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Cardiac amyloidosis (CA) is an infiltrative cardiomyopathy caused by the extracellular deposition of amyloid fibrils in the

myocardium. Although cardiac amyloidosis patients primarily present with heart failure symptoms, arrhythmias and

conduction system disease are frequently encountered. Atrial fibrillation (AF) is observed in up to 70% of patients at the

time of diagnosis, and patients typically have controlled ventricular rates caused by concomitant conduction system

disease. Thromboembolic risk is particularly high in patients with CA and AF, and left atrial thrombi have been observed

even in the absence of clinically diagnosed AF. Atrioventricular nodal and infra-Hisian disease are common, and

permanent pacemakers are frequently required. The use of implantable cardioverter-defibrillators in this population

is controversial. This review summarizes the published data and therapeutic strategies surrounding arrhythmias

and conduction system disease with the goal of aiding clinicians managing the clinical complexities of CA.

(J Am Coll Cardiol CardioOnc 2021;3:506–515) © 2021 The Authors. Published by Elsevier on behalf of the

American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
C ardiac amyloidosis (CA) is an increasingly
recognized infiltrative cardiomyopathy
caused by the extracellular deposition of

insoluble protein fibrils (1). Two major subtypes of
CA exist: light chain (AL) and transthyretin (ATTR)
CA (2). Whereas AL-CA results from the excessive pro-
duction of antibody light chains that misfold and de-
posit in tissues, ATTR-CA is caused by the
extracellular deposition of misfolded monomers of
transthyretin (2). ATTR-CA is classified by the
sequence of the TTR gene as either wild-type
(ATTRwt-CA), in which no sequence variant is identi-
fied, or hereditary/variant ATTR-CA (ATTRv-CA), in
which a sequence variant is present (2).
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In recent years, there has been a steady increase in
reported CA (3). This is due, in part, to the introduc-
tion of noninvasive diagnostic modalities, such as
strain echocardiography and scintigraphic nuclear
imaging (4), in addition to advancements in treat-
ment options (5). Recent studies have suggested that
ATTRwt-CA is present in 13%-17% of patients with
heart failure with preserved ejection fraction (HFpEF)
and an increased left ventricular wall thickness (6,7),
and up to 1 in 7 of those with severe symptomatic
aortic stenosis (AS) undergoing transcatheter valve
replacement (8).

Clinically, CA can present in a variety of manners
depending on disease subtype and stage. Although
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HIGHLIGHTS

� Cardiac arrhythmias and conduction sys-
tem disease are common in CA.

� Management of AF is complicated by
difficulty in maintaining sinus rhythm and
thromboembolic complications.

� Atrioventricular nodal and infra-Hisian
disease are common, and the optimal
choice of device is controversial.

� Prospective studies are required to
establish optimal management strategies
for arrhythmias and conduction disease.

AB BR E V I A T I O N S

AND ACRONYM S

AF = atrial fibrillation

AL = light chain

ATTR = transthyretin

AV = atrioventricular

CA = cardiac amyloidosis

DCCV = direct current

cardioversion

ICD = implantable

cardioverter-defibrillator
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patients typically present with signs and symptoms of
heart failure, a somewhat underappreciated mani-
festation common to all forms of CA is conduction
system disease. Although atrial arrhythmias, partic-
ularly atrial fibrillation (AF), are well-documented in
this condition, there are less data in the published
data pertaining to ventricular arrhythmias and atrio-
ventricular (AV) nodal disease. In this paper, we re-
view the pathogenesis, diagnosis, and management
of atrial arrhythmias and conduction system disease
in CA.

PATHOGENESIS OF CONDUCTION DISEASE

The pathogenesis of conduction system disease in CA
is multifactorial. First, amyloid deposition results in
thickening and disarrangement of the otherwise
organized myocardial architecture. This, in turn,
disrupts the transmission of electrical impulses along
conduction fibers (2). Second, cytotoxicity may play a
role, because certain forms of amyloid precursor
proteins are well recognized noxious agents that
induce apoptosis through oxidative stress (9). For
instance, infusion of light chains from patients with
AL-CA into isolated mouse hearts has been shown to
induce diastolic dysfunction independent of amyloid
deposition in vitro (9).

