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TOP 10 TAKE-HOME MESSAGES

1. Sinus node dysfunction is most often related to
age-dependent progressive fibrosis of the sinus
nodal tissue and surrounding atrial myocardium
leading to abnormalities of sinus node and atrial
impulse formation and propagation and will
therefore result in various bradycardic or pause-
related syndromes.

2. Both sleep disorders of breathing and nocturnal
bradycardias are relatively common, and treat-
ment of sleep apnea not only reduces the fre-
guency of these arrhythmias but also may offer
cardiovascular benefits. The presence of noctur-
nal bradycardias should prompt consideration for
screening for sleep apnea, beginning with solici-
tation of suspicious symptoms. However, noctur-
nal bradycardia is not in itself an indication for
permanent pacing.

3. The presence of left bundle branch block on
electrocardiogram markedly increases the likeli-
hood of underlying structural heart disease and
of diagnosing left ventricular systolic dysfunction.
Echocardiography is usually the most appropriate
initial screening test for structural heart disease,
including left ventricular systolic dysfunction.

4. In sinus node dysfunction, there is no established
minimum heart rate or pause duration where
permanent pacing is recommended. Establishing
temporal correlation between symptoms and bra-
dycardia is important when determining whether
permanent pacing is needed.

5. In patients with acquired second-degree Mobitz
type Il atrioventricular block, high-grade atrio-
ventricular block, or third-degree atrioventricu-
lar block not caused by reversible or physiologic
causes, permanent pacing is recommended
regardless of symptoms. For all other types of
atrioventricular block, in the absence of condi-
tions associated with progressive atrioventricu-
lar conduction abnormalities, permanent pacing
should generally be considered only in the pres-
ence of symptoms that correlate with atrioven-
tricular block.

6. In patients with a left ventricular ejection fraction
between 36% to 50% and atrioventricular block,
who have an indication for permanent pacing
and are expected to require ventricular pacing

Circulation. 2019;140:¢333-e381. DOI: 10.1161/CIR.0000000000000627
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>40% of the time, technigues that provide more
physiologic ventricular activation (eg, cardiac
resynchronization therapy, His bundle pacing) are
preferred to right ventricular pacing to prevent
heart failure.

7. Because conduction system abnormalities are
common after transcatheter aortic valve replace-
ment, recommendations on postprocedure sur-
veillance and pacemaker implantation are made
in this guideline.

8. In patients with bradycardia who have indi-
cations for pacemaker implantation, shared
decision-making and patient-centered care are
endorsed and emphasized in this guideline.
Treatment decisions are based on the best avail-
able evidence and on the patient’s goals of care
and preferences.

9. Using the principles of shared decision-making and
informed consent/refusal, patients with decision-
making capacity or his/her legally defined sur-
rogate has the right to refuse or request with-
drawal of pacemaker therapy, even if the patient
is pacemaker dependent, which should be
considered palliative, end-of-life care, and not
physician-assisted suicide. However, any decision
is complex, should involve all stakeholders, and
will always be patient specific.

10. Identifying patient populations that will benefit
the most from emerging pacing technologies
(eg, His bundle pacing, transcatheter leadless
pacing systems) will require further investigation
as these modalities are incorporated into clinical
practice.

PREAMBLE

Since 1980, the American College of Cardiology (ACC)
and American Heart Association (AHA) have translated
scientific evidence into clinical practice guidelines with
recommendations to improve cardiovascular health.
These guidelines, which are based on systematic meth-
ods to evaluate and classify evidence, provide a founda-
tion for the delivery of quality cardiovascular care. The
ACC and AHA sponsor the development and publica-
tion of clinical practice guidelines without commercial
support, and members volunteer their time to the writ-
ing and review efforts.

Clinical practice guidelines provide recommenda-
tions applicable to patients with or at risk of developing
cardiovascular disease. The focus is on medical practice
in the United States, but these guidelines are relevant
to patients throughout the world. Although guidelines
may be used to inform regulatory or payer decisions,
the intent is to improve quality of care and align with
patients’ interests. Guidelines are intended to define
practices meeting the needs of patients in most, but
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not all, circumstances, and should not replace clinical
judgment.

Recommendations for guideline-directed manage-
ment and therapy, which encompasses clinical evalu-
ation, diagnostic testing, and both pharmacological
and procedural treatments, are effective only when fol-
lowed by both practitioners and patients. Adherence to
recommendations can be enhanced by shared decision-
making between clinicians and patients, with patient
engagement in selecting interventions on the basis of
individual values, preferences, and associated condi-
tions and comorbidities.

The ACC/AHA Task Force on Clinical Practice Guide-
lines strives to ensure that the guideline writing com-
mittee both contains requisite expertise and is represen-
tative of the broader medical community by selecting
experts from a broad array of backgrounds represent-
ing different geographic regions, sexes, races, eth-
nicities, intellectual perspectives/biases, and scopes of
clinical practice, and by inviting organizations and pro-
fessional societies with related interests and expertise
to participate as partners or collaborators. The ACC and
AHA have rigorous policies and methods to ensure that
documents are developed without bias or improper in-
fluence. The complete policy on relationships with in-
dustry and other entities (RWI) can be found online.

Beginning in 2017, numerous modifications to the
guidelines have been and continue to be implemented
to make guidelines shorter and enhance “user friendli-
ness.” Guidelines are written and presented in a modu-
lar knowledge chunk format, in which each chunk in-
cludes a table of recommendations, a brief synopsis,
recommendation-specific supportive text and, when
appropriate, flow diagrams or additional tables. Hyper-
linked references are provided for each modular knowl-
edge chunk to facilitate quick access and review. More
structured guidelines—including word limits (“tar-
gets”) and a web guideline supplement for useful but
noncritical tables and figures—are 2 such changes. This
Preamble is an abbreviated version, with the detailed
version available online.

The reader is encouraged to consult the full-text
guideline™ for additional guidance and details about
bradycardia and cardiac conduction delay, because
the executive summary contains mainly the recom-
mendations.

Glenn N. Levine, MID, FACC, FAHA
Chair, ACC/AHA Task Force on Clinical
Practice Guidelines

1. INTRODUCTION

1.1. Methodology and Evidence Review

The recommendations listed in this guideline are,
whenever possible, evidence based. An initial extensive

€336 August 20,2019
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evidence review, which included literature derived from
research involving human subjects, published in Eng-
lish, and indexed in MEDLINE (through PubMed), EM-
BASE, the Cochrane Library, the Agency for Healthcare
Research and Quality, and other selected databases rel-
evant to this guideline, was conducted from January
2017 to September 2017. Key search words included
but were not limited to the following: AV block, brady-
cardia, bundle branch block, conduction disturbance,
left bundle branch block, loop recorder, pauses, per-
manent pacemaker, sick sinus syndrome, sinus node
dysfunction, and temporary pacemaker. Additional
relevant studies published through January 2018, dur-
ing the guideline writing process, were also considered
by the writing committee and added to the evidence
tables when appropriate. The final evidence tables are
included in the Online Data Supplement and summa-
rize the evidence used by the writing committee to
formulate recommendations. References selected and
published in the present document are representative
and not all-inclusive.

As noted in the detailed version of the Preamble,
an independent evidence review committee was com-
missioned to perform a formal systematic review of 1
critical clinical question related to bradycardia, the re-
sults of which were considered by the writing commit-
tee for incorporation into this guideline. Concurrent
with this process, writing committee members evalu-
ated study data relevant to the rest of the guideline.
The findings of the evidence review committee and the
writing committee members were formally presented
and discussed, and then recommendations were devel-
oped. The systematic review, titled “Impact of Physi-
ologic Versus Right Ventricular Pacing Among Patients
With Left Ventricular Ejection Fraction Greater Than
35%: A Systematic Review for the 2018 ACC/AHA/HRS
Guideline on the Evaluation and Management of Pa-
tients With Bradycardia and Cardiac Conduction Delay”
is published in conjunction with this guideline®" and its
respective data supplements are available online. The
evidence review committee report informed recom-
mendations in Section 6.4.4.1.

1.2. Organization of the Writing
Committee

The writing committee consisted of cardiac electro-
physiologists, clinicians, cardiologists, surgeons, an
anesthesiologist, and a lay/patient representative. The
writing committee included representatives from the
ACC, AHA, Heart Rhythm Society (HRS), American
Association for Thoracic Surgery (AATS), Pediatric &
Congenital Electrophysiology Society (PACES), and the
Society of Thoracic Surgeons (STS). Appendix 1 of the
present document lists writing committee members’
relevant RWI. For the purposes of full transparency, the

Circulation. 2019;140:¢333-e381. DOI: 10.1161/CIR.0000000000000627
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writing committee members’ comprehensive disclosure
information is available online.

1.3. Document Review and Approval

This document was reviewed by 2 official reviewers
each nominated by the ACC, AHA, and HRS; 1 official
lay reviewer nominated by the AHA; 1 organizational
reviewer each from the AATS, PACES, and STS; and 31
individual content reviewers. Reviewers’” RWI informa-
tion was distributed to the writing committee and is
published as an abbreviated table in this document (Ap-
pendix 2). The reviewers’ detailed RWI information is
available online.

This document was approved for publication by the
governing bodies of the ACC, the AHA, and the HRS;
and was endorsed by the American Association for Tho-
racic Surgery, the Pediatric & Congenital Electrophysiol-
ogy Society, and the Society of Thoracic Surgeons.

1.4. Scope of the Guideline

The purpose of this ACC/AHA/HRS guideline is to pro-
vide guidance to clinicians for the management of pa-
tients with bradycardia, or symptoms thought to be
associated with bradycardia or cardiac conduction sys-
tem disorders. This guideline supersedes the pacemaker
recommendations made in the “"ACC/AHA/HRS 2008
Guidelines for Device-Based Therapy of Cardiac Rhythm
Abnormalities 5415142 and “2012 ACCF/AHA/HRS Fo-
cused Update Incorporated Into the ACCG/AHA/HRS
2008 Guidelines for Device-Based Therapy of Cardiac
Rhythm Abnormalities.”s"#2 The guideline will be use-
ful to general internists, family physicians, emergency
physicians, anesthesiologists, surgeons, cardiologists,
and arrhythmia specialists. This document is aimed
at the adult population (>18 years of age) and offers
no specific recommendations in pediatric patients, al-
though some of the evidence review included pediatric
patients. Although background on the pathophysiology
and epidemiology of bradycardia and cardiac conduc-
tion disorders is summarized, this guideline is not in-
tended to be an exhaustive review. Rather, it focuses on
practical clinical evaluation and management. Specific
objectives and goals include:

e Describe the clinical significance of bradycardia
with respect to mortality, symptoms (eg, syncope,
impaired functional capacity), and exacerbations
of associated disorders (eg, ischemia, heart failure,
provoked tachyarrhythmias).

e Address inherited and acquired disorders of the
sinus node, atrioventricular node, His-Purkinje
fibers, and intramyocardial conducting tissue,
including the effects of medications, aging, meta-
bolic derangements, trauma, radiation, infiltrative,

Circulation. 2019;140:¢333-e381. DOI: 10.1161/CIR.0000000000000627
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ischemic, and inflammatory disorders, infectious
and toxic agents and iatrogenic factors.

¢ Delineate the clinical presentation and general
approach to clinical evaluation of patients with
overt or suspected bradycardias or conduction
diseases.

e Comprehensively evaluate the evidence support-
ing recommendations for the selection and tim-
ing of available diagnostic testing modalities,
including monitoring devices and electrophysi-
ologic testing.

¢ Define the evidence base supporting recommenda-
tions for the use of available treatment modalities,
including lifestyle interventions, pharmacotherapy
and external and implanted device-based thera-
pies, with particular attention to indications for
temporary and permanent pacing.

e Address special considerations that may be appli-
cable to distinct populations based on age (>18
years of age), comorbidities or other relevant
factors.

e |dentify knowledge gaps, pertinent trials in prog-
ress and directions for future research.

