee
recognizes that 3 months may equate to more or less than
90 days, depending on the calendar months. The 3-month
term was chosen since it was used in some randomized
clinical trials related to timing for device implantation
and is the basis of coverage in the Centers for Medicare
and Medicaid Services National Coverage Determination
for nonischemic dilated cardiomyopathy (CM).14

GDMT for HF: GDMT (sometimes referred to as
“optimal medical therapy”) for HF in the setting of LV
systolic dysfunction requires individualization but ideally
should include the combination of an angiotensin-
converting enzyme inhibitor or angiotensin receptor
blocker, a beta-blocker, mineralocorticoid antagonist
(MRA), and a sodium-glucose cotransporter 2 inhibitor
(SGLT2i).32,33 Therapy should be adjusted to target doses
as tolerated. Sacubitril/valsartan is indicated for patients
with New York Heart Association (NYHA) functional class
II to IV HF.12,13 Ivabradine should be considered in pa-
tients in sinus rhythm who remain with elevated heart
rates (>70 beats/min) after maximally tolerated beta-
blocker dose.12 Diuretics are adjusted if/as needed to
control fluid retention. In selected patients, the addition
of aldosterone antagonists and hydralazine plus nitrate
combinations should be considered. Patients who are
going to receive substantial benefit from medical treat-
ment alone usually show some clinical improvement
during the first 3 to 6 months. Medical therapy is also
assumed to include adequate rate control for tachyar-
rhythmias, including atrial fibrillation. Therefore, it is
recommended that GDMT be provided for $3 months
before planned reassessment of LV function to consider
device implantation. If LV function improves to the point
where primary prevention indications no longer apply,
then device implantation is not indicated.

HF: The “universal definition of heart failure” is a
“clinical syndrome with symptoms and/or signs caused by
a structural and/or functional cardiac abnormality and
corroborated by elevated natriuretic peptide levels and/or



TABLE 1 . NYHA Functional Classification

Class I No limitation of physical activity. Ordinary physical activity does not
cause undue fatigue, palpitation, or dyspnea.

Class II Slight limitation of physical activity. Comfortable at rest. Ordinary
physical activity results in fatigue, palpitation, or dyspnea.

Class
III

Marked limitation of physical activity. Comfortable at rest. Less than
ordinary activity causes fatigue, palpitation, or dyspnea.

Class
IV

Unable to carry on any physical activity without discomfort. Symptoms
of heart failure may be present even at rest. If any physical activity is

undertaken, discomfort is increased.

Adapted from Yancy et al.13

NYHA ¼ New York Heart Association.
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objective evidence of pulmonary or systemic conges-
tion.”34 The clinical symptoms of HF may include dys-
pnea on exertion, orthopnea, fatigue, or fluid retention.
The clinical signs may include jugular venous pressure
elevation, rales, an S3 gallop, and/or lower extremity
edema. A low LVEF or diagnosis of CM alone, or periph-
eral edema without other clinical signs of HF, does not
qualify as clinical HF.12,13,35,36

Hemodynamic instability: Patients may experience
periods of clinical instability with hypotension, HF
symptoms, presyncope, syncope, angina, or dyspnea.
These symptoms are presumed to result from hypo-
perfusion, with a cardiac output and/or rhythm that is
inadequate to support normal organ function.

Inducibility at EP testing: Inducibility is defined as the
induction of sustained ventricular tachycardia (VT) or
ventricular fibrillation (VF) at EP testing with an
arrhythmia duration ($30 seconds) or resulting in hemo-
dynamic compromise requiring earlier intervention (<30
seconds) using standardized stimulation protocols.

MI: The “Universal Definition of Myocardial Infarction”
was developed by Thygesen and colleagues, with its most
recent updates in 2012 and 2018.37,38 The multifaceted
clinical criteria include timing, mechanism (infarct type),
biomarker status, and size. An elevated troponin is not
necessarily indicative of an acute MI.37-39

MI (type 1) vs nonspecific low-level troponin eleva-

tion: Not infrequently, a low-level troponin elevation is
detected when blood is drawn routinely or as a conse-
quence of protocol laboratory testing. If upon further
evaluation the troponin levels do not exhibit a typical rise
and fall pattern, or there is an alternative explanation for
the troponin leak (eg, cardiac arrest or external defibril-
lation) that can be explained by a diagnosis other than
myocardial ischemia, this should not be misconstrued as a
type 1 MI (as defined by Thygesen et al37,38 and due to
atherothrombotic CAD) based on the laboratory test
alone.40 Importantly, in conjunction with cardiac arrest a
nonspecific, transient low-level rise in troponin with
subsequent fall, in the absence of CAD or thrombosis may
occur. This should not be considered a type 1 MI because
the arrest itself may lead to a leak of troponin likely
related transient absent coronary blood flow and ischemia
resulting from the arrest itself. These low-level rises in
biomarkers should not preclude ICD implantation, if
criteria for implantation are otherwise met. These criteria
are all based on the presence of type 1 MI, not type 2 MI in
which ischemic myocardial injury occurs because of
mismatch between oxygen supply and demand.

NYHA functional classification: The definitions are
included in Table 1 below. The patient’s NYHA functional
classification at the time of the decision to implant the
device should be used for this classification. If the patient
has LV dysfunction, but no symptoms of HF, this should
be coded as “class I.” If the patient is hospitalized for HF
at the time the decision is made to implant the device, the
NYHA functional class on optimized GDMT should be
utilized.

Ambulatory NYHA functional class IV: Ambulatory
class IV is defined as class IV HF with the following: 1) no
active acute coronary syndrome; 2) no inotropes; and 3)
on GDMT.

Normal LVEF: A normal LVEF is defined as $50%.
Secondary prevention (Section 1 indications): Second-

ary prevention refers to an indication for an ICD exclu-
sively for patients who have survived $1 cardiac arrests or
episode(s) of sustained VT or VF. Ventricular arrhythmias
are considered sustained if they last $30 seconds or result
in hemodynamically significant symptoms prior to that
time (ie, requiring cardioversion or defibrillation). Pa-
tients with cardiac conditions associated with a high risk
of sudden cardiac death (SCD) who have unexplained
syncope presumed to be the result of self-terminating
ventricular arrhythmias are also considered to have a
secondary prevention indication.

Primary prevention (Section 2 indications): Primary
prevention is an indication for an ICD to prevent SCD. It
refers to use of ICDs in individuals who are at risk for, but
have not yet had, an episode of sustained VT, VF, or
cardiac arrest.

QRS duration: A “narrow” QRS duration is <120 ms. A
wide QRS is $120 ms and may have a left bundle branch
block (LBBB), right bundle branch block (RBBB), or
nonspecific intraventricular conduction delay (IVCD)
morphology. For the purpose of this AUC document and
for consistency with the Focused Update of the Device-
Based Guidelines, “non-LBBB” morphology is used to
refer to both RBBB and IVCD morphologies. For the pur-
pose of CRT implantation, it is assumed that the wide QRS
is present consistently and does not represent an inter-
mittent bundle branch block or intermittent QRS
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widening, thereby excluding QRS widening that is tran-
sient or rate related. If there is discrepancy in the mea-
surement of QRS duration on various electrocardiograms
(ECGs), the most representative ECG obtained proximate
to the final clinical decision-making process will be uti-
lized to determine candidacy for CRT implantation.

Structural heart disease: This refers to conditions or
disorders related to the heart’s structure, including heart
muscle or valves. Genetic arrhythmia diseases related to
only the ECG are not included, but those associated with
CM are in the definition of structural heart disease. Cor-
onary atherosclerosis, unassociated with myocardial
dysfunction, is not included.

Sudden cardiac arrest: Sudden cardiac arrest is defined
as the sudden cessation of effective cardiac mechanical
activity resulting in unresponsiveness, without normal
breathing or signs of circulation. If corrective measures
are not rapidly taken, this progresses to sudden death.
Sudden cardiac arrest should be used to signify an event
that is reversed, usually by cardiopulmonary resuscita-
tion and/or defibrillation, cardioversion, or cardiac pac-
ing. The mechanism for a tachyarrhythmic arrest may be
due to VT or VF, or VT degenerating into VF.

Syncope: Syncope is defined as a sudden loss of con-
sciousness with the inability to maintain postural tone, not
related to anesthesia or a seizure disorder, with sponta-
neous recovery reported by the patient or an observer. This
excludes cardiac arrest, which requires resuscitation.

Timing post-MI: For the purpose of this AUC
document:

n “Acute MI” is defined as #48 hours after the onset of
symptoms;

n “Recent post-MI” is defined as #40 days after the onset
of acute MI symptoms.6,41

Ventricular arrhythmias prior to generator replace-

ment: As part of ICD follow-up care, decisions must be
made regarding the need for generator replacement at the
time of battery depletion. In addition to assessing for PM
dependency, the presence or absence of ICD therapy for
ventricular arrhythmias might be taken into account
when considering the need for replacement, particularly
if new comorbidities have developed that may otherwise
have an impact on life expectancy.

Clinically relevant ventricular arrhythmias in an ICD
recipient refer to:

a. VT leading to antitachycardia pacing or VT/VF leading
to shock therapy, or
b. VT duration $30 seconds in a monitor-only zone
(or <30 seconds associated with hemodynamically
significant symptoms), or

c. VT lasting $30 seconds at a rate near the tachycardia-
detection threshold but not receiving therapy due to
only intermittent detection.

In the case of antitachycardia pacing (ATP) therapy for
VT, it is recognized thatmany of these episodesmight have
spontaneously terminated if detection were delayed.
“Nonsustained ventricular tachycardia” (NSVT) is VT
lasting<30 seconds that spontaneously terminates prior to
delivery of device therapy (including either ATP or shock
therapy). It is recognized that implanting clinicians will
have a variety of different programming preferences, and
some of these may include a monitor zone or prolonged
detection duration to minimize appropriate or inappro-
priate therapy for arrhythmias that may spontaneously
terminate as outlined in consensus statement
recommendations.16

VF: VF is a cardiac arrhythmia arising from the
ventricles that occurs when the heart’s electrical activity
becomes disordered and rapid. VF is not synonymous
with device-defined VF, as the device defines VT and VF
solely based on the programmed detection rate and does
not consider the morphology of the arrhythmia.

VT: VT is a cardiac tachyarrhythmia of $3 consecutive
complexes in duration emanating from 1 of the ventricles
with a rate of $100 beats/min. It can be “sustained” or
“nonsustained.”

VT, sustained: Sustained VT is defined as VT
lasting $30 seconds or terminated by cardioversion or
pacing prior to that time.

VT, hemodynamically significant: Hemodynamically sig-
nificant VT is defined as VT of any duration that results in
hypotension or hemodynamically significant symptoms such
as angina, dyspnea, lightheadedness, presyncope, or syncope.

VT, nonsustained, not hemodynamically significant

(asymptomatic NSVT): NSVT is defined as $3 consecutive
premature ventricular complexes but lasting <30 seconds
and spontaneously terminating, without associated he-
modynamically significant symptoms, and rate $100
beats/min.

5. ABBREVIATIONS

6MWT ¼ 6-minute walk test
A ¼ Appropriate
ACC ¼ American College of Cardiology
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AHA ¼ American Heart Association
APHRS ¼ Asia Pacific Heart Rhythm Society
ATP ¼ antitachycardia pacing
AUC ¼ appropriate use criteria
AV ¼ atrioventricular
B-NR ¼ B-nonrandomized
BiV ¼ biventricle
C-LD ¼ C-limited data
CABG ¼ coronary artery bypass graft surgery
CAD ¼ coronary artery disease
CAV ¼ cardiac allograft vasculopathy
CCM ¼ cardiac contractility modulation
CIED ¼ cardiovascular implantable electronic device
CKD ¼ chronic kidney disease
CM ¼ cardiomyopathy
CRT ¼ cardiac resynchronization therapy
CRT-D ¼ cardiac resynchronization therapy with

defibrillator
CS ¼ coronary sinus
CSP ¼ conduction system pacing
ECG ¼ electrocardiogram
EF ¼ ejection fraction
EPS ¼ electrophysiological study
FDA ¼ U.S. Food and Drug Administration
GDMT ¼ guideline-directed medical therapy
HBP ¼ His bundle pacing
HF ¼ heart failure
HR ¼ hazard ratio
HRS ¼ Heart Rhythm Society
ICD ¼ implantable cardioverter-defibrillator
IDE ¼ Investigational Device Exemption
IVCD ¼ intraventricular conduction delay
LBBAP ¼ left bundle branch area pacing
LBBB ¼ left bundle branch block
LGE ¼ late gadolinium enhancement
LOE ¼ Level of Evidence
LV ¼ left ventricular
LVAD ¼ left ventricular assist device
LVEF ¼ left ventricular ejection fraction
M ¼ May Be Appropriate
MI ¼ myocardial infarction
MMVT ¼ monomorphic ventricular tachycardia
MRA ¼ mineralocorticoid antagonist
NCDR ¼ National Cardiovascular Data Registry
NSVT ¼ nonsustained ventricular tachycardia
NYHA ¼ New York Heart Association
PM ¼ pacemaker
PMVT ¼ polymorphic ventricular tachycardia
QOL ¼ quality of life
R ¼ Rarely Appropriate
RBBB ¼ right bundle branch block
RV ¼ right ventricular
S-ICD ¼ subcutaneous implantable cardioverter-

defibrillator
SCD ¼ sudden cardiac death
SGLT2i ¼ sodium-glucose cotransporter 2 inhibitor
SVT ¼ supraventricular tachycardia
TV-ICD ¼ transvenous implantable cardioverter-

defibrillator
VAD ¼ ventricular assist device
VF ¼ ventricular fibrillation
VT ¼ ventricular tachycardia
6. AUC RATINGS (BY CLINICAL SCENARIO)

The final AUC ratings are listed by clinical scenario
in Tables 1.1 to 12.1 and reflect the median score of the 17
rating panel members. These scores have been labeled
according to the categories of Appropriate/A (median
score 7 to 9), May Be Appropriate/M (median score 4 to 6),
or Rarely Appropriate/R (median score 1 to 3). The final
score for each scenario is shown in parentheses next to
the AUC rating of A, M, or R. Figures are included for
many of the tables to highlight more frequently encoun-
tered or complex scenarios felt to be of particular impor-
tance by the writing group.

Before each table, additional considerations that went
into construction of the clinical scenarios are discussed.
Although the writing group attempted to be as compre-
hensive as possible, all clinical scenarios encountered in
daily practice could not be included, but the more
commonly encountered ones are described.

Clinical scenarios involving the initial implantation of
ICDs were separated into primary and secondary preven-
tion indications, as these represent unique patient pop-
ulations. Modifying considerations such as type of heart
disease, LVEF, NYHA functional class, or timing after MI or
revascularization, were included for specific clinical sce-
narios when deemed appropriate by the writing group,
based on the evidence and enrollment criteria in previous
clinical trials, guideline recommendations, consensus



TABLE 1.2
CAD: Hemodynamically Unstable or Sustained
VT, Polymorphic VT, or VF <48 Hours (Acute)
Post-Elective Revascularization

Indication
Appropriate

Use Score (1-9)

LVEF $50% 36%-49% #35%

7. n No evidence for acute coronary
occlusion, restenosis, acute infarct,
or other clearly reversible cause

M (6) M (6) A (7)

A ¼ Appropriate; CAD ¼ coronary artery disease; LVEF ¼ left ventricular ejection
fraction; M ¼ May Be Appropriate; VF ¼ ventricular fibrillation; VT ¼ ventricular
tachycardia.
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document recommendations, and/or clinical judgment
based on practice experience with real-world populations.

Section 1: Secondary Prevention ICD

Assumptions and Considerations:

n These situations refer to recommendations where an
ICD is being considered with an intent to implant the
device prior to hospital discharge.

n It is assumed that an EP study was not performed un-
less otherwise specified.

n For the channelopathies, it is assumed that other
guideline recommendations, such as refraining from
exercise where appropriate, are being adhered to.

It is well established that patients who survive an out-
of-hospital cardiac arrest unassociated with a transient or
reversible cause or present with symptomatic sustained
VT are at high risk for recurrent sustained ventricular
arrhythmias and mortality. Randomized clinical trials
have demonstrated the benefit of ICD therapy for the
secondary prevention of SCD.42-44

A meta-analysis using individual patient data from the
AVID (Antiarrhythmics Vs Implantable Defibrillator)
study, the CASH (Cardiac Arrest Study Hamburg) study,
TABLE 1 .1

CAD: Hemodynamically Unstable or Sustained
VT, Polymorphic VT, or VF AssociatedWith Acute
(<48 Hours) MI (Newly Diagnosed, No Prior
Assessment of LVEF, or Prior Normal LVEF)

Indication
Appropriate

Use Score (1-9)

Total Revascularization Completed After Cardiac Arrest

LVEF $50% 36%-49% #35%

1. n Single episode of VF or poly-
morphic VT during acute (<48
hours) MI

R (2) R (3) M (4)

2. n Recurrent VF or polymorphic VT
during acute (<48 hours) MI

R (3) R (3) M (5)

3. n Single episode of sustained
monomorphic VT during acute
(<48 hours) MI

R (2) R (3) M (4)

No Revascularization Indicated (ie, Nonobstructive CAD)

LVEF ‡50% 36%-49% £35%

4. n Single episode of VF or poly-
morphic VT during acute (<48
hours) MI

R (2) R (3) M (4)

5. n Recurrent VF or polymorphic VT
during acute (<48 hours) MI

R (3) M (4) M (6)

Obstructive CAD With Coronary Anatomy Not Amenable to Revascularization

LVEF ‡50% 36%-49% £35%

6. n VF or polymorphic VT during
acute (<48 hours) MI

n No EPS done

M (5) M (6) A (7)

A ¼ Appropriate; CAD ¼ coronary artery disease; EPS ¼ electrophysiological study with
programmed stimulation to induce VT; LVEF ¼ left ventricular ejection fraction;
M ¼ May Be Appropriate; MI ¼ myocardial infarction; R ¼ Rarely Appropriate;
VF ¼ ventricular fibrillation; VT ¼ ventricular tachycardia.
and CIDS (Canadian Implantable Defibrillator Study)
comparing the efficacy of ICD therapy vs amiodarone
demonstrated a significant reduction in death from any
cause with the ICD when compared with amiodarone
(hazard ratio [HR]: 0.72; 95% CI: 0.60-0.87; P ¼ 0.006).45

This 28% reduction in the relative risk of death with the
ICD was almost entirely due to the 50% reduction in risk
of arrhythmic death. Patients who had an LVEF #35%
derived significantly more benefit from ICD therapy than
those with more preserved LV function. In addition, pa-
tients treated prior to the availability of nonthoracotomy
ICDs derived significantly less benefit from ICD therapy
than those treated with transvenous devices.45 Although
the evidence supporting ICD therapy for secondary pre-
vention is based on randomized trials that were per-
formed >20 years ago, more contemporary registries or
TABLE 1 .3

CAD: Hemodynamically Unstable or Sustained
VT, Polymorphic VT, or VF (No Recent MI [#40
Days] Prior to VF/VT and/or No Recent
Revascularization [#3 Months] Prior to VF/VT)

Indication
Appropriate

Use Score (1-9)

LVEF $50% 36%-49% #35%

8. n No identifiable transient and
completely reversible causes

n No need for revascularization identi-
fied by catheterization performed
following VF/VT

A (8) A (9) A (9)

9. n Significant CAD present at catheteri-
zation performed following VF/VT,
but coronary anatomy not amenable
to revascularization

n No revascularization performed

A (8) A (9) A (9)

10. n Significant CAD identified at cathe-
terization performed following VF/VT

n Complete revascularization per-
formed after cardiac arrest

M (5) M (6) A (7)

11. n Significant CAD identified at cathe-
terization performed following VF/VT

n Incomplete revascularization per-
formed after cardiac arrest

A (7) A (8) A (8)

A ¼ Appropriate; CAD ¼ coronary artery disease; LVEF ¼ left ventricular ejection
fraction; M ¼ May Be Appropriate; MI ¼ myocardial infarction; VF ¼ ventricular fibril-
lation; VT ¼ ventricular tachycardia.



TABLE 1.4
CAD: Hemodynamically Unstable or Sustained
VT, Polymorphic VT, or VF During Exercise
Testing Associated With Significant CAD

Indication
Appropriate

Use Score (1-9)

LVEF $50% 36%-49% #35%

12. n Significant CAD present at catheteri-
zation performed following VF/VT,
but coronary anatomy not amenable
to revascularization. No revasculari-
zation performed

A (8) A (9) A (9)

13. n Significant CAD identified at
catheterization performed following
VF/VT

n Complete revascularization performed
after cardiac arrest

M (5) M (6) A (7)

14. n Significant CAD identified at
catheterization performed following
VF/VT

n Incomplete revascularization
performed after cardiac arrest

A (7) A (7) A (8)

A ¼ Appropriate; CAD ¼ coronary artery disease; LVEF ¼ left ventricular ejection
fraction; M ¼ May Be Appropriate; VF ¼ ventricular fibrillation; VT ¼ ventricular
tachycardia.

TABLE 1 .6 Genetic Diseases With Sustained VT/VF*

Indication
Appropriate

Use Score (1-9)

22. n Congenital long QT syndrome A (9)

23. n Short QT syndrome A (9)

24. n Catecholaminergic polymorphic VT A (9)

25. n Brugada syndrome A (9)

26. n ARVC with successful ablation of all inducible
monomorphic VTs

A (9)

27. n ARVC with unsuccessful attempt to ablate an
inducible VT

A (9)

28. n ARVC without attempted ablation A (9)

29. n Hypertrophic cardiomyopathy A (9)

*Patients with genetic diseases are assumed to have normal LV and RV function, unless
otherwise specified.

A ¼ Appropriate; ARVC ¼ arrhythmogenic right ventricular cardiomyopathy; VF ¼
ventricular fibrillation; VT ¼ ventricular tachycardia.
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observational studies in clinical practice support these
findings.46-48

Based on results of randomized clinical trials, the “2017
AHA/ACC/HRS Guideline for Management of Patients
With Ventricular Arrhythmias and the Prevention of
Sudden Cardiac Death” gives a Class I recommendation
for ICD therapy in patients with ischemic or nonischemic
heart disease, who either survive sudden cardiac arrest
TABLE 1.5
No CAD: Hemodynamically Unstable or
Sustained VT, Polymorphic VT, or VF

Indication*
Appropriate

Use Score (1-9)

LVEF $50% 36%-49% #35%

15. n Nonischemic dilated cardiomyopathy A (8) A (9) A (9)

16. n VT/VF associated with cocaine
substance use disorder

R (2) M (4) M (5)

Severe Valvular Disease
VT/VF <48 Hours After Surgical Repair or

Replacement of Aortic or Mitral Valve

17. n No evidence of significant post-
operative valvular dysfunction

M (5) M (5) M (6)

VF/Hemodynamically Unstable VT Associated With Other Structural
Heart Disease

18. n Myocardial sarcoidosis A (9)

19. n Myocarditis; not giant-cell
myocarditis

M (6)

20. n Giant-cell myocarditis A (8)

21. n Takotsubo cardiomyopathy (stress-
induced cardiomyopathy, apical
ballooning syndrome)

n $48 hours of onset of symptoms

M (4)

*No evidence of conduction disease requiring pacing.