Transthyretin is a well-known neurotoxic agent. Its
noxious effects have been proven both in vitro (10,11),
and in vivo (12). Data on cardiac myocyte toxicity are
only emerging. In vitro studies demonstrate that
numerous ATTR variants are cytotoxic to human
myocardial cell lines in a concentration-dependent
manner (13). Furthermore, the mechanism of cyto-
toxicity not only involves oxidative stress and
apoptosis, but also dysregulation of intracellular
calcium signaling causing action potential
prolongation.
Early cardiac sympathetic denervation
may also contribute to arrhythmogenesis.
Recent nuclear imaging studies, using
123iodine-metaiodobenzylguanidine (123I-
MIBG) scintigraphy as a marker of cardiac
sympathetic activity, have found that dener-
vation occurs before detectable amyloid
deposition via bone scintigraphy (14). In
ATTRv-CA, reduced myocardial MIBG uptake
is a marker of disease severity and is associ-
ated with poor prognosis (15). Although cau-
sality has yet to be proven, neurotoxic

amyloid deposition within the interstitial space with
consequent interstitial remodeling is thought to drive
loss of sympathetic nerve fibers in CA (16).

Given the unique position of the cardiac conduc-
tion system at the intersection between myocardial
and neuronal tissue, and the ability of ATTR to
disrupt cytoplasmic calcium signaling, the potential
molecular mechanisms underlying the cytotoxicity of
transthyretin on this specialized system are evident
(Central Illustration). Although little evidence
currently exists on the toxicity of amyloid on these
uniquely conducting myocytes, its clinical sequalae
are abundantly clear through the prevalence of
rhythm disturbances among patients with CA.

ATRIAL FIBRILLATION

Atrial fibrillation is the most common rhythm
disturbance in CA. The high prevalence of AF in CA is
not difficult to envisage, given the predisposition for
amyloid fibrils to deposit in the atria in addition to
the chronically elevated intra-atrial pressures,
resulting in left atrial dilation.

Evidence from prospective and retrospective
studies have suggested that the prevalence of AF in
CA is between 10% and 69%. In one of the earliest
large-scale longitudinal studies, Rapezzi et al (17)
catalogued the rhythm disturbances evident in pa-
tients with CA across 2 major Italian centers. This
study included 233 patients, of whom 157 had AL-CA,
61 had ATTRv-CA, and 15 were diagnosed with
ATTRwt-CA. Although no clear pattern of conduction
abnormalities was evident, the most pertinent
finding was that a normal ECG in CA is rare, evident in
only 5% of those with AL-CA, 10% in ATTRv-CA, and
0% in ATTRwt-CA. Although very few patients with
ATTRv-CA were included (n ¼ 15), AF was consider-
ably more frequent in the ATTRwt-CA cohort (27% vs
12%; P ¼ 0.046), likely caused by the older age of
those with ATTRwt-CA (17).

This finding is in keeping with more recent studies
across Europe and the United States. In an analysis of
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102 biopsy-proven cases of ATTRwt-CA, Pinney et al
(18) reported that 38% of patients with ATTRwt-CA
were in AF at baseline, compared with only 11% of
patients with AL-CA. Similarly, another retrospective
study comprising 360 patients from the Mayo Clinic
noted a prevalence of AF and atrial flutter of 62%
among individuals with ATTRwt-CA (3). A further
single-center retrospective study from the Cleveland
Clinic including 382 patients with ATTR-CA found
that AF was present in 76% of patients with ATTRwt-
CA and 53% of those with ATTRv-CA (19).

Compared with age-adjusted rates in the general
population, intracardiac thrombi and thromboem-
bolic events are far more common in those with CA.