Table 1 lists other guidelines and pertinent docu-
ments that the writing committee considered for this
guideline. The listed documents contain relevant infor-
mation for the management of patients with bradycar-
dia or cardiac conduction system disorder.

1.5. Class of Recommendation and Level
of Evidence

Recommendations are designated with both a class of
recommendation (COR) and a level of evidence (LOE).
The class of recommendation indicates the strength of
recommendation, encompassing the estimated magni-
tude and certainty of benefit in proportion to risk. The
level of evidence rates the quality of scientific evidence
supporting the intervention on the basis of the type,
quantity, and consistency of data from clinical trials and
other sources (Table 2).5">1

1.6. Abbreviations

Abbreviation Meaning/Phrase
ACHD adult congenital heart disease

AF atrial fibrillation

CRT cardiac resynchronization therapy
ECG electrocardiogram

EPS electrophysiology study

LBBB left bundle branch block

Mi myocardial infarction

SND sinus node dysfunction
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Table 1. Associated Guidelines and Related References
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Publication Year

Title Organization (Reference)

Guidelines
Ventricular arrhythmias and sudden cardiac death ACC/AHA/HRS 20175143
Syncope ACC/AHA/HRS 20175144
Stable ischemic heart disease ACC/AHA/AATS/PCNA/SCAI/STS 201475145

201 251 4-6

Atrial fibrillation AHA/ACC/HRS 20145147
Perioperative cardiovascular evaluation and management of patients undergoing non-cardiac ACC/AHA 2014148
surgery
Non-ST-elevation acute coronary syndromes AHA/ACC 20145149
Heart failure ACC/AHA 201351410
ST-elevation myocardial infarction ACC/AHA 20135141
Device-based therapy for cardiac rhythm abnormalities ACC/AHA/HRS 20135142
Coronary artery bypass graft surgery ACC/AHA 207151412
Hypertrophic cardiomyopathy ACC/AHA 201151413
Percutaneous coronary intervention ACC/AHA/SCAI 2071151414
Guidelines for cardiopulmonary resuscitation and emergency cardiovascular care—Part 9: AHA 201051415
post-cardiac arrest care

Other related references
Expert consensus statement on cardiovascular implantable electronic device lead HRS 201751416
management and extraction
Management of cardiac involvement associated with neuromuscular diseases AHA 201751417
Expert consensus statement on magnetic resonance imaging HRS 201751418
Eligibility and disqualification recommendations for competitive athletes with cardiovascular ACC/AHA 201551410
abnormalities: Task Force 9: arrhythmias and conduction defects
Expert consensus statement on the diagnosis and treatment of postural tachycardia HRS 201551420
syndrome, inappropriate sinus tachycardia, and vasovagal syncope
Expert consensus statement on the recognition and management of arrhythmias in adult PACES/HRS 201451421
congenital heart disease
Expert consensus statement on the use of implantable cardioverter-defibrillator therapy in HRS/ACC/AHA 201451422
patients who are not included or not well represented in clinical trials
Expert consensus statement on the diagnosis and management of arrhythmias associated HRS 201451423
with cardiac sarcoidosis
Cardiac pacing and cardiac resynchronization therapy ESC 201351424
Expert consensus statement on pacemaker device and mode selection HRS/ACCF 201251425
Expert consensus statement on the state of genetic testing for the channelopathies and HRS/EHRA 201151426
cardiomyopathies
Expert consensus statement on the management of cardiovascular implantable electronic HRS 201051427
devices (CIEDs) in patients nearing end of life or requesting withdrawal of therapy
Recommendations for the standardization and interpretation of the electrocardiogram: part AHA/ACCF/HRS 2009°1428
Il intraventricular conduction disturbances: a scientific statement
Recommendations for the standardization and interpretation of the electrocardiogram: part AHA/ACCF/HRS 200931422

V: electrocardiogram changes associated with cardiac chamber hypertrophy: a scientific
statement

AATS indicates American Association for Thoracic Surgery; ACC, American College of Cardiology; ACCF, American College of Cardiology Foundation; AHA,
American Heart Association; EHRA, European Heart Rhythm Association; ESC, European Society of Cardiology; HRS, Heart Rhythm Society; PACES, Pediatric &
Congenital Electrophysiology Society; PCNA, Preventive Cardiovascular Nurses Association; SCAI, Society for Cardiovascular Angiography and Interventions; and

STS, Society of Thoracic Surgeons.
*Focused Update.
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Table 2. Applying Class of Recommendation and Level of Evidence to Clinical Strategies, Interventions, Treatments, or Diagnostic Testing in Patient

Care* (Updated August 2015)

CLASS (STRENGTH) OF RECOMMENDATION

CLASS | (STRONG) Benefit >>> Risk

Suggested phrases for writing recommendations:
= |s reasonable
= Can be useful/effective/beneficial
= Comparative-Effectiveness Phrasest:
o Treatment/strategy A is probably recommended/indicated in
preference to treatment B
© |t is reasonable to choose treatment A
over treatment B

CLASS Il1: No Benefit (MODERATE)

(Generally, LOE A or B use only)

Benefit = Risk

CLASS III: Harm (STRONG) Risk > Benefit

LEVEL (QUALITY) OF EVIDENCE}

LEVEL B-R

(Randomized)

(Nonrandomized)

COR and LOE are determined independently (any COR may be paired with any LOE).

A recommendation with LOE C does not imply that the recommendation is weak. Many
important clinical questions addressed in guidelines do not lend themselves to clinical
trials. Although RCTs are unavailable, there may be a very clear clinical consensus that
a particular test or therapy is useful or effective.

* The outcome or result of the intervention should be specified (an improved clinical
outcome of increased diagnostic accuracy or incremental prognostic information).

t For comparative-effecti I{ dations (COR | and lia; LOE A and B only),
studies that support the use of comparator verbs should involve direct comparisons
of the treatments or strategies being evaluated.

1 The method of assessing quality is evolving, including the application of standardized,
widely used, and preferably validated evidence grading tools; and for systemalic reviews,
the incorporation of an Evidence Review Committee.

COR indicates Class of Recommendation; EO, expert opinion; LD, limited data; LOE, Level
of Evidence; NR, nonrandomized; R, randomized; and RCT, randomized controlled trial.

Circulation. 2019;140:e333-e381. DOI: 10.1161/CIR.0000000000000627
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2. EPIDEMIOLOGY AND DEFINITIONS

2.1. Definitions
See Table 3.

Table 3. Table of Definitions

Term

Definition or Description

Sinus node dysfunction (with
accompanying symptoms)

Sinus bradycardia: Sinus rate <50 bpm

Ectopic atrial bradycardia: Atrial depolarization attributable to an atrial pacemaker other than the sinus node with a rate <50 bpm

Sinoatrial exit block: Evidence that blocked conduction between the sinus node and adjacent atrial tissue is present. Multiple
electrocardiographic manifestations including “group beating” of atrial depolarization and sinus pauses.

Sinus pause: Sinus node depolarizes >3 s after the last atrial depolarization

Sinus node arrest: No evidence of sinus node depolarization

Tachycardia-bradycardia (“tachy-brady”) syndrome: Sinus bradycardia, ectopic atrial bradycardia, or sinus pause alternating
with periods of abnormal atrial tachycardia, atrial flutter, or AF52'" The tachycardia may be associated with suppression of
sinus node automaticity and a sinus pause of variable duration when the tachycardia terminates.

Chronotropic incompetence: Broadly defined as the inability of the heart to increase its rate commensurate with increased
activity or demand, in many studies translates to failure to attain 80% of expected heart rate reserve during exercise.

Isorhythmic dissociation: Atrial depolarization (from either the sinus node or ectopic atrial site) is slower than ventricular
depolarization (from an atrioventricular nodal, His bundle, or ventricular site).

Atrioventricular block®2'?

First-degree atrioventricular block: P waves associated with 1:1 atrioventricular conduction and a PR interval >200 ms (this is
more accurately defined as atrioventricular delay because no P waves are blocked)

Second-degree atrioventricular block: P waves with a constant rate (<100 bpm) where atrioventricular conduction is present
but not 1:1

Mobitz type I: P waves with a constant rate (<100 bpm) with a periodic single nonconducted P wave associated with P
waves before and after the nonconducted P wave with inconstant PR intervals

Mobitz type II: P waves with a constant rate (< 100 bpm) with a periodic single nonconducted P wave associated with
other P waves before and after the nonconducted P wave with constant PR intervals (excluding 2:1 atrioventricular block)

2:1 atrioventricular block: P waves with a constant rate (or near constant rate because of ventriculophasic sinus arrhythmia)
rate (<100 bpm) where every other P wave conducts to the ventricles

Advanced, high-grade or high-degree atrioventricular block: >2 consecutive P waves at a constant physiologic rate that do
not conduct to the ventricles with evidence for some atrioventricular conduction

Third-degree atrioventricular block (complete heart block): No evidence of atrioventricular conduction

Vagally mediated atrioventricular block: Any type of atrioventricular block mediated by heightened parasympathetic tone

Infranodal block: atrioventricular conduction block where clinical evidence or electrophysiologic evidence suggests that the
conduction block occurs distal to the atrioventricular node

Conduction tissue diseases?'

RBBB (as defined in adults):

Complete RBBB

1. QRS duration >120 ms

2. rsr’, rsR’, ISR’, or rarely a qR in leads V, or V,. The R” or 1’ deflection is usually wider than the initial R wave. In a
minority of patients, a wide and often notched R wave pattern may be seen in lead V, and/or V,.

3. S wave of greater duration than R wave or >40 ms in leads | and V, in adults

4. Normal R peak time in leads V, and V, but >50 ms in lead V,

Incomplete RBBB: Same QRS morphology criteria as complete RBBB but with a QRS duration between 110 and 119 ms

LBBB (as defined in adults):

Complete LBBB:

1. QRS duration =120 ms in adults

2. Broad notched or slurred R wave in leads I, aVL, V,, and V, and an occasional RS pattern in V, and V; attributed to
displaced transition of QRS complex

3. Absent Q waves in leads |, V,, and V,, but in the lead aVL, a narrow Q wave may be present in the absence of
myocardial pathology

4. R peak time >60 ms in leads V, and V, but normal in leads V, V,, and V,, when small initial R waves can be discerned
in the precordial leads

5. ST and T waves usually opposite in direction to QRS

e340 August 20,2019
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Table 3. Continued

Incomplete LBBB:

1. QRS duration between 110 and 119 ms in adults

2. Presence of left ventricular hypertrophy pattern

3. R peak time >60 ms in leads V,, V,, and V,

4. Absence of Q wave in leads |, V,, and V,

Nonspecific intraventricular conduction delay (as defined in adults): QRS duration >110 ms where morphology criteria for
RBBB or LBBB are not present

Left anterior fascicular block:

QRS duration <120 ms

Frontal plane axis between —45° and —90°

gR (small r, tall R) pattern in lead aVL

R-peak time in lead aVL of >45 ms

rS pattern (small r, deep S) in leads II, lll, and aVF

Left posterior fascicular block:

QRS duration <120 ms

Frontal plane axis between 90° and 180° in adults. Because of the more rightward axis in children up to 16 years of age,
this criterion should only be applied to them when a distinct rightward change in axis is documented.

rS (small r, deep S) pattern in leads | and aVL

qgR (small g, tall R) pattern in leads Ill and aVF

Maximum predicted heart rate for age calculated as 220 — age (y).
AF indicates atrial fibrillation; bpm, beats per minute; LBBB, left bundle branch block; and RBBB, right bundle branch block.