A ¼ Appropriate; CAD ¼ coronary artery disease; LVEF ¼ left ventricular ejection
fraction; M ¼ May Be Appropriate; R ¼ Rarely Appropriate; VF ¼ ventricular fibrillation;
VT ¼ ventricular tachycardia.
due to VT/VF or experience hemodynamically unstable
VT or stable sustained VT not due to reversible causes, if
meaningful survival >1 year is expected.4 In the European
guidelines, ICD therapy for secondary prevention of SCD
is recommended (Class I recommendation) in patients
with documented VF or hemodynamically poorly toler-
ated VT in the absence of reversible causes or within 48
hours after MI who are receiving chronic optimal medical
therapy and have a reasonable expectation of survival
with a good functional status >1 year.49

In some patients who present with sustained ventric-
ular arrhythmias, a transient or reversible cause, such as
acute MI, electrolyte abnormalities, or proarrhythmia due
to medication may be suggested as a potential etiology for
cardiac arrest or sustained VT. While initial treatment
TABLE 1 .7
No Structural Heart Disease (LVEF $50%) or
Known Genetic Causes of Sustained VT/VF

Indication
Appropriate

Use Score (1-9)

Pharmacologically Induced Sustained VT/VF

30. n Non-TdP VT/VF in the setting of antiarrhythmic
drug use

R (3)

31. n Drug-induced TdP R (2)

Idiopathic VF With Normal Ventricular Function

32. n No family history of sudden cardiac death A (8)

33. n First-degree relative with sudden cardiac death A (9)

Sustained VT/VF With Electrolyte Abnormalities

34. n Hypokalemia M (4)

Other Causes

35. n Bradycardia-dependent VF/TdP M (5)

36. n WPW syndrome with VT/VF
n Pathway successfully ablated
n Structurally normal heart

R (2)

A ¼ Appropriate; LVEF ¼ left ventricular ejection fraction; M ¼May Be Appropriate; R ¼
Rarely Appropriate; TdP ¼ torsades de pointes ventricular tachycardia; VF ¼ ventricular
fibrillation; VT ¼ ventricular tachycardia; WPW ¼ Wolff-Parkinson-White.



TABLE 1 .8.1
Syncope in Patients Without Structural Heart
Disease

Indication
Appropriate

Use Score (1-9)

Unexplained Syncope With No Structural Heart Disease or Genetically
Transmitted Ventricular Arrhythmias

37. n Normal ECG and structurally normal heart
n Family history of sudden death

R (3)

38. n Normal ECG and structurally normal heart
n No known family history of sudden death

R (1)

Unexplained Syncope in a Patient With RV or LV Outflow Tract Ventricular
Tachycardia (Idiopathic VT)

With Normal LV and RV Function and Anatomy

39. n Documented sustained monomorphic VT (LBBB/
inferior axis) at the time of syncope

n Ablation not yet attempted

R (3)

40. n Documented history of sustained monomorphic
VT (LBBB/inferior axis) but not recorded at the
time of syncope

n Ablation not yet attempted

R (3)

41. n Documented sustained monomorphic VT (LBBB/
inferior axis) at the time of syncope

n Ablation successful

R (2)

Unexplained Syncope in a Patient With Long QT Syndrome

42. n While on treatment with beta-blockers A (7)

43. n Not being treated with beta-blockers M (6)

Unexplained Syncope in a Patient With Brugada ECG Pattern

44. n No EPS performed A (7)

45. n EPS performed
n No ventricular arrhythmias induced

A (7)

46. n EPS performed
n Sustained VT/VF induced

A (9)

Unexplained Syncope in a Patient With Catecholaminergic Polymorphic VT*

47. n While on treatment with beta-blockers A (7)

48. n Not being treated with beta-blockers M (5)

49. n Not being treated with beta-blockers or
flecainide

M (5)

*It is assumed that appropriate exercise recommendations are being followed.

A ¼ Appropriate; ECG ¼ electrocardiogram; EPS ¼ electrophysiological study; LBBB¼
left bundle branch block; LV ¼ left ventricular; M ¼ May Be Appropriate; R ¼ Rarely
Appropriate; RV ¼ right ventricular; VF ¼ ventricular fibrillation; VT ¼ ventricular
tachycardia.

TABLE 1.8.2 Syncope in Patients With CAD

Indication
Appropriate

Use Score (1-9)

Unexplained Syncope With Coronary Heart Disease and No Acute MI
LVEF $50%

50. n EPS and noninvasive investigations failed to
define a cause of syncope

n No prior MI
n Nonobstructive CAD; revascularization not

indicated

R (2)

51. n EPS and noninvasive investigations failed to
define a cause of syncope

n No prior MI
n Obstructive CAD; not amenable to

revascularization

R (3)

Unexplained Syncope With Prior MI and No Acute MI
LVEF 36%-49%

52. n EPS failed to define a cause of syncope
n Prior MI
n Nonobstructive CAD; revascularization not

indicated

M (4)

53. n EPS failed to define a cause of syncope
n Prior MI
n Obstructive CAD; not amenable to

revascularization

M (6)

54. n EPS revealed inducible sustained VT/VF
n Prior MI

A (8)

Unexplained Syncope With Prior MI and No Acute MI
LVEF #35%

55. n EPS not performed A (8)

56. n Inducible VT/VF at EPS A (9)

57. n Not inducible at EPS A (8)

A ¼ Appropriate; CAD ¼ coronary artery disease; EPS ¼ electrophysiological study;
LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate; MI ¼ myocardial
infarction; R ¼ Rarely Appropriate; VF ¼ ventricular fibrillation; VT ¼ ventricular
tachycardia.
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should be directed at the underlying disorder and a
thorough evaluation is warranted, it is often difficult to
exclude primary arrhythmic etiologies. In the AVID trial,
patients identified as having “potentially transient or
potentially correctable” causes of VT/VF were not
eligible for randomization and were followed in a reg-
istry50; however, these patients remained at high mor-
tality risk.50

In the 2017 AHA/ACC/HRS guidelines, a Class I recom-
mendation for ICD therapy is also given for patients with
ischemic heart disease and unexplained syncope who
have inducible sustained monomorphic ventricular
tachycardia (MMVT) at EP study, if meaningful survival of
>1 year is expected.4 For patients with nonischemic CM
who experience syncope presumed to be due to ventric-
ular arrhythmia, an ICD can be beneficial if meaningful
survival >1 year is expected (Class IIa recommendation).4

ICD indications for secondary prevention of SCD
include appropriate use scenarios where patients present
with sustained VT, VF, or syncope felt to have an
arrhythmic origin in high-risk patients (described in
Tables 1.1 to 1.9, Figures 1 to 8). In this appropriate use
document, secondary prevention scenarios are modified
by factors such as type of heart disease, timing post-MI,
need for revascularization, hemodynamic stability, or
findings at EP study.

Section 1 Results and Discussion

Secondary prevention ICD indications include patients
presenting with sustained VT, VF, or syncope with high-
risk characteristics. Clinical scenarios in this document
include a variety of accompanying acute and chronic
conditions that could modify consideration of the risk of
subsequent recurrence of sustained ventricular arrhyth-
mias or SCD.



TABLE 1.8.3
Syncope in Patients With Nonischemic
Structural Heart Disease

Indication
Appropriate

Use Score (1-9)

Unexplained Syncope in a Patient With Left Ventricular Hypertrophy
Without Criteria for Hypertrophic Cardiomyopathy

LVEF $50%* 36%-49% #35%

58. n Left ventricular hypertrophy/
hypertensive heart disease

R (2) M (4) A (7)

Unexplained Syncope in a Patient With Nonischemic Cardiomyopathy

LVEF ‡50%* 36%-49% £35%

59. n Nonischemic dilated
cardiomyopathy

M (4) M (6) A (8)

60. n Left ventricular noncompaction M (6) A (7) A (8)

61. n Cardiac amyloidosis, with good
functional status (NYHA functional
class I-II)

M (4) M (5) M (6)

62. n Hypertrophic cardiomyopathy A (8)

63. n Tetralogy of Fallot with prior
corrective surgery

A (7)

Unexplained Syncope in a Patient with Arrhythmogenic
Right Ventricular Cardiomyopathy

64. n No EPS performed A (7)

65. n No inducible VT/VF at EPS A (7)

66. n Inducible VT/VF at EPS
n All inducible VTs successfully

ablated

A (7)

67. n Inducible VT/VF at EPS
n Ablation unsuccessful

A (8)

*LVEF preserved on medical therapy.

A ¼ Appropriate; EPS ¼ electrophysiological study; LVEF ¼ left ventricular ejection
fraction; M ¼ May Be Appropriate; NYHA ¼ New York Heart Association; R ¼ Rarely
Appropriate; VF ¼ ventricular fibrillation; VT ¼ ventricular tachycardia.

TABLE 1.9
Sustained Hemodynamically Stable
Monomorphic VT Associated With Structural
Heart Disease

Indication
Appropriate

Use Score (1-9)

LVEF $50%*
36%-
49% #35%

68. n CAD and prior MI A (7) A (7) A (9)

69. n CAD and prior MI
n All inducible VTs successfully ablated

M (6) M (6) A (9)

70. n CAD and prior MI
n Troponin elevation thought to be sec-

ondary to VT
n All inducible VTs successfully ablated

M (6) A (7) A (9)

71. n Nonischemic dilated cardiomyopathy A (7) A (7) A (9)

72. n Nonischemic dilated cardiomyopathy
n All inducible VTs successfully ablated

M (6) A (7) A (8)

73. n Bundle branch re-entry successfully
ablated in a patient with nonischemic
cardiomyopathy

R (3) M (5) A (7)

*LVEF preserved on medical therapy.

A ¼ Appropriate; CAD ¼ coronary artery disease; LVEF ¼ left ventricular ejection
fraction; M ¼ May Be Appropriate; MI ¼ myocardial infarction; R ¼ Rarely Appropriate;
VF ¼ ventricular fibrillation; VT ¼ ventricular tachycardia.
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VF or Sustained Polymorphic VT
Scenarios in which patients presented with VF or sus-

tained polymorphic ventricular tachycardia (PMVT) in the
setting of CAD, modified by timing post-MI and timing
postrevascularization, or occurring in the setting of ex-
ercise testing are described in Tables 1.1 to 1.4 (Figures 1
and 2). Sustained MMVT was excluded from these early
post-MI scenarios because a more uniform tachycardia
typically represents a stable substrate that is often related
to re-entry, and the risk of arrhythmia recurrence may be
higher than that seen for patients with PMVT/VF. ICD
implantation was considered Rarely Appropriate for most
of these scenarios where VF or PMVT occurred in the
setting of acute (<48 hours) MI, particularly in the setting
of preserved or only mild to moderately reduced LV sys-
tolic function (Table 1.1, Figure 1). This is consistent with
clinical evidence and guidelines stating that ICD implan-
tation should not be recommended for arrhythmias
considered “completely reversible”; however, indications
were rated as May Be Appropriate if LVEF was #35%.
These indications may include patients with LV
dysfunction that could have been pre-existing, because
the scenarios did not include mention of any prior
assessment of LVEF, or there may be little chance for re-
covery of LV function in the absence of revascularization
in some scenarios. ICD implantation was rated as Appro-
priate for VF or PMVT in the setting of obstructive CAD
with coronary anatomy not amenable to revascularization
if LVEF #35%. The presence of obstructive coronary dis-
ease that is not amenable to revascularization could place
the patient at continued risk for recurrent arrhythmias
and, therefore, may not qualify as a “completely revers-
ible” cause.

Sustained VT/VF occurring in the setting of non-
ischemic heart disease, including genetic diseases, infil-
trative CM, or myocarditis, as well as no detectable
structural heart disease are described in Tables 1.5 to 1.7
(Figures 3 and 4). Several of these scenarios are not spe-
cifically addressed in the guidelines or clinical trials and
may represent a relatively small percentage of patients
undergoing ICD implantation. Therefore, clinical judg-
ment based on review of limited evidence is often
required when making these decisions.

Syncope
Scenarios involving syncope included those with and

without underlying structural heart disease or concomi-
tant CAD (Tables 1.8.1 to 1.8.3, Figure 5). In patients
without structural heart disease, ICD implantation was
rated Appropriate when occurring in the setting of
long QT syndrome while on treatment with beta-blockers,
a Brugada ECG pattern regardless of findings at invasive
electrophysiological testing, and catecholaminergic PMVT
while on treatment with beta-blockers (Table 1.8.1,
Figure 5). In contrast, ICD implantation was rated as



FIGURE 1 Summary of Table 1.1, Secondary Prevention: CAD—Hemodynamically Unstable or Sustained VT, PMVT, or VF Associated With Acute (<48 Hours) MI

(Newly Diagnosed, No Prior Assessment of LVEF, or Prior Normal LVEF)

A ¼ Appropriate; CAD ¼ coronary artery disease; LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate; MI ¼ myocardial infarction; PMVT ¼ polymorphic

ventricular tachycardia; R ¼ Rarely Appropriate; VF ¼ ventricular fibrillation; VT ¼ ventricular tachycardia.

FIGURE 2 Summary of Table 1.3, Secondary Prevention: CAD—Hemodynamically Unstable or Sustained VT, Polymorphic VT, or VF (No Recent MI [#40 Days]

Prior to VF/VT and/or No Recent Revascularization [#3 Months] Prior to VF/VT)

A ¼ Appropriate; CAD ¼ coronary artery disease; LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate; MI ¼ myocardial infarction; VF ¼ ventricular

fibrillation; VT ¼ ventricular tachycardia.
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FIGURE 3 Summary of Tables 1.5 and 1.6, Secondary Prevention: VF or Hemodynamically Unstable VT—No CAD With Structural Heart Disease or

Genetic Disorders

A ¼ Appropriate; ARVC ¼ arrhythmogenic right ventricular cardiomyopathy; CAD ¼ coronary artery disease; CM ¼ cardiomyopathy; CPVT ¼ catecholaminergic

polymorphic ventricular tachycardia; HCM ¼ hypertrophic cardiomyopathy; LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate; R ¼ Rarely Appropriate;

VF ¼ ventricular fibrillation; VT ¼ ventricular tachycardia.

FIGU

A ¼ A

TdP ¼
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Rarely Appropriate in patients with unexplained syncope
who have a normal heart and normal ECG and do not have
a genetic condition associated with sudden death, or
when syncope occurs in patients with normal LV function
and idiopathic VT (including RV outflow tract VT or
idiopathic LV VT) regardless of whether ablation was
RE 4 Summary of Table 1.7, Secondary Prevention: No Structural Heart Disease

ppropriate; FH ¼ family history; LVEF ¼ left ventricular ejection fraction; M ¼ May

torsades de pointes ventricular tachycardia; VF ¼ ventricular fibrillation; VT ¼ vent
performed. The latter is consistent with the good prog-
nosis of patients with idiopathic VT.

In patients with syncope in the setting of CAD,
scenarios were modified by LVEF (Table 1.8.2, Figure 6).
In patients with unexplained syncope, prior MI, and
an LVEF #35%, ICD implantation was considered
(LVEF $50%) or Known Genetic Causes of Sustained VT/VF

Be Appropriate; R ¼ Rarely Appropriate; SCD ¼ sudden cardiac death;

ricular tachycardia; WPW ¼ Wolff-Parkinson-White.



FIGURE 5 Summary of Table 1.8.1, Secondary Prevention: Syncope in Patients Without Structural Heart Disease

*It is assumed that appropriate exercise recommendations are being followed. A ¼ Appropriate; ECG ¼ electrocardiogram; LV ¼ left ventricular; M ¼ May Be

Appropriate; R ¼ Rarely Appropriate; RV ¼ right ventricular; VT ¼ ventricular tachycardia.

FIGURE 6 Summary of Table 1.8.2, Secondary Prevention: Syncope in Patients With CAD

A ¼ Appropriate; CAD ¼ coronary artery disease; EPS ¼ electrophysiological study; LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate; MI ¼ myocardial

infarction; R ¼ Rarely Appropriate; VF ¼ ventricular fibrillation; VT ¼ ventricular tachycardia.
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FIGURE 7 Summary of Table 1.8.3, Secondary Prevention: Syncope in Patients With Nonischemic Structural Heart Disease

A ¼ Appropriate; CM ¼ cardiomyopathy; HCM ¼ hypertrophic cardiomyopathy; LV ¼ left ventricular; LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate;

NIDCM ¼ nonischemic dilated cardiomyopathy; R ¼ Rarely Appropriate.

FIGURE 8 Summary of Table 1.9, Secondary Prevention: Sustained Hemodynamically Stable Monomorphic VT Associated With Structural Heart Disease

A ¼ Appropriate; CAD ¼ coronary artery disease; LVEF ¼ left ventricular ejection fraction; MI ¼ myocardial infarction; NICM ¼ nonischemic cardiomyopathy;

VF ¼ ventricular fibrillation; VT ¼ ventricular tachycardia.
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TABLE 2.1 .1 Post-Acute MI (#40 Days) LVEF #30%

Indication
Appropriate

Use Score (1-9)

Revascularization After Acute MI

74. n No NSVT R (2)

75. n Asymptomatic NSVT ($4 days post-MI)
n No EPS performed

R (3)

76. n Asymptomatic NSVT ($4 days post-MI)
n EPS with inducible sustained VT (EPS performed

after revascularization, within 40 days of MI)

A (7)

77. n Asymptomatic NSVT ($4 days post-MI)
n EPS without inducible VT (EPS performed after

revascularization, within 40 days after MI)

R (3)

78. n Asymptomatic NSVT (<4 days post-MI) R (3)

Not Revascularized
Obstructive CAD With Coronary Anatomy Not Amenable to Revascularization

79. n No NSVT R (2)

80. n Asymptomatic NSVT ($4 days post-MI)
n No EPS performed

M (4)

81. n Asymptomatic NSVT ($4 days post-MI)
n EPS with inducible sustained VT (EPS performed

within 40 days of MI)

A (8)

82. n Asymptomatic NSVT ($4 days post-MI)
n EPS without inducible VT (EPS performed within

40 days of MI)

M (4)

83. n Asymptomatic NSVT (<4 days post-MI) R (3)

A ¼ Appropriate; CAD ¼ coronary artery disease; EPS ¼ electrophysiological study;
LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate; MI ¼ myocardial
infarction; NSVT ¼ nonsustained ventricular tachycardia; R ¼ Rarely Appropriate;
VT ¼ ventricular tachycardia.

TABLE 2.1 .2 Post-Acute MI (#40 Days) LVEF 31% to 40%

Indication
Appropriate

Use Score (1-9)

Revascularized for Acute MI

84. n No NSVT R (2)

85. n Asymptomatic NSVT ($4 days post-MI)
n No EPS performed

R (3)

86. n Asymptomatic NSVT ($4 days post-MI)
n EPS with inducible sustained VT (EPS

performed after revascularization, within
40 days of MI)

A (7)

87. n Asymptomatic NSVT ($4 days post-MI)
n EPS without inducible VT (EPS performed

after revascularization, within 40 days
of MI)

R (3)

88. n Asymptomatic NSVT (<4 days post-MI) R (3)

A ¼ Appropriate; EPS ¼ electrophysiological study; LVEF ¼ left ventricular ejection
fraction; MI ¼ myocardial infarction; NSVT ¼ nonsustained ventricular tachycardia;
R ¼ Rarely Appropriate; VT ¼ ventricular tachycardia.
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Appropriate regardless of the findings of the EP study.
In the setting of a mildly reduced LVEF (36%- 49%) and
prior MI, ICD implantation was considered Appropriate
only if EP study revealed inducible sustained VT or VF,
but was rated as May Be Appropriate if the EP study
failed to define a cause, regardless of revascularization
status.

In patients with nonischemic structural heart disease
and syncope, scenarios were modified by type of heart
disease, LVEF, and/or EP study status (Table 1.8.3,
Figure 7). For example, in patients with arrhythmogenic
RV CM, ICD implantation was considered Appropriate
regardless of EP study or ablation status. In patients with
nonischemic dilated CM and syncope, ICD implantation
was considered Appropriate if LVEF #35% and May Be
Appropriate for EF >35%.

Sustained Hemodynamically Tolerated MMVT
Hemodynamically tolerated sustained MMVT in the

setting of structural heart disease was considered sepa-
rately from hemodynamically unstable VT or VF, given
the potential differences in arrhythmia substrate as well
as the response of VT to catheter ablation. When occur-
ring in the setting of LVEF #35%, regardless of the un-
derlying disease process (ie, ischemic or nonischemic
heart disease) or history of VT ablation, ICD implantation
was considered Appropriate (Table 1.9, Figure 8).

Section 2: Primary Prevention ICD

2.1. CAD

Assumptions and Considerations

In the absence of sustained VT/VF or syncope, primary
prevention ICD implantation may be considered in a va-
riety of scenarios to reduce mortality related to poten-
tially life threatening sustained ventricular arrhythmias.
Specific time periods for implantation of primary pre-
vention ICDs (ie, 40 days after an acute MI, 3 months after
revascularization, and 3 months after initial diagnosis of a
CM) are described. These time periods were selected for
this appropriate use document based on prior clinical
trials, guideline documents,4 consensus statements7 or
contemporary practice. A “waiting period” following MI is
supported by the IRIS (Immediate Risk-Stratification Im-
proves Survival) trial and DINAMIT (Defibrillator IN Acute
Myocardial Infarction Trial), which demonstrated no
overall survival benefit of ICD therapy when devices were
implanted very early (within 30 or 40 days) following
MI.41,51,52 Scenarios in this section are also modified by
LVEF, NYHA functional class, timing post-MI, and/or
duration of medical therapy (Tables 2.1.1. to 2.1.6,
Figures 9 and 10).

Timing Post-MI or Revascularization and EP Testing
Initial primary prevention ICD trials utilized EP testing

in risk stratification. Many of the scenarios in Tables 2.1.1
to 2.1.4 consider some of the shorter time periods post-MI
where limited trial data are available. The definition for
MI has evolved in recent years.37,38,53 For contemporary
practice, the diagnosis of MI should be made according to
the most recent statement, and future trials should pre-
cisely define MI and other diagnoses critical to major
entry criteria. A lack of mortality benefit from the ICD was
seen in DINAMIT,51 and factors associated with



TABLE 2.1 .3
Post-Acute MI (#40 Days) and Pre-Existing
Chronic Cardiomyopathy ($3 Months)

Indication
Appropriate

Use Score (1-9)

89. n LVEF #30% due to old infarction
n NYHA functional class I

A (7)

90. n LVEF #35% due to old infarction
n NYHA functional class II-III

A (8)

91. n LVEF #35% due to nonischemic causes
n NYHA functional class II-III

A (8)

A ¼ Appropriate; LVEF ¼ left ventricular ejection fraction; MI ¼ myocardial infarction;
NYHA ¼ New York Heart Association.

TABLE 2.1 .5
Post-MI (>40 Days) With Ischemic
Cardiomyopathy

Indication
Appropriate

Use Score (1-9)

No Recent PCI or CABG (#3 Months)

NYHA Functional Class I II-III

94. n LVEF #30% A (8) A (9)

95. n LVEF 31%-35% A (7) A (9)

96. n LVEF 36%-40%
n Asymptomatic NSVT
n No EPS

M (4) M (4)

97. n LVEF 36%-40%
n Asymptomatic NSVT
n EPS without inducible VT/VF

R (3) M (4)

98. n LVEF 36%-40%
n Asymptomatic NSVT
n EPS with inducible sustained VT/VF

A (7) A (8)

Recent PCI or CABG (£3 Months) Appropriate
Use Score

99. n No known pre-existing cardiomyopathy
n LVEF #35%

M (4)

100. n Pre-existing documented cardiomyopathy
n LVEF #35% on guideline-directed

medical therapy for $3 months prior to
PCI/CABG

A (7)

101. n LVEF #35%
n Need for PPM postrevascularization (eg,

SSS, CHB, or other guideline-directed
indications for PPM)

A (8)

102. n LVEF 36%-40%
n Need for PPM postrevascularization (eg,

SSS, CHB, or other guideline-directed
indications for PPM)

M (6)

A ¼ Appropriate; CABG ¼ coronary artery bypass graft surgery; CHB ¼ complete heart
block; EPS ¼ electrophysiological study; LVEF ¼ left ventricular ejection fraction; M ¼
May Be Appropriate; MI ¼ myocardial infarction; NYHA ¼ New York Heart Association;
NSVT ¼ nonsustained ventricular tachycardia; PCI ¼ percutaneous coronary interven-
tion; PPM ¼ permanent pacemaker; R ¼ Rarely Appropriate; SSS ¼ sick sinus syndrome;
VF ¼ ventricular fibrillation; VT ¼ ventricular tachycardia.