FIGURE 1 Echocardiographic Features of Atrial Myopathy in Cardiac Amyloidosis

Transesophageal echocardiogram in a patient with transthyretin cardiac amyloidosis demonstrating the following: (A) an enlarged left atrium;

(B) left atrial appendage thrombus with overlying sludge; and (C) low left atrial appendage emptying velocity (16.5 cm/s).
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An autopsy series of 116 patients with CA reported
intracardiac thrombus in 33% of patients, of whom
40% had multiple thrombi (Figure 1) (20). Factors
associated with the development of thromboembo-
lism included AL-CA and left ventricular diastolic
dysfunction (20). Although autopsy studies may
overestimate the prevalence of clinically significant
thrombi, the same group reported similar findings
using echocardiography in a follow-up study (21).
Again, left ventricular diastolic dysfunction, AL-CA,
and AF were independently associated with
thrombus formation (21). Strikingly, this study
highlighted the degree of thrombogenicity in AL-CA:
25% of patients with AL-CA without a history of AF
had intracardiac thrombi on imaging, whereas no
patient with ATTR-CA without a history of AF had
intracardiac thrombus (21). In a study of 100
consecutive patients with ATTR-CA undergoing
transesophageal echocardiography before direct
current cardioversion (DCCV), Donnellan et al (22)
found that the risk of left atrial thrombus in CA is
independent of CHA2DS2-VASc score. Given the high
rates of atrial myopathy and thrombi, anticoagulation
should be prescribed to all patients with CA and AF in
the absence of a prohibitively high bleeding risk,
regardless of CHA2DS2-VASc score (2). In addition to
the higher rates of intracardiac thrombus, patients
with CA and AF are also at increased risk of cardiogenic
shock compared with those with CA without AF (23).
This finding is most likely caused by the loss of AV
synchrony and of the atrial contribution to diastolic
left ventricular filling. Despite these increased rates of
complications, however, no studies to date have
demonstrated an association between AF and
increased mortality.

MANAGEMENT OF AF

Despite its prevalence, there is a paucity of high-
quality data on optimal therapeutic strategies for AF
in CA. Given both the unique pathophysiology and
increased risk associated with AF in CA, it is unsur-
prising that the intricacies of management are also
different to that of AF more broadly.



FIGURE 2 Electrocardiographic Features of Cardiac Amyloidosis

Electrocardiograms demonstrating (A) atrial fibrillation, (B) right ventricular apical pacing, and (C) biventricular pacing in patients with

transthyretin cardiac amyloidosis. (D) An electroanatomic map in the posteroanterior projection showing extensive atrial scarring (red) in an

enlarged left atrium. The areas in purple denote healthy left atrial myocardium.
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This is no truer than in the realm of medical man-
agement. Rate control strategies are poorly tolerated
in CA, because they may result in a low-output state
and hemodynamic deterioration. Due to the restric-
tive physiology in CA, stroke volumes are relatively
fixed and maintenance of cardiac output is intimately
dependent on heart rate and left ventricular diastolic
filling. Consequently, patients with CA are poorly
tolerant of negative ionotropic agents, such as beta-
blockers and calcium channel blockers, which
reduce cardiac output, and high heart rates, which
decrease diastolic filling time (24-26). Interestingly,
toxicity may be precipitated by an ability of amyloid
fibrils to bind pharmacotherapies and thus enhanced
concentration of the drug available to receptors
within the myocardium. Case reports of short-term
left ventricular failure secondary to these agents have
been published, and this binding capacity has been
proven for digoxin in early in vitro studies (26). As
previously noted, often times AV nodal conduction
disease is present in these patients, allowing for rate-
controlled AF without medications. Nevertheless,
rate-control agents are sometimes necessary for pa-
tients with AF and CA (19,27). Given digoxin’s
potential deleterious effects, it was an absolute
contraindication in CA patients. However, some cen-
ters are now using it cautiously in select patients.