3. GENERAL EVALUATION OF PATIENTS dysfunction algorithm, Figure 3 for the initial evalu-

ation of suspected atrioventricular block algorithm, a

WITH DOCUMENTED OR SUSPECTED list of medications that can induce/exacerbate brady-

BRADYCARDIA OR CONDUCTION cardia or conduction disorders in Table 4, and condi-
DISORDERS tions associated with bradycardia and conduction dis-

. . .. orders in Table 5.
3.1. History and Physical Examination of

Patients With Documented or Suspected

Bradycardia or Conduction Disorders 3.2. Noninvasive Evaluation

3.2.1. Resting ECG in Patients With Documented
or Suspected Bradycardia or Conduction
Disorders Disorders

Recommendation for History and Physical Examination in Patients
With Documented or Suspected Bradycardia or Conduction

Recommendation for Electrocardiogram (ECG) in Patients With
Documented or Suspected Bradycardia or Conduction Disorders

1. In patients with suspected bradycardia
or conduction disorders a comprehensive
history and physical examination should be
performed.

Referenced studies that support the recommendation are

summarized in

1. In patients with suspected bradycardia
or conduction disorder, a 12-lead ECG is
recommended to document rhythm, rate,
and conduction, and to screen for structural
heart disease or systemic illness.s321:1-53.21-4

See Figure 1 for the evaluation of bradycardia and
conduction disease algorithm, Figure 2 for the initial
evaluation of suspected or documented sinus node

Circulation. 2019;140:e333-e381. DOI: 10.1161/CIR.0000000000000627 August 20,2019  e341
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Patient with symptoms suggestive of
or consistent with bradycardia or
conduction disorder

{Class 1)

Directed blood testing

(Class lla)

( SND° ) @ AVBIock )

SND Diagnostic AV Blod<

algorithmt

Conduction disorder

) &)lagnostic algorithm ) (Diagnostic algoritim§

Echocardiography
if structural heart

h 4

—Significant arrythmias

Infrequent
— Symptoms- —) Icm
(>30 days) (Class lla)

|
|
|
|

(Class r)

No significant

) AVBIock B

C SND

arrhythmias

Conduction disorder -
with 1:1 AV conduction

( SND D*agn ostic

AV Blnck
algorithmt Diagnostic algorithm

I Continued
Conduction disorder = concemn for — —~
Diagnostic algorithm bradycardia?

Figure 1. Evaluation of bradycardia and conduction disease algorithm.

Colors correspond to Class of Recommendation in Table 2. See Section 4 in the full-text guideline for discussion. Dashed lines indicate possible optional strategies

based on the specific clinical situation. *Sinus bradycardia, ectopic atrial rhythm, junctiona
tion 3.3.2. Figure 3. §Refer to Section 6.1. Figure 8. IMonitor choice based on the frequen
gram/electrocardiographic.
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I rhythm, sinus pause. tRefer to Section 3.3.2. Figure 2. ¥Refer to Sec-
cy of symptoms. AV indicates atrioventricular; and ECG, electrocardio-
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Evidence for sinus
node dysfunction*

Reversible or
physiologic cause

o
=
E=
=0
>
o
S w
(=
=E
Cm
—
= o
=
—
(7]

Treat underlying cause as
needed, e.g., sleep apnea N
(Class I)

Treatment
effective or

Suspicion for
structural heart

( Observe ) No disease

Yes

Transthoracic
echocardiography
(Class lla)

Suspicion
for infitrative CM,
endocarditis,
ACHD

Yes

Advanced imagingt
(Class lla)

Treat identified
abnormalities
Symptoms

No Observe
F ((Opserve )

xercise
related
Yes

¥ No
If not already performed:
Exercise ECG testing

(Class lla)

Diagnostic - B S .
~Ifnot already performed:

No | Ambulatory ECG monitoring
Yes (C!a:s 1)
Electrophysiology studyt
(if performed for other reasons)
(Class llb)

|

¥
( Sinus node dysfunction
treatment algorithmi

Figure 2. Initial evaluation of suspected or documented sinus node dysfunction algorithm.

Colors correspond to Class of Recommendation in Table 2. See Section 4 in the full-text guideline for discussion. *Sinus pauses, sinus bradycardia, junctional
rhythm, ectopic atrial rhythm (all with heart rates <50 bpm) while awake. 1The electrophysiology test should not be done primarily for sinus node dysfunction.
If electrophysiology testing is being performed for another reason (eg risk stratification for sudden cardiac death), evaluation of sinus node function may be useful
to help inform whether an atrial lead for atrial pacing would have potential benefits. $Refer to Section 4.3.4.1., Figure 6. ACHD indicates adult congenital heart
disease; CM, cardiomyopathy; and ECG, electrocardiogram/electrocardiographic.

Circulation. 2019;140:¢333-e381. DOI: 10.1161/CIR.0000000000000627 August 20,2019 €343



Kusumoto et al 2018 Bradycardia Clinical Practice Guidelines: Executive Summary

Evidence for AV
Block
Reversible or

Physiologic cause

Yes No.

AND GUIDELINES

(22
—
—
Ll
=
=
=
[7,)
—
<t
=
=
—
o

(Class 1)

effective or not
necessary

Advanced AV Block,
complete heart

Yes No

echocardiography
(Class 1)

Suspicion for
structural heart
disease

Yes

for infiltrative CM,
endocarditis, ACHD

for infiltrative CM,
endocarditis, ACHD,

Advanced
imaging*
(Class lla)

AV block

treatment ‘Advanced Transthoracic
algorithm{ imaging® echocardiography
(Class lia) (Class lla)

Treat identified

abnormalities
Afmine
site of AV

AV nodef Block
Mobitz Type |

Unclear
( Infranodal J (e.g. 2:1AVBIock)
Exercise testing
(Class lla)

Electrophysiology

study
(Class IIb)

Infranodal

Yes No.

AV block AV block AV node
treatment treatment
algorithmt algorithmt

Figure 3. Initial evaluation of suspected atrioventricular block algorithm.

Colors correspond to Class of Recommendation in Table 2. *Targeted Advanced Imaging—Magnetic Resonance Imaging (MRI): Amyloidosis, myocarditis,
hemochromatosis, sarcoidosis, CHD, sinus of Valsalva aneurysm, aortic dissection, arrhythmogenic right ventricular cardiomyopathy; fluoro-deoxy-glucose
(fludeoxyglucose)-positron emission tomography (FDG PET): sarcoidosis; 99m technetium pyrophosphate (Tc PYP) or 99m technetium 3,3-diphosphono-1,2-pro-
panodicarboxylic acid (TC-DPD): Transthyretin (TTR) amyloidosis; cardiac computed tomography (CT): CHD, sinus of Valsalva aneurysm, aortic dissection, arrhyth-
mogenic right ventricular cardiomyopathy; echo longitudinal strain: Amyloidosis; transesophageal echocardiogram (TEE): Endocarditis, sinus of Valsalva aneurysm,
aortic dissection, CHD. tRefer to Section 5.3., Figure 7. #¥The atrioventricular node is more likely the site of block with second-degree Mobitz type | atrioventricular
block and a narrow QRS complex or severe first-degree atrioventricular block (>0.30 s) with a narrow QRS complex. AV indicates atrioventricular; ACHD, adult
congenital heart disease; CHD, congenital heart disease; and CM, cardiomyopathy.

AV block
treatment
algorithmt

AV block
treatment

algorithmt Observe
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Table 4. Medications That Can Induce/Exacerbate Bradycardia or Conduction Disorders

Antihypertensive Antiarrhythmic Psychoactive Other

Beta adrenergic receptor blockers (including beta Adenosine Donepezil Anesthetic drugs (propofol)
adrenergic blocking eye drops used for glaucoma)

Clonidine Amiodarone Lithium Cannabis

Methyldopa Dronedarone Opioid analgesics Digoxin
Non-dihydropyridine calcium channel blockers Flecainide Phenothiazine antiemetics and antipsychotics | Ivabradine

Reserpine Procainamide Phenytoin Muscle relaxants (eg,
. . o succinylcholine
Propafenone Selective serotonin reuptake inhibitors ueeiny ine)
Quinidine Tricyclic antidepressants
Sotalol
Table 5. Conditions Associated With Bradycardia and Conduction Table 5. Continued

DisordersAdapted with permission from Mangrum and DiMarco%*'
and Vogler et al*3'2

Congenital heart disease surgery

Intrinsic

Septal myomectomy for hypertrophic obstructive cardiomyopathy

Cardiomyopathy (ischemic or nonischemic)

Valve surgery (including percutaneous valve replacement)

Congenital heart disease

Extrinsic

Degenerative fibrosis

Autonomic perturbation

Infection/inflammation

Carotid sinus hypersensitivity

Chagas disease

Neurally-mediated syncope/presyncope

Diphtheria

Physical conditioning

Infectious endocarditis

Situational syncope

Lyme disease

Cough

Myocarditis

Defecation

Sarcoidosis

Glottic stimulation

Toxoplasmosis

Medical procedures

Infiltrative disorders

Micturition

Amyloidosis

Vomiting

Hemochromatosis

Sleep (with or without sleep apnea)

Lymphoma

Metabolic

Ischemia/infarction

Acidosis

Rheumatological conditions

Hyperkalemia

Rheumatoid arthritis

Hypokalemia

Scleroderma

Hypothermia

Systemic lupus erythematosus

Hypothyroidism

Surgical or procedural trauma

Hypoxia

Cardiac procedures such as ablation or cardiac catheterization

etal. =312

(Continued)

Circulation. 2019;140:¢333-e381. DOI: 10.1161/CIR.0000000000000627

Adapted with permission from Mangrum and DiMarco®*'" and Vogler
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3.2.2. Exercise Electrocardiographic Testing
in Patients With Documented or Suspected
Bradycardia or Conduction Disorders

Recommendations for Exercise Electrocardiographic Testing in
Patients With Documented or Suspected Bradycardia or Conduction
Disorders

Referenced studies that support recommendations are summarized

in

summarized in

. In patients with suspected chronotropic

incompetence, exercise electrocardiographic
testing is reasonable to ascertain the
diagnosis and provide information on
prognOSiS‘SB 2.2-15322-2

2. In patients with exercise-related symptoms

suspicious for bradycardia or conduction
disorders, or in patients with 2:1
atrioventricular block of unknown level,
exercise electrocardiographic testing is
reasonable.5322:353.2.2:4

3.2.3. Ambulatory Electrocardiography in Patients
With Documented or Suspected Bradycardia or
Conduction Disorders

Recommendation for Ambulatory Electrocardiography in Patients
With Documented or Suspected Bradycardia or Conduction
Disorders

Referenced studies that support the recommendation are

1. In the evaluation of patients with
documented or suspected bradycardia
or conduction disorders, cardiac rhythm
monitoring is useful to establish correlation
between heart rate or conduction
abnormalities with symptoms, with
the specific type of cardiac monitor
chosen based on the frequency and
nature of symptoms, as well as patient
preferences'SBij-W—SS 2.3-12

See Table 6, cardiac rhythm monitors, for monitor

types, descriptions, and patient selection.