TABLE 2.1 .6

Duration of Guideline-Directed Medical
Therapy (<3 Months vs $3 Months) for
Ischemic Cardiomyopathy Without Recent MI
(Revascularization Not Indicated)

Indication
Appropriate

Use Score (1-9)

103. n LVEF #35%
n On guideline-directed medical therapy for <3

months

M (5)

104. n LVEF #35% A (8)
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arrhythmia requiring ICD therapy were also associated
with a high risk of nonsudden death, negating the benefit
of ICDs very early post-MI.51 MUSTT (Multicenter Unsus-
tained Tachycardia Trial) enrolled patients with CAD,
LVEF #40%, and asymptomatic, nonsustained VT.54 The
qualifying arrhythmia had to have occurred #6 months
before enrollment, and $4 days after the most recent MI
or revascularization procedure. The trial showed that EP-
guided therapy with ICDs, but not with antiarrhythmic
drugs, reduced the risk of sudden death; however, >80%
of randomized patients had experienced their most recent
MI >1 month before enrollment. Thus, because few pa-
tients were enrolled in the first month post-MI, the utility
of EP study in that period is uncertain.

These scenarios are also modified by the presence or
absence of revascularization. To qualify for enrollment,
MADIT II (Multicenter Automatic Defibrillator Implanta-
tion Trial II) required a waiting period of $3 months
following coronary revascularization.55 In contrast, pa-
tients were eligible for enrollment in MUSTT $4 days
following revascularization, and 56% of patients enrolled
in this trial underwent prior coronary artery bypass graft
(CABG) surgery at some point in time54; however, post
hoc analysis of MUSTT revealed that the occurrence of
postoperative NSVT, especially within 10 days after CABG,
portends a far better outcome than when it occurs in non-
postoperative settings.56 As there are limited data related
to EP testing very early following revascularization pro-
cedures, and available data suggest that NSVT in this
TABLE 2.1 .4

Post-MI (#40 Days) and Need for
Guideline-Directed Pacemaker Therapy
Post-MI (eg, SSS, CHB, or Other Indications
for Permanent Pacemaker)

Indication
Appropriate

Use Score (1-9)

92. n LVEF #35% A (7)

93. n LVEF 36%-40% M (6)

A ¼ Appropriate; CHB ¼ complete heart block; LVEF ¼ left ventricular ejection fraction;
M ¼ May Be Appropriate; MI ¼ myocardial infarction; SSS ¼ sick sinus syndrome.

n On guideline-directed medical therapy <3
months

n NSVT
n EPS with inducible sustained VT

105. n LVEF #35%
n On guideline-directed medical therapy <3

months
n NSVT
n EPS without inducible sustained VT

M (4)

106. n LVEF #35%
n On guideline-directed medical therapy $3

months

A (9)

A ¼ Appropriate; EP ¼ electrophysiological study; LVEF ¼ left ventricular ejection
fraction; M ¼ May Be Appropriate; MI ¼ myocardial infarction; NSVT ¼ nonsustained
ventricular tachycardia; VT ¼ ventricular tachycardia.



FIGURE 9 Summary of Tables 2.1.1 and 2.1.2, Primary Prevention, CAD

A ¼ Appropriate; CAD ¼ coronary artery disease; EPS ¼ electrophysiological study; LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate; MI ¼ myocardial

infarction; NSVT ¼ nonsustained ventricular tachycardia; R ¼ Rarely Appropriate; VT ¼ ventricular tachycardia.
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early period may represent a less specific risk factor for
future events, decisions related to timing of EP testing
should be individualized. As in other areas of this AUC
document, panel members were asked to evaluate sce-
narios where gaps in the guidelines exist, and further
investigation may be warranted.

Pre-Existing CM or Permanent PM Needed
Despite a pre-existing CM with LVEF #35% present

for $3 months prior to acute MI, results of IRIS and
DINAMIT do not support routine ICD implantation within
40 days post-MI. Pre-existing CM with LVEF #35% pre-
sent for $3 months prior to revascularization similarly
does not indicate routine ICD implantation within 3
months of revascularization, regardless of the cause.
Exclusion criteria for MADIT II required a waiting period
of 3 months post–coronary revascularization,55 and LVEF
may improve after revascularization; however, when the
LVEF is severely reduced (#35%) and the patient requires
permanent PM implantation early (#40 days) following
MI or (#3 months) after revascularization, ICD therapy is
preferable to PM implantation (Table 2.1.4). Although
these scenarios are not specifically addressed in clinical
trials, this is a logical decision from the standpoint of cost
and patient safety. If little or no improvement in LV
function is expected, the need for a second procedure in 3
months would expose the patient to unnecessary risk.
When a patient requires pacing early (#40 days) post-MI,
implantation is also justified to avoid the expense and risk
of implanting a PM followed by replacement with an ICD
after the 40-day interval. In the REPLACE registry, a high
complication rate of 15.3% was observed in patients un-
dergoing planned transvenous lead addition for replace-
ment or upgrade to a device capable of additional
therapies.57 These scenarios are addressed in a “2014
HRS/ACC/AHA Expert Consensus Statement on the Use of
Implantable Cardioverter-Defibrillator Therapy in Pa-
tients Who Are Not Included or Not Well Represented in
Clinical Trials.”58



FIGURE 10 Summary of Tables 2.1.3 and 2.1.5, Primary Prevention, CAD

A ¼ Appropriate; CABG ¼ coronary artery bypass graft surgery; CM ¼ cardiomyopathy; EPS ¼ electrophysiological study; LVEF ¼ left ventricular ejection fraction;

M ¼ May Be Appropriate; MI ¼ myocardial infarction; NSVT ¼ nonsustained ventricular tachycardia; PCI ¼ percutaneous coronary intervention; PPM ¼ permanent

pacemaker; R ¼ Rarely Appropriate; VF ¼ ventricular fibrillation; VT ¼ ventricular tachycardia.
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Duration of GDMT
It is generally recommended that patients receive a

period of GDMT following a new diagnosis of nonischemic
or ischemic CM with the hope that LV function will
improve. SCD-HeFT (Sudden Cardiac Death in Heart
Failure Trial), which randomized ischemic and non-
ischemic CM patients with NYHA functional class II to III
and LVEF #35% to amiodarone, placebo, or ICD implan-
tation, required medical management of HF for $3
months prior to enrollment.59,60 Exceptions for earlier
ICD implantation in ischemic CM may include NSVT $4
days post-MI with EP study revealing inducible sustained
VT (as in MUSTT) or need for permanent pacing early after
revascularization and LVEF #35%. Since these earlier
studies did not include SGLT2is and MRAs, GDMT in the
current era may be even more effective to improve both
the LVEF and survival.
2.2. Nonischemic CM

Assumptions and Considerations

n If magnetic resonance imaging (MRI) is performed as
part of the scenario, it is assumed that it is performed at
an expert MRI center with experienced imaging
specialists.

n For those who underwent MRI and had late gadolinium
enhancement (LGE), it is classified as either “present”
or “absent” (and not quantified as above or below a
specific threshold proportion).

n It is assumed that this is not a newly diagnosed CM (ie,
within 3 months) unless otherwise specified.

n If NYHA functional class $II and LBBB, it is assumed
that the patient will also be a candidate for CRT if
appropriate for the scenario.

n Scenarios assume that an idiopathic nonischemic CM is
present.

n For GDMT, it is assumed this includes a beta-blocker,
aldosterone antagonist (when possible), angiotensin-
converting enzyme inhibitor or angiotensin receptor
blocker, or sacubitril-valsartan when indicated, unless
otherwise specified.
According to the 2017 AHA/ACC/HRS Guideline for

Management of Patients with Ventricular Arrhythmias
and the Prevention of Sudden Cardiac Death, recom-
mendations for ICD implantation for patients with non-
ischemic CM are independent of age.4 On the other hand,
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age affects outcomes because of competing mortalities
and affects choices in shared decision making.61,62 In
DANISH (Danish Study to Assess the Efficacy of ICDs in
Patients with Non-Ischemic Systolic Heart Failure on
Mortality), which did not show benefit of ICD therapy
above optimized medical therapy, a substudy that must
be interpreted in the context that the primary endpoint
was negative suggested benefit for younger (age #70
years) compared with older patients.63,64 Furthermore,
optimized therapy in the DANISH trial did not include
sacubitril/valsartan, which decreases mortality an addi-
tional 20% compared with that of treatment with an
angiotensin-converting enzyme inhibitor.65 Similarly,
because earlier studies did not include SGLT2is and
MRAs, GDMT in the current era using these drugs may
further improve the LVEF and survival. In view of the
challenges of identifying patients most likely to benefit
from ICD therapy, cardiac MRI has been used for risk
stratification. Patients with LGE have higher mortality
risk compared with those without, but randomized clin-
ical trial data showing ICD benefit for them is lacking.
Whereas individual studies66,67 and meta-analyses68

suggest that LGE identifies patients who benefit from
ICD therapy, a substudy of the DANISH trial indicates that
patients with LGE on cardiac MRI have decreased survival
compared with those without LGE, whereas ICD therapy
did not improve survival in patients with LGE.69

Newly Diagnosed Nonischemic CM
The management of newly diagnosed CM depends on

the severity of decompensation. For those who are he-
modynamically stable, there are no data to support
benefit of early ICD implantation.59,69-71 For example, in
the SCD-HeFT trial, which required 3 months of opti-
mized medical therapy before randomization to receive
an ICD, there was no difference in survival during the
first year in those treated with an ICD vs optimized
medical therapy alone. When myocarditis is 1 cause of
newly diagnosed CM, there are guidelines for its man-
agement72 but no randomized, controlled trial data
regarding ICD implantation. Especially for giant-cell
myocarditis, ventricular arrhythmias are common and
ICD implantation might be considered,4 but for etiol-
ogies other than sarcoidosis and Chagas disease, the
guidelines are silent especially when ventricular ar-
rhythmias are absent. When optimized medical therapy
has been provided for 3 months, ICD implantation is
recommended if LVEF remains #35%. There are no
randomized trials addressing the role of ICD therapy in
patients with cardiac transplantation.

Nonischemic CM and Need for Pacing
In regard to pacing in nonischemic CM, standard in-

dications are operative.7 This is especially important as
related to the DANISH trial, in which 58% of patients in
both the ICD and control groups underwent CRT for
appropriate indications. Indeed, 1 part of the explanation
for the low mortality in both groups is that CRT is just 1
component of optimized therapy and that when it is
provided with optimized drug therapy, outcomes are
greatly improved making the addition of an ICD less able
to provide further benefit.

Nonischemic CM, Specific Etiologies and Genetic
Conditions

As noted in the secondary prevention section, non-
ischemic CM is not a single disease and may have multiple
etiologies. Chronicity and potential reversibility as well as
long-term prognosis may vary based on specific etiology.
For example, medical therapy may result in a near-
complete reversal with ventricular reverse remodeling in
a patient with a peripartum CM or with a tachycardia-
induced CM, whereas prognosis may be poor for pa-
tients who have some forms of infiltrative CM. Genetic
conditions associated with CM may vary with respect to
prognosis. Arrhythmogenic CM is defined as an arrhyth-
mogenic disorder of the myocardium that is not second-
ary to ischemic, hypertensive, or valvular heart disease,
and incorporates a broad spectrum of disorders that in-
cludes—but is not limited to—arrhythmogenic RV CM,
cardiac amyloidosis, sarcoidosis, Chagas disease, and LV
noncompaction.73 The 2019 HRS expert consensus docu-
ment describes the evaluation, risk stratification, and
management of arrhythmogenic CM.73

Tables 2.2.1 to 2.4 and Figures 11 to 14 describe primary
prevention ICD indications in patients with nonischemic
CM modified by LVEF, NYHA functional class, age, treat-
ment duration, and need for pacing, as well as specific
genetic conditions with and without associated structural
heart disease.

Section 2 Results and Discussion

Primary prevention ICD implantation may be considered
in a variety of scenarios to reduce mortality related to
potentially life-threatening sustained ventricular ar-
rhythmias in patients without any prior history of sus-
tained VT/VF or syncope. Specific time periods for
implantation of primary prevention ICDs (ie, 40 days after
an acute MI, 3 months after revascularization, and 3
months after initial diagnosis of a CM) are described in
various scenarios (Tables 2.1.1 to 2.1.6, Figures 9 and 10).
These time periods were selected for this appropriate use
document based on prior clinical trials, guideline docu-
ments, or contemporary practice. A “waiting period”
following MI is supported by the IRIS trial and DINAMIT,
which demonstrated no overall survival benefit of ICD
therapy when devices were implanted very early (within
30 or 40 days) following MI.51,52 Scenarios in this section
are also modified by type of heart disease, LVEF, NYHA
functional class, and/or duration of GDMT (Tables 2.1 to
2.2, Figures 9 to 13).



TABLE 2.2.1
Nonischemic Cardiomyopathy and Treatment
Duration

Indication
Appropriate

Use Score (1-9)

Treatment Since Diagnosis <3 Months
Newly Diagnosed Idiopathic Nonischemic Cardiomyopathy

NYHA Functional Class I II-III

107. n <35 years of age
n LVEF #35%
n Normal QRS duration

R (2) R (3)

108. n 35-64 years of age
n LVEF #35%
n Normal QRS duration

R (2) R (3)

109. n 65-84 years of age
n LVEF #35%
n Normal QRS duration

R (2) R (3)

110. n $85 years of age
n LVEF #35%
n Normal QRS duration

R (2) R (2)

111. n LVEF >35%-49%
n LGE present on MRI

R (3) R (3)

On Guideline-Directed Medical Therapy for $3 Months
Idiopathic Nonischemic Cardiomyopathy

NYHA Functional Class I II-III

112. n <35 years of age
n LVEF #35%
n Normal QRS duration

A (7) A (8)

113. n 35-64 years of age
n LVEF #35%
n Normal QRS duration

A (7) A (9)

114. n 65-84 years of age
n LVEF #35%
n Normal QRS duration

A (7) A (8)

115. n $85 years of age
n LVEF #35%
n Normal QRS duration

M (5) M (6)

116. n LVEF >35%-49%
n LGE present on MRI

M (5) M (6)

117. n LVEF #35%
n On medical therapy including beta-

blocker, ACE inhibitor, or ARB, but
not sacubitril-valsartan

A (7) A (8)

A ¼ Appropriate; ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor
blocker; LGE ¼ late gadolinium enhancement; LVEF ¼ left ventricular ejection fraction;
M ¼ May Be Appropriate; MRI ¼ magnetic resonance imaging; NYHA ¼ New York Heart
Association; R ¼ Rarely Appropriate.

TABLE 2.2 .2
Nonischemic Cardiomyopathy and Need for
Pacing After Valve Intervention

Indication
Appropriate

Use Score (1-9)

Recent Valve Surgery (ie, Same Hospitalization or <3 Months), Which
Included Incidental Bypass Graft

118. n LVEF #35%
n Need for pacemaker and LV function felt not

likely to improve

A (7)

Recent TAVR, Same Hospitalization

119. n LVEF #35%
n Need for pacemaker and LV function felt not

likely to improve

A (7)

A ¼ Appropriate; LVEF ¼ left ventricular ejection fraction; LV ¼ left ventricular; TAVR ¼
transcatheter aortic valve replacement.

TABLE 2.2 .3
Nonischemic Cardiomyopathy, Specific
Etiologies

Indication
Appropriate

Use Score (1-9)

Specific Etiologies, on Guideline-Directed Medical Therapy
for <3 Months

LVEF #35% >35%

120. n Sarcoid heart disease, no MRI
performed

A (7) M (6)

121. n Myotonic dystrophy A (8) M (5)

122. n Chagas disease A (8) M (6)

123. n Amyloidosis with heart failure M (6) M (5)

124. n Acute lymphocytic myocarditis M (4) R (3)

125. n Giant-cell myocarditis A (8) A (7)

Peripartum Cardiomyopathy, on Guideline-Directed Medical Therapy
for $3 Months

126. n Peripartum cardiomyopathy
n Persists >3 months postpartum

A (7) R (3)

A ¼ Appropriate; LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate;
MI ¼myocardial infarction; MRI ¼magnetic resonance imaging; R ¼ Rarely Appropriate.
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Timing Post-MI or Revascularization and EP Testing
Initial primary prevention ICD trials utilized EP testing

in risk stratification. Many of the scenarios in Tables 2.1.1
to 2.1.2 describe some of the shorter time periods post-MI
(#40 days) where limited trial data are available. MUSTT
enrolled patients with CAD, LVEF #40%, and asymp-
tomatic, nonsustained VT.54 The qualifying arrhythmia
had to have occurred within 6 months before enrollment
and $4 days after the most recent MI or revascularization
procedure. The study showed that EP-guided therapy
with ICDs, but not with antiarrhythmic drugs, reduced the
risk of sudden death; however, most (>80%) of random-
ized patients had their most recent MI >1 month before
enrollment. Thus, because few patients were enrolled in
the first month post-MI, the utility of EP testing in that
time period is uncertain. Nonetheless, ICD implantation is
considered Appropriate if in patients early post-MI (#40
days) in the setting of asymptomatic NSVT occurring $4
days post-MI if sustained VT is inducible by EP study in
patients with LVEF #40% (Tables 2.1.1 to 2.1.2, Figure 9).
This is consistent with results from the MUSTT trial.

Several scenarios are also modified by the presence or
absence of revascularization. To qualify for enrollment,
the MADIT II trial required a waiting period of $3 months
following coronary revascularization.55 In contrast, pa-
tients were eligible for enrollment in the MUSTT trial $4
days following revascularization, and 56% of patients
enrolled in this trial underwent prior CABG at some point
in time.54 However, post-hoc analysis of the MUSTT trial
revealed that the occurrence of postoperative NSVT,
especially within 10 days after CABG, portends a far better
outcome than when it occurs in non-postoperative set-
tings.56 Nonetheless, ICD implantation is considered



TABLE 2.3
Genetic Conditions With Structural Heart
DiseaseAssumptions and Considerations

Indication
Appropriate

Use Score (1-9)

Genetic Arrhythmogenic Cardiomyopathies Associated With Sudden
Cardiac Death

127. n Hypertrophic cardiomyopathy with $1 risk
factor*

A (8)

128. n Arrhythmogenic right ventricular dysplasia/CM
with no symptoms due to arrhythmia

A (7)

129. n Evidence of structural cardiac disease with
Lamin A/C mutation or other genetic ACM but
LVEF >35% and <45%

A (7)

130. n Normal ECG and echo but carrying the impli-
cated gene

M (4)

131. n LV noncompaction with LVEF >35% M (5)

*Risk factors include maximum LV wall thickness $30 mm, SCD in $1 first-degree
relatives presumably caused by HCM, $1 episodes of unexplained syncope within the
preceding 6 months, spontaneous NSVT, and an abnormal blood pressure response with
exercise.

A ¼ Appropriate; ACM ¼ arrhythmogenic cardiomyopathy; CM ¼ cardiomyopathy;
ECG ¼ electrocardiogram; echo ¼ echocardiogram; LV ¼ left ventricular; LVEF ¼ left
ventricular ejection fraction; M ¼May Be Appropriate; NSVT ¼ nonsustained ventricular
tachycardia.
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Appropriate after revascularization following acute MI
(#40 days) in the setting of asymptomatic NSVT (>4 days
post-MI) if sustained VT is inducible by EP study in pa-
tients with LVEF #40% (Tables 2.1.1 to 2.1.2, Figure 9). As
there are limited data related to EP testing very early
TABLE 2.4
Genetic Conditions Without Structural Heart
Disease

Indication
Appropriate

Use Score (1-9)

Congenital Long QT Syndrome, With 1 or More Risk Factors,*
Asymptomatic

132. n Not receiving evidence-based beta-blocker
n Resting QTc <470 ms

M (4)

133. n Receiving evidence-based beta-blocker
n Resting QTc >500 ms

M (6)

Catecholaminergic Polymorphic VT With Nonsustained VT (Without Syncope)

134. n Not receiving beta-blockers, flecainide, or
propafenone

R (3)

135. n Receiving medical therapy (beta-blockers, fle-
cainide, or propafenone)

M (5)

136. n Not tolerating medical therapy or breakthrough
nonsustained ventricular arrhythmias on medical
therapy (beta-blockers, flecainide, or
propafenone)

A (8)

Spontaneous, Incidentally Discovered Brugada by ECG (Type I ECG Pattern) In
the Absence of Symptoms or Family History of Sudden Cardiac Death

137. n No EPS R (3)

138. n Inducible VT or VF at EPS A (7)

139. n No inducible VT or VF at EPS R (3)

*Risk factors include QTc >500 ms, genotypes Long QT2 or Long QT3, <40 years of
age, onset of symptoms <10 years of age, prior cardiac arrest, or recurrent syncope.

A ¼ Appropriate; ECG ¼ electrocardiogram; EPS ¼ electrophysiology study; M ¼ May
Be Appropriate; R ¼ Rarely Appropriate; VF ¼ ventricular fibrillation; VT ¼ ventricular
tachycardia.
following revascularization, and available data suggest
that NSVT in this early period may represent a less spe-
cific risk factor for future events, decisions related to
timing of EP testing should be individualized.

Pre-Existing CM or Permanent PM Needed
When a pre-existing chronic ($3 months) CM with

LVEF #35% has been present for $3 months, regardless of
the cause, ICD implantation was rated Appropriate even
within 40 days after acute MI (Table 2.1.3, Figure 10).
The rationale for this scenario is that the CM was a pre-
existing condition not attributable to acute MI and,
therefore, LVEF would not be likely to recover. When
recent (#3 months) revascularization has been per-
formed, the rating panel determined that an ICD im-
plantation was Appropriate when there was a known
pre-existing CM with LVEF #35% on GDMT for $3
months prior to percutaneous coronary intervention/
CABG (Table 2.1.5, Figure 10). In addition, when the
LVEF is severely reduced (#35%) and the patient re-
quires permanent PM implantation early (#40 days)
following MI or <3 months following revascularization,
ICD therapy was rated Appropriate (Tables 2.1.4 to 2.1.5,
Figure 10). Although these scenarios are not specifically
addressed in clinical trials, this is a logical decision
from the standpoint of cost and patient safety. If little
or no improvement in LV function is expected following
revascularization, the need for a second procedure in 3
months would expose the patient to unnecessary risk.
When a patient requires pacing early (#40 days) post-
MI, implantation is also justified to avoid the expense
and risk of implanting a PM followed by replacement
with an ICD after the 40-day interval. In the REPLACE
Registry, a high complication rate of 15.3% was
observed in patients undergoing planned transvenous
lead addition for replacement or device upgrade.57

Implanting the ICD earlier would avoid the additional
risks associated with early reoperation.

Duration of GDMT
Once a patient with a nonischemic CM is on GDMT

for $3 months, ICD implantation was rated Appropriate
for LVEF #35%, narrow QRS, and NYHA functional class I-
III symptoms if <85 years of age and was rated May Be
Appropriate if $85 years of age (Table 2.2.1, Figure 11). It is
generally recommended that patients receive a period of
GDMT following a new diagnosis of nonischemic CM with
the hope that LV function will improve. ICD implantation
within 3 months of a newly diagnosed CM (LVEF #35%)
was considered Rarely Appropriate in most instances
(Table 2.2.1, Figure 11). Similarly, in the setting of an
ischemic CM without recent MI, ICD implantation was
deemed Appropriate only after the patient had received
GDMT for $3 months, unless NSVT had been present
and EP study revealed inducible sustained VT/VF
(Table 2.1.6).



FIGURE 11 Summary of Table 2.2.1, Primary Prevention: Nonischemic Cardiomyopathy and Treatment Duration

A ¼ Appropriate; CM ¼ cardiomyopathy; Dx ¼ diagnosed; GDMT ¼ guideline-directed medical therapy; LGE ¼ late gadolinium enhancement; LVEF ¼ left ventricular

ejection fraction; M ¼ May Be Appropriate; MRI ¼ magnetic resonance imaging; NYHA ¼ New York Heart Association; R ¼ Rarely Appropriate.

FIGURE 12 Summary of Table 2.2.2, Primary Prevention: Nonischemic Cardiomyopathy and Need for Pacing After Valve Intervention

A ¼ Appropriate; CM ¼ cardiomyopathy; LV ¼ left ventricle; LVEF ¼ left ventricular ejection fraction; TAVR ¼ transcatheter aortic valve repair.
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FIGURE 13 Summary of Table 2.2.3, Nonischemic CM, Specific Etiologies

A ¼ Appropriate; CM ¼ cardiomyopathy; GDMT ¼ guideline-directed medical therapy; LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate;

MRI ¼ magnetic resonance imaging; R ¼ Rarely Appropriate.