Antiarrhythmic therapy (AAT) is less commonly
prescribed in CA, and there is currently a paucity of
studies investigating the efficacy and safety of
AAT. Given the preponderance of coexisting heart
failure and renal impairment, many AAT agents
commonly employed clinically are contraindicated in
patients with CA. For instance, Class IC agents such as
flecainide and propafenone are contraindicated in
patients with structural heart disease, including left
ventricular hypertrophy (28). Similarly, certain Class
III agents, such as dronedarone and sotalol, are con-
traindicated in patients with significant renal
impairment and heart failure (29). Consequently,
amiodarone and dofetilide are the most widely
utilized agents (19). Given its predominant renal
route of excretion, both renal function and corrected
QT interval need to be closely monitored in patients
with CA initiated on dofetilide, and dofetilide is
contraindicated in patients with a creatinine
clearance <40 mL/min (29). Our group previously
found that AAT was more effective when employed
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earlier in the disease course, and that maintaining
normal sinus rhythm appeared to confer a mortality
benefit (19). With respect to DCCV, previous studies
have found that both procedure cancellations and
periprocedural complications are far more common in
those with CA compared with age- and sex-matched
control subjects (30,31). In a review of DCCV out-
comes among 58 patients with CA and AF at the Mayo
Clinic, pre-DCCV intracardiac thrombi were detected
in 28% of those with CA compared with 2.5% in the
control group (P < 0.001) (30). Procedural complica-
tions, including stroke and severe postconversion
bradyarrhythmias, were also more common in those
with CA (14% vs 2%; P ¼ 0.008) (30). In a similar
manner to AAT, our group previously reported that
DCCV was substantially more effective when per-
formed earlier in the course of CA. Of 119 patients
with ATTR-CA who underwent DCCV, only 33% of
patients with stage 3 ATTR-CA remained in sinus
rhythm at 30 days following DCCV, compared with
90% of patients with stage 1 disease (P < 0.001) (19).
Extensive low-voltage areas were observed on elec-
troanatomic mapping in patients with ATTR-CA
(Figure 2).

Despite the ubiquity of anticoagulation in this
population, there are very little data comparing an-
ticoagulants. Early studies suggest that warfarin is
more commonly used, prescribed in up to 79% of
patients in 1 publication (27). However, a more recent
retrospective analysis of 217 patients noted that 53.5%
of patients were treated with direct oral anticoagu-
lants, in comparison to only 35.9% on warfarin (32).
Notably, no difference in the rate of thromboembolic
events was found between warfarin and direct oral
anticoagulant therapy (32). The role of left atrial
appendage (LAA) occlusion devices in patients with
CA is currently controversial. Although a diagnosis of
CA was not an exclusion criterion in the prospective,
randomized clinical trials that demonstrated the
noninferiority of LAA closure relative to warfarin
(33,34), some have made the argument that a foreign
body may serve as a nidus for thrombus formation in
the enlarged, dysfunctional atria frequently observed
in individuals with CA. The role of LAA closure in CA
is currently an active area of research.

Catheter ablation for AF in CA has been studied in
4 small observational studies (35-38). In all 4 studies,
the procedure was generally safe with few perioper-
ative complications. Notably, the rate of periproce-
dural thromboembolic events was similar in CA and
non-CA patients. However, arrhythmia recurrence is
common following ablation. Our group studied 24
patients with ATTR-CA undergoing AF ablation and
found that 58% developed recurrent arrhythmia
during a mean follow-up of 39 months (39). Rates of
recurrence were high in those with more advanced
ATTR-CA, with 90% of those with stage 3 disease
experiencing recurrence, compared with 36% of those
with stage 1 ATTR-CA (P < 0.0001). Ablation was
associated with substantially lower rates of hospital-
ization (18% vs 72%; P < 0.0001) and mortality (29%
vs 75%; P ¼ 0.01) (39). Furthermore, in a study of 26
patients with CA and atrial arrhythmias, Tan et al.
(36) noted improvements in New York Heart Associ-
ation (NYHA) functional class symptoms 6 months
post ablation.

Ultimately, conclusions differ. Authors of earlier
studies suggest the role of ablation in CA-related AF
is limited given the high recurrence (35). More
extensive ablation beyond the pulmonary veins is
required, because amyloid deposition occurs
diffusely in CA and the pulmonary veins are not the
only source of AF. In our experience, if ablation is to
be considered, it should be performed early in the
disease course.

SINUS NODE DYSFUNCTION

Sinus node dysfunction (SND) is defined as an
inability of the sinoatrial node to generate a heart rate
that meets physiological needs. It can manifest in a
variety of ways, including sinus bradycardia, sinus
pauses, or sinus arrest. Despite the high prevalence of
conduction disease in CA and the predisposition for
amyloid to deposit in the atria, SND in CA is not well
studied. Most studies investigating conduction sys-
tem disease in CA do not discuss SND. Available data
suggest it is uncommon. In a recent single-institution
retrospective study of 369 patients followed over
28 months, SND occurred in 7% of patients (40). It
was more common in ATTRv-CA than in ATTRwt-CA
(8% vs 6%); however, statistical significance was not
reached (40). Although infiltrative conditions,
including CA, have been considered classical causes
of sinoatrial node pathology, published outcomes in
CA are lacking.