Table 6. Cardiac Rhythm Monitors

Nonphysician prescribed
smartphone-based
systems

Commercially available smartphone—based systems

Can record a rhythm strip when the patient has symptoms or continuously
depending on the technology

Patient access to the technology

Holter monitor

Continuous recording for 24-72 h; up to 2 wk with newer models

Symptom rhythm correlation can be achieved through a patient event diary
and patient-activated annotations

Symptoms frequent enough to be detected within a
short period (24-72 h) of monitoring

Patient-activated,
transtelephonic monitor
(event monitor)

A recording device that transmits patient-activated data (live or stored)
via an analog telephone line to a central remote monitoring station (eg,
physician office)

Frequent, spontaneous symptoms likely to recur
within 2-6 wk

Limited use in patients with incapacitating symptoms

External loop recorder
(patient or auto
triggered)*

A device that continuously records and stores rhythm data over weeks to
months

Patient activated, or auto triggered (eg, to record asymptomatic
arrhythmias) to provide a recording of events antecedent to (3-14 min),
during, and after (1-4 min) the triggered event

Newer models are equipped with a cellular telephone, which transmits triggered
data automatically over a wireless network to a remote monitoring system

Frequent, spontaneous symptoms potentially
related to bradycardia or conduction disorder, likely
to recur within 2-6 wk

External patch recorders

Patch device that continuously records and stores rhythm data, with
patient-trigger capability to allow for symptom-rhythm correlation

No leads or wires, and adhesive to chest wall/sternum
Various models record from 2-14 d
Offers accurate means of assessing burden of AF

Patient activated, or auto triggered (eg, to record asymptomatic
arrhythmias) to provide a recording of events antecedent to, during, and
after the triggered event

Can be considered as an alternative to external loop
recorder

Given that it is leadless, can be accurately self-
applied, and is largely water resistant, it may be
more comfortable and less cumbersome than
an external loop recorder, potentially improving
compliance

Unlike Holter monitors and other external monitors,
it offers only 1-lead recording

Mobile cardiac
outpatient telemetry

Device that records and transmits data (up to 30 d) from preprogrammed
arrhythmias or patient activation to a communication hub at the patient's home
Significant arrhythmias are detected; the monitor automatically transmits the
patient’s electrocardiographic data through a wireless network to the central
monitoring station, which is attended by trained technicians 24 h/d

Spontaneous symptoms, potentially related to
bradycardia or conduction disorder, that are too
brief, too subtle, or too infrequent to be readily
documented with patient activated monitors

In high-risk patients whose rhythm requires real-
time monitoring

Implantable cardiac
monitor

Subcutaneously implanted device, with a battery life of 2-3 'y
Triggered by the patient (or often family member witness) to store the event

Models allow for transtelephonic transmission, as well as automatic
detection of significant arrhythmias with remote monitoring

Recurrent, infrequent, unexplained symptoms,
potentially related to bradycardia or conduction
disorder after a nondiagnostic initial workup, with
or without structural heart disease

*Higher yield in patients who are able to record a diary to correlate with possible arrhythmia. Adapted with permission from Shen et al**2313
AF indicates atrial fibrillation.
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3.2.4. Imaging in Patients With Documented or
Suspected Bradycardia or Conduction Disorders

Recommendations for Cardiac Imaging in Bradycardia or
Conduction Disorders

Referenced studies that support recommendations are summarized

in

. In patients with newly identified left bundle

branch block (LBBB), second-degree Mobitz
type Il atrioventricular block, high-grade
atrioventricular block, or third-degree
atrioventricular block with or without apparent
structural heart disease or coronary artery
disease, transthoracic echocardiography is
recom mended_SB 24-1-53.2.4-10

2. In selected patients presenting with bradycardia
or conduction disorders other than LBBB,
second-degree Mobitz type Il atrioventricular
block, high-grade atrioventricular block, or
third-degree atrioventricular block, transthoracic
echocardiography is reasonable if structural
heart disease is suspected.s3243:532411-532413

3. In selected patients with bradycardia or
bundle branch block, disease-specific
advanced imaging (eg, transesophageal
echocardiography, computed tomography,
cardiac magnetic resonance imaging, or nuclear
imaging) is reasonable if structural heart
disease is suspected yet not confirmed by other
diagnostic modalities.53-2414-53.24-22

lla C-LD

4. In the evaluation of patients with asymptomatic
sinus bradycardia or first-degree atrioventricular
block and no clinical evidence of structural
heart disease, routine cardiac imaging is not
indicatedlSB 2.4-22-53.2.4-24

3.2.5. Laboratory Testing in Patients With
Documented or Suspected Bradycardia or
Conduction Disorders

Recommendation for Laboratory Testing in Patients With
Documented or Suspected Bradycardia or Conduction Disorders

1. In patients with bradycardia, laboratory
tests (eg, thyroid function tests, Lyme titer,
potassium, pH) based on clinical suspicion
for a potential underlying cause are
reasonableﬁ? 2.5-1-53.2.5-4

lla C-LD

3.2.6. Genetic Testing in Patients With
Documented or Suspected Bradycardia or
Conduction Disorders

Recommendations for Genetic Testing in Documented or Suspected
Bradycardia or Conduction Disorders

1. In patients in whom a conduction disorder-

causative mutation has been identified, genetic
C-EO counseling and mutation-specific genetic
testing of first-degree relatives is recommended
to identify similarly affected individuals.

2. In patients with inherited conduction

disease, genetic counseling and targeted
C-EO testing may be considered to facilitate
cascade screening of relatives as part of the
diagnostic evaluation.

Circulation. 2019;140:e333-e381. DOI: 10.1161/CIR.0000000000000627

3.2.7. Sleep Apnea Evaluation and Treatment
in Patients With Documented or Suspected
Bradycardia or Conduction Disorders

Recommendation for Sleep Apnea Evaluation and Treatment in
Patients With Documented or Suspected Bradycardia or Conduction
Disorders

Referenced studies that support recommendations are summarized
in

1. In patients with documented or suspected
bradycardia or conduction disorder during
sleep, screening for symptoms of sleep
apnea syndrome is recommended with
subsequent confirmatory testing directed by
clinical suspicion.s327-1-s3.27-11

2. In patients with sleep-related bradycardia
or conduction disorder and documented
obstructive sleep apnea, treatment directed
specifically at the sleep apnea (eg continuous
positive airway pressure and weight loss) is
recommended.SB.ZJ-lZfSS2 7-16

3. In patients who have previously received
or are being considered for a permanent
pacemaker for bradycardia or conduction
disorder, screening for sleep apnea syndrome
iS reasonab|e_53 2.7-10,53.2.7-11

3.3. Invasive Testing

3.3.1. Implantable Cardiac Monitor in Patients
With Documented or Suspected Bradycardia or
Conduction Disorders

Recommendation for Implantable Cardiac Monitor in Patients With
Documented or Suspected Bradycardia or Conduction Disorders

Referenced studies that support the recommendation are

summarized in

1. In patients with infrequent symptoms
(>30 days between symptoms) suspected
to be caused by bradycardia, long-
term ambulatory monitoring with an
implantable cardiac monitor is reasonable
if initial noninvasive evaluation is
nondiagnostic,5331-1-53:3.13

lla C-LD

3.3.2. Electrophysiology Study in Patients With
Documented or Suspected Bradycardia or
Conduction Disorders

Recommendation for Electrophysiology Testing in Patients With
Documented or Suspected Bradycardia or Conduction Disorders

Referenced studies that support recommendations are summarized
in

1. In patients with symptoms suspected
to be attributable to bradycardia, an
electrophysiology study (EPS) may be
considered in selected patients for
diagnosis of, and elucidation of bradycardia
mechanism, if initial non-invasive evaluation
is nondiagnostic.$33-2-1-3:3.25
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4. BRADYCARDIA ATTRIBUTABLE TO
SINUS NODE DYSFUNCTION

4.1. Acute Management of Sinus Node
Dysfunction

See Figure 4 for an acute bradycardia algorithm.

Acute
Bradycardia
VS, H+P, ECG
Assessment of stability,

N Evaluation and
observation

2018 Bradycardia Clinical Practice Guidelines: Executive Summary

4.1.1. Acute Management of Reversible Causes of
Sinus Node Dysfunction

See Table 7 for common potentially reversible or treat-
able causes of SND.

Recommendation for Acute Management of Reversible Causes for
Bradycardia Attributable to Sinus Node Dysfunction

Recommendation

1. In symptomatic patients presenting with
sinus node dysfunction (SND), evaluation
and treatment of reversible causes is
recommended.

C-EO

Table 7. Common Potentially Reversible or Treatable Causes of
SNDSA.1.1-1

Moderate
gr severe symptoms
Yes

Anti-digoxin Fab'
COR lla

1V Calcium
(COR lla)

IV Glucagon
COR lla

High dose Insulin
COR lla

Severe symptoms
hemaodynamically
unstable

Acute Pacing
v
Algorithmz: =

Continued
gymptoms2
Yes
Acute Pacing
Algorithmt

Figure 4. Acute bradycardia algorithm.

Colors correspond to Class of Recommendation in Table 2. See Sections 5.3.
and 6.3. in the full-text guideline for discussion. *Atropine should not be
given in patients after heart transplant. tIn patients with drug toxicity and
severe symptoms, preparation for pacing should proceed simultaneously
with pharmacologic treatment of drug toxicity. $Refer to Section 4.1.3.,
Figure 5. AADs indicates anti-arrhythmic drugs; AV, atrioventricular; BB,
beta blocker; CCB, calcium channel blocker; COR, Class of Recommenda-
tion; ECG, electrocardiographic; H+P, history and physical examination; IMI,
inferior myocardial infarction; IV, intravenous; PM, pacemaker; S/P, status
post; and VS, vital signs.
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Acute myocardial ischemia or infarctions4!-1-2-541.1-4

Athletic training>'-->

Atrial fibrillations+'-1-6

Cardiac surgery

Valve replacement,> 11754118 maze procedure,**''7 coronary artery
bypaSS graftszﬂ 1-9,54.1.1-10

Drugs or toxins*

Toluene, organophosphates, tetrodotoxin, cocaines* ™"

Electrolyte abnormality

Hyperkalemia,>*'1-12 hypokalemia,** !> hypoglycemia®*!-14

Heart transplant:>*11> Acute rejection, chronic rejection, remodeling®*1--16:541.117

HypervagotoniaSA 1.1-18,54.1.1-19

Hypothermia

Therapeutic (post-cardiac arrest cooling® %) or environmental
exposure>* 1121

Hypothyroidism3411-22

Hypovolemic shock®* 1123

Hypoxemia, hypercarbia, acidosis®* 124

Sleep apnea, respiratory insufficiency (suffocation, drowning,**1-2>
stroke,** 11?6 drug overdose)

Infection®*11-27

Lyme disease,** '8 legionella, psittacosis, typhoid fever, typhus,
listeria,** 112 malaria, leptospirosis, Dengue fever, viral hemorrhagic
fevers, Guillain-Barre®*!-1-30

Medications*

Beta blockers, non-dihydropyridine calcium channel blockers,
digoxin,**113" antiarrhythmic drugs, lithium,**11-2 methyldopa,
risperidone, cisplatin, interferon

SND indicates sinus node dysfunction.
*Partial list.

Circulation. 2019;140:¢333-e381. DOI: 10.1161/CIR.0000000000000627
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4.1.2. Acute Medical Therapy for Bradycardia
4.1.2.1. Atropine and Beta-Agonists for Bradycardia

2018 Bradycardia Clinical Practice Guidelines: Executive Summary

Recommendations for Atropine and Beta-Agonists for Bradycardia
Attributable to SND (Continued)

Recommendations

Attributable to SND COR LOE
See Table 8 for acute medical management of bradycar-
dia attributable to SND or atrioventricular block.