J A C C V O L . - , N O . - , 2 0 2 5 Russo et al
- , 2 0 2 5 :- –- AUC for ICD, CRT, and Pacing

29
Another potential exception to the 3-month waiting
period is when pacing is needed after recent valve
surgery with an incidental bypass graft, and severe LV
function (LVEF #35%) is not likely to improve
(Table 2.2.2, Figure 12). Additional potential exceptions
to the 3-month rule may also apply to specific etiologies
for nonischemic CM as noted in Table 2.2.3 as significant
improvement in LV function or arrhythmic substrate are
not anticipated despite GDMT. For example, ICD
FIGURE 14 Summary of Table 2.3, Primary Prevention: Genetic Conditions W

*Risk factors include maximum LV wall thickness $30 mm, SCD in $1 first-degre

preceding 6 months, spontaneous NSVT, and an abnormal blood pressure respo

CM ¼ cardiomyopathy; EPS ¼ electrophysiology study; HCM ¼ hypertrophic card

Appropriate; NSVT ¼ nonsustained ventricular tachycardia; R ¼ Rarely Appropria

VF ¼ ventricular fibrillation; VT ¼ ventricular tachycardia.
implantation was considered Appropriate by the rating
panel for patients with sarcoid heart disease, myotonic
dystrophy, Chagas disease, and giant-cell myocarditis if
LVEF #35% on GDMT for <3 months as these syn-
dromes are associated with high risk for arrhythmias
(Table 2.2.3, Figure 13).

In addition, medical therapy may not have a signifi-
cant role in improving ventricular dysfunction or
reducing arrhythmic in genetic arrhythmogenic
ith Structural Heart Disease

e relative presumably caused by HCM, $1 episode of unexplained syncope within the

nse with exercise. A ¼ Appropriate; ACM ¼ arrhythmogenic cardiomyopathy;

iomyopathy; LV ¼ left ventricle; LVEF ¼ left ventricular ejection fraction; M ¼ May Be

te; RV ¼ right ventricular; SCD ¼ sudden cardiac death; VA ¼ ventricular arrhythmia;
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cardiomyopathies. For example, ICD implantation for
primary prevention is considered Appropriate in hy-
pertrophic CM with $1 risk factor, arrhythmogenic RV
CM without symptoms, and structural heart disease
with Lamin A/C mutation or other genetic arrhythmo-
genic CM even if LVEF >35% and <45%, and May Be
Appropriate for LV noncompaction with LVEF >35%
(Table 2.3, Figure 14). Other genetic conditions without
structural heart disease, such as asymptomatic congen-
ital long QT syndrome, catecholaminergic PMVT with
NSVT, or incidentally discovered Brugada (type 1 ECG
pattern), were rated at various levels of appropriateness
that may be modified by medical therapy or results
other testing (Table 2.4, Figure 14).

Section 3: Comorbidities

It should be noted that the scenarios in this section refer
to ICDs implanted for primary prevention.

Assumptions and Considerations

n Assume the “best” device choice for the particular pa-
tient will be selected, unless otherwise specified, ie,
single, dual, CRT, or transvenous vs totally subcu-
taneous.

A primary prevention ICD in patients who have HF with
reduced EF with comorbidities overall suggests a
decreased ICD mortality benefit with advancing age,63,74

diabetes,75,76 chronic kidney disease (CKD) (including
dialysis),77,78 comorbidities,62,79 advanced NYHA func-
tional class,80 lower 6-minute walk test (6MWT) dis-
tance,81 frailty,82 and increased all-cause annual
mortality.83-86 A unifying concept suggests there is less
ICD benefit as the competing risk of nonsudden death
increases.28,29,85,87-89

In the SCD-HeFT trial, patients with a Seattle Heart
Failure Model estimated mortality of >20%/y had no
benefit from an ICD.90 Similar findings were demon-
strated in the MADIT II trial, with decreased benefit as the
all-cause mortality increased as estimated by the MADIT
II Risk Model.84,91

A meta-analysis of 5 primary prevention ICD trials
demonstrated a decreased ICD benefit in patients with
Charlson Comorbidity Index $2 (HR: 0.59 vs 0.71).62 Sig-
nificant CKD and diabetes mellitus appear to diminish ICD
benefit. In the MADIT II trial, patients with a blood urea
nitrogen >50 mg/dL or creatinine $2.5 mg/dL were very
high risk and had no ICD benefit.84 An estimated
glomerular filtration rate of <60 mL/min/1.73 m2 was
associated with a marked reduction in ICD benefit in
prevention of sudden death (HR: 0.68 vs 0.22) and all-
cause mortality (HR: 0.80 vs 0.49).78 Patients receiving
dialysis have an increased risk of sudden death. The ICD2
(Implantable Cardioverter-Defibrillator in Dialysis
Patients) trial evaluated ICDs in patients (EF >35%)
receiving dialysis.92 The trial did not show a reduction in
either sudden death or all-cause mortality with ICDs.

Patients with diabetes have been reported to have an
increased risk of sudden death. Although patients with
diabetes had increased mortality, the rate of appropriate
ICD therapy was lower, suggesting that sudden death
associated with diabetes may not be due to tachyar-
rhythmias.75 In a meta-analysis, there was no benefit of
ICDs in patients with vs without diabetes mellitus (HR:
0.88 vs 0.56).93 It is quite likely that other comorbidities
that increase the competing risk of nonsudden death,
such as cirrhosis, dementia, cancer, and lung disease, may
also be associated with decreased benefit from a primary
prevention ICD.94,95

Advancing age is associated with a greater increase in
nonsudden death than sudden death, resulting in a
decrease in the proportion of death due to sudden
death.96 Primary prevention ICDs have been associated
with attenuated ICD benefit in a meta-analysis, although
patients aged >75 years still had benefit.74 In the DANISH
trial, patients with age >70 years with nonischemic CM
had no benefit from an ICD.63

Several risk models have been used to try to identify
patients who will derive greater benefit from an ICD. The
MADIT II model identified 5 variables, age >70 years,
NYHA functional class >II, blood urea nitrogen >26 mg/
dL, atrial fibrillation, and QRS >120 ms.84 The in-
vestigators found a U-shaped relationship with no benefit
with 0 variables or very high-risk patients with blood urea
nitrogen >50 mg/dL or creatinine >2.5 mg/dL; however,
in the 8-year follow up of the MADIT II trial, the maximum
benefit was in those with 0 risk variables and the inter-
action of risk variables with ICD benefit was not
significant.91

The Seattle Heart Failure Model was derived to predict
all-cause mortality in mainly patients with HF with
reduced EF. Lower-risk patients had a higher proportion
of sudden death, whereas higher-risk patients had a
higher proportion of HF death.97 This model was tested in
the SCD-HeFT trial.90 The benefit of the ICD in prevention
of sudden death and all-cause mortality was attenuated,
as the mortality estimate increased with no benefit with
an annual mortality of greater than approximately 20%.

An alternative approach of competing risk was used
with the Seattle Proportional Risk Model, which predicts
the proportion of sudden vs nonsudden death.88 Ten
variables were found to be independently associated with
an increased proportion of sudden death: younger age,
lower NYHA functional class, lower ejection fraction,
higher body mass index, male sex, systolic blood pressure
near 140 mm Hg, lack of diabetes mellitus, digoxin use,
and serum sodium and creatinine in the normal range.
The most powerful variables in the model were age,
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creatinine level, body mass index, diabetes mellitus, and
sex. Application of this model in observational and ran-
domized ICD trials demonstrated that patients with a
higher proportion of predicted sudden death derive a
greater ICD benefit in prevention of sudden death and all-
cause mortality.28,29,85,87

Other approaches have attempted to predict ICD shock/
therapy and/or all-cause mortality. These models do not
purport to estimate the ICD benefit but rather compare
ICD shock rates and all-cause mortality.94,95,98

Table 3.1 and Figure 15 describe scenarios including
specific conditions or comorbidities that may impact on
the decision to implant an ICD for primary prevention
indications.

Section 3 Results and Discussion

The benefits and risks of ICD therapy may be modified by
specific coexisting comorbidities, even when other pri-
mary prevention indications exist for ICD implantation.
Comorbidities may limit life expectancy or increase pro-
cedural risk. The potential risks and benefits should be
assessed on an individual basis, and options should be
discussed between the healthcare provider and the indi-
vidual patient using shared decision making. The writing
group created scenarios with specific comorbidities that
may modify decision making regarding primary preven-
tion ICD implantation when the ICD would otherwise
meet criteria for implantation.

Comorbidities that were felt to make ICD implantation
Rarely Appropriate include a life expectancy <1 year, age
>90 years with NYHA functional class I to III symptoms,
inability to understand or provide informed consent in
the absence of a healthcare proxy, significant psychiatric
illness that may be aggravated by device implantation or
that may preclude regular follow-up, ongoing intravenous
drug abuse, unresolved infection associated with risk for
hematogenous seeding with a planned transvenous
implantable cardioverter-defibrillator (TV-ICD), non-
adherence with medical therapy and follow-up, or certain
NYHA functional class IV patients, such as those who are
not candidates for advanced therapies (ie, cardiac trans-
plantation, CRT, or ventricular assist device) (Table 3.1,
Figure 15). There are many degrees and reasons for non-
adherence with medical therapy and follow-up, some of
which can be improved through better education and
enhanced access to care. Therefore, the individual patient
situation should clearly be considered prior to deter-
mining eligibility for ICD therapy.

Among the considered comorbidities, ICD implantation
was considered May Be Appropriate for patients with
noncardiac disease who have a life expectancy of 1 to 2
years or those who are 80 to 90 years of age. Although
SCD increases with age, elderly patients have been under-
represented in clinical trials, and comorbidities in the
elderly might attenuate the benefit of ICD therapy. There
is evidence that older patients with ICDs have lower sur-
vival rates than those of younger patients because death
related to comorbidities in elderly patients outweighs the
proportion of deaths related to ventricular arrhythmias.74

In addition, characteristics of patients receiving ICDs in
clinical practice may differ from those enrolled in ran-
domized clinical trials. For example, in primary preven-
tion ICD trials, the median or mean age was only 60 to 67
years.50,54,55,99 In contrast, real-world data show a sig-
nificant percentage of more elderly patients receiving ICD
therapy. In the Advancements in ICD Therapy Registry,
which included 4,566 patients who underwent their first
ICD implantation procedure, 12% were $80 years of age
(75% of whom received devices for primary prevention),
which was similar to the NCDR (N ¼ 74,476 patients) at
that time where 12.4% of patients receiving ICDs
were $80 years of age.100 As expected, the cause of death
was more likely noncardiac in older than in younger pa-
tients. In a subsequent report of NCDR data, 16.8% of
patients receiving ICDs were $80 years of age and 75% of
ICDs implanted in all patients were for primary
prevention.101

Prior studies have questioned the benefit of ICD im-
plantation in patients with CKD, especially in patients on
dialysis.92,102,103 ICD implantation for primary prevention
was considered May Be Appropriate for patients with CKD
on dialysis or CKD with creatinine clearance <30 mL/min
and not yet on dialysis (but candidates for dialysis). CKD
and associated comorbidities reduce long-term survival of
patients and limit the beneficial impact of ICD therapy.
Patients with CKD who are on dialysis are also at higher
risk of complications related to ICD implantation,
including increased risks related to bleeding and infec-
tion.104,105 Due to the increased risk for endovascular
infection in patients on chronic dialysis, the subcutane-
ous ICD is now often considered as an alternative to TV-
ICD systems.106

ICD implantation can serve as a bridge to trans-
plantation by preventing SCD in the outpatient setting.
For NYHA functional class IV patients who are on a
waiting list for heart transplant (outpatient status), ICD
implantation was considered Appropriate, whereas ICD
implantation for ambulatory NYHA functional class IV
outpatients with an LVAD was considered May Be
Appropriate (Table 3.1, Figure 15). In the setting of NYHA
functional class IV HF, if the patient is not deemed to be a
candidate for cardiac transplantation, CRT, or ventricular
assist device, ICD therapy was rated Rarely Appropriate
when refractory symptoms on oral medical therapy are



TABLE 3.1
Special Conditions/Comorbidities in Patients for Primary Prevention (Meeting Indications of ICD Implant Related to
HF Diagnosis With LVEF #30% on Guideline-Directed Medical Therapy >3 Months)

Indication Appropriate Use Score (1-9)

Life Expectancy

140. n Life expectancy <1 year from cardiac or noncardiac conditions R (1)

141. n Noncardiac disease with life expectancy 1-2 years M (4)

Elderly

NYHA Functional Class I II III

142. n 80-84 years of age M (5) M (6) M (6)

143. n 85-89 years of age M (4) M (5) M (5)

144. n $90 years of age R (3) M (4) R (3)

Cognitive Impairment Appropriate Use Score (1-9)

145. n Not able to understand or provide informed consent
n Healthcare proxy consents to ICD

M (4)

146. n Not able to understand or provide informed consent
n No healthcare proxy can be identified

R (2)

Advanced Psychiatric Impairment

147. n Significant psychiatric illnesses that may be aggravated
by device implantation or that may preclude regular follow-up

R (1)

Chronic Kidney Disease

NYHA Functional Class I II III

148. n Chronic kidney disease on dialysis
n No pacing or CRT indication
n Implant transvenous ICD

M (5) M (5) M (4)

149. n Chronic kidney disease with CrCl <30 mL/min not yet on
dialysis but candidate for dialysis

n No pacing or CRT indication
n Implant transvenous ICD

M (5) M (5) M (5)

Other Comorbidities or Special Patient Situations

Special Risks for Infection Appropriate Use Score

150. n IV substance use disorder (ongoing)
n Implant transvenous ICD

R (2)

151. n Unresolved infection associated with risk for hematogenous seeding
n Implant transvenous ICD

R (2)

Medical Adherence Appropriate Use Score

152. n Nonadherence with medical therapy and follow-up R (3)

Class IV HF Appropriate Use Score

153. n On waiting list for heart transplant (outpatient status) A (7)

154. n Not candidate for cardiac transplantation, CRT, or VAD
n Refractory symptoms on oral therapy

R (2)

155. n Ambulatory outpatient with an LVAD M (4)

156. n Not a candidate for transplant or VAD
n Does not meet CRT criteria
n Planned outpatient continuous intravenous inotropic therapy for palliation

R (2)

A ¼ Appropriate; CrCl ¼ creatinine clearance; CRT ¼ cardiac resynchronization therapy; HF ¼ heart failure; ICD ¼ implantable cardioverter-defibrillator; IV ¼ intravenous; LVAD ¼ left
ventricular assist device; LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate; NYHA ¼ New York Heart Association; R ¼ Rarely Appropriate; RV ¼ right ventricular;
VAD ¼ ventricular assist device.
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present or outpatient continuous inotropic therapy for
palliation is planned (Table 3.1, Figure 15). This is consis-
tent with an anticipated low survival rate for $1 year for
NYHA functional class IV patients with drug-refractory HF
who are not candidates for cardiac transplantation or
CRT.
The survival benefit and complications related to pri-
mary prevention ICD implantation are impacted by age,
HF class, candidacy for other interventions, and pre-
existing comorbidities such as chronic renal disease.
Therefore, potential adverse influence of comorbidities
should be openly discussed with potential ICD recipients



FIGURE 15 Summary of Table 3.1, Primary Prevention Comorbidities: Rarely Appropriate Indications

CRT ¼ cardiac resynchronization therapy; HF ¼ heart failure; ICD ¼ implantable cardioverter-defibrillator; IV ¼ intravenous; TV ¼ transvenous; VAD ¼ ventricular assist

device.
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prior to device implantation to enhance the informed
decision-making process.

Section 4: ICD Generator Replacement at Elective Replacement
Indicator

Assumptions and Considerations

n Assume shared decision making has taken place,
particularly if there have been no clinically relevant
ventricular arrhythmias since implant, now with a
prognosis for survival <1 year.

There are limited data about the management of pa-
tients presenting for elective generator replacement in
the setting of previously implanted ICD or CRT devices
that are nearing end of life. During a patient’s life span,
clinical situations evolve and previously present condi-
tions that merited ICD or CRT implantation may change.
The individual patient’s clinical status and concomitant
illnesses may evolve so that considerations may include
not only replacement of the pulse generator, but also
potentially changing the type of device (eg, from an ICD to
a PM). Furthermore, the clinical evidence for CIED
placement may evolve across time, with ongoing research
and availability of new trial data. Once patients have
received appropriate ICD therapy for ventricular ar-
rhythmias, they are subsequently considered “secondary
prevention” at the time of generator replacement in the
NCDR. There is currently a paucity of data related to
generator replacement in patients who received primary
prevention ICDs but have not experienced clinically
relevant arrhythmias since initial implantation, and
generator replacement is often still performed regardless
of LVEF at follow-up; however, the decision to perform a
generator replacement or consider “upgrade” of a device
is not without risk. As previously noted, there was a high
complication rate of 15.3% observed in the REPLACE
Registry in patients undergoing planned transvenous lead
addition for replacement or upgrade to a device capable of
additional therapies.57 Therefore, the indications seek to
assess appropriateness for a variety of clinical scenarios
related to either “replace the pre-existing CIED” or
“downgrade” ICDs or CRT-ICDs to PMs.

Scenarios that consider the original indication for the
device, life expectancy, interim ventricular arrhythmias,
or LVEF recovery are described in Tables 4.1 to 4.4.
Replacement of a CRT-ICD with a CRT PM when the LVEF
has improved since initial device implantation for pri-
mary prevention indications is a scenario commonly
encountered. Limited data suggest that arrhythmic risk is
reduced in patients with improved LVEF, although in the
MADIT-CRT (Multicenter Automatic Defibrillator Implan-
tation Trial–Cardiac Resynchronization Therapy) trial
substantial ventricular tachyarrhythmia risk remained
even in patients who had improved LV function or NYHA



TABLE 4.1 Primary Prevention ICD at Initial Implant

Indication
Appropriate

Use Score (1-9)

No Clinically Relevant Ventricular Arrhythmias on ICD Since Implant

157. n Patient received primary prevention
ICD when LVEF was #35%

n LVEF now unchanged

A (8)

158. n Patient received primary prevention
ICD when LVEF was #35%

n LVEF now 36%-49%

M (6)

159. n Patient received primary prevention
ICD when LVEF was #35%

n LVEF now $50% (normalized)

M (4)

No Clinically Relevant Ventricular Arrhythmias
on ICD Since Implant (Now Has
Prognosis <1 Year)

Replace
with ICD

Replace with
Pacemaker*

160. n Patient received primary prevention
ICD

n Pacemaker dependent

M (4) A (8)

161. n Patient received primary prevention
ICD

n No pacing indication

R (2) R (2)

Clinically Relevant Ventricular Arrhythmias on
ICD Since Implant

Appropriate
Use Score

162. n Patient received primary prevention
ICD when LVEF was #35%

n LVEF now unchanged

A (9)

163. n Patient received primary prevention
ICD when LVEF was #35%

n LVEF now 36%-49%

A (8)

164. n Patient received primary prevention
ICD when LVEF was #35%

n LVEF now $50% (normalized)

A (7)

165. n Patient received primary prevention
ICD

n Now has prognosis <1 year

M (5)

*“Replace device with 1 that has pacing therapy only.” This assumes that no additional
hardware is required to perform the replacement.

A ¼ Appropriate; ICD ¼ implantable cardioverter-defibrillator; LVEF ¼ left ventricular
ejection fraction; M ¼ May Be Appropriate; R ¼ Rarely Appropriate.

TABLE 4.3
Primary Prevention at Initial Implant:
Replacement of CRT-ICD for ERI

Indication

Appropriate Use Score (1-9)

Replace With
CRT-ICD

Replace With
CRT- Pacemaker

169. n Patient received a CRT-ICD
when LVEF was #35%

n LVEF now unchanged
(despite clinical
improvement)

A (9) R (3)

170. n Patient received a CRT-ICD
when LVEF was #35%

n LVEF now 36%-49%

A (8) M (6)

171. n Patient received a CRT-ICD
when LVEF was #35%

n LVEF now $50%
(normalized)

A (7) M (6)

A ¼ Appropriate; CRT ¼ cardiac resynchronization therapy; ERI ¼ elective replacement
indicator; ICD ¼ implantable cardioverter-defibrillator; LVEF ¼ left ventricular ejection
fraction; M ¼ May Be Appropriate; R ¼ Rarely Appropriate.

TABLE 4.4
Secondary Prevention at Initial Implant:
Replacement of CRT-ICD for ERI

Indication

Appropriate Use Score (1-9)

Replace With
CRT-ICD

Replace With
CRT- Pacemaker*

172. n Patient received a CRT-ICD
when LVEF was #35%

A (9)
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functional class beyond guideline recommendations for
primary prevention ICD implantation, leading authors to
conclude that defibrillator protection remained justifi-
able.107 Some degree of arrhythmic risk also remained in a
population of CRT super-responders.108
TABLE 4.2 Secondary Prevention ICD at Initial Implant

Indication
Appropriate

Use Score (1-9)

166. n Patient received secondary prevention ICD
n No ventricular arrhythmia since initial implant

A (8)

167. n Patient received secondary prevention ICD
n Had ventricular tachyarrhythmias in the monitor

zone lasting >30 seconds, but no treated ven-
tricular arrhythmias since initial implant

A (8)

168. n Patient received secondary prevention ICD
n Had ventricular arrhythmias receiving ICD ther-

apy since implant

A (9)

A ¼ Appropriate; ICD ¼ implantable cardioverter-defibrillator.
Section 4 Results and Discussion

Following initial CIED implantation, clinical situations
evolve and previously present conditions that merited
ICD or CRT implantation may change. In addition to
changes in HF status, pacing frequency, or clinical
arrhythmia events treated by the ICD, concomitant med-
ical illnesses may also evolve, so that considerations may
include replacement of the pulse generator and poten-
tially changing the type of device (eg, from an ICD to a
PM). For example, in a PM-dependent patient who de-
velops cancer with an anticipated life expectancy of <1
year, consideration may be given to changing the ICD to a
PM. In addition, the clinical evidence for CIED placement
n LVEF now unchanged
(despite clinical
improvement)

173. n Patient received a CRT-ICD
when LVEF was #35%

n LVEF now 36%-49%

A (9) R (3)

174. n Patient received a CRT-ICD
when LVEF was #35%

n LVEF now $50%
(normalized)

A (7) M (5)

NOTE: grey shaded box indicates “not rated.”
*“Replace device with 1 that has CRT pacing therapies only.” This assumes that no
additional hardware is required to perform the replacement. If additional hardware
would be required, then this option could still be chosen with the plan to replace with
an ICD but turn off tachycardia therapy functions.

A ¼ Appropriate; CRT ¼ cardiac resynchronization therapy; ERI ¼ elective replace-
ment indicator; ICD ¼ implantable cardioverter-defibrillator; LVEF ¼ left ventricular
ejection fraction; M ¼ May Be Appropriate; R ¼ Rarely Appropriate.
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may evolve across time with ongoing availability of new
trial data.

Once patients have received appropriate ICD therapy
for ventricular arrhythmias, they are subsequently
considered “secondary prevention” at the time of gener-
ator replacement in the NCDR, although it is recognized
that some of these arrhythmias may have spontaneously
terminated without hemodynamically significant symp-
toms if an ICD was not in place. There is currently a
paucity of data related to generator replacement in pa-
tients who received primary prevention ICDs but have not
experienced clinically relevant arrhythmias since initial
implantation, and generator replacement is often still
performed regardless of LVEF at follow-up. There is some
evidence to suggest that patients who have improvement
in LV function without appropriate therapy following
initial ICD implantation may still be at risk for subsequent
appropriate therapy following ICD generator replace-
ment109,110; however, the decision to perform a generator
replacement or consider “upgrade” of a device is not
without risk. Therefore, the scenarios in this document
seek to assess appropriateness for a variety of clinical
situations related to either “replace the pre-existing
CIED” or “downgrade” ICDs or CRT-ICDs to PMs. This is
an area where gaps in evidence still exist with the need
for additional trials to better understand who should
undergo generator replacement.