AV NODAL DISEASE

AV conduction disease is common in CA. In a single-
center retrospective study including 369 patients
with ATTR-CA, 9.5% had pacemakers implanted for
high-grade AV block before their diagnosis with CA
(40). During a follow-up period of 28 months, a
further 11% developed a pacemaker requirement for
high-grade AV block (40). First-degree AV block was
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very common in this population, occurring in 49% of
those with ATTRwt-CA and 43% with ATTRv-CA (40).
No significant differences in the development of AV
block were observed across disease stages, and only a
QRS duration $120 milliseconds was associated with
an elevated risk of AV block (40).

In an Italian study of 233 patients, Rapezzi et al (17)
found that first-degree AV block was present in 18%
of those with AL-CA, but up to 33% of those with
ATTRwt-CA. Moreover, 13% of patients with ATTRwt-
CA had pacemakers implanted prior to diagnosis
compared with 3% of those with ATTRv-CA (17).
Meanwhile, Pinney et al (18) noted rates of first-
degree AV block of 11 and 15%, respectively, in those
with ATTRwt-CA and AL-CA.

Pacemakers are commonly required in patients
with CA. Analysis of 145,900 hospitalizations across
the United States demonstrated that 3.9% of those
with CA and documented arrhythmias had pace-
makers (23). One study observed that 10% of pa-
tients with ATTRwt-CA and 7% with ATTRv-CA had
pacemakers in situ at the time of CA diagnosis (40).
In a 10-year retrospective review of 262 patients
with ATTRv, a pacemaker was inserted in 45% of
cases (41). Compared with patients with HFpEF
without a diagnosis of CA, patients with CA and
HFpEF require pacemakers far more commonly
(43.8% vs 11.5%; P ¼ 0.004) (6). Most reports agree
that pacemakers are most common in ATTRwt-CA,
followed by ATTRv-CA and, finally, AL-CA. Howev-
er, advanced age at the time of diagnosis could
confound these results.

Progression of conduction system disease is com-
mon and often leads to increased right ventricular
(RV) pacing burden with time. Authors from Duke
University examined the longitudinal electrophysi-
ology data from pacemaker interrogation in 34
patients with CA and cardiac implantable electronic
devices. Pronounced dependence on RV pacing was
evident over time, from an average pacing burden of
35.5% at 6 months postinsertion up to 96.2% 5 years
later (42).

Furthermore, a high burden of RV pacing is asso-
ciated with deleterious consequences. In a retro-
spective observational cohort study of 78 patients
with ATTR-CA and cardiac implantable electronic
devices, a pacing burden >40% was shown to result
in adverse structural and clinical consequences,
including worsening NYHA functional class, left
ventricular ejection fraction (LVEF), and an increased
severity of mitral regurgitation (43). Patients with CA
appear to be particularly vulnerable to the
interventricular and intraventricular dyssynchrony
brought about by RV pacing, given their restrictive
physiology. As a corollary, biventricular pacing has
been associated with improvements in NYHA func-
tional class, LVEF, and mitral regurgitation severity
(43). Summarizing this evidence, biventricular pacing
should be considered when an indication for pacing
emerges, because single-chamber pacing can result in
a high RV pacing burden and eventual clinical
deterioration.

VENTRICULAR ARRHYTHMIAS

Data pertaining to ventricular arrhythmias (VAs) in
CA are limited to several small retrospective studies,
and the results have been somewhat conflicting.
Although early publications observed high rates of
VAs in AL-CA, more contemporary publications have
reported much lower rates of sustained VAs, partic-
ularly among those with ATTR-CA (44,45).

There are numerous potential mechanisms driving
ventricular arrhythmogenicity in CA. One proposal
involves patchy amyloid fibril infiltration within the
ventricular myocardium along with microvascular
ischemia leading to the development of anatomical
re-entrant circuits suitable for VA (46). Other mech-
anisms include preferential amyloid cytotoxicity to
ventricular myocardial cells. This may explain the
apparent higher prevalence of VAs in AL-CA over
ATTR-CA.