Recommendations for Atropine and Beta-Agonists for Bradycardia b C-LD

Attributable to SND

Referenced studies that support recommendations are summarized

2. In patients with SND associated with
symptoms or hemodynamic compromise
who are at low likelihood of coronary
ischemia, isoproterenol, dopamine,
dobutamine, or epinephrine may be
considered to increase heart rate and
improve symptoms, 5412155412111

COR LOE Recommendations
1. In patients with SND associated with
la C.LD symptoms or hemodynamic compromise,

atropine is reasonable to increase sinus
rate.54 1.2.1-1-54.1.2.1-4

C-LD

3. In patients who have undergone heart
transplant without evidence for autonomic
reinnervation, atropine should not be used
to treat sinus bradycardia.>* 121125412113

Table 8. Acute Medical Management of Bradycardia Attributable to SND or Atrioventricular Block

Medication

Dosage

Comments

Symptomatic sinus bradycardia or atrioventricular block

effectSLU 2.4-19,54.1.2.4-21

Atropine 0.5-1 mg IV (may be repeated every 3-5 min to a maximum
dOSG Of 3 mg)S‘H.Z 4-8-54.1.2.4-12

Dopamine 5 to 20 mcg/kg/min IV. starting at 5 mcg/kg/min and increasing | Dosages of >20 mcg/kg/min may result in
by 5 mcg/kg/min every 2 min®+12413 vasoconstriction or arrhythmias

Isoproterenol 20-60 mcg IV bolus followed doses of 10-20 mcg, or infusion | Monitor for potential development of ischemic
of 1-20 mcg/min based on heart rate responses:24-14-541.2:4-20 chest pain

Epinephrine 2-10 mcg/min IV or 0.1-0.5 mcg/kg/min IV titrated to desired

Second- or third-degree atrioventricular block associated with acute inferior Ml

Aminophylline

250-mg IV bolus

Calcium channel blocker overdose

10% calcium chloride

1-2 g IV every 10-20 min or an infusion of 0.2-0.4
mL/kg/hS‘H 2.4-22-54.1.2.4-24

10% calcium gluconate

3-6 g IV every 10-20 min or an infusion at 0.6-1.2
mL/kg/hSA 1.2.4-22-54.1.2.4-24

Beta-blocker or calcium channel blocke

r overdose

Glucagon

3-10 mg IV with infusion of 3-5 mg/h®* 124255412426

High dose insulin therapy

IV bolus of 1 unit/kg followed by an infusion of 0.5
units/kg/h_54 1.2.4-24,54.1.2.4-27,54.1.2.4-28

Follow glucose and potassium levels

Digoxin overdose

Digoxin antibody fragment

Dosage is dependent on amount ingested or known digoxin
COnCentratiOnSA 1.2.4-29-54.1.2.4-36

One vial binds approximately 0.5 mg of digoxin.

Administer over at least 30 min

May be repeated

Post-heart transplant

Aminophylline

6 mg/kg in 100-200 mL of IV fluid over 20-30 min

Theophylline

300 mg IV, followed by oral dose of 5-10 mg/kg/d titrated
to effect

Therapeutic serum levels range from 10-20 mcg/
mL

Usual posttransplant dosages average 450
mg=100 mg/d

Spinal cord injury

Aminophylline

6 mg/kg in 100-200 mL of IV fluid over 20-30 min3+1247

Theophylline

Oral dose of 5-10 mg/kg/d titrated to effect>*!246

Effective dosages often result in serum levels below
the usual effective range of 10-20 mcg/mL

IV indicates intravenous; MI, myocardial infarction; and SND, sinus node dysfunction.

Circulation. 2019;140:¢333-e381. DOI: 10.1161/CIR.0000000000000627
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4.1.2.2. Therapy of Beta Blocker and Calcium Channel

Blocker Mediated Bradycardia Attributable to SND or
Atrioventricular Block

Recommendations for Therapy of Beta Blocker and Calcium Channel

Blocker Mediated Bradycardia

Referenced studies that support recommendations are summarized

COR LOE

Recommendations

lla C-LD

1. In patients with bradycardia
associated with symptoms or
hemodynamic compromise because
of calcium channel blocker overdose,
intravenous calcium is reasonable
to increase heart rate and improve
symptoms, $4122:1-54.1.2.2:3

lla C-LD

2. In patients with bradycardia associated
with symptoms or hemodynamic
compromise because of beta-
blocker or calcium channel blocker
overdose, glucagon is reasonable
to increase heart rate and improve
Symptoms 41224541225

lla C-LD

3. In patients with bradycardia associated
with symptoms or hemodynamic
compromise because of beta-blocker
or calcium channel blocker overdose,
high dose insulin therapy is reasonable
to increase heart rate and improve
symptoms.$4122:654.1.2.27

4.1.2.3. Therapy of Digoxin Mediated Bradycardia
Attributable to Either SND or Atrioventricular Block

Recommendations for Therapy of Digoxin Mediated Bradycardia
Attributable to SND or Atrioventricular Block

Referenced studies that support recommendations are summarized

COR LOE Recommendations
1. In patients with bradycardia associated
with symptoms or hemodynamic
la c.LD compromise in the setting of digoxin

toxicity, digoxin Fab antibody fragment
is reasonable to increase heart rate and
imprOVe SymptomS_SA 1.2.3-1-54.1.2.3-8

C-LD

2. In patients with bradycardia associated with
symptoms or hemodynamic compromise
attributable to digoxin toxicity, dialysis is not
recommended for removal of digoxin.s*1232

€350 August 20,2019
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4.1.2.4. Aminophylline or Theophylline for Bradycardia
Attributable to SND

Recommendations for Theophylline/Aminophylline for Bradycardia
Attributable to SND

Referenced studies that support recommendations are summarized

COR LOE Recommendations

1. In post-heart transplant patients,
aminophylline or theophylline is reasonable

fla CLb to increase heart rate if clinically
indicated.54 1.24-1-54124-4
2. In patients with SND associated with
symptoms or hemodynamic compromise
la c.LD in the setting of acute spinal cord injury,

aminophylline or theophylline is reasonable
to increase heart rate and improve
Symptoms_sA 1.2.4-5-54.1.2.4-7

4.1.3. Temporary Pacing for Bradycardia
Attributable to SND
See Figure 5 for an acute pacing algorithm.

Recommendations for Temporary Pacing for Bradycardia
Attributable to SND

Referenced studies that support recommendations are summarized

COR LOE Recommendations

1. In patients with persistent hemodynamically
unstable SND refractory to medical therapy,
temporary transvenous pacing is reasonable

lla C-LD to increase heart rate and improve

symptoms until a permanent

pacemaker is placed or the bradycardia

resolVeS.SA 1.3-1-54.1.3-15

2. In patients with SND with severe symptoms
or hemodynamic compromise, temporary
transcutaneous pacing may be considered to

Ib Cc-LD increase heart rate and improve symptoms

until a temporary transvenous or permanent

pacemaker is placed or the bradycardia

I’eSO|V€‘S.54 1.3-16-54.1.3-21

3. In patients with SND with minimal
and/or infrequent symptoms without
hemodynamic compromise, temporary
transcutaneous or transvenous

pacing should not be performed.s# 13154132
5$4.1.3-8,54.1.3-9,54.1.3-11,54.1.3-12,54.1.3-14,54.1.3-22

C-LD

Circulation. 2019;140:¢333-e381. DOI: 10.1161/CIR.0000000000000627
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Hemaodynamic instability
despite medical therapy

Critically
ill due to
bradycardia

Permanent
pacemaker indicated and
capability immediately
available

Implant Permanent
pacemaker*f

Prolonged
temporary pacing

Externalized Temporary

permanent transvenous.
pacing lead pacing wire

(Class lla) (Class lla)

Figure 5. Acute pacing algorithm.

Colors correspond to Class of Recommendation in Table 2. See Sections
5.4. and 6.3. in the full-text guideline for discussion. *Refer to Section
4.3.4.1., Figure 6 for chronic SND and Section 5.3., Figure 7 for chronic
atrioventricular block. TCareful management of anesthesia to avoid or mini-
mize the use of drugs associated with bradycardia is required.

4.2. Chronic Therapy/Management of
Bradycardia Attributable to SND
4.2.1. General Principles of Chronic

Therapy/Management of Bradycardia
Attributable to SND

Recommendations for General Principles of Chronic Therapy/
Management of Bradycardia Attributable to SND

Referenced studies that support recommendations are summarized

Recommendations

1. In asymptomatic individuals with sinus
bradycardia or sinus pauses that are
c-LD secondary to physiologically elevated
parasympathetic tone, permanent pacing
should not be performed.s421-1-s4.2.1-7

2. In patients with sleep-related sinus
bradycardia or transient sinus pauses
occurring during sleep, permanent
pacing should not be performed
unless other indications for pacing
are present.54 2.1-1-54.2.1-7

C-LD

3. In patients with asymptomatic SND, or in
those in whom the symptoms have been
documented to occur in the absence of
bradycardia or chronotropic incompetence,
permanent pacing should not be
performed_SAZ 1-5-54.2.1-7

C-LD
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2018 Bradycardia Clinical Practice Guidelines: Executive Summary

4.2.2. Transient/Reversible Causes (Including
Medications) of Bradycardia Attributable to SND

Recommendation for Transient/Reversible Causes of Sinus Bradycardia

Recommendation

1. Patients presenting with symptomatic SND
secondary to a reversible cause should first be
managed by directing the therapy at eliminating
or mitigating the offending condition.

C-EO

4.2.3. Additional Testing of Bradycardia
Attributable to SND

Recommend
Attributable to SND

COR LOE

r Additional Testing of Bradycardia

Recommendations

1. In patients with symptoms suggestive of
bradycardia (eg, syncope, lightheadedness)
who are also undergoing an EPS for another
indication, evaluation of sinus node function
as part of the EPS may be considered.

llb C-EO

2. In symptomatic patients with suspected
SND, EPS for the assessment of sinus node
function may be considered when the
diagnosis remains uncertain after initial
noninvasive evaluations.s4231-54.235

11 C-EO

3. In patients with asymptomatic sinus
bradycardia, an EPS should not be
performed unless other indications for
electrophysiological testing exist.>423-6:542.3-7

C-LD

4.3.4. Permanent Pacing for Chronic Therapy/
Management of Bradycardia Attributable to SND

Recommendations for Permanent Pacing for Chronic Therapy/
Management of Bradycardia Attributable to SND

Referenced studies that support recommendations are summarized

Recommendations

1. In patients with symptoms that are directly
attributable to SND, permanent pacing is
indicated to increase heart rate and improve
Symptom5_5434'1,343472

C-LD

2. In patients who develop symptomatic sinus
bradycardia as a consequence of guideline-
directed management and therapy for

C-EO which there is no alternative treatment and

continued treatment is clinically necessary,

permanent pacing is recommended to
increase heart rate and improve symptoms.

3. For patients with tachy-brady syndrome
and symptoms attributable to bradycardia,
permanent pacing is reasonable to increase
heart rate and reduce symptoms attributable
to hypoperfusion.

lla C-EO

4. In patients with symptomatic chronotropic
incompetence, permanent pacing with rate-
responsive programming is reasonable to
increase exertional heart rates and improve
symptoms.

lla C-EO

5. In patients with symptoms that are
likely attributable to SND, a trial of oral
theophylline may be considered to increase
heart rate, improve symptoms, and
help determine the potential effects of
permanent pacing.5#34354.34-4

lib C-LD
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4.3.4.1. Permanent Pacing Techniques and Methods
for Chronic Therapy/Management of Bradycardia
Attributable to SND

See Figure 6 for the chronic SND management algorithm.

Recommendations for Permanent Pacing Techniques and Methods for
Chronic Therapy/Management of Bradycardia Attributable to SND

Referenced studies that support recommendations are summarized

in

1. In symptomatic patients with SND, atrial-
based pacing is recommended over single
chamber ventricular pacing.s4341-1-s4.3.4.1-4

2. In symptomatic patients with SND and intact
atrioventricular conduction without evidence of
conduction abnormalities, dual chamber or single
chamber atrial pacing is recommended.s434 1

Recommendations for Permanent Pacing Techniques and Methods
for Chronic Therapy/Management of Bradycardia Attributable to

SND (Continued)

3. In symptomatic patients with SND who
have dual chamber pacemakers and
intact atrioventricular conduction, it is
reasonable to program the dual chamber
pacemaker to minimize ventricular
pacing.s434.1:6

4. In symptomatic patients with SND in which
frequent ventricular pacing is not expected
or the patient has significant comorbidities
that are otherwise likely to determine
the survival and clinical outcomes, single
chamber ventricular pacing is reasonable.