Scenarios that consider original indication for the de-
vice, life expectancy, or LVEF recovery are described in
Tables 4.1 to 4.4. In patients who had ICDs originally
implanted for primary prevention without clinically
relevant ventricular arrhythmias since implant, with
LVEF remaining #35%, replacement with an ICD was
considered Appropriate, whereas in patients with
improvement in EF (>35%), replacement was considered
May Be Appropriate (Table 4.1). For patients who experi-
ence clinically relevant ventricular arrhythmias after im-
plantation of a primary prevention ICD, replacement of
the ICD was considered Appropriate regardless of whether
LVEF improved at the time of replacement (Table 4.1).

Replacement of a CRT-ICD with a CRT PM when the
LVEF had improved since initial device implantation for
primary prevention indications was rated as May Be
Appropriate (Table 4.3). These ratings of May Be Appro-
priate are consistent with the gaps of knowledge in this
area, as there is a paucity of data examining sudden death
risk following some recovery of LV function.

Section 5: Dual-Chamber ICD (as Opposed to Single-Chamber
ICD) for Patients Who Meet Criteria for ICD Implantation (but
No CRT Indication)

Assumptions and Considerations

n In this section, symptoms refer to those potentially
related to bradycardia, such as lightheadedness,
presyncope, loss of consciousness, fatigue, or reduced
exercise tolerance.

n All listed scenarios are asymptomatic unless otherwise
specified.

n For scenarios where the QRS is wide, it is assumed that
the patient does not otherwise meet criteria for CRT
implantation.

n This section refers to dual-chamber ICDs (ie, atrial and
ventricular leads) but does not address any specific
position of the ventricular lead, because physiological
pacing options are discussed in a separate section.

n As this section refers to initial ICD implantation, it is
assumed that the latest technology device is available.
This includes single-chamber devices that have avail-
ability of algorithms to detect AF, even in the absence
of a separately implanted atrial lead (this may include
algorithms that detect AF via irregular R-R intervals
with only a single ICD lead positioned in the RV or a
totally subcutaneous ICD system, as well as an ICD
system that has a separate sensing bipole in the atrium
on the ICD lead, ie, VDD system).

Supraventricular tachyarrhythmias are the most com-
mon cause of inappropriate shock delivery for TV-ICD
systems. Inappropriate shocks can lead to pain, proar-
rhythmia, and a reduced QOL. The purpose of detection
enhancements is to help discriminate supraventricular
tachycardia (SVT) from VT, selectively rejecting SVT that
has a rate overlapping with programmed rates in the VT
zone to avoid inappropriate ICD therapy. As dual-chamber
ICDs can analyze the relationship between the atrial and
ventricular electrograms, it has been hypothesized that
dual-chamber ICDs may be superior to single-chamber
devices in distinguishing supraventricular from ventric-
ular arrhythmias, thus anticipating a reduction in inap-
propriate therapies. However, nonrandomized studies, a
registry, and a small early randomized study failed to
demonstrate benefit of dual-chamber devices vs single-
chamber devices in improving arrhythmia detection and
reducing inappropriate therapies.111-116 When examining
secondary prevention ICD studies that evaluate outcomes
of patients with dual- vs single-chamber ICDs, a meta-
analysis of 9 studies also showed a similar rate of inap-
propriate detection of SVT and inappropriate therapy.24

In contrast, a nationwide multicenter registry of primary
prevention ICD patients in Spain showed that dual-
chamber devices were associated with a lower risk of
inappropriate shocks compared with that of single-
chamber ICDs.117

With improvements in atrial sensing and the addition
of morphology-based algorithms for detection enhance-
ment in dual-chamber devices, subsequent prospective
investigation was performed. A larger randomized study
demonstrated that dual-chamber devices, programmed to



TABLE 5.1 No Conduction Abnormalities

Indication
Appropriate

Use Score (1-9)

Meets Criteria for ICD (Narrow QRS <120 ms)

175. n Sinus rhythm with normal PR interval
n Asymptomatic

M (4)

ICD ¼ implantable cardioverter-defibrillator; M ¼ May Be Appropriate.

TABLE 5.2 Conduction System Abnormalities

Indication
Appropriate

Use Score (1-9)

Conduction System Abnormalities
Patient With Sinus Node Dysfunction Who Meets Criteria for ICD

176. n Sinus node dysfunction (includes sinus pauses,
chronotropic incompetence, or marked sinus
bradycardia that results from drug therapy
required to treat other conditions)

n Symptomatic

A (9)

177. n Resting sinus bradycardia (resting heart
rate <50 beats/min)

n Asymptomatic

A (7)

Conduction System Abnormalities
Patient With AV Conduction Disease Who Meets Criteria for ICD (Narrow

QRS <120 ms)

178. n Third-degree AV block or advanced second-
degree AV block (Mobitz type II AV block or
high-degree AV block)

n Symptomatic
n CRT not indicated

A (9)

179. n Third-degree AV block or advanced second-
degree AV block (Mobitz type II AV block or
high-degree AV block)

n Asymptomatic
n CRT not indicated

A (8)

180. n Mobitz type I AV block
n Asymptomatic
n CRT not indicated

M (6)

181. n First-degree AV block (PR 200-300 ms)
n Asymptomatic

M (5)

182. n First-degree AV block (PR >300 ms)
n Asymptomatic

M (6)

Conduction System Abnormalities
Acute MI or Ischemic Event Who Meets
Criteria for ICD

Narrow
QRS (<120

ms)

Chronic Wide
QRS ($120

ms)

183. n Transient second-degree Mobitz
type II or third-degree AV block
thought to be secondary to
ischemia

n Status postsuccessful
revascularization

M (4) M (5)

184. n Transient second-degree Mobitz
type II or third-degree AV block
thought to be secondary to
ischemia

n Not amenable to revascularization

M (6) M (6)

Conduction System Abnormalities
Cardiac Valve Surgery Who Meets Criteria for ICD

185. n Transient AV block
n Narrow QRS (<120 ms)

M (5)

186. n New LBBB and first-degree AV block
n LVEF >50%

M (6)

A ¼ Appropriate; AV ¼ atrioventricular; bpm ¼ beats per minute; CRT ¼ cardiac
resynchronization therapy; ICD ¼ implantable cardioverter-defibrillator; LBBB ¼ left
bundle branch block; M ¼ May Be Appropriate; MI ¼ myocardial infarction; R ¼ Rarely
Appropriate.
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optimize detection enhancements and minimize ventric-
ular pacing, significantly reduced inappropriate ICD de-
tections (odds ratio: 0.53; 95% CI: 0.3-0.94; P ¼ 0.03).118

Although there was a reduction in inappropriate therapy
delivery (ATP or shock) in the dual-chamber group, the
odds of an inappropriate shock were not significantly
different between single- and dual-chamber groups.118

However, dual-chamber devices have been associated
with an increased rate of periprocedural complications,
including pneumothorax, hematoma, and lead dislodg-
ment.25,111 In a large cohort of patients (N ¼ 104,049) in
the NCDR ICD Registry, dual-chamber devices were
associated with an increased rate of in-hospital peri-
procedural complications (odds ratio: 1.40; 95% CI: 1.28-
1.52; P < 0.001) and in-hospital mortality (odds ratio: 1.45;
95% CI: 1.2-1.74; P < 0.001) compared with that of single-
chamber ICDs.25 Higher rates for pulse generator re-
placements during follow-up were also seen with dual-
chamber devices.111

Controversy persists as to whether potential benefits of
dual-chamber ICDs outweigh additional risks in patients
who do not require dual-chamber bradycardia pacing.
Although there is some evidence in favor of and more
evidence against implanting an atrial lead for tachycardia
discrimination to decrease the rate of inappropriate
therapy, implantation of an atrial lead for this indication
is not encouraged. Instead, particular attention to
evidence-based programming, such as that performed in
the MADIT-RIT (Multicenter Automatic Defibrillator Im-
plantation Trial–Reduce Inappropriate Therapy) trial and
recommended by the “2015 HRS/EHRA/APHRS/SOLAECE
Expert Consensus Statement on Optimal Implantable
Cardioverter-Defibrillator Programming and Testing,” is
recommended to reduce unnecessary ICD therapies.16

Tables 5.1 to 5.4 describe scenarios where dual-
chamber devices may be considered, modified by the
presence or absence of underlying conduction system
disease, atrial arrhythmias, or specific genetic syndromes.

Section 5 Results and Discussion

Clinical trials evaluating the mortality benefit of ICD
therapy for primary or secondary prevention have mostly
involved implantation of single-chamber devices. There
has been marked variation in single- vs dual-chamber ICD
usage in the United States, as demonstrated by reports
from the NCDR ICD Registry.119,120 While institutional
variation persists, use of dual-chamber devices in patients
without a clear clinical indication for an atrial lead has
decreased with time.120 The potential benefit of single- vs
dual-chamber PM implantation was previously addressed
in a consensus document initiated by HRS,22 but addi-
tional considerations may apply to ICD therapy. The de-
cision to implant a dual-chamber ICD, rather than a
single-chamber ICD, may include a variety of clinical



TABLE 5.3 Tachyarrhythmias

Indication
Appropriate

Use Score (1-9)

Atrial Arrhythmias or “SVT” and “No Standard Pacing Indications”*

187. n Paroxysmal atrial arrhythmias M (6)

188. n Underlying structural heart disease
(eg, ischemic or nonischemic CM)

n No known paroxysmal atrial arrhythmias or SVT

M (4)

189. n Structurally normal heart
n No known paroxysmal atrial arrhythmias or SVT

R (3)

190. n Long-standing persistent or permanent
atrial fibrillation or atrial flutter

n No plans for cardioversion or rhythm control

R (2)

Known Slow Ventricular Arrhythmias

191. n Physically active patient
n Known “slow VT” that overlaps with sinus

tachycardia rate

M (6)

*Use of dual-chamber device for theoretical benefit related to arrhythmia discrimination
(SVT vs VT detection enhancements).

CM ¼ cardiomyopathy; M ¼ May Be Appropriate; R ¼ Rarely Appropriate; SVT ¼
supraventricular tachycardia; VT ¼ ventricular tachycardia.
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considerations, such as the potential need for pacing due
to underlying conduction system disease, potential
impact of drugs on sinus or AV conduction, potential
suppression of ventricular arrhythmias with atrial pacing
in specific disorders, or relative value of device algo-
rithms in arrhythmia discrimination.

Scenarios evaluating the need for dual-chamber ICDs
are described in Tables 5.1 to 5.4. These scenarios are
modified based on concomitant conduction system dis-
ease or pacing indications, coexisting atrial arrhythmias
with plans for rhythm vs rate control, known slow ven-
tricular arrhythmias, or other disorders (congenital long
QT syndrome or hypertrophic CM). For scenarios where
the QRS was wide, the panel was instructed to assume
TABLE 5.4 Other Disorders

Indication
Appropriate

Use Score (1-9)

Genetic Disorders*

192. n Congenital Long QT syndrome
n ICD for secondary prevention

M (6)

193. n Congenital Long QT syndrome
n ICD for primary prevention

M (6)

194. n Hypertrophic cardiomyopathy
n Narrow QRS (<120 ms)
n No standard bradycardia pacing indications

M (5)

195. n Hypertrophic cardiomyopathy
n Wide QRS ($120 ms)
n No standard bradycardia pacing indications

M (6)

*Use of dual-chamber device for theoretical benefit related to arrhythmia discrimination
(SVT vs VT detection enhancements) and pacing to reduce the development of ven-
tricular arrhythmias.

ICD ¼ implantable cardioverter-defibrillator; M ¼ May Be Appropriate.
that the patient does not otherwise meet criteria for CRT
implantation.

Dual-chamber ICD implantation was considered May Be
Appropriate for congenital long QT syndrome and hy-
pertrophic CM (Table 5.4). Although atrial pacing could
potentially reduce risk for ventricular arrhythmias in
some patients with congenital long QT syndrome, this
highlights flexibility and importance of considering indi-
vidual patient situations, as the atrial lead may not be
necessary and single-chamber devices may be preferable
in some situations.

Implantation of a dual-chamber device was considered
Appropriate for patients with standard pacing indications,
including symptomatic sick sinus syndrome with chro-
notropic incompetence or marked sinus bradycardia that
results from drug therapy required to treat other condi-
tions and third-degree AV block or advanced second-
degree AV block (Mobitz type II AV block or high-degree
AV block) (Table 5.2). Implantation of a dual-chamber
device was also considered Appropriate in scenarios that
would not necessarily meet standard guidelines for PM
implantation (eg, in the setting of asymptomatic sinus
bradycardia) (Table 5.2); however, in contrast with the
2013 AUC document, history of paroxysmal atrial ar-
rhythmias or slow ventricular arrhythmias where “slow
VT” overlaps with the sinus tachycardia rate) (Table 5.3) is
now considered May Be Appropriate (previously consid-
ered Appropriate). This is consistent with evolving evi-
dence from more recent studies related to previously
perceived benefits related to arrhythmia discrimination or
detection of “silent” atrial arrhythmias with insertion of
an atrial lead. The only 2 clinical situations in which im-
plantation of a dual-chamber device was rated as Rarely
Appropriate were in the setting of long-standing persis-
tent or permanent AF or flutter in patients in whom car-
dioversion or rhythm control strategies are not planned
and in patients with structurally normal hearts without
known paroxysmal atrial arrhythmias or SVT (Table 5.3).
All other clinical scenarios were rated as May Be Appro-
priate (Tables 5.1 to 5.4). These scenarios highlight dif-
ferences between the thresholds for implanting a stand-
alone permanent PM compared with inserting an atrial
lead in a patient undergoing ICD implantation.

Section 6: Totally Subcutaneous ICD

Assumptions and Considerations

n It is assumed that all patients considered for subcu-
taneous implantable cardioverter-defibrillator (S-ICD)
implantation already meet standard indications for ICD
implantation.

n As currently available technology does not include
standard bradycardia backup pacing or CRT, it is
assumed that patients considered for S-ICD implanta-
tion do not have bradycardia or CRT pacing indications,
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unless a previously implanted PM is already present. If
a pre-existing PM is present, it is assumed that standard
testing will be performed at implantation to exclude
potential PM-ICD interactions.

n For secondary prevention indications, it is assumed
that frequent ATP is not needed for treatment of
frequent MMVT (as this is noted in the FDA labeling of
this device).

n All indications assume patients have met appropriate
screening for implantation with criteria met in $1 of 3
leads in 2 different postures (eg, supine and sitting or
standing). Additional screening may be appropriate for
some disease processes (eg, hypertrophic CM), such as
stress testing, to exclude T-wave oversensing.

The ICD lead has been considered the “weakest link” or
most fragile component of the ICD system, with an
increased rate of lead failure over time.121,122 Transvenous
leads are also associated with acute implantation risks,
such as pneumothorax, perforation, or lead dislodgment.
The S-ICD system was developed with the intent of
reducing acute and long-term complications related to
ICD systems. For example, younger patients are at
increased risk for long-term lead failure and may require
multiple lead replacements throughout their lifetime.
This subcutaneous system does not require electrodes
“in” or “on” the heart and can be placed strictly by
anatomical landmarks without a need for fluoroscopy.
The lead has no central lumen and is not subject to flexing
or motion with each cardiac cycle, the latter of which can
lead to lead fatigue or stress, resulting in lead failure over
time.

The S-ICD system was approved by the FDA in 2012
after completion of the IDE (Investigational Device
Exemption) study in the United States.123 It is indicated
for use in patients who meet current ICD indications and
is intended to “provide defibrillation therapy for the
treatment of life-threatening ventricular tachyarrhyth-
mias in patients who do not have symptomatic brady-
cardia, incessant VT, or spontaneous, frequently
recurring VT that is reliably terminated with anti-
tachycardia pacing.” Although the IDE study excluded
patients with renal failure, data from the NCDR demon-
strate that 20% of patients who receive the S-ICD in the
United States are on dialysis.124 The 2017 AHA/ACC/HRS
Guideline for Management of Patients With Ventricular
Arrhythmias and the Prevention of Sudden Cardiac Death
recommends that “patients who meet criteria for an ICD
who have inadequate vascular access or are at high risk
for infection, and in whom pacing for bradycardia or VT
termination or as part of CRT is neither needed nor
anticipated, a subcutaneous implantable cardioverter-
defibrillator is recommended,” and this is a Class I
recommendation (Level of Evidence [LOE] B-non-
randomized [NR]).4 The choice for an S-ICD is reasonable,
as long as pacing (for bradycardia, VT termination, CRT) is
neither needed nor anticipated (Class IIa, LOE B-NR),
while recommendations clearly state that an S-ICD should
not be implanted and can cause harm if there is an indi-
cation for bradycardia pacing, CRT, or if antitachycardia
pacing for VT termination is required (Class III: Harm,
LOE B-NR).4

The S-ICD has been utilized in a broad range of cardiac
diseases and in patients with multiple comorbidities. In a
postmarket registry (EFFORTLESS [Evaluation oF Fac-
tORs ImpacTing CLinical Outcome and Cost EffectiveneSS
of the S-ICD]) examining 985 patients, 29% had ischemic
CM, 8% nonischemic dilated CM, 11% hypertrophic CM,
and 20% inherited channelopathies.125 In the IDE study,
70% of patients had LVEF #35% with a mean LVEF 36 �
16%.123 In the NCDR examining 3,717 implants in the
United States, 74% had HF (NYHA functional class II-IV),
20% had atrial arrhythmias, 40% had prior MI, and 20%
were on dialysis.124

Longer-term outcomes in patients receiving S-ICD
therapy have been examined. In the combined EFFORT-
LESS Registry and IDE S-ICD data, no electrode failures
and no S-ICD–related endocarditis or bacteremia were
noted in 882 patients with a follow-up of 651 � 345
days.126 Data from a real-world European registry
demonstrated a low lead fracture rate of 0.3% after a
median follow-up of 23 months.127 Until recently, no
randomized data were available comparing outcomes of
patients with S-ICDs with those with transvenous sys-
tems. A meta-analysis of 5 case-control studies showed
that lead complications were lower with the S-ICD than
with transvenous systems, while infection and system
failure were similar.128 Total inappropriate therapies were
similar between S-ICD and transvenous systems, while
the reason for inappropriate therapy was more likely due
to SVT with transvenous systems and more likely due to
T-wave oversensing with the S-ICD.128 The ATLAS (Avoid
Transvenous Leads in Appropriate Subjects) study inves-
tigated ICD performance related to the delivery of ICD
therapy by S-ICDs vs transvenous systems. The study
population included 544 patients who were followed for a
mean of 2.5 years. There was a 90% decrease in periop-
erative, lead-related complications without significantly
compromising the effectiveness of ICD shocks, although
there was more early postoperative pain and a trend for
more inappropriate shocks.129

The PRAETORIAN (Prospective, RAndomizEd compar-
ison of subcuTaneOus and tRansvenous ImplANtable
cardioverter-defibrillator therapy) trial was recently pub-
lished and provides a direct comparison between the
S-ICD and transvenous systems. This trial randomized



TABLE 6.1 Primary Prevention

Indication
Appropriate

Use Score (1-9)

Primary Prevention*

196. n Ischemic CM, LVEF #35% A (7)

197. n Nonischemic CM, LVEF #35% A (7)

198. n Hypertrophic CM A (7)

199. n Congenital heart disease A (7)

Primary Prevention, LVEF #35% With Comorbidities

200. n ESRD on dialysis A (7)

201. n CKD, not yet on dialysis A (7)

202. n Prior endovascular infection or prior lead
extraction for infection, infection resolved

A (7)

203. n Unresolved infection associated with risk for
hematogenous seeding

A (7)

204. n IV substance use disorder (ongoing) M (4)

205. n Patient factors that increase risk for infection,
eg, immunocompromised, cancer with antici-
pated longevity >1 year

A (7)

206. n Venous access issues/venous obstruction A (8)

*Patient otherwise meets indications for primary prevention ICD.

A ¼ Appropriate; CKD ¼ chronic kidney disease; CM ¼ cardiomyopathy; ESRD ¼ end-
stage renal disease; IV ¼ intravenous; LVEF ¼ left ventricular ejection fraction; M ¼May
Be Appropriate.

TABLE 6.2 .1
Secondary Prevention (Sustained Ventricular
Arrhythmia)

Indication
Appropriate

Use Score (1-9)

Secondary Prevention, VF/PMVT (Sustained)

207. n Ischemic CM, LVEF #35% A (7)

208. n Nonischemic CM, LVEF #35% A (7)

209. n Hypertrophic CM A (7)

210. n Congenital heart disease A (7)

Secondary Prevention, Sustained MMVT

211. n Single-episode MMVT M (5)

212. n Recurrent MMVT M (4)

A ¼ Appropriate; CM ¼ cardiomyopathy; LVEF ¼ left ventricular ejection fraction; M ¼
May Be Appropriate; MMVT ¼ monomorphic ventricular tachycardia; PMVT ¼ poly-
morphic ventricular tachycardia; VF ¼ ventricular fibrillation.
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849 patients without pacing indications to the S-ICD vs
TV-ICD with a primary composite endpoint of device-
related complications and inappropriate shocks. The
S-ICD was noninferior to TV-ICD with respect to device-
related complications and inappropriate shocks.130

The UNTOUCHED (UNdersTanding OUtComes With tHe
S-ICD in Primary Prevention Patients With Low Ejection
Fraction) study characterized performance of S-ICD in
primary prevention patients with LVEF #35%, and final
results were recently published.131,132 This was a single-
arm study of the S-ICD implanted for primary preven-
tion (ischemic or nonischemic CM, LVEF #35%) without
pacing indications. The primary outcome was inappro-
priate shock-free rate, demonstrating a freedom from
inappropriate shocks of 95.9% at 18 months, meeting the
performance goal derived from results in the MADIT-RIT
study.132 This study also demonstrated a high efficacy
and safety of the S-ICD, despite the relatively high inci-
dence of comorbidities in comparison with earlier S-ICD
trials, with an arrhythmia conversion success rate of
98.4% and complication-free rate of 92.7% at 18
months.132

The S-ICD accounts for only a small percentage of ICDs
implanted in the United States, representing 3.8% of all
ICDs implanted according to the NCDR data from the
fourth quarter of 2020 (data available June 30, 2021).101

The S-ICD appears to be favored in those with prior
transvenous infection, at high risk for infection, and with
poor vascular access, as well as in younger patients.
Reasons for the slow uptake of this device may be
multifactorial, but the lack of availability of bradycardia
or antitachycardia pacing in currently approved devices
likely plays a role. Technology including a leadless PM
combined with the S-ICD is currently being investigated
with initial results of the MODULAR ATP (Effectiveness of
the EMPOWER� Modular Pacing System and EMBLEM�
Subcutaneous ICD to Communicate Antitachycardia Pac-
ing) study recently published.133

Tables 6.1 to 6.3 describe scenarios where the S-ICD
may be considered for primary or secondary prevention
indications.

Section 6 Results and Discussion

While original studies evaluating the S-ICD for primary
and secondary prevention indications excluded patients
with renal failure, real-world clinical experience demon-
strates that the S-ICD was frequently implanted in patient
in patients on dialysis or other niche indications, such as
those at high risk for endovascular infection. In the NCDR
ICD Registry, 20% of patients with an S-ICD were on
dialysis, 16% had a prior PM or ICD implanted, and 8%
were implanted with an indication listed as channelop-
athy.109 Although mean EF was 36% and 70% of patients
had EF #35% in the original IDE trial and 58% of primary
prevention patients had EF #35% in the EFFORTLESS
Registry,125 there appeared to be slow uptake in use of the
S-ICD for standard primary prevention indications in the
United States. More recent investigation focusing on
standard primary prevention indications in the UN-
TOUCHED trial, where 100% of patients had EF #35%,
demonstrated the high efficacy and safety of the S-ICD
despite the relatively high incidence of comorbidities in
comparison with that of earlier S-ICD trials.132

The S-ICD was considered Appropriate for multiple
primary prevention scenarios, with or without multiple
comorbidities (Table 6.1). The S-ICD was also considered



TABLE 6.2 .2
Secondary Prevention (Syncope Felt to Be
Due to Ventricular Arrhythmia)

Unexplained Syncope, No Structural Heart Disease (Inherited
Arrhythmia Syndromes — Genetic Channelopathy)

213. n Long QT syndrome M (6)

214. n Brugada ECG A (7)

215. n Catecholaminergic PMVT A (7)

Unexplained Syncope, With Structural Heart Disease
(Inherited Arrhythmia Syndromes — Arrhythmogenic Cardiomyopathy)

216. n Sarcoidosis* M (5)

217. n RV cardiomyopathy A (7)

218. n Cardiac amyloid M (5)

*Without current pacing indication, as noted in assumptions.