Although VAs are common in CA, their effect on
mortality may not be as significant as expected. In a
study of AL-CA patients with presyncope or syncope
who had a loop recorder implanted, bradycardia fol-
lowed by PEA was the terminal rhythm in 62% of
deaths, whereas only 1 episode of nonsustained
ventricular tachycardia was evident from 272 loop
recordings (47). Bradycardia and complete AV block
were common prior to PEA—suggesting prophylactic
pacemaker rather than implantable cardioverter-
defibrillator (ICD) insertion could offer a survival
benefit in patients with severe AL-CA. In a study of 19
patients with histologically proven AL-CA who un-
derwent prophylactic ICD placement, Kristen et al
(48) identified a low-voltage pattern on ECG, multiple
ventricular ectopic beats, increased left ventricular
wall thickness, and higher N-terminal pro–B-type
natriuretic peptide levels as risk factors for PEA
death. Anecdotally, vagal events can occur in patients
with CA, particularly in those with AL-CA and auto-
nomic neuropathy, which may lead to syncope and
even asystole and death.
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The role of ICDs in CA is contested and a survival
benefit has not been proven (2). Although many pa-
tients with CA meet primary and secondary preven-
tion criteria for ICD insertion according to consensus
guidelines, there are many reasons why ICDs would
be of limited value in this population. First, survival
is often <1 year, which is generally a contraindication
to ICD insertion. Second, SCD in these patients is
often caused by PEA or asystole rather than VAs.
Furthermore, high defibrillation thresholds caused by
amyloid infiltration within the myocardial wall may
make attempted ICD therapy unsuccessful.

Although these grounds appear reasonable for
preclusion, the real-world data is considerably more
complex. Numerous small, single-institution, retro-
spective studies have been published. Most of the
early studies predominantly involve AL-CA patients,
whereas more recent publications investigate ATTR-
CA. The largest study used the U.S. National Cardio-
vascular Data Registry to select all registered CA pa-
tients following ICD insertion (n ¼ 472) who were
matched (1:5) with nonischemic cardiomyopathy
control patients (49).

None thus far have demonstrated a convincing
survival benefit to ICD insertion. Furthermore, 2 of
the studies compared survival in CA patients with an
inserted ICD vs a control population following ICD
insertion. Compared with the control population,
patients with CA have significantly reduced survival
(49,50). Interestingly, the largest study found 1-year
mortality for patients with CA and an ICD to be
26.9% vs 11.3% for nonischemic cardiomyopathy
control patients (49).

However, hidden within the data is evidence of
potential benefit in carefully selected patients.
Throughout the studies, the rate of appropriate ICD
therapy is high, up to 32% in the first year with sub-
sequent rates of 9% per year thereafter (51). A higher
rate of appropriate therapy in AL-CA over other forms
was noted in multiple studies suggesting the risk of
VAs may vary with amyloidosis subtype (44). In a
retrospective analysis of 32 patients with CA who
underwent ambulatory rhythm monitoring, Varr et al
(52) reported a successful ICD therapy rate of 80%,
leading to a survival of up to 19 months following ICD
therapy. However, it must be stated that this survival
is not compared to a nonamyloid control population.
In a case-control study of 91 subjects with CA, Kim
et al (50) report a median time to first therapy as low
as 2.7 months in the CA group but significantly longer
in the nonamyloid control group (2.7 months vs
29.39 months; P ¼ 0.016).

These key findings, in conjunction with low rates
of inappropriate ICD therapy (3%-4%) for
supraventricular tachycardias (45,51) and low
complication rates (3-8%) (48,51), hint at the
conceivable efficacy of ICD in CA. It is likely ICD may
be more efficacious in AL-CA over ATTR-CA. VAs are
more common in the former, whereas SVTs are more
common in the latter, resulting in higher rates of
inappropriate ICD therapies (3 of 19 ATTR-CA patients
in 1 small study) (44).