(Sinus node dysfunction)

Confirm symptoms
Rule out reversible

causes

Due
to required GDMT
(no reasonable

*Infrequent
pacing? Significant
omorbidities

Yes

Single chamber
ventricular pacing
(Class lla)

Symptoms
————— No-———- correlate with
! pradycardig
Yes
\ Yes No (or asymptomatic

suggests symptomatic

Likely/uncertain -
Observation

Response

sinus node
dysfunction?

Program to minimize
ventricular pacing
(Class lla)

Figure 6. Chronic SND management algorithm.

Colors correspond to Class of Recommendation in Table 2. See Sections 4.3. and 5.5. in the full text guideline for discussion. Dashed lines indicate possible
optional strategies based on the specific clinical situation. *Symptomatic patients with very infrequent need for pacing for rate support or patients with significant
comorbidities. AV indicates atrioventricular; GDMT, guideline-directed management and therapy; PPM, permanent pacemaker; and RV, right ventricular.
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5. BRADYCARDIA ATTRIBUTABLE TO
ATRIOVENTRICULAR BLOCK

5.1. Pathophysiology, Etiology, and
Classification of Bradycardia Attributable
to Atrioventricular Block

See Table 9 for the etiology of atrioventricular block.

Table 9. Etiology of Atrioventricular Block

Congenital/genetic

Congenital AV block (associated with maternal systemic lupus
erythematosus)

Congenital heart defects (eg, L-TGA)

Genetic (eg, SCN5A mutations)

Infectious

Lyme carditis

Bacterial endocarditis with perivalvar abscess

Acute rheumatic fever

Chagas disease

Toxoplasmosis

Inflammatory/infiltrative

Myocarditis

Amyloidosis

Cardiac sarcoidosis

Rheumatologic disease: Systemic sclerosis, SLE, RA, reactive arthritis
(Reiter’s syndrome)

Other cardiomyopathy—idiopathic, valvular

Ischemic

Acute Ml

Coronary ischemia without infarction—unstable angina, variant angina

Chronic ischemic cardiomyopathy

Degenerative

Lev's and Lenegre’s diseases

Vagotonic-associated with increased vagal tone

Sleep, obstructive sleep apnea

High-level athletic conditioning

Neurocardiogenic

Metabolic/endocrine

Acid-base disorders

Poisoning/overdose (eg, mercury, cyanide, carbon monoxide, mad honey)

Thyroid disease (both hypothyroidism and hyperthyroidism)

(Continued)

Circulation. 2019;140:e333-e381. DOI: 10.1161/CIR.0000000000000627

Table 9. Continued

Adrenal disease (eg, pheochromocytoma, hypoaldosteronism)

Other diseases

Neuromuscular diseases (eg, myotonic dystrophy, Kearns-Sayre
syndrome, Erb’s dystrophy)

Lymphoma

latrogenic

Medication related

Beta blockers, verapamil, diltiazem, digoxin

Antiarrhythmic drugs

Neutraceuticals

Catheter ablation

Cardiac surgery, especially valve surgery

TAVR, alcohol septal ablation

RA indicates rheumatoid arthritis; MI, myocardial infarction; SLE, systemic
lupus erythematosus; and TAVR, transcatheter aortic valve replacement.

5.2. Acute Management

5.2.1. Acute Management of Reversible Causes
of Bradycardia Attributable to Atrioventricular
Block

Recommendations for Acute Management of Reversible Causes of
Bradycardia Attributable to Atrioventricular Block

Referenced studies that support recommendations are summarized

in

1. Patients with transient or reversible causes
of atrioventricular block, such as Lyme
carditis or drug toxicity, should have medical
therapy and supportive care, including
temporary transvenous pacing if necessary,
before determination of need for permanent
pacing_SS.Z 1-1-85.2.1-5

2. In selected patients with symptomatic
second-degree or third-degree
atrioventricular block who are on chronic
stable doses of medically necessary
antiarrhythmic or beta-blocker therapy,
it is reasonable to proceed to permanent
pacing without further observation for drug
washout or reversibility,s521:6-5521-9

3. In patients with second-degree or third-
degree atrioventricular block associated
with cardiac sarcoidosis, permanent pacing,
with additional defibrillator capability
if needed and meaningful survival of
greater than 1 year is expected, without
further observation for reversibility is
reasonablelSS.ZW-m,SS 2.1-11
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Recommendations for Acute Management of Reversible Causes of
Bradycardia Attributable to Atrioventricular Block (Continued)

Recommendations for Acute Medical Therapy for Bradycardia
Attributable to Atrioventricular Block (Continued)

4. In patients with symptomatic second-
degree or third-degree atrioventricular
block associated with thyroid function
abnormalities but without clinical
myxedema, permanent pacing without
further observation for reversibility may be
considered.>21-12

3. For patients with second-degree or third-
degree atrioventricular block associated
with symptoms or hemodynamic
compromise in the setting of acute inferior
myocardial infarction (Ml), intravenous
aminophylline may be considered to
improve atrioventricular conduction,

increase ventricular rate, and improve
SymptomS_SS 2.2-8-55.2.2-11

5.2.2. Acute Medical Therapy for Bradycardia

Attributable to Atrioventricular Block 5.2.3. Temporary Pacing for Atrioventricular Block
Recommendations for Acute Medical Therapy for Bradycardia

Attributable to Atrioventricular Block Recommendations for Temporary Pacing for Bradycardia

Attributable to Atrioventricular Block

Referenced studies that support recommendations are summarized

Referenced studies that support recommendations are summarized
in

in

1. For patients with second-degree or third-
degree atrioventricular block believed

to be at the atrioventricular nodal level
associated with symptoms or hemodynamic
compromise, atropine is reasonable to
improve atrioventricular conduction,
increase ventricular rate, and improve
symptoms $5221-55223

. For patients with second-degree or third-
degree atrioventricular block associated with
symptoms or hemodynamic compromise
that is refractory to medical therapy,
temporary transvenous pacing is reasonable
to increase heart rate and improve
SymptomS‘SS 2.3-1-55.2.3-7

2. For patients who require prolonged
temporary transvenous pacing, it is
reasonable to choose an externalized
permanent active fixation lead over a

standard passive fixation temporary pacing
|ead_55 2.3-8-55.2.3-14

2. For patients with second-degree or third-
degree atrioventricular block associated with
symptoms or hemodynamic compromise
and who have low likelihood for coronary
ischemia, beta-adrenergic agonists, such
as isoproterenol, dopamine, dobutamine,
or epinephrine, may be considered to
improve atrioventricular conduction,
increase ventricular rate, and improve
symptoms 5522355227

3. For patients with second-degree or
third-degree atrioventricular block and
hemodynamic compromise refractory to
antibradycardic medical therapy, temporary
transcutaneous pacing may be considered
until a temporary transvenous or permanent
pacemaker is placed or the bradyarrhythmia
resolveSlSS.Z 3-15-55.2.3-20
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5.3. Chronic Therapy/Management
of Bradycardia Attributable to
Atrioventricular Block

See Figure 7 for management of bradycardia or pauses
attributable to chronic atrioventricular block algorithm.

AV Block
Complete Heart
block Block (acquired),

Advanced AV
Block,
Mabitz Type Il

Evidence for
Infranodal Block

()
—
==
S8
o
S w
(=
S
Cm
—

oo
L=
|
(7]

Marked first
degree AV Block

N

amin A/C;
Neuromuscular
disease

Yes
2 No
disease
Yes Yes
¥ v

Permanent Permanent Permanent

leuromuscular
disease associated with
progressive conduction tissue
disorder

Permanent
pacing pacing pacing pacing pacing
(Class lla) (Class llb) (Class lla) (Class Ila) ( } (Class 1)

Cardiac
resynchronization therapy
candidate because of HF symptoms?
(LVEF <35%)

NG Yes GDMTS

Infrequent pacing?
Significant comorbidities?

Yes Right ventricular pacing lead
(Class lla)

No
Predicted
pacing <40%?
Yes Right ventricular pacing lead
(Class lla)
No
4

[Pacing to maintain physiologic Ieft]

ventricular activation
(Class lla)

His bundle pacing
(Class llb)

Figure 7. Management of bradycardia or pauses attributable to chronic atrioventricular block algorithm.

Colors correspond to Class of Recommendation in Table 2. Refer to Section 6.4. in the full-text guideline for discussion. *Symptoms correlate with atrioventricular
block. PR interval >240 ms, LBBB. #PR interval >240 ms, QRS >120 ms or fascicular block. §Refer to heart failure guidelines.*>3-5>32 AV indicates atrioventricular;
GDMT, guideline directed management and therapy; HF, heart failure; LBBB, left bundle branch block; and LVEF, left ventricular ejection fraction.
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5.3.1. General Principles of Chronic Therapy/
Management of Bradycardia Attributable to
Atrioventricular Block

Recommendations for General Principles of Chronic Therapy/
Management of Bradycardia Attributable to Atrioventricular Block

Referenced studies that support recommendations are summarized

in

1. In patients with first-degree atrioventricular
block or second-degree Mobitz type |
(Wenckebach) or 2:1 atrioventricular block
which is believed to be at the level of the
atrioventricular node, with symptoms
that do not temporally correspond to the
atrioventricular block, permanent pacing
should not be performed.*>3-1-5537

C-LD

2. In asymptomatic patients with first-degree
atrioventricular block or second-degree Mobitz
type | (Wenckebach) or 2:1 atrioventricular
block which is believed to be at the level of
the atrioventricular node, permanent pacing
should not be performed.s>34-55310

C-LD

5.3.2. Transient/Potentially Reversible Causes of
Atrioventricular Block

Recommendations for Potentially Reversible or Transient Causes of
Atrioventricular Block

Referenced studies that support recommendations are summarized
in

1. In patients with symptomatic atrioventricular
block attributable to a known reversible
cause in whom the atrioventricular block
does not resolve despite treatment of the
underlying cause, permanent pacing is
recommended.>321-932:3

C-LD

2. In patients who had acute atrioventricular
block attributable to a known reversible
and non-recurrent cause, and have had

C-LD complete resolution of the atrioventricular

block with treatment of the underlying

cause, permanent pacing should not be
performed_55.3.2—1,55.3.27455.3.2—9

3. In patients with asymptomatic vagally
C-LD mediated atrioventricular block, permanent
pacing should not be performed.s>32:6-s5:32:10

5.3.3. Additional Testing for Chronic Therapy/
Management of Bradycardia Attributable to
Atrioventricular Block

Recommendations for Additional Testing for Chronic Therapy/
Management of Bradycardia Attributable to Atrioventricular Block

Referenced studies that support recommendations are summarized
in

1. In patients with symptoms (eg,
lightheadedness, dizziness) of unclear
etiology who have first-degree
atrioventricular block or second-degree
Mobitz type | atrioventricular block on
ECG, ambulatory electrocardiographic
monitoring is reasonable to establish
correlation between symptoms and rhythm
abnormalities.s>3-3-1-553.34

e356 August 20,2019

Recommendations for Additional Testing for Chronic Therapy/
Management of Bradycardia Attributable to Atrioventricular Block

(Continued)

2. In patients with exertional symptoms (eg, chest
pain, shortness of breath) who have first-degree
or second-degree Mobitz type | atrioventricular
block at rest, an exercise treadmill test is
reasonable to determine whether they may
benefit from permanent pacing.s>33555336

3. In selected patients with second-degree
atrioventricular block, an EPS may be
considered to determine the level of the
block and to determine whether they may
benefit from permanent pacing.’>337-55:3.3

4. In selected patients with second-
degree atrioventricular block, carotid
sinus massage and/or pharmacological
challenge with atropine, isoproterenol,
or procainamide may be considered to
determine the level of the block and to
determine whether they may benefit from
permanent pacing.ss3:3-10-553.3-12

5.3.4. Permanent Pacing
Recommendations for Permanent Pacing for Chronic Therapy/
Management of Bradycardia Attributable to Atrioventricular Block