A ¼ Appropriate; ECG ¼ electrocardiogram; M ¼ May Be Appropriate; PMVT ¼
polymorphic ventricular tachycardia; RV ¼ right ventricular.

Russo et al J A C C V O L . - , N O . - , 2 0 2 5

AUC for ICD, CRT, and Pacing - , 2 0 2 5 :- –-

40
Appropriate for secondary prevention in the setting of
sustained PMVT/VF and May Be Appropriate for sustained
MMVT (Table 6.2.1). The absence of antitachycardia pac-
ing capability limits the type of therapy for MMVT, likely
accounting for the appropriateness of the S-ICD in these
scenarios, although this could change if a combination of
leadless pacing is approved for use with the S-ICD. The S-
ICD was also considered Appropriate for syncope in the
setting of Brugada syndrome and catecholaminergic
PMVT, likely because arrhythmias associated with these
syndromes are not likely to be pace-terminable. On the
other hand, the S-ICD was considered May Be Appropriate
for patients with unexplained syncope and structural
heart disease with inherited arrhythmia syndromes
(sarcoidosis and amyloid) in patients who do not have a
pacing indication at the time of initial implantation
(Table 6.2.2). This level of appropriateness may be due to
concerns of pacing indications subsequently developing
in situations where infiltrative CM is present.
TABLE 6.3 Primary or Secondary Prevention

Indication
Appropriate

Use Score (1-9)

Primary or Secondary Prevention, Special Situation

219. n Athletic patient M (6)

Syncope

220. n Syncope with inducible sustained MMVT M (5)

Primary or Secondary Prevention, Concomitant Atrial Arrhythmias

221. n Paroxysmal atrial arrhythmias M (5)

222. n Persistent or permanent atrial arrhythmias A (7)

A ¼ Appropriate; M ¼ May Be Appropriate; MMVT ¼ monomorphic ventricular
tachycardia.
Section 7: HF: CRT—No Prior Implant

Assumptions and Considerations

n ECG criteria for LBBB, RBBB, and IVCD are accurately
determined.

n Non-LBBB is defined as RBBB or nonspecific intraven-
tricular conduction block (not transient or rate-related).

n QRS duration is accurately measured.
n LVEF is accurately measured.
n All assessments are made after $3 months of optimized

GDMT.
n If persistent AF is present, it should be assumed that

CRT pacing can be maximized with a high percentage of
pacing ($98%) to optimize CRT delivery.

The 2013 HF guidelines set standards for the use of
CRT in HF,13 and the 2017 update did not change the
basic recommendations.12 Importantly, patients with
LBBB, wider QRS durations, and female sex derive the
greatest benefit from CRT. Benefit for patients with
RBBB and IVCDs is less certain and may be detri-
mental.134 Newer therapies, including HBP and left
bundle branch area pacing (LBBAP), may address the
needs of these patients. The strongest recommenda-
tions (Class I) for CRT are for patients who have
LVEF #35%, sinus rhythm, LBBB with a QRS $150 ms,
and NYHA functional class II, III, or ambulatory IV
symptoms on GDMT. Less strong recommendations
(Class IIa) are for patients who have the following: 1)
LVEF #35%, sinus rhythm, a non-LBBB pattern with
QRS $150 ms, and NYHA functional class III/ambulatory
class IV symptoms on GDMT; 2) LVEF #35%, sinus
rhythm, LBBB with a QRS 120 to 149 ms, and NYHA
functional class II, III, or ambulatory IV symptoms on
GDMT; 3) AF and LVEF #35% on GDMT if a) the patient
requires ventricular pacing or otherwise meets CRT
criteria, and b) AV nodal ablation or rate control allows
near 100% ventricular pacing with CRT; and 4) are on
GDMT, have LVEF #35%, and are undergoing new or
replacement device implantation with anticipated ven-
tricular pacing (>40%).135 Further, even less strong
recommendations (Class IIb) are for patients who have
the following: 1) LVEF #35%, sinus rhythm, a non-LBBB
pattern with a QRS duration of 120 to 149 ms, and
NYHA functional class III/ambulatory class IV symptoms
on GDMT; 2) LVEF #35%, sinus rhythm, a non-LBBB
pattern with QRS $150 ms, and NYHA functional class
II symptoms on GDMT; and 3) LVEF #30%, ischemic
etiology of HF, sinus rhythm, LBBB with QRS $150 ms,
and NYHA functional class I symptoms on GDMT. CRT
is not recommended (Class III, no benefit) for the
following patients: 1) those with NYHA functional class
I or II symptoms and non-LBBB pattern with QRS <150
ms; and 2) those whose comorbidities and/or frailty
limit survival to <1 year.135



TABLE 7.1 Ischemic Cardiomyopathy

Indication Appropriate Use Score (1-9)

LVEF #30%, Ischemic Cardiomyopathy

NYHA Functional Class I II III-amb IV

223. n QRS <120 ms
n Sinus rhythm

R (1) R (1) R (1)

224. n QRS 120-149 ms
n LBBB
n Sinus rhythm

M (5) A (7) A (7)

225. n QRS $150 ms
n LBBB
n Sinus rhythm

A (7) A (9) A (9)

226. n QRS 120-149 ms
n Non-LBBB
n Sinus rhythm

R (3) R (3) M (6)

227. n QRS $150 ms
n Non-LBBB
n Sinus rhythm

M (4) M (6) A (7)

LVEF 31%-35%, Ischemic Cardiomyopathy

NYHA Functional Class I II III-amb IV

228. n QRS <120 ms
n Sinus rhythm

R (1) R (1) R (1)

229. n QRS 120-149 ms
n LBBB
n Sinus rhythm

M (4) A (7) A (7)

230. n QRS $150 ms
n LBBB
n Sinus rhythm

A (7) A (9) A (9)

231. n QRS 120-149 ms
n Non-LBBB
n Sinus rhythm

R (3) R (3) M (6)

232. n QRS $150 ms
n Non-LBBB
n Sinus rhythm

M (4) M (6) A (7)

LVEF #35%, Ischemic Cardiomyopathy, Persistent or Permanent Atrial
Fibrillation

QRS Duration (ms) 120-149 ‡150

233. n LBBB
n Persistent or permanent atrial fibrillation

M (6) A (7)

234. n Non-LBBB
n Persistent or permanent atrial fibrillation

R (3) M (6)

A ¼ Appropriate; amb ¼ ambulatory; LBBB ¼ left bundle branch block; LVEF ¼ left
ventricular ejection fraction; M ¼ May Be Appropriate; NYHA ¼ New York Heart Asso-
ciation; R ¼ Rarely Appropriate.
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The 2018 bradycardia pacing guidelines add additional
applications of CRT to treat or prevent HF, all Class II.7

Line items include the following:

n In patients with AV block who have an indication for
permanent pacing with an LVEF between 36% and 50%
and are expected to require ventricular pacing >40% of
the time, it is reasonable to choose pacing methods that
maintain physiological ventricular activation (eg, CRT
or HBP) vs RV pacing.

n In patients with AV block who have an indication for
permanent pacing with an LVEF between 36% and 50%
and are expected to require ventricular pacing <40% of
the time, it is reasonable to choose right ventricular
pacing vs pacing methods that maintain physiological
ventricular activation (eg, CRT or HBP).

n In patients with HF, a mildly to moderately reduced
LVEF (36% to 50%), and LBBB (QRS $150 ms), CRT may
be considered.

Although risk stratification has focused on the LV
function as reflected by the LVEF, the RV may be
arrhythmogenic if scar is present, whether it be the result
of a primary myopathic process such as arrhythmogenic
CM or infarction. For patients who survive RV MI, the
long-term prognosis is primarily determined by the extent
of LV involvement, but the risk for ventricular arrhythmia
is present.136 Thus, these patients warrant careful
assessment of not only signs and symptoms of right heart
dysfunction but also arrhythmia such as palpitations and
syncope.

An area of research interest has been on the timing of
implanting a CRT device in patients with new LBBB. In
support of a 3-month waiting period before LVEF assess-
ment for the candidacy for CRT are the multiple ran-
domized clinical trials that mandated GDMT before
implantation.59,137 Furthermore, McNamara et al138 have
shown that 70% of individuals with recent-onset dilated
CM have an increase of $10 LVEF units at 6 months, and
39% of $20 units; the LVEF normalized in 25%.
Conversely, additional data suggest that early CRT might
more rapidly improve LV function than with GDMT.139,140

Cardiac magnetic resonance imaging has gained
prominence in risk stratification.69 The presence of scar
predicts appropriate ICD therapies and arrhythmic mor-
tality.141 Similarly, the response to CRT predicts
arrhythmia outcome, such that responders have
decreased arrhythmia risk compared with that of non-
responders.142 Thus, while cardiac magnetic resonance
imaging may become an ancillary tool to enhance risk
stratification for the application of CRT and ICD therapy, a
nonrandomized substudy of the DANISH (Danish Study to
Assess the Efficacy of ICDs in Patients with Non-Ischemic
Systolic Heart Failure on Mortality Implantable
Cardioverter-Defibrillator) study showed that while LGE
predicted all-cause mortality in patients with non-
ischemic systolic HF, ICDs did not extend survival in
those individuals.

Tables 7.1 to 7.7 and Figures 16 to 21 describe multiple
scenarios where CRT may be considered, modified by
various factors, including type of heart disease, NYHA
functional class, LVEF, QRS duration, QRS morphology,
concomitant atrial arrhythmias, duration of HF therapy,
and timing after revascularization.

Section 7 Results and Discussion

CRT has emerged as a pillar in the armamentarium of
treatment options for HF in patients with depressed LV
function and QRS prolongation. It leads to reverse
remodeling and a decrease in LV dimensions, a decrease



TABLE 7.2 Nonischemic Cardiomyopathy

Indication Appropriate Use Score (1-9)

LVEF #35%, Nonischemic Cardiomyopathy

NYHA Functional Class I II III-amb IV

235. n QRS <120 ms
n Sinus rhythm

R (1) R (1) R (1)

236. n QRS 120-149 ms
n LBBB
n Sinus rhythm

M (4) A (7) A (7)

237. n QRS $150 ms
n LBBB
n Sinus rhythm

A (7) A (9) A (9)

238. n QRS 120-149 ms
n Non-LBBB
n Sinus rhythm

R (3) R (3) M (6)

239. n QRS $150 ms
n Non-LBBB
n Sinus rhythm

M (4) M (6) A (7)

LVEF #35%, Nonischemic Cardiomyopathy, Persistent or Permanent
Atrial Fibrillation

QRS Duration (ms) 120-149 $150

240. n LBBB
n Persistent or permanent atrial

fibrillation

M (6) A (8)

241. n Non-LBBB
n Persistent or permanent atrial

fibrillation

M (4) M (6)

LVEF 31%-35%,
Nonischemic
Cardiomyopathy

NYHA Functional
Class I II

III-amb
IV

242. n QRS <120 ms
n Sinus rhythm

R (1) R (1) R (1)

243. n QRS 120-149 ms
n LBBB
n Sinus rhythm

M (4) A (7) A (7)

244. n QRS $150 ms
n LBBB
n Sinus rhythm

A (7) A (9) A (9)

245. n QRS 120-149 ms
n Non-LBBB
n Sinus rhythm

R (3) R (3) M (6)

246. n QRS $150 ms
n Non-LBBB
n Sinus rhythm

M (4) M (6) A (7)

A ¼ Appropriate; amb ¼ ambulatory; LBBB ¼ left bundle branch block; LVEF ¼ left
ventricular ejection fraction; M ¼ May Be Appropriate; NYHA ¼ New York Heart Asso-
ciation; R ¼ Rarely Appropriate.

TABLE 7.3
LVEF >35% to 50% of Any Etiology (ICD
Indicated)

Indication

Appropriate Use Score (1-9)

Sinus Rhythm

Persistent or
Permanent Atrial

Fibrillation

NYHA Functional Class I-II III-amb IV I-II III-amb IV

247. n QRS <120 ms R (1) R (1) R (1) R (1)

248. n QRS 120-149 ms
n LBBB

R (3) M (4) R (3) M (4)

249. n QRS $150 ms
n LBBB

M (4) M (6) M (4) M (6)

250. n QRS 120-149 ms
n Non-LBBB

R (2) R (3) R (3) R (3)

251. n QRS $150 ms
n Non-LBBB

R (3) M (4) R (3) M (4)

amb ¼ ambulatory; ICD ¼ implantable cardioverter-defibrillator; LBBB ¼ left bundle
branch block; LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate;
NYHA ¼ New York Heart Association; R ¼ Rarely Appropriate.

TABLE 7.4 LVEF #35% of Any Etiology

Indication Appropriate Use Score (1-9)

NYHA Functional Class IV on Intravenous Inotropic Support

252. n QRS 120-149 ms
n LBBB
n Sinus rhythm

R (3)

253. n QRS $150 ms
n LBBB
n Sinus rhythm

M (6)

254. n QRS 120-149 ms
n Non-LBBB
n Sinus rhythm

R (3)

255. n QRS $150 ms
n Non-LBBB
n Sinus rhythm

R (3)

NYHA Functional Class IV on
Intravenous Inotropic Support

QRS Duration
120-149 ms

QRS
Duration
$150 ms

256. n LBBB
n Atrial fibrillation

R (3) M (4)

257. n Non-LBBB
n Atrial fibrillation

R (2) R (3)

LBBB ¼ left bundle branch block; LVEF ¼ left ventricular ejection fraction; M ¼ May Be
Appropriate; NYHA ¼ New York Heart Association; R ¼ Rarely Appropriate.
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in mitral insufficiency, improved cardiac performance
(both LV and RV function), a reduction in ventricular ar-
rhythmias, and ultimately improved clinical outcomes,
including lower NYHA functional class, decreased HF
hospitalization, and improved survival.2,143 Coupled with
pharmacological GDMT, including beta-blockers, angio-
tensin-converting enzyme inhibitors, angiotensin recep-
tor blockers, loop diuretics, and MRAs, the therapy is even
more powerful. Furthermore, CRT has the capability to
stabilize and forestall HF progression. Importantly, the
survival benefit derived from CRT coupled with an ICD is
sustained.144

The appropriateness of CRT in the previously scenarios
outlined are in keeping with guideline recommendations.
Regardless of etiology, ischemic or nonischemic, CRT for
patients with a narrow QRS is not recommended
(Table 7.1). With increasing QRS durations and when LBBB
is present, the level of appropriateness for CRT incre-
mentally increases (Tables 7.1 and 7.2). The recommen-
dations are also modulated by the NYHA functional class
level (less benefit when symptoms are less severe) and the
presence of AF (less benefit). For patients with an LVEF



FIGURE 16 Summary of Table 7.1, CRT: Ischemic Cardiomyopathy

A ¼ Appropriate; amb ¼ ambulatory; CRT ¼ cardiac resynchronization therapy; LBBB ¼ left bundle branch block; LVEF ¼ left ventricular ejection fraction; M ¼ May Be

Appropriate; NYHA ¼ New York Heart Association; R ¼ Rarely Appropriate.

FIGURE 17 Summary of Table 7.2, CRT: Nonischemic Cardiomyopathy

A ¼ Appropriate; amb ¼ ambulatory; LBBB ¼ left bundle branch block; LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate; NYHA ¼ New York Heart

Association; R ¼ Rarely Appropriate.
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TABLE 7.6
Refractory Class III/IV HF <3 Months Post-
revascularization (and Prior to 3 Months on
Guideline-Directed Medical Therapy)

No Other Indication for Ventricular Pacing, LVEF #35%

262. n QRS 120-149 ms
n LBBB

M (4)

263. n QRS $150 ms
n LBBB

M (6)

264. n QRS 120-149 ms
n Non-LBBB

R (3)

265. n QRS $150 ms
n Non-LBBB

M (4)

No Other Indication for Ventricular Pacing LVEF 36%-50%

266. n QRS 120-149 ms
n LBBB

R (3)

267. n QRS $150 ms
n LBBB

M (4)

268. n QRS 120-149 ms
n Non-LBBB

R (2)

269. n QRS $150 ms
n Non-LBBB

R (3)

HF ¼ heart failure; LBBB ¼ left bundle branch block; LVEF ¼ left ventricular ejection
fraction; M ¼ May Be Appropriate; R ¼ Rarely Appropriate.

TABLE 7.5
Pre-Existing or Anticipated RV Pacing With a
Clinical Indication for ICD or Pacemaker
Implantation

Indication
Appropriate

Use Score (1-9)

Intrinsic Narrow QRS, LVEF #35%

NYHA Functional Class I-II III-amb IV

258. n RV pacing anticipated #40% M (4) M (5)

259. n RV pacing anticipated >40% A (7) A (8)

Intrinsic Narrow QRS, LVEF >35%

NYHA Functional Class I-II III-amb IV

260. n RV pacing anticipated #40% R (2) M (4)

261. n RV pacing anticipated >40% M (5) M (6)

A ¼ Appropriate; amb ¼ ambulatory; ICD ¼ implantable cardioverter-defibrillator;
LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate; NYHA ¼ New York
Heart Association; R ¼ Rarely Appropriate; RV¼ right ventricular.

FIGU

AF ¼
LVEF
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>35% to 50% of any etiology, CRT is either Rarely
Appropriate (usually not advised given scores of R1) or
sometimes Appropriate (but with reservation given scores
of M4) (Table 7.3). Notably for patients with NYHA func-
tional class IV HF on inotropic support, CRT is deemed
May Be Appropriate only when there is LBBB and the QRS
is $150 ms (Table 7.4). Similarly, when HF is NYHA
functional class III or IV and refractory to pharmacological
therapy, CRT May Be Appropriate depending on the
RE 18 Summary of Table 7.3, CRT: LVEF >35% to 50% of Any Etiology (ICD Indi

atrial fibrillation; amb ¼ ambulatory; CRT ¼ cardiac resynchronization therapy; ICD ¼
¼ left ventricular ejection fraction; M ¼ May Be Appropriate; NYHA ¼ New York Hea
presence or absence of LBBB and/or a QRS duration $150
ms (Table 7.6). In short, no single parameter is the sole
determinant for choosing CRT or predicting response to it.
cated)

implantable cardioverter-defibrillator; LBBB ¼ left bundle branch block;

rt Association; R ¼ Rarely Appropriate; SR ¼ sinus rhythm.



TABLE 7.7 Heart Failure With RV dysfunction

Indication
Appropriate

Use Score (1-9)

Heart Failure

270. n Inferior MI
n LVEF >35%
n Severe RV dysfunction
n No indication for ventricular pacing
n QRS 120-149 ms
n Non-LBBB
n NYHA functional class III-amb IV

3 (R)

amb ¼ ambulatory; LBBB ¼ left bundle branch block; LVEF ¼ left ventricular ejection
fraction; MI ¼ myocardial infarction; NYHA ¼ New York Heart Association; R ¼ Rarely
Appropriate; RV ¼ right ventricular.
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The combination of NYHA functional class, QRS duration,
QRS morphology (LBBB vs non-LBBB), the degree of LV
dysfunction (LVEF), and the presence of sinus rhythm (vs
AF) all influence the strength of the recommendation for
or against CRT.

Consistent with accumulating data indicating the po-
tential detrimental effects of RV pacing,145 when there is
pre-existing or anticipated RV pacing with a clinical
indication for ICD or PM implantation, CRT is deemed
Appropriate as the percentage of anticipated RV pacing
increases (Table 7.5).

The concept of CRT is evolving to encompass tradi-
tional LV epicardial pacing using a lead deployed via a
coronary sinus (CS) branch to a LV vein, as well as HBP
and LBB area pacing, eg, conduction system pacing
(CSP).2 Further study is needed to determine what are the
FIGURE 19 Summary of Table 7.4, CRT: LVEF #35% of Any Etiology

AF ¼ atrial fibrillation; CRT ¼ cardiac resynchronization therapy; LBBB ¼ left bu

Appropriate; NYHA ¼ New York Heart Association; R ¼ Rarely Appropriate; SR
best measures of CRT/CSP response and how they
compare. Technologies to ease implantation are always
evolving, as are those for resynchronization.146

Section 8: Heart Failure: LVAD

Assumptions and Considerations

Because patients on LVAD support are less dependent of
LV filling for maintaining adequate cardiac output than
patients not on mechanical circulatory support, they
tolerate sustained VT and VF better than patients without
LVAD support; however, cardiac output is decreased
during sustained ventricular arrhythmias, and patients
are frequently symptomatic. The data on the need for ICD
in such patients are conflicting.

Whereas the majority of studies, mostly observational,
and meta-analyses showed no survival benefit in LVAD
patients with ICDs,147-150 some demonstrated a survival
advantage with ICDs.151,152 Therefore, patients who did
not have ICDs implanted prior to LVAD may be considered
for ICD implantation after LVAD, and patients with pre-
existing ICDs should have them turned on after the LVAD.

When an ICD is in place, routine care, including regular
interrogations and generator replacement is usually
maintained. When more extensive interventions such as
lead replacement/repositioning are needed, careful
consideration should be given to the risk/benefit ratio,
because LVAD patients are typically on chronic anti-
coagulation and may have higher complication rates after
invasive procedures than the general ICD population.
ndle branch block; LVEF ¼ left ventricular ejection fraction; M ¼ May Be

¼ sinus rhythm.



FIGURE 20 Summary of Table 7.5, CRT Pre-Existing or Anticipated RV Pacing With a Clinical Indication for ICD or Pacemaker Implantation

A ¼ Appropriate; amb ¼ ambulatory; CRT ¼ cardiac resynchronization therapy; ICD ¼ implantable cardioverter-defibrillator; LVEF ¼ left ventricular ejection fraction;

M ¼ May Be Appropriate; NYHA ¼ New York Heart Association; R ¼ Rarely Appropriate; RV ¼ right ventricular.

FIGURE 21 Summary of Table 7.6, Refractory Class III/IV HF <3 Months Postrevascularization

GDMT ¼ guideline-directed medical therapy; LBBB ¼ left bundle branch block; LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate; R ¼ Rarely

Appropriate.
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TABLE 8.1
Cardiomyopathy and LVAD With Pre-Existing
ICD

Indication
Appropriate

Use Score (1-9)

271. n Keeping ICD on while patient is on
LVAD support

M (6)

272. n Generator change in battery end of
life

n Primary prevention ICD and patient
has not received any appropriate ICD
therapies from prior ICD

M (4)

273. n Generator change in battery end of life
n Secondary prevention ICD or patient

has received appropriate ICD therapy
from prior ICD

M (6)

274. n Maximizing ATP therapies and pro-
longing detection time in patient on
LVAD support with appropriate ICD
shocks

A (7)

275. n Deactivation of tachyarrhythmia
therapies in a patient on LVAD sup-
port with inappropriate ICD shocks
for atrial tachycardia or atrial
fibrillation

M (6)

276. n Deactivation of tachyarrhythmia
therapies in a patient on LVAD sup-
port with appropriate shocks for VT/
VF on patient’s request

A (8)

277. n Deactivation of tachyarrhythmia
therapies in patients with biven-
tricular assist devices who are in
persistent VT/VF or who have
frequent sustained runs of VT despite
optimal anti-arrhythmic therapy

A (7)

A ¼ Appropriate; ATP ¼ antitachycardia pacing; ICD ¼ implantable cardioverter-
defibrillator; LVAD ¼ left ventricular assist device; M ¼ May Be Appropriate;
VF ¼ ventricular fibrillation; VT ¼ ventricular tachycardia.