Recent publications have failed to identify any new
positive associations of VA risk (45,51). One found
that both cardiac biomarkers (troponin and N-termi-
nal pro–B-type natriuretic peptide) and LVEF may be
inversely correlated with VA risk (52). An explanatory
hypothesis is that patients with CA and milder forms
of HF are at higher risk because of the patchier amy-
loid infiltration evident at this disease stage.
Furthermore, LVEF reduction only occurs in late-
stage CA when mortality from nonarrhythmogenic
etiologies is more common.

Consideration for ICD insertion will become an
increasingly common scenario faced by clinicians
treating patients with CA, because CA survival im-
proves through new disease modifying therapies. The
current data are conflicting and recommendations
from major consensus guidelines are ambiguous.
Further high-quality studies are necessary going for-
ward to elucidate this potentially life-saving ques-
tion. Consequently, shared decision making between
the patient and the multidisciplinary team is critical
when considering ICD insertion in CA.

ARRHYTHMIAS AND DISEASE

MODIFYING THERAPIES

A deeper understanding of the pathophysiology and
biology governing amyloidosis has led to the devel-
opment of numerous new disease-modifying thera-
pies, particularly in ATTR-CA. Tafamidis is a
transthyretin tetramer stabilizer that prevents disso-
lution into monomers and subsequent amyloid fibril
formation. In a seminal Phase III randomized
controlled trial published in 2018, tafamidis was
shown to reduce both all-cause mortality and car-
diovascular hospitalizations 30 months post-
randomization compared with placebo in patients
with ATTR-CA (5). Looking specifically at the effects
of tafamidis in conduction disease, there have been
no published data to date. Given its ability to prevent
further fibril deposition, it is hoped that tafamidis
therapy will slow electrophysiological deterioration if
employed early in the disease course.

In ATTRv-CA, 2 new drugs have come to market.
Patisiran and inotersen are disease-modifying oligo-
nucleotide agents that slow production of



Hartnett et al J A C C : C A R D I O O N C O L O G Y , V O L . 3 , N O . 4 , 2 0 2 1

Electrophysiological Manifestations of Cardiac Amyloidosis O C T O B E R 2 0 2 1 : 5 0 6 – 5 1 5

514
transthyretin through RNA inhibition. Phase III trials
have demonstrated their efficacy in improving
symptomatic polyneuropathy in ATTRv amyloidosis
(53,54). Despite being tested in patients with ATTRv
amyloidosis with polyneuropathy, post hoc analyses
have shown both to stabilize or reduce left ventricular
wall thickness and improve cardiac output 1.5-2 years
post–drug commencement (55). Their effects on con-
duction disease specifically are relatively unexplored.
Patisiran had a lower rate of arrhythmias compared
with placebo in the Phase III trial (30.6% vs 18.9%)
(56). However, 2.7% of patients on the novel therapy
develop AV nodal block requiring pacemaker inser-
tion compared with 0% in the placebo group (56).

Arrhythmic considerations are not limited to ther-
apies for ATTR-CA. For instance, carfilzomib, an
irreversible proteasome inhibitor used in AL-CA, is
associated with a 2-fold increase in risk of cardio-
vascular adverse events (57). In a meta-analysis of
2,594 patients receiving carfilzomib, cardiac arrhyth-
mias occurred in 2.4% (57).

An abundance of potentially disease-modifying
therapies are currently in the pharmaceutical pipe-
line, all with unknown cardiac sequelae. Because
progressive cardiac disease is the most common cause
of death in amyloidosis, greater emphasis on the
cardiovascular effects of emerging therapies at the
initial clinical trial stage is necessary. For the 3
market-approved therapies discussed, further post
hoc analyses are required to delineate their suitability
for and efficacy in CA associated arrhythmias.
CONCLUSIONS

Amyloid infiltration into the cardiac conduction sys-
tem causes a plethora of electrophysiological
dysfunction, most commonly atrial fibrillation. There
is also increasing recognition of other important
sequelae, including AV nodal disease and ventricular
arrhythmias. The current evidence base for both
electrophysiological interventions and the effect of
new disease-modifying therapies on CA-related ar-
rhythmias is sparse. However, in light of the ever-
growing prominence of CA, these key clinical ques-
tions need to be clarified through high-quality
collaborative prospective studies.
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