Referenced studies that support recommendations are summarized
in

1. In patients with acquired second-degree
Mobitz type Il atrioventricular block, high-
grade atrioventricular block, or third-degree
atrioventricular block not attributable to
reversible or physiologic causes, permanent
pacing is recommended regardless of
symptoms $534-1-553.47

2. In patients with neuromuscular
diseases associated with conduction
disorders, including muscular dystrophy
(such as myotonic dystrophy type 1) or
Kearns-Sayre syndrome, who have evidence
of second-degree atrioventricular block,
third-degree atrioventricular block, or an HV
interval of 70 ms or greater, regardless of
symptoms, permanent pacing, with additional
defibrillator capability if needed and
meaningful survival of greater than 1 year is
expected, is recommended.%>3485534-15

3. In patients with permanent atrial fibrillation
(AF) and symptomatic bradycardia, permanent
pacing iS recommendedlSS.i 4-2,55.3.4-16,55.3.4-17

4. In patients who develop symptomatic
atrioventricular block as a consequence of
guideline-directed management and therapy
for which there is no alternative treatment
and continued treatment is clinically necessary,
permanent pacing is recommended to increase
heart rate and improve symptoms,s5:3418-5534-24

5. In patients with an infiltrative cardiomyopathy,
such as cardiac sarcoidosis or amyloidosis, and
second-degree Mobitz type Il atrioventricular
block, high-grade atrioventricular block, or
third-degree atrioventricular block, permanent
pacing, with additional defibrillator capability if
needed and meaningful survival of greater than
1 year is expected, is reasonable, 53425553430

Circulation. 2019;140:¢333-e381. DOI: 10.1161/CIR.0000000000000627
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Recommendations for Permanent Pacing for Chronic Therapy/
Management of Bradycardia Attributable to Atrioventricular Block

(Continued)

6. In patients with lamin A/C gene mutations,
including limb-girdle and Emery-Dreifuss
muscular dystrophies, with a PR interval
greater than 240 ms and LBBB, permanent
pacing, with additional defibrillator
capability if needed and meaningful
survival of greater than 1 year is expected,
iS reasonable'SS 3.4-31-55.3.4-33

7. In patients with marked first-degree or
second-degree Mobitz type | (Wenckebach)
atrioventricular block with symptoms
that are clearly attributable to the
atrioventricular block, permanent pacing is
reasonable'SS 3.4-34-55.3.4-37

8. In patients with neuromuscular
diseases, such as myotonic dystrophy
type 1, with a PR interval greater than
240 ms, a QRS duration greater than 120
ms, or fascicular block, permanent pacing,
with additional defibrillator capability
if needed and meaningful survival of
greater than 1 year is expected, may be
Consideredl55.3.4-9~55 3.4-13,55.3.4-15

5.3.4.1. Permanent Pacing Techniques and Methods
for Chronic Therapy/Management of Bradycardia
Attributable to Atrioventricular Block

Recommendations for Permanent Pacing Techniques and Methods
for Chronic Therapy/Management of Bradycardia Attributable to
Atrioventricular Block

Referenced studies that support recommendations are summarized
in and the Systematic Review.

. In patients with SND and atrioventricular

block who require permanent pacing,
dual chamber pacing is recommended
over single chamber ventricular
pacing.SS.S 4.1-1-55.3.4.1-7

2. In select patients with atrioventricular block
who require permanent pacing in whom
frequent ventricular pacing is not expected,
or who have significant comorbidities that
are likely to determine clinical outcomes and
that may limit the benefit of dual chamber

pacing, single chamber ventricular pacing is
eﬁectivelSS 3.4.1-1-55.3.4.1-6,55.3.4.1-8-55.3.4.1-10

3. For patients in sinus rhythm with a single
chamber ventricular pacemaker who develop
pacemaker syndrome, revising to a dual

chamber pacemaker is recommended.>>341-1
$5.3.4.1-2,55.3.4.1-5,55.3.4.1-8-55.3.4.1-10

4. In patients with atrioventricular block
who have an indication for permanent
pacing with a left ventricular ejection
fraction between 36% and 50% and are
expected to require ventricular pacing more
than 40% of the time, it is reasonable
to choose pacing methods that maintain
physiologic ventricular activation (eg,
cardiac resynchronization therapy [CRT] or
His bundle pacing) over right ventricular

pacing.5534 1-7,55.3.4.1-11-55.3.4.1-19

Circulation. 2019;140:e333-e381. DOI: 10.1161/CIR.0000000000000627

Recommendations for Permanent Pacing Techniques and Methods
for Chronic Therapy/Management of Bradycardia Attributable to

Atrioventricular Block (Continued)

5. In patients with atrioventricular block who

have an indication for permanent pacing
with a left ventricular ejection fraction
between 36% and 50% and are expected
to require ventricular pacing less than 40%
of the time, it is reasonable to choose right
ventricular pacing over pacing methods that
maintain physiologic ventricular activation

(eg, CRT or His bundle pacing).s>34 1155534116
$5.3.4.1-20,55.3.4.1-21

. In patients with atrioventricular block at

the level of the atrioventricular node who
have an indication for permanent pacing,
His bundle pacing may be considered

to maintain physiologic ventricular
aCtiVatiOn.SS 3.4.1-19,55.3.4.1-22-55.3.4.1-25

. In patients with permanent or persistent

AF in whom a rhythm control strategy is
not planned, implantation of an atrial lead
should not be performed.s>341-26:55.3.4.1-27

SR indicates systematic review.

6. CONDUCTION DISORDERS (WITH 1:1
ATRIOVENTRICULAR CONDUCTION)

6.1. Evaluation of Conduction Disorders

See Figure 8 for evaluation of conduction disorders

algorithm.

Recommendations for Evaluation of Conduction Disorders (With 1:1
Atrioventricular Conduction and Normal PR Interval)

Referenced studies that support recommendations are summarized

in

. In patients with newly detected LBBB,

a transthoracic echocardiogram to
exclude structural heart disease is
recommended. 611613

. In symptomatic patients with conduction

system disease, in whom atrioventricular
block is suspected, ambulatory
electrocardiographic monitoring is
USerI.SG 1-4-56.1-11

. In selected patients presenting with

intraventricular conduction disorders other
than LBBB, transthoracic echocardiography
is reasonable if structural heart disease is
Suspected_55,1—3,56,142,56.1713

. In patients with symptoms suggestive

of intermittent bradycardia (eg,
lightheadedness, syncope), with conduction
system disease identified by ECG and no
demonstrated atrioventricular block, EPS is
reasonable 6114

. In selected patients with LBBB in whom

structural heart disease is suspected and
echocardiogram is unrevealing, advanced
imaging (eg, cardiac MRI, computed
tomography, or nuclear studies) is
reasonable. %61
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Recommendations for Evaluation of Conduction Disorders (With 1:1

Atrioventricular Conduction and Normal PR Interval) (Continued)

COR LOE Recommendations

6. In selected asymptomatic patients

with extensive conduction system

disease (bifascicular or trifascicular
Ib C-LD block), ambulatory electrocardiographic
recording may be considered to document
suspected higher degree of atrioventricular
block.56.1'4,56.1—6

7. In selected asymptomatic patients with
LBBB in whom ischemic heart disease is
suspected, stress testing with imaging may
be considered.*512

lib C-LD

Evidence for
conduction disorder

Reversible
or Physiologic
cause

Suspicion
for infiltrative CM,

endocarditis, ACHD
etc.

Advanced imaging Ye
(Class b No

Type
of conduction

RBEB or fascicular
block

Transthoracic
echocardiography
i (Class lla)
I T

N
( Ambulatory ECG Monitoring§ ,
(Class llb)

Cl
Electrophysiology study é

Figure 8. Evaluation of conduction disorders algorithm.

Colors correspond to Class of Recommendation in Table 2. See Section 7.4.
in the full-text guideline for discussion. *Refer to Section 6.2., Figure 9.
tAdvanced imaging could include magnetic resonance imaging, computed

tomography, or transesophageal echocardiography. +Monitor choice based on

the frequency of symptoms. §Extensive conduction disease (eg, first degree
atrioventricular block combined with LBBB). ACHD indicates adult congenital
heart disease; CM, cardiomyopathy; ECG, electrocardiogram/electrocardio-

graphic; LBBB, left bundle branch block; and RBBB, right bundle branch block.
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6.2. Management of Conduction
Disorders (With 1:1 Atrioventricular
Conduction)

See Figure 9 for management of conduction disorders
algorithm.

Recommendations for Management of Conduction Disorders (With
1:1 Atrioventricular Conduction and Normal PR Intervals)

Referenced studies that support recommendations are summarized

Recommendations

1. In patients with syncope and bundle

branch block who are found to have an
Cc-LD HV interval 70 ms or greater or evidence of
infranodal block at EPS, permanent pacing is
recommended®6-2:5622

2. In patients with alternating bundle
Cc-LD branch block, permanent pacing is
recommended.*¢?3

3. In patients with Kearns-Sayre syndrome
and conduction disorders, permanent
pacing is reasonable, with additional
defibrillator capability if appropriate and
meaningful survival of greater than 1 year is
expected.SG 2-4,56.2-5

lla C-LD

4. In patients with Anderson-Fabry disease
and QRS prolongation greater than 110
ms, permanent pacing, with additional
defibrillator capability if needed and
meaningful survival of greater than 1 year
is expected, may be considered.%6-2:5627

lib C-LD

5. In patients with heart failure, a mildly
to moderately reduced left ventricular
b C-LD ejection fraction (36%-50%), and LBBB
(QRS =150 ms), CRT therapy may be

considered.6-2:8:56:2-9

6. In asymptomatic patients with isolated
conduction disease and 1:1 atrioventricular
conduction, permanent pacing is not
indicated (in the absence of other indications
for pacing).56.2-10756 2-15

Circulation. 2019;140:¢333-e381. DOI: 10.1161/CIR.0000000000000627
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Conduction disorder:
BBB or fascicular block with

1:1 AV conduction®

No

LVEF 36-50%, LBBB,
QRS >150 ms, and Class |l or
greater HF symptoms

sugge:

Yes: No
AV black diagnosiic
algorithmt

Figure 9. Management of conduction disorders algorithm.

Colors correspond to Class of Recommendation in Table 2. *For severe first-
degree atrioventricular block or first-degree atrioventricular block with an
accompanying neuromuscular disease, also refer to Section 5.3., Figure 7, the
atrioventricular block algorithm. tSee Section 3.3.2., Figure 3. AV indicates
atrioventricular; BBB, bundle branch block; HF, heart failure; LBBB, left bundle
branch block; and LVEF, left ventricular ejection fraction.

7. SPECIAL POPULATIONS

7.1. Perioperative Management

7.1.1. Patients at Risk for Bradycardia During
Noncardiac Surgery or Procedures

Recommendations for Patients at Risk for Bradycardia During
Noncardiac Surgery or Procedures

Referenced studies that support recommendations are summarized

in

1. In patients who are thought to be at high
risk for the development of intraoperative
or periprocedural bradycardia because of
patient characteristics or procedure type,
placement of transcutaneous pacing pads is
reasonable'ﬂ 1.1-1-57.1.1-3

2. In patients with LBBB who require pulmonary
artery catheterization for intraoperative
monitoring, routine prophylactic temporary
transvenous pacing should not be
performed.57"'*""57“'5

Circulation. 2019;140:e333-e381. DOI: 10.1161/CIR.0000000000000627

7.1.2. Postoperative Bradycardia and Conduction
Disorders After Cardiac Surgery

7.1.2.1. Coronary Artery Bypass

Recommendations for Pacing After Isolated Coronary Artery Bypass
Surgery

Referenced studies that support recommendations are summarized

in

1. In patients who have new postoperative
SND or atrioventricular block associated
with persistent symptoms or hemodynamic
instability that does not resolve after
isolated coronary artery bypass surgery,
permanent pacing is recommended before
discharge_STW.2.171757.1.2 1-9

2. In patients undergoing isolated coronary
artery bypass surgery, routine placement
of temporary epicardial pacing wires is
reasonable_ﬁ 1.2.1-5,57.1.2.1-10,57.1.2.1-11

3. In patients undergoing coronary artery
bypass surgery who will likely require future
CRT or ventricular pacing, intraoperative
placement of a permanent epicardial left
ventricular lead may be considered.