TABLE 8.3
Cardiomyopathy and LVAD With Pre-Existing
CRT-D

Indication
Appropriate

Use Score (1-9)

282. n Keep the CRT settings unchanged in a
patient on LVAD support

M (5)

283. n Discontinue LV pacing in patient on
LVAD support due to futility and for
increasing battery life

M (6)

CRT ¼ cardiac resynchronization therapy; CRT-D ¼ cardiac resynchronization therapy
with defibrillator; LV ¼ left ventricular; LVAD ¼ left ventricular assist device; M ¼ May
Be Appropriate.
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Given relatively good tolerability of VT/VF post-LVAD,
many cardiologists program ICDs to minimize shocks and
maximize antitachycardia pacing. Specifically, recom-
mendations have been made to set the VF zone with high-
TABLE 8.2
Cardiomyopathy and LVAD Without
Pre-Existing ICD

Indication
Appropriate

Use Score (1-9)

278. n De novo transvenous ICD implant in a
patient on LVAD support for primary
prevention of sudden cardiac death

M (4)

279. n De novo subcutaneous ICD implant in a
patient on LVAD support for primary
prevention of sudden cardiac death

M (4)

280. n De novo transvenous ICD implant in a
patient on LVAD support with history of
cardiac arrest or history of sustained VT

M (6)

281. n De novo subcutaneous ICD implant in a
patient on LVAD support with history of
cardiac arrest or history of sustained VT

M (4)

ICD ¼ implantable cardioverter-defibrillator; LVAD ¼ left ventricular assist device;
M ¼ May Be Appropriate; VT ¼ ventricular tachycardia.
rate cutoff (240-250 beats/min) with the longest pro-
grammable detection time available on the device. For the
VT zone, multiple runs of ATP should be programmed
because they can prevent or significantly delay ICD shock
delivery.153,154

S-ICDs can also be considered in patients with LVADs
because of potentially less risk of infection,155 although
reported interference with LVADs may create difficulties
for ICD interrogation, and no ATP will be available with
currently approved technology.154

ICD inactivation may be considered at a patient’s
request if frequent shocks cannot be controlled by
reprogramming or antiarrhythmic therapies.153

Benefits of CRT in LVADs are even more controversial
than ICD therapy. Patients who respond favorably to CRT
usually do not require an LVAD, and those who are so
hemodynamically compromised that an LVAD is indicated
clearly are nonresponders. To date, there is no evidence
of any survival or symptomatic benefits of CRT in patients
on LVAD support.156-161 In 1 small randomized study, RV
pacing compared with biventricular (BiV) pacing was
associated with a significantly improved functional sta-
tus, QOL, and fewer ventricular tachyarrhythmias in
LVAD patients with prior CRT.160 Therefore, turning off
the LV lead may provide longer battery life without
compromise to morbidity or survival.158

Tables 8.1 to 8.4 and Figures 22 and 23 describe HF
scenarios in patients with LVADs with and without pre-
existing ICDs or CRT.
TABLE 8.4
Cardiomyopathy and LVAD Without
Pre-Existing CRT-D

Indication

Appropriate
Use Score (1-9)

QRS 120-
149 ms

QRS $150
ms

284. n Implantation of CRT-D or upgrading
existing ICD to CRT-D in patient on LVAD
support and non-LBBB morphology

R (2) R (3)

285. n Implantation of CRT-D or upgrading
existing ICD to CRT-D in patient on LVAD
support and LBBB morphology

R (2) R (3)

CRT-D ¼ cardiac resynchronization therapy with defibrillator; ICD ¼ implantable
cardioverter-defibrillator; LBBB ¼ left bundle branch block; LVAD ¼ left ventricular
assist device; R ¼ Rarely Appropriate.



FIGURE 22 Summary of Table 8.1, Cardiomyopathy and LVAD With Pre-Existing ICD

*Who are in persistent VT/VF or who have frequent sustained runs of VT despite optimal antiarrhythmic therapy A ¼ Appropriate; ATP ¼ antitachycardia pacing;

EOL ¼ end of life; ICD ¼ implantable cardioverter-defibrillator; LVAD ¼ left ventricular assist device; M ¼ May Be Appropriate.

FIGURE 23 Summary of Table 8.2, Cardiomyopathy and LVAD Without Pre-Existing ICD

ICD ¼ implantable cardioverter-defibrillator; LVAD ¼ left ventricular assist device; M ¼ May Be Appropriate; VT ¼ ventricular tachycardia.
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Section 8 Results and Discussion

In patients receiving LVAD support, ICD and CRT therapy
is not well defined by large clinical trials. This lack of data
is reflected by the large number of ICD indications that
were rated May Be Appropriate, which includes
continuing ICD therapy and generator change. Attempts
to minimize ICD shocks were rated Appropriate. De novo
ICD implant was considered May Be Appropriate for pri-
mary prevention or secondary prevention, likely due to
the tolerability to VT/VF in many patients on LVAD
support.

In patients supported by LVAD, keeping CRT therapy
on for putative LV remodeling benefit or turning it off to
increase battery life were both rated the same, May Be
Appropriate. Implanting a de novo CRT with defibrillator
(CRT-D) or upgrading an ICD to a CRT-D was rated Rarely
Appropriate whether LBBB or non-LBBB morphology was
present. A recent review of LVAD and CIED has been
published.162

Section 9: HF: ICD Implantation After Heart Transplantation
(Without Documented Sustained Ventricular Arrhythmias
Posttransplant)

Assumptions and Considerations

Heart Transplant
A significant proportion of heart transplant recipients

die suddenly, with SCD being responsible for 10% to 35%
of deaths in this population.163,164 The risk of SCD after
cardiac transplantation is currently about 1.30 per 100
person-years, which is 4-fold higher than in general
population.165 Moreover, this risk is increasing with time.
Independent predictors of increased risk of SCD are
older donor age, younger recipient age, non-White race,
post-transplant graft dysfunction (LVEF <40%), nonskin
cancer, infection, rejection, and posttransplant
vasculopathy.163,165

History of treated rejection during the first post-
transplant year was associated with a 1.76-fold
increased risk of SCD (HR: 1.76; 95% CI: 1.35-2.30)
whereas cardiac allograft vasculopathy (CAV) was asso-
ciated with 3.32-fold increased risk of SCD (HR: 3.32;
95% CI: 2.73-4.03).165 A combination of these 2 factors
further increases risk.

Not all SCD after heart transplant is arrhythmic in na-
ture, and not all arrhythmic SCD is preventable by
ICD therapy. Patients die suddenly even with normally
functioning ICDs due to electromechanical dissociation
after successful defibrillation.166 Moreover, in a retro-
spective analysis of modes of death in 26 transplant re-
cipients with terminal rhythm available for analysis,
asystole was the most common rhythm (34%), followed
by pulseless electrical activity (20%) and VF (10%).164
Other studies described bradyarrhythmias, asystole, and
electromechanical dissociation as leading abnormalities
of SCD.167,168

Nevertheless, when ICDs were implanted in patients
post–cardiac transplant with a history of rejection and
CAV, 25% of patients received appropriate ICD shocks for
VT or VF, resulting in a successful treatment of a poten-
tially impending SCD.167,168 In other series, when severe
allograft vasculopathy, unexplained syncope, history of
cardiac arrest, and severe LV dysfunction were consid-
ered an indication for ICD implantation, 22 shocks were
delivered to 28% of patients, of whom 80% received
appropriate shocks for either rapid VT or VF.168 Interest-
ingly, all patients with appropriate shocks had severe
CAV, and none had rejection. CAV may result in myocar-
dial ischemia, scarring, and create a substrate for
arrhythmia.167 This condition is also associated with a
prolonged QT interval.169

In 2009, a U.S. national survey of ICDs in transplant
recipients identified 44 patients who had received de-
fibrillators. The appropriate shock rate was 13.6% with an
inappropriate shock rate of 6.8%.170

Table 9.1 and Figure 24 describe HF situations where
ICD implantation after heart transplantation might be
considered in the absence of sustained ventricular
arrhythmias.

Section 9 Results and Discussion

While the necessity to consider ICD placement for a heart
transplantation recipient is infrequent in daily clinical
practice, the risk of SCD, including arrhythmic death, is
real in this population. In fact, this risk can surpass
similar risks in the general population by 20 times or
more. In a cohort of heart transplant recipients beyond
first year after the transplant, the annual incidence of SCD
was 12.5 per 1,000 person-years, compared with that of
0.54 per 1,000 person-years in the general population (P <

0.001), especially in the youngest recipients.171 Apart
from demographic factors, decreased LVEF was identified
as a risk factor for SCD, as reflected in our appropriateness
criteria (Table 9.1, Figure 24).

At the same time, the risks of ICD implantation are
higher in heart transplant recipients than in the general
population, primarily due to chronic lifelong immuno-
suppression, which increases the risk for infection. For
this reason, even with the history of rejection and CAV,
the ICD was deemed May Be Appropriate. This level of
appropriateness also considers a higher complexity of
implantation procedure, considering that many patients
had implantable devices before the transplant, and
sometimes retained fragments of the pacing wires, lead-
ing to access difficulties.



TABLE 9.1
ICD Implantation in Heart Transplant
Recipients, No Sustained Ventricular
Arrhythmias

Indication

Appropriate
Use Score (1-9)

LVEF 36%-50% LVEF #35%

286. n Heart transplant recipient
n History of multiple epi-

sodes of cellular or
antibody-mediated
rejection

M (5) A (7)

287. n Heart transplant recipient
n Evidence of cardiac allo-

graph vasculopathy

M (6)

288. n Heart transplant recipient
n LVEF #35% of any

etiology

M (6)

NOTE: gray shaded box indicates “not rated.”

A ¼ Appropriate; ICD ¼ implantable cardioverter-defibrillator; LVEF ¼ left ventricular
ejection fraction; M ¼ May Be Appropriate.
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Section 10: HF and CCM

It should be noted that despite FDA approval of this de-
vice, postapproval clinical experience still remains very
limited at most centers.

Assumptions and Considerations

n Optimal medical therapy (GDMT) for HF.
n Consider separate from ICD indication.
FIGURE 24 Summary of Table 9.1, ICD Implantation in Heart Transplant R

A ¼ Appropriate; ICD ¼ implantable cardioverter-defibrillator; LVEF ¼ left ven
n Assume it is feasible to implant additional hardware if
ICD is in place.

n Assume QRS duration <130 ms.

Although CRT has been shown to be an effective
treatment for patients with systolic HF, prolonged QRS
duration ($120 ms), and HF symptoms despite GDMT,
many patients with HF have a QRS duration <120 ms and
do not meet criteria for CRT. CCM has emerged as a
promising treatment for patients with chronic HF with
reduced EF who are not indicated for CRT. CCM is an
electrical therapy where nonexcitatory, high-voltage,
biphasic electrical pulses are delivered to the RV septum
during the absolute refractory period of myocardial
cells.55,172-175 Despite the high voltage, these pulses do not
initiate contraction, as they are delivered 30 to 40 ms
after local myocardial activation during the absolute re-
fractory period.172 Although the precise molecular mech-
anisms underlying the effects of CCM are not completely
understood, studies suggest that CCM may enhance the
strength of myocardial contraction through changes in
cardiomyocyte calcium flux or modification and expres-
sion of genes coding for proteins involved in calcium
regulation.175,176

Several randomized studies were performed evaluating
the efficacy and safety of CCM in patients with EF ranging
ecipients, No Sustained Ventricular Arrhythmias

tricular ejection fraction; M ¼ May Be Appropriate.



TABLE 10.1 Heart Failure and CCM

Indication
Appropriate

Use Score (1-9)

NYHA Functional Class II III–IV

CCM, Not Candidate for CRT (QRS <130 ms)

289. n LVEF <25% M (4) M (4)

290. n LVEF 25%-#35% M (4) M (5)

291. n LVEF 36%-#45% M (4) M (4)

CCM ¼ cardiac contractility modulation; CRT ¼ cardiac resynchronization therapy;
LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate; NYHA ¼ New York
Heart Association.

FIGURE 25 Summary of Table 10.1, Heart Failure and CCM

CCM ¼ cardiac contractility modulation; CRT ¼ cardiac resynchroni-

zation therapy; LVEF ¼ left ventricular ejection fraction; M ¼ May Be

Appropriate; NYHA ¼ New York Heart Association.

J A C C V O L . - , N O . - , 2 0 2 5 Russo et al
- , 2 0 2 5 :- –- AUC for ICD, CRT, and Pacing

51
from 25% to 45%.172,177-180 CCM has been studied in pa-
tients with symptomatic HF on GDMT with LVEF <45%
who are not eligible for CRT and has been shown to be
safe and effective, improving QOL, NYHA functional
classification, 6MWT distance, and peak VO2 (maximum
oxygen uptake).172,177,179,181 While studies have not been
powered for morbidity or mortality, in patients with
NYHA functional class III or IV symptoms, QRS
duration <130 ms, and LVEF >25% and <45%, 1 study
showed that the composite outcome of cardiovascular
death and HF hospitalizations was reduced from 10.8% to
2.9% (P ¼ 0.048).177 A meta-analysis of 861 subjects in a
pooled analysis showed that CCM significantly improved
peak VO2, 6MWT distance, and QOL measured by Min-
nesota Living With Heart Failure Questionnaire compared
with that of the control group.182

The FDA approved CCM (Impulse Dynamics Opti-
mizer� Smart System) with a Breakthrough Device
designation in 2019 to improve 6MWT distance and QOL
in patients with NYHA functional class III HF who remain
symptomatic despite GDMT, with LVEF ranging from 25%
to 45%, who are in sinus rhythm and not indicated for
CRT.183 Although the “2022 AHA/ACC/HFSA Guideline for
the Management of Heart Failure” acknowledges that
CCM has been associated with augmentation of LV con-
tractile performance, specific recommendations were not
yet included in this guideline.33 Similarly, the “2021 ESC
Guidelines for the Diagnosis and Treatment of Acute and
Chronic Heart Failure” acknowledge a small improvement
in exercise tolerance and QOL with CCM in patients with
NYHA functional class III to IV HF, with an LVEF >25%
to <45%, and QRS duration <130 ms, but no specific
guideline recommendations were listed.184 The full effect
of CCM on HF morbidity and mortality requires further
investigation.

Table 10.1 and Figure 25 describe HF situations where
CCM might be considered.

Section 10 Results and Discussion

While CCM studies were primarily performed in patients
with NYHA functional class III to IV HF who were not
indicated for CRT with LVEF ranging between 25% to
45%, and the FDA approved the device only for NYHA
functional class III HF patients, recommendations of May
Be Appropriate were given for NYHA functional classes II
and III to IV categories by the rating panel (Table 10.1,
Figure 25). In addition, there are currently no practice
guideline recommendations for CCM. The lack of differ-
entiation of AUC recommendations according to HF class
as well as the paucity of U.S. or European guideline rec-
ommendations likely reflect the strength of evidence
related to hard clinical outcomes, such as HF hospitali-
zation and mortality. Studies evaluating longer-term
clinical outcomes and impact of CCM on reverse remod-
eling in larger cohorts are needed.

Section 11: Leadless Pacing, Bradycardia Pacing

Assumptions and Considerations

n It is assumed there is currently no indication for ICD
therapy unless otherwise specified.

n For patients with LVEF #35% on GDMT for $3 months,
patients would also be a candidate for an ICD (unless
older or frail patient, etc). If an ICD is also needed, an S-
ICD could be considered with appropriate testing and
programming to avoid device-device interactions.

n If the patient is not an ICD candidate, then patients
have indications for a permanent PM.



TABLE 11 .1 Patient, Device Longevity, and Rhythm Considerations

Indication Appropriate Use Score (1-9)

Long-Standing Persistent or Permanent AF and Normal LVEF Anticipated Pacing $40% Anticipated Pacing <40%

292. n Leadless device longevity anticipated to be longer than patient survival M (6) A (7)

293. n Patient survival anticipated to be longer than leadless device longevity M (4) M (6)

Persistent or Permanent AF and LVEF 36%-50% Anticipated Pacing ‡40% Anticipated Pacing <40%

294. n Leadless device longevity anticipated to be longer than patient survival M (4) M (5)

295. n Patient survival anticipated to be longer than leadless device longevity M (4) M (4)

Anticipated Pacing ‡40%

Sinus Rhythm With Complete Heart Block and Normal LVEF

296. n Leadless device longevity anticipated to be longer than patient survival M (5)

297. n Patient survival anticipated to be longer than leadless device longevity M (5)

Sinus Rhythm With Complete Heart Block and LVEF 36%-50%

298. n Leadless device longevity anticipated to be longer than patient survival M (4)

299. n Patient survival anticipated to be longer than leadless device longevity R (3)

A ¼ Appropriate; AF ¼ atrial fibrillation; LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate; R ¼ Rarely Appropriate.

TABLE 11.2 Venous Access Issues

Indication

Appropriate Use Score (1-9)

Anticipated
Pacing $40%

Anticipated
Pacing <40%

No Upper Extremity Access and Symptomatic Bradycardia

300. n LVEF #35% (ICD indication,
S-ICD, or epicardial)

M (4) M (5)

301. n LVEF 36%-50% M (5) M (6)

302. n LVEF >50% A (7) A (7)

A ¼ Appropriate; ICD ¼ implantable cardioverter-defibrillator; LVEF ¼ left ventricular
ejection fraction; M ¼ May Be Appropriate; S-ICD ¼ subcutaneous implantable car-
dioverter-defibrillator.
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n VDD pacing capability is available for single-chamber
(RV) leadless devices and now modular AV dual-
chamber pacing devices are also available that can
pace in DDD mode.185

n Device longevity may require considerations of future
replacements or additional devices in younger patients.

Permanent pacing is indicated for symptomatic brady-
cardia that is not from reversible causes. Permanent
pacing improves QOL in patients with sinus node
dysfunction, AV block, and AF with slow AV conduction.
Permanent pacing also reduces mortality in patients with
asystole and AV block.6,186 Approximately 1 million
transvenous PMs are implanted worldwide every year.187

However, transvenous PMs are associated with a signifi-
cant (9%-12%) complication rate, including pocket he-
matomas, pocket infections, lead failure, endocarditis,
and pulse generator malfunction.188 Transvenous leads
are among the most vulnerable components of pacing
systems. Lead-related complications include lead frac-
ture, insulation failure (1%-4%), and lead dislodgement
(w1.6% incidence).189 In addition, transvenous leads may
also cause venous obstruction and tricuspid regurgitation
with their own negative ramifications.190 Transvenous
leads may require extraction due to device infection or
other indications. Extraction of transvenous leads carry
risks of vascular and cardiac laceration; while these risks
are infrequent (1% to 2%), they can lead to thoracotomy or
death. Finally, some patients cannot benefit from trans-
venous leads because of extensive venous occlusion, as
can occasionally be encountered in patients with end-
stage renal failure on dialysis.

Given the limitations and risks associated with trans-
venous pacing leads, the leadless PM was developed to
overcome many of these issues. Clinical trial data
demonstrated significantly fewer complications with
leadless pacing relative to transvenous single-chamber
PMs with similar efficacy (sensing and pacing thresh-
olds).191 Leadless pacing also appears to be associated
with lower rates of device infection192; however, leadless
PMs are not without risk, including risk of device
dislodgment and RV perforation/tamponade (<1%).193

There are drawbacks of currently available leadless
pacing devices. The original devices approved at the time
of the AUC panel ratings only provided ventricular pacing,
and therefore, risk for PM syndrome should be consid-
ered. Leadless pacing is an attractive option in patients
with AF and slow ventricular response who do not require
ICD or CRT therapy. Patients with intact sinus function
may be appropriate candidates for single-chamber ven-
tricular leadless pacing if they have infrequent re-
quirements for pacing, such as rare but significant sinus
pauses.194 One device is able to provide VDD pacing in
patients with intact sinus function and AV block via
accelerometer-based sensing of atrial activity.195 More
recently, modular devices (1 device placed in the atrium



TABLE 11.3 Prior CIED Infection

Indication

Appropriate Use Score (1-9)

Anticipated
Pacing $40%

Anticipated
Pacing <40%

Multiple CIED Infections and Symptomatic Bradycardia

303. n LVEF #35% (ICD indication,
S-ICD, or epicardial)

M (5) M (6)

304. n LVEF 36%-50% M (5) M (6)

305. n LVEF >50% M (6) A (7)

A ¼ Appropriate; CIED ¼ cardiovascular implantable electronic device; ICD ¼ implant-
able cardioverter-defibrillator; LVEF ¼ left ventricular ejection fraction; M ¼ May Be
Appropriate; S-ICD ¼ subcutaneous implantable cardioverter-defibrillator.

TABLE 11 .5 Other Clinical Scenarios

Indication
Appropriate

Use Score (1-9)

309. n Indication for ventricular pacing and prior
tricuspid valve surgery (eg, repair or bio-
prosthetic valve)

M (6)

310. n Intermittent sinus node arrest M (5)

311. n Neurocardiogenic syncope with a profound
cardio-inhibitory response

M (6)

312. n Tachy-brady with symptomatic postconversion
pauses

M (4)

313. n Pacing as a bridge in infected patients under-
going extraction (ie, temporary use)

M (6)

M ¼ May Be Appropriate.

TABLE 11 .6
Subcutaneous ICD, Previously Implanted,
Need for Pacing (Leadless Pacing)
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and 1 device placed in the ventricle) can provide DDD
pacing. While leadless PMs have been hypothesized to
minimize tricuspid regurgitation, some data suggest that
tricuspid function may still be impacted by leadless pac-
ing.196 Finally, it is important to recognize that patients
who have difficulties with traditional transvenous pacing
have options other than leadless PMs, including epicar-
dial pacing and femoral transvenous systems.

Tables 11.1 to 11.6 and Figures 26 to 27 describe sce-
narios where leadless pacing may be considered, modified
by anticipated pacing frequency, concomitant atrial ar-
rhythmias, LVEF, venous access issues, prior CIED infec-
tion, or other clinical scenarios. With rapid advancements
in leadless device technology, the writing group ac-
knowledges that indications may change with time,
particularly with more recent availability of dual-chamber
leadless pacing and anticipated future availability of
conduction system pacing with leadless devices.

Section 11 Results and Discussion

As with many technologies, patient selection is one of the
most important steps to ensure optimal effectiveness and
safety of permanent pacing. Leadless pacing offers the
benefits of pacing without the risks associated with PM
pockets and transvenous leads; however, there are 2 pri-
mary limitations of current leadless PMs. First and fore-
most, at the present time, current leadless PMs only
provide RV pacing and thus carry risks of pacing-induced
TABLE 11.4
AV Junction Ablation in a Patient With Long-
Standing Persistent or Permanent AF

Indication
Appropriate

Use Score (1-9)

306. n LVEF #35% (ICD indication*) R (3)

307. n LVEF 36%-50% M (5)

308. n LVEF >50% A (7)

*If S-ICD is chosen, testing must be done to avoid and ensure the absence of device-
device interaction.

A ¼ Appropriate; AF ¼ atrial fibrillation; AV ¼ atrioventricular; ICD ¼ implantable
cardioverter-defibrillator; LVEF ¼ left ventricular ejection fraction; M ¼ May Be
Appropriate; R ¼ Rarely Appropriate.
CM. Due to the risk of RV pacing-induced CM, appropriate
use of these devices is optimal when there is no evidence
of LV dysfunction and the burden of pacing is expected to
be low; however, there are instances when the benefits of
leadless pacing could outweigh the increased risk for RV
pacing-induced CM. Some situations may include patients
who have limited vascular options for transvenous pacing
and those with prior device infection, since leadless PMs
are associated with a much lower infection risk.197

A second major limitation of leadless pacing devices is
the complicated nature of device replacement, particu-
larly in young patients who could require $3 devices in
long-term follow-up. There are several concerns with
leadless PM device replacement, including adequate
space to accommodate additional devices and the poten-
tial for mechanical device-device interactions. While
extraction of leadless PMs is feasible in some cases, it is
associated with risks, particularly in devices that are
significantly encapsulated by fibrosis. Thus, leadless
pacing is most optimal when patients will only require 1
device to meet their lifelong pacing needs. This is re-
flected in the AUC. For example, in persons with long-
Indication
Appropriate

Use Score (1-9)

Patient With AF, Symptomatic Bradycardia, and Anticipated
Pacing <40% With Pre-Existing Subcutaneous ICD

314. n LVEF #35%
n Persistent or permanent AF

M (5)

315. n LVEF 36%-50%
n Persistent or permanent AF

M (6)

316. n LVEF >50%
n Persistent or permanent AF

A (7)

317. n Patient with paroxysmal AF, brady-
cardia (infrequent pacing antici-
pated), and a subcutaneous ICD

A (7)

A ¼ Appropriate; AF ¼ atrial fibrillation; ICD ¼ implantable cardioverter-defibrillator;
LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate.