7.1.2.2. Surgery for Atrial Fibrillation

Recommendations for Pacing After Surgery for Atrial Fibrillation

Referenced studies that support recommendations are summarized
in

1. In patients undergoing surgery for AF,
routine placement of temporary epicardial
pacing wires is recommended.571:221-57.1.2:2:4

2. In patients who have new postoperative
SND or atrioventricular block associated
with symptoms or hemodynamic instability
that does not resolve after surgery for AF,
permanent pacing is recommended before
discharge.ﬂﬂ.2.2-1—57.1.2 2-4

3. In patients undergoing surgery for AF who
will likely require future CRT or ventricular
pacing, intraoperative placement of a
permanent epicardial left ventricular lead
may be considered.

7.1.2.3. Valvular Surgery

7.1.2.3.1. Surgical Aortic Valve Replacement
or Repair

Recommendations for Pacing After Aortic Valve Surgery

Referenced studies that support recommendations are summarized
in

1. In patients undergoing surgical aortic valve
replacement or repair, routine placement
of temporary epicardial pacing wires is
recommended'ﬂ.kz 3.1-1-57.1.2.3.1-3
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Recommendations for Pacing After Aortic Valve Surgery
(Continued)

2. In patients who have new postoperative
SND or atrioventricular block
associated with persistent symptoms or
hemodynamic instability that does not
resolve after aortic valve replacement,
permanent pacing is recommended before
discharge_57.1.2.3 1-1-57.1.2.3.1-5

3. In patients undergoing aortic valve surgery
who will likely require future CRT or
ventricular pacing, intraoperative placement
of a permanent epicardial left ventricular
lead may be considered.

7.1.2.3.2. Mitral Valve Surgery

Recommendations for Pacing After Mitral Valve Surgery

Referenced studies that support recommendations are summarized
in

1. In patients who have new postoperative
SND or atrioventricular block associated
with persistent symptoms or hemodynamic
instability that does not resolve after
mitral valve repair or replacement surgery,
permanent pacing is recommended before
discharge_ﬂ 1.2.3.2-1,57.1.232-2

2. In patients undergoing mitral valve surgery,
routine placement of temporary epicardial
pacing wires is reasonable,7:12321-7.12.32:3

3. In patients undergoing surgical mitral
valve repair or replacement who will likely
require future CRT or ventricular pacing,
intraoperative placement of a permanent
epicardial left ventricular lead may be
considered.

7.1.2.3.3. Tricuspid Valve Surgery

Recommendations for Pacing After Tricuspid Valve Surgery

Referenced studies that support recommendations are summarized
in

1. In patients undergoing tricuspid
valve surgery, routine placement of
temporary epicardial pacing wires is
recommended_57.1.2.3 3-1-57.1.2.334

2. In patients who have new postoperative
SND or atrioventricular block associated with
symptoms or hemodynamic instability that
does not resolve after tricuspid valve surgery,
permanent pacing is recommended before
discharge_STW.Z.B 3-1-57.1.2.33-4

3. In patients who are undergoing tricuspid
valve replacement or tricuspid repair with
high risk for postoperative atrioventricular
block, intraoperative placement of
permanent epicardial leads at the time of
cardiac surgery is reasonable 57:123:3:1-57.12.3.35

e360 August 20,2019

7.1.2.4. Transcatheter Aortic Valve Replacement

Recommendations for Conduction Disturbances After Transcatheter
Aortic Valve Replacement

Referenced studies that support recommendations are summarized

in

1. In patients who have new atrioventricular
block after transcatheter aortic valve
replacement associated with symptoms
or hemodynamic instability that does not
resolve, permanent pacing is recommended
before discharge'ﬂ 1241571244

2. In patients with new persistent bundle
branch block after transcatheter aortic
valve replacement, careful surveillance for
bradycardia is reasonable.1:24557.12.46

3. In patients with new persistent LBBB after
transcatheter aortic valve replacement,
implantation of a permanent pacemaker
may be COnSidered.S7 1.2.4-4,57.1.2.4-7-57.1.2.4-10

7.1.2.5. Heart Transplant, Surgical Myectomy, and
Alcohol Septal Ablation

7.1.2.5.1. Surgical Myectomy and Alcohol Septal
Ablation for Hypertrophic Cardiomyopathy

Recommendations for Patients Undergoing Surgical Myectomy or
Alcohol Septal Ablation for Hypertrophic Cardiomyopathy

Referenced studies that support recommendations are summarized
in

. In patients with second-degree Mobitz
type Il atrioventricular block, high-grade
atrioventricular block, or persistent
complete atrioventricular block after alcohol
septal ablation or surgical myectomy,
permanent pacing is recommended before
discharge_STW.Z.S 1-1-§7.1.2.5.1-4

2. In selected patients with hypertrophic
cardiomyopathy who require permanent
pacing for rate support after alcohol septal
ablation or surgical myectomy and are at
high risk for sudden cardiac death and
meaningful survival of greater than 1 year is
expected, selecting a device with defibrillator
capabilities is reasonable.7:12:515-57.1.2.51-7

3. In patients with hypertrophic
cardiomyopathy who undergo
alcohol septal ablation and who are
at risk for developing late atrioventricular
block, prolonged ambulatory

electrocardiographic monitoring may be
COﬂSidered.S7 1.251-1,57.1.2.51-2,57.1.251-457.1.251-7,57.1.2.5.1-8

4. In patients with hypertrophic
cardiomyopathy, evaluation of
ventriculoatrial conduction by EPS at the
time of alcohol septal ablation may be
considered for identifying future risk of
atrioventricular block.>7:12:519

Circulation. 2019;140:¢333-e381. DOI: 10.1161/CIR.0000000000000627
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7.2. Bradycardia Management for Adult
Congenital Heart Disease

Recommendations for Management of Bradycardia in Adults With
Adult Congenital Heart Disease

Referenced studies that support recommendations are summarized
in

1. In adults with adult congenital heart
disease (ACHD )and symptomatic SND or
chronotropic incompetence, atrial based
permanent pacing is recommended.->1-57 26

2. In adults with ACHD and symptomatic
bradycardia related to atrioventricular block,
permanent pacing is recommended.*7 275729

3. In adults with congenital complete
atrioventricular block with any symptomatic
bradycardia, a wide QRS escape rhythm,
mean daytime heart rate below 50 bpm,
complex ventricular ectopy, or ventricular
dysfunction, permanent pacing is
recommended.s7-#10:57.2:11

4. In adults with ACHD and postoperative
second-degree Mobitz type Il atrioventricular
block, high-grade atrioventricular block, or
third-degree atrioventricular block that is not
expected to resolve, permanent pacing is
recommended_57.2-12,s7 2-13

5. In asymptomatic adults with congenital
complete atrioventricular block, permanent
pacing is reasonable.>”-2-7-57.211

6. In adults with repaired ACHD who
require permanent pacing for bradycardic
indications, a bradycardia device with
atrial antitachycardia pacing capabilities is
reasonable 721457215

7. In adults with ACHD with preexisting sinus
node and/or atrioventricular conduction
disease who are undergoing cardiac surgery,
intraoperative placement of epicardial
permanent pacing leads is reasonable.

8. In adults with ACHD and pacemakers,
atrial-based permanent pacing for the
prevention of atrial arrhythmias may be
considered '57 2-3-57.2-5,57.2-16

9. In selected adults with ACHD and venous
to systemic intracardiac shunts, placement
of endocardial pacing leads is potentially
harmfu|_57,2—17,57.2'18

Circulation. 2019;140:e333-e381. DOI: 10.1161/CIR.0000000000000627

7.3. Management of Bradycardia in
Patients With an Acute M

Recommendations for Management of Bradycardia in the Context
of Acute MI

Referenced studies that support recommendations are summarized

in

. In patients presenting with an acute MI,
temporary pacing is indicated for medically
refractory symptomatic or hemodynamically
significant bradycardia related to SND or
atrioventricular block.>7-3-1-57:3-4

2. Patients who present with SND or
atrioventricular block in the setting of an
acute Ml should undergo a waiting period

before determining the need for permanent
pacing.57.3'1,57.34‘ki7 3-7

3. In patients presenting with an acute Ml with
second-degree Mobitz type Il atrioventricular
block, high-grade atrioventricular block,
alternating bundle branch block, or third-
degree atrioventricular block (persistent or
infranodal), permanent pacing is indicated
after a waiting period.737:573%8

4. In patients with an acute Ml with
symptomatic or hemodynamically
significant sinus bradycardia or
atrioventricular block at the level of
the atrioventricular node, the administration
of atropine is reasonable. 73957311

5. In patients with an acute Ml and transient
atrioventricular block that resolves,

permanent pacing should not be
performed_57 3-1,57.3-4,57.3-7,57.3-12-57.3-16

6. In patients with an acute Ml and a
new bundle branch block or isolated
fascicular block in the absence of second-
degree or third-degree atrioventricular
block, permanent pacing should not be
performed_57v3-17—57 3-19

7.4. Neurologic Disorders
7.4.1. Epilepsy

Recommendation for Patients With Epilepsy and Symptomatic
Bradycardia

Referenced studies that support the recommendation are
summarized in

1. In patients with epilepsy associated with
severe symptomatic bradycardia (ictal
bradycardia) where antiepileptic medications
are ineffective, permanent pacing is
reasonable for reducing the severity of
Sympt0m5.57 4.1-1-57.4.1-4
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8. EVALUATION OF THE RISKS FOR
VENTRICULAR ARRHYTHMIAS IN
PATIENTS WHO REQUIRE PERMANENT
PACING

Recommendation for Management of Bradycardia and Conduction
Tissue Disease in Patients Who Require Pacing Therapy and May
Also Be at Risk for Ventricular Arrhythmias

Referenced studies that support the recommendation are
summarized in

1. In patients who require permanent pacing
therapy, before implantation, an assessment
of the risk of future ventricular arrhythmias
and need for an implantable cardioverter
defibrillator should be performed.s&1-s87

9. SHARED DECISION-MAKING

Recommendations for Shared Decision-Making for Pacemaker
Implantation in the Setting of Guideline-Based Indications for
Bradycardia Pacing

1. In patients with symptomatic bradycardia or
conduction disorder, clinicians and patients
should engage in a shared decision-making

C-LD approach in which treatment decisions

are based not only on the best available

evidence, but also on the patient’s goals of

care, preferences, and values.*-'-96

2. Patients considering implantation

of a pacemaker or with a pacemaker

that requires lead revision or generator

change should be informed of procedural
c-LD benefits and risks, including the potential
short- and long-term complications and
possible alternative therapy, if any, in light
of their goals of care, preferences, and
value5.594759—6

3. In patients with indications for permanent
pacing but also with significant
comorbidities such that pacing therapy
is unlikely to provide meaningful clinical
benefit, or if patient goals of care strongly
preclude pacemaker therapy, implantation or
replacement of a pacemaker should not be
performed.>-1-596

C-LD

10. DISCONTINUATION OF
PACEMAKER THERAPY

Recommendation for Discontinuation of Pacemaker Therapy

1. In patients who present for pacemaker
pulse generator replacement, or for
management of pacemaker related
complications, in whom the original pacing
indication has resolved or is in question,
discontinuation of pacemaker therapy is
reasonable after evaluation of symptoms
during a period of monitoring while pacing
therapy is off.>10-1:510-2

lla C-LD
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