FIGURE 26 Summary of Table 11.1, Leadless Pacing, Bradycardia Pacing: Patient, Device Longevity, and Rhythm Considerations

*It is assumed that: 1) there is currently no indication for ICD therapy; and 2) considerations include the need for possible generator replacements. A ¼ Appropriate;

AF ¼ atrial fibrillation; ICD ¼ implantable cardioverter-defibrillator; LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate; R ¼ Rarely Appropriate.

FIGURE 27 Summary of Table 11.3, Leadless Pacing, Bradycardia Pacing: Prior CIED Infection

A ¼ Appropriate; CIED ¼ cardiovascular implantable electronic device; LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate.
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standing persistent or permanent AF, the anticipated
need for pacing is <40% and the patient longevity is
estimated to be shorter than the battery longevity, lead-
less pacing is Appropriate. In other situations (eg, sinus
rhythm with complete heart block) and when patient
longevity is greater than the anticipated device longevity,
leadless pacing May Be Appropriate with normal LV
function but is Rarely Appropriate with LV dysfunction.

There are occasions where traditional transvenous
pacing is not possible. In persons with no upper extremity
access and symptomatic bradycardia and an LVEF
of $50%, leadless pacing is Appropriate. In persons with
no upper extremity access and LVEF <50%, it May Be
Appropriate. In the case of AV node ablation for long-
standing persistent or permanent AF, leadless pacing is
Appropriate when the LVEF is $50%, May Be Appropriate
when there is moderate LV dysfunction, and is Rarely
Appropriate when LVEF is #35%. It is important to note
that in persons with LV dysfunction, placement of a
physiological pacing system may be a much better option.

A more controversial topic is the use of leadless PMs in
persons with S-ICDs. The use of these devices in the same
patient offers the promise of reduced risk of endovascular
infection with the capability of pacing. Despite these po-
tential advantages, there are risks of adverse device-
device interactions. Leadless PMs do not utilize unipolar
pacing and thus are not absolutely contraindicated in
persons with S-ICDs; however, potential interactions
include challenges with sensing, including increased risks
of T-wave oversensing with intermittent pacing due to
changes in the QRS complexes and R:T ratio. Thus, when
using leadless pacing and an S-ICD, careful attention must
be given to appropriate S-ICD sensing to avoid over-
sensing and undersensing of VF. Despite these concerns,
the rating panel indicated that use of leadless PMs in
those with LVEF of $50% and an anticipated pacing
burden <40% is Appropriate and May Be Appropriate in
those with worse LV function. Published case series have
demonstrated proof of concept in small numbers of pa-
tients.198 The combination of these devices may be
particularly helpful in persons with complex anatomy and
limited vascular options. Prospective trials of devices
from the same manufacturer with intercommunication
are testing the safety and efficacy of these devices and
their ability to provide modular antitachycardia pacing for
treatment of VT.199,200 Initial results of the MODULAR
ATP trial were recently published demonstrating effective
wireless communication between the leadless PM and S-
ICD exceeding prespecified performance goals for safety
and efficacy during implant and 6-month follow-up.200

Whereas persons with long-standing persistent or
permanent AF only require ventricular pacing, patients in
sinus rhythm benefit from AV synchrony, especially when
there is expected to be a high frequency of RV pacing, as
in the case of complete heart block. Some RV leadless PMs
can provide VDD pacing via mechanical sensing of atrial
activity. While these devices can provide high-rates of AV
synchrony, risk factors for poor mechanical sensing of
atrial activity include a high E/A ratio and prior CABG
surgery.201 In persons who require extremely high de-
grees of AV synchrony, transvenous pacing or dedicated
modular leadless PMs may be preferable.

Leadless technologies continue to rapidly evolve.
Although this advancement is good for patients and cli-
nicians, it can make the establishment of durable AUC
challenging. Modular leadless PMs capable of providing
DDD pacing were approved by the FDA and became
available after these AUC were developed and validated.
Thus, the criteria do not explicitly provide guidance on
their use. In general, use of modular leadless PM devices
should also be guided by the anticipated frequency of RV
pacing, baseline ventricular function, and longevity/de-
vice replacement considerations. Future iterations of
leadless PMs will likely expand pacing options. Random-
ized clinical trials will be critical to help define optimal
implant strategies and help inform patient selection.

Section 12: Conduction System Pacing (HBP or Left Bundle Area
Pacing)

Assumptions and Considerations

n For patients with LVEF #35% who are on optimal GDMT
for $3 months, patient would be a candidate for an ICD
(unless older or frail patient, etc).

n If the patient is not an ICD candidate, then patients
have indications for a permanent PM.

n It is assumed that a backup pacing RV lead is available,
if the operator feels it is necessary.

In patients with permanent PM indications who are
undergoing dual-chamber PM implantation, placement of
a lead intended to capture the AV conduction system (eg,
the His bundle or infra-Hisian conduction system, such as
the left bundle) may provide more physiological ventric-
ular activation than placement of a lead inserted into RV
myocardium alone. Observational studies suggest that
CSP may improve outcomes with regard to ventricular
function compared with that of RV pacing,202,203 although
HBP may occur at the possible expense of higher pacing
thresholds or lower sensing.120,173

CRT delivered via a CS LV branch or the epicardium has
been shown in multiple randomized, controlled studies to
improve outcomes in patients with HF and delayed LV
activation (wide QRS duration). Data are only recently
emerging on the following: 1) whether His bundle or CSP
provides equivalent or superior results as CRT pacing via
a CS LV branch or the epicardium120; 2) whether non-
responders to CRT should be changed to CSP, perhaps in
conjunction with CS/LV pacing; 3) whether CSP should be
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attempted first prior to CS/LV pacing in CRT candi-
dates120,173; 4) whether CSP should be attempted instead
of RV myocardial pacing in all patients receiving dual-
chamber pacing; 5) the role of LV endocardial pacing
(via a separate device implanted in the LV or leads
inserted through the septum from the RV that may pro-
vide physiological pacing by capturing the left sided His-
Purkinje system but may or may not require anti-
coagulation); and 6) the role of CSP for those with unfa-
vorable CS anatomy, failed or suboptimal CRT implants,
or CRT nonresponders.

The 2018 ACC/AHA/HRS Guideline on the Evaluation
and Management of Patients With Bradycardia Cardiac
Conduction Delay states that in patients with AV block
and indications for permanent pacing with LVEF 36% to
50%, it is reasonable to choose pacing techniques
providing more physiological ventricular activation (eg,
with CRT, HBP) vs RV pacing to prevent HF with a Class
IIa recommendation, LOE B-NR if expected ventricular
pacing is >20% to 40% and C-limited data (C-LD) if ex-
pected ventricular pacing is <20% to 40%.6 In patients
with AV block at the level of the AV node with permanent
pacing indications, HBP may be considered with a Class
IIb recommendation, LOE B-NR. The “2021 ESC Guidelines
on Cardiac Pacing and Cardiac Resynchronization Ther-
apy” also include Class II recommendations for HBP.8

A systematic review for these guidelines analyzed 8
studies that compared BiV (4 studies) or HBP (4 studies)
compared with RV pacing in patients with LVEF >35%.204

Both methods appeared to mitigate structural and func-
tional effects of RV pacing, particularly in patients with
AF and rapid rates who underwent AV node ablation and
in patients with LVEF 36% to 52%. LVEF was higher and
NYHA functional class lower in patients with HBP
compared with that of RV pacing (3 studies). In an
observational study of all patients requiring permanent
pacing, excluding CRT or prior CIEDs, at 2 sister hospitals
from October 2013 to December 2016, one hospital placed
RV pacing leads in 433 patients and the other hospital
attempted HBP leads in 332 patients (successful in 92% of
cases).205 The primary outcome of death, HF hospitaliza-
tion, or upgrade to BiV pacing was lower in the hospital
attempting HBP leads (HR: 0.71; P ¼ 0.02). Secondary
outcomes of HF hospitalization were lower in the HBP
hospital (HR: 0.633; P ¼ 0.02) with a trend toward lower
all-cause mortality (HR: 0.728; P ¼ 0.058). In another
study from 2011 of implants at these hospitals with long-
term follow-up, pacing thresholds at 5 years were 0.84
� 0.4 V with RV pacing compared with that of 1.62 � 1.0 V
with HBP, and sensed R waves 13.3 � 5.7 mV with RV leads
and 7.2 � 5.2 mV with HBP leads.206 In this study, LVEF
did not significantly change with HBP but was lower with
RV pacing (P ¼ 0.002), including with patients with ven-
tricular pacing >40%.
Small, randomized studies have been reported
addressing HBP vs BiV pacing for CRT. In a single-blind,
randomized crossover study of HBP vs BiV pacing in 29
CRT patients, HBP and LV leads were connected with the
LV port via a Y-adapter and patients randomized to HBP
or BiV pacing with crossover at 6 months.207 In total, 75%
achieved QRS narrowing at implant. Twelve patients
completed crossover analysis at 1 year. Both pacing modes
improved QOL, NYHA functional class, 6MWT, and LVEF.
A small randomized trial, His-SYNC (His Bundle Pacing
Versus Coronary Sinus Pacing for Cardiac Resynchroni-
zation Therapy), randomized 41 CRT-indicated patients to
HBP CRT vs CS BiV pacing CRT.120 Crossovers were
mandated for the HBP arm, if HBP failed to achieve 20%
QRS narrowing or QRS width #130 ms, or if there were
high pacing thresholds >5 V @ 1 ms. Crossovers were
permitted for CS BiV pacing if there was inability to place
an adequate LV lead. Placement in the anterior inter-
ventricular or middle cardiac vein was discouraged. Sig-
nificant reduction in QRS duration reached statistical
significance in the His-CRT arm (P ¼ 0.002) with a trend
seen in the BiV-CRT arm (P ¼ 0.11). Median change in
LVEF was 5.2% in the BiV-CRT arm and 9.1% in the His-
CRT arm (not significant).

The use of HBP as an alternative to failed CS/LV or
nonresponsive CRT patients has been studied in small
series to date. In a small study 16 patients in whom LV/CS
leads were not achievable underwent HBP that corrected
conduction disturbances in 13 (81%), although the lead
could not be fixed in 4; the remaining 9 patients had
successful resynchronization by HBP with improvements
in LV function and functional class.120 In another study of
106 patients, HBP was successful in 90% with improve-
ments in QRS narrowing, LVEF, and NYHA functional
class during a mean follow-up time of 14 months.208 Lead
complications occurred in 7 patients. Although limited in
sample size, both studies supported use of HBP as an
alternative to failed or nonresponsive CRT.

Results from LBB pacing using an HBP lead inserted
deeper into the interventricular septum has been re-
ported in nonrandomized studies.209,210 In an observa-
tional study of 74 patients with HF and typical LBBB
indicated for pacing, HBP leads were implanted if LBBB
correction threshold was acceptable (<3.5 V @ 0.5 ms or
3.0 V @ 1.0 ms). LBBB correction was acutely achieved in
97.3%, and 75.7% received a permanent HBP lead; the
remainder did not due to no LBB correction, high
thresholds, or fixation failure. During a median follow-up
of 37 months, among the 30 patients with permanent HBP
leads completing 3-year follow-up, significant improve-
ments in LVEF (32.4 � 8.9% to 55.9 � 10.7%; P < 0.001), LV
end-systolic volume (137.9 � 64.1mL to 52.4 � 32.6mL;
P < 0.001) and NYHA functional class (P < 0.001) were
observed with stable thresholds of about 2.29 � 0.92 V/0.5



TABLE 12.1 Conduction System Pacing (His Bundle Pacing or Left Bundle Branch Area Pacing)

Indication

Appropriate Use Score (1-9)

His Bundle Pacing or
Left Bundle Area Pacing

LVEF #35% LVEF 36%-50% LVEF >50%

Sinus Node Dysfunction; Anticipated Pacing Frequency: Less Than Substantial RVP*

318. n Sinus node dysfunction, intact AV conduction, and a normal QRS M (4) M (4) R (2)

319. n Sinus node dysfunction, LBBB M (6) M (6) M (4)

320. n Sinus node dysfunction, RBBB M (5) M (4) R (3)

321. n Sinus node dysfunction, IVCD ($120 ms) M (5) M (4) R (3)

Sinus Node Dysfunction; Anticipated Pacing Frequency: Substantial RVP*

322. n Sinus node dysfunction, first-degree AV block (>250 ms), normal QRS A (7) A (7) M (5)

AV Block; Anticipated Pacing Frequency: Substantial RVP*

323. n Second-degree AV block, Mobitz type I, narrow QRS A (7) M (6) M (5)

324. n Second-degree AV block, Mobitz type II, wide QRS A (7) A (7) M (6)

325. n Intermittent third-degree AV block A (7) M (6) M (5)

326. n Third-degree AV block, narrow junctional escape rhythm A (7) A (7) M (5)

327. n Third-degree AV block, wide complex ventricular escape rhythm A (7) A (7) M (6)

328. n Third-degree AV block, no escape rhythm A (7) A (7) M (6)

329. n Patient undergoing AV junction ablation A (7) A (7) M (6)

Failed CRT or Nonresponder; Anticipated Pacing Frequency: Substantial RVP*

330. n Failed CRT CS/LV lead implantation A (8) A (7)

331. n CRT nonresponders with LBBB A (8) A (7)

332. n CRT nonresponders with RBBB M (6) M (6)

333. n CRT nonresponders with IVCD M (6) M (6)

Specific Scenarios; Anticipated Pacing Frequency: Substantial RVP*

334. n Atrial fibrillation with slow ventricular response A (7) A (7) M (5)

335. n Sinus rhythm with long first-degree AV block (eg, PR >300 ms) A (7) M (6) M (5)

*Less than substantial RVP refers to anticipated or actual pacing <20%-40%, while substantial RVP refers to anticipated or actual pacing$20%-40%. Substantial RVP may occur due
to second- or third-degree AV block or first-degree AV block with very prolonged PR intervals.

A ¼ Appropriate; AV ¼ atrioventricular; CRT ¼ cardiac resynchronization therapy; IVCD ¼ intraventricular conduction delay; LBBB ¼ left bundle branch block; LV ¼ left ventricular;
LVEF ¼ left ventricular ejection fraction; M ¼ May Be Appropriate; R ¼ Rarely Appropriate; RBBB ¼ right bundle branch block; RVP ¼ right ventricular pacing.
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ms. In a prospective nonrandomized study of 100 patients
requiring pacing for bradycardia or HF indications, LBBAP
was successful in 93%; baseline and paced QRS duration
was 133 � 35 ms and 136 � 17 ms, respectively. Subsequent
larger registry studies of LBB area pacing, including a
registry with 703 patients, have reported lower mortality,
HF hospitalizations, or upgrade to BiV pacing compared
with that of RV pacing.211 A large randomized clinical trial
in CRT candidates has begun, comparing CSP with BiV
(NCT05650658).

Table 12.1 includes scenarios in which CSP with HBP or
LBBAP might be considered. The scenarios explore
whether more physiological pacing via the His bundle or
LB branch might be comparable or advantageous to RV or
BiV pacing. The implantation of CSP leads should be
considered in the context of outcomes and performance
data, the availability of ventricular pacing avoidance
algorithms that could minimize the need for ventricular
pacing and for CRT candidates the long-term experience
and availability of randomized outcomes data.

Section 12 Results and Discussion

The panel determined that CSP, encompassing HBP or
LBBAP, is Appropriate or May Be Appropriate for patients
undergoing PM implantation anticipated to require sub-
stantial (>20% to 40%) RV pacing. In these situations,
with patients expected to require substantial RV pacing,
CSP was deemed Appropriate in patients with
LVEF #35%. CSP is also Appropriate for patients expected
to require substantial RV pacing with LVEF 36% to 50%
and sinus node dysfunction, AV blocks, or for AF with
slow ventricular response or AV junction ablation, with
the exceptions that CSP May Be Appropriate in patients
with narrow QRS and Mobitz type I second-degree AV

https://clinicaltrials.gov/study/NCT05650658
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block, intermittent third-degree AV block, or sinus
rhythm with long first-degree AV block. In comparison,
cardiac physiological pacing guidelines6 gave Class IIa or
IIb and no Class I recommendations for CSP in these sit-
uations, particularly for patients with LVEF #35% and
LBBB, where CRT received Class Ia (A) and CSP Class IIa
(C-LD) recommendations, given the strong randomized
clinical trial evidence base for improved outcomes,
including mortality benefits, with CRT and only small or
ongoing randomized trials for CSP.

For scenarios where anticipated RV frequency is ex-
pected to be less than substantial (<20%-40%), the level of
appropriateness for CSP is lower than for situations in
which substantial pacing is expected. Here, CSP May Be
Appropriate for some patients with LVEF #50% and sinus
node dysfunction but Rarely Appropriate for LVEF >50%,
unless there is LBBB where CSP May Be Appropriate. In
contrast, the cardiac physiologic pacing guidelines
designated a Class IIb (C-LD) designation, where CSP may
be reasonable in patients with LVEF 36% to 50% or >50%.

CSP was also deemed Appropriate for patients
requiring CRT but who failed optimal CRT CS/LV lead
implantation or who have LBBB but failed to respond to
CRT. If effective CRT cannot be achieved, cardiac physi-
ologic pacing guidelines designated for CSP a Class IIa
recommendation for patients with LBBB, LVEF #35% and
2b (C-LD) recommendation for non-LBBB and QRS $150
ms. CSP was less certain for CRT nonresponders with
RBBB or IVCD, where CSP May Be Appropriate. Here for
non-LBBB, QRS duration 120-149 ms, LVEF #35%,
and NYHA functional class III or IV HF, cardiac physio-
logic pacing guidelines gave CSP a Class IIb (C-LD)
recommendation.

There continues to be rapid advancements in CSP. The
writing group recognizes that these indications may
change with time and continued improvements in tech-
nology as well as availability of results from large ran-
domized clinical trials evaluating CSP in various cohorts.

7. DISCUSSION

Appropriate use documents are intended to inform clini-
cians, payers, and health policymakers about the reason-
able use of technologies and procedures to improve patient
symptoms and outcomes, often providing additional
guidance in areas where there may be gaps in knowl-
edge or lower levels of evidence. This AUC document
summarizes the assessed levels of appropriateness for a
variety of clinical scenarios involving the implantation
of CIEDs, including the following: 1) ICDs implantation
for secondary prevention indications; 2) ICD
implantation for primary prevention indications; 3) pri-
mary prevention ICD implantation in the setting of
specific comorbidities; 4) elective ICD generator
replacement; 5) choice of dual-chamber ICD implanta-
tion (as opposed to single-chamber devices); 6) total
S-ICD implantation; 7) CRT implantation; 8) ICDs in the
setting of LVADs; 9) ICD implantation after heart
transplantation; 10) CCM; 11) leadless pacing and
bradycardia pacing; and 12) CSP. These AUC are meant
to act as a guide in clinical decision making regarding
appropriate patient selection and/or timing of device
implantation; however, it is important to acknowledge
that patients may not always neatly fit within a given
clinical scenario and that clinical judgment is always
necessary for assessing device implantation for indi-
vidual patients.

7.1. Clinical Judgment and the Understanding of AUC Ratings to
Improve Care

The AUC should be used in conjunction with published
practice guidelines and are meant to provide additional
guidance concerning the decision to implant CIEDs in a
variety of clinical scenarios that may be represented in
the guidelines, often providing additional assistance in
areas where there are gaps in the guidelines. This AUC
document also highlights scenarios where these condi-
tions and recommendations may be modified by patient
comorbidities or limitation of life expectancy due to
coexisting diseases, as well as scenarios where newer
technology might also be considered despite limited
currently available evidence. The scenarios included in
this document do not encompass all possible clinical
situations that may be encountered in practice. Instead,
the goal was to focus on the most common clinical
situations encountered in practice where specific
implanted arrhythmia and HF devices may be consid-
ered. The goal of rating appropriateness is to help
inform clinical decision making, particularly in areas
where there may be “gaps” in the guidelines, rather
than to establish rules by which decisions should be
made in clinical practice. These criteria should serve as
a “guide,” rather than as a list of “do” or “do not do”
specifications.

Clinical decision making is complex, especially when
trying to assess clinical benefit and potential long-term
consequences of living with an implanted device.
Although the appropriate use ratings reflect a general
assessment of when ICD, CRT, or PMs may or may not
be useful for specific patient populations, clinicians are
still expected to use clinical judgment in determining
whether CIED implantation is indicated for an
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individual patient and shared decision making should
always be utilized to incorporate individual patient
values and preferences. It is important to recognize that
a May Be Appropriate recommendation may represent
either the lack of sufficient data to inform the decision
or conflicting data regarding the benefit of device im-
plantation, often advocating for additional clinical trials
or studies to better inform decision making in the
future. In addition, attribution of Appropriate to a
clinical scenario does not necessarily indicate that im-
plantation is mandatory, rather that it is reasonable
given existing data. There may be some clinical sce-
narios in which the use of ICD, CRT, or other pacing
devices for an indication considered Appropriate does
not always represent reasonable practice or may not
align with a patient’s values and preferences.

AUC should be considered in concert with the guide-
lines. The indications in AUC documents are more gran-
ular and cover more specific patient scenarios that are not
specifically addressed in guidelines. Where there is
overlap with the device-based therapy guidelines, the
ratings are in general consistent with guideline recom-
mendations. Overall, criteria that have been deemed
Appropriate or May Be Appropriate in these scenarios
often met Class I, IIa, or IIb criteria in guideline or
consensus documents; were supported by a critical mass
of existing data; or were deemed by the rating panel to
meet sufficient clinical judgment to be reasonable and
appropriate.

Finally, there are differences in the current AUC for
CIED implantation and previous AUC documents related
to other topics such as imaging or catheterization. The
decision to implant a device results in long-term,
specialized follow-up and carries anticipated long-term
inpatient and outpatient costs and adverse events that
may accumulate with time.

7.2. Use of AUC to Provide Guidance

This AUC document has been designed to provide
guidance related to CIED implantation. As with prior
AUC documents, it is important to emphasize that an
Appropriate rating does not mean that a given proced-
ure must be performed, nor does a Rarely Appropriate
rating mean a procedure should never be performed in
a patient who fits the scenario(s) listed in this docu-
ment. Rather, a procedure with an Appropriate rating
should be seen as an option that would be reasonable to
perform if the information obtained may be useful in
managing the patient. Similarly, for a Rarely Appro-
priate rating, there may be additional clinical
circumstances that dictate the need for treatment. It is
recommended that such circumstances be documented
clearly by the ordering clinician.

It is the intent of this AUC document to address good
medical practice, independent of payment. Some of the
scenarios that are rated as May Be Appropriate or Rarely
Appropriate by the AUC may not currently qualify for
insurance coverage. It is important to recognize that the
categories May Be Appropriate and Rarely Appropriate
should not be considered as grounds for denial of in-
surance coverage or payment for a particular procedure,
as clinician judgment is essential for determining which
procedure is best for a specific patient. For patients,
clinicians, and insurers, these distinctions are of critical
importance because commitment to patient-centered
care may warrant implantation of a device appropriate
for the individual patient’s situation, but it may not fit
precisely into a covered indication as defined by
coverage policy and requires use of best clinical judg-
ment. However, it is possible that appropriate use
documents could serve as an additional resource to
support coverage in the future.

8. CONCLUSIONS

This AUC document represents the current understanding
of the clinical utility of arrhythmia device implantation in
clinical practice as measured by clinicians with a variety
of backgrounds and areas of expertise. It is the goal that
these criteria will help provide a guide to inform medical
decisions and help clinicians and stakeholders under-
stand areas of consensus as well as uncertainty, while
identifying areas where there are gaps in knowledge that
warrant additional investigation.
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