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Abstract

Cardiac amyloidosis (CA) is an infiltrative cardiomyopathy
that occurs secondary to deposition of misfolded protein
in the myocardium. The two most common subtypes are
amyloid light chain amyloidosis and amyloid transthyretin
amyloidosis. CA frequently results in congestive cardiac
failure and arrhythmias, due to a disruption in cardiac
substrate with subsequent electromechanical remodeling.
Disease progression is usually demonstrated by development
of progressive pump failure, which may be seen with a high
arrhythmic burden, usually portending a poor prognosis.
Arrhythmias are common, and many commonly used
pharmacological therapies may be poorly tolerated and
lead to clinical decompensation in this population, adding
complexity to the co-management of these conditions.
Studies are required to assess the risks and benefits of
catheter ablation for ventricular tachycardia, with no current
data showing a mortality benefit. The role of implantable
cardioverter-defibrillator therapy is controversial, with
benefits seen predominantly in early phases of the
disease process. High-quality evidence and guideline
recommendations are limited with regard to the management
of arrhythmias. Providers are often left to clinical experience
and expert consensus to aid in decision-making. This review
summarizes both historical and contemporary data and
describes evidence-based strategies for managing ventricular
arrhythmias and their sequelae in patients with CA.

Introduction

Amyloidosis is a systemic disease characterized by the
extracellular deposition of pathological insoluble fibrillar
protein, known as amyloid, within various organs (mainly
the heart and kidneys)." The leading cause of morbidity and
mortality in these patients is from development of restrictive
cardiomyopathy with progressive congestive cardiac failure
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(CCF).? Approximately 95% of cases of cardiac amyloidosis
(CA) are misfolded transthyretin (ATTR) or immunoglobulin
light-chain (AL) types.> The ATTR group is characterized by
misfolding of transthyretin, a protein made mainly in the
liver. Both wild-type ATTR cardiomyopathy (WtATTR-CM)
and hereditary ATTR cardiomyopathy (hATTR-CM) have
been described. The prevalence of WIATTR-CM is estimated
to be between 5.5% and 16.0% of people > 80 years of
age. Recent trends have revealed a significant increase in the
number of new diagnoses of ATTR-CM over the past 10 years,
suggesting that estimates of disease burden underestimate the
true prevalence amyloid cardiomyopathy.> AL amyloidosis is
a clonal plasma cell proliferative disorder characterized by
production of abnormal protein fibrils in the bone marrow.
The estimated prevalence of AL amyloidosis in the United
States ranges from 15.5 to 40.5 cases per million."

CA should be suspected particularly in patients with
heart failure with preserved left ventricular ejection fraction
presenting “red flag” signs such as (1) either symmetrical
or asymmetrical unexplained left and right ventricular
hypertrophy with concomitant diastolic dysfunction and
reduced left ventricular global longitudinal strain (LV GLS)
with an “apical sparing” pattern in echocardiography,
(2) discrepancy between the left ventricular (LV) wall
thickness and QRS voltage and the presence of pseudo-
infarct pattern in electrocardiography, especially if
associated with increased levels of N-terminal pro B-type
natriuretic peptide (NT-proBNP).*

Although novel treatment vastly improved survival in AL
and ATTR CA, cardiovascular events account for more than
two thirds of fatal casualties in both groups.® Moreover, sudden
cardiac death (SCD) accounts for up to 50% of all cardiac
deaths.® Electromechanical dissociation is thought to be the
most common cause of SCD in patients with CA; however,
ventricular arrhythmias (VA) and conduction abnormalities are
also common.” To date, little is known about risk factors for
ventricular tachyarrhythmias as a cause of SCD in patients with
amyloidosis and cardiac involvement. Therefore, identification
of patients with CA who may be eligible for implantable
cardioverter-defibrillator (ICD) is challenging.

While both forms of amyloid subtypes have a predilection
to the development of amyloid cardiomyopathy, the
underlying electrical burden and arrhythmogenic substrate
vary between them, with distinct clinical implications.?
The resultant disruption of the cardiac conduction system in
patients with CA predisposes to arrhythmias, with the most
frequent identified as atrial fibrillation (45% to 65%) and,
less frequently, atrioventricular conduction delays (3.5%)
and ventricular tachyarrhythmias (ventricular tachycardia
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9.9% and ventricular fibrillation 0.7%, respectively).*
WATTR appears to carry the highest risk of atrial fibrillation,
and commonly used cardiovascular therapeutics such as
beta-blockers, calcium-channel blockers, and digoxin may
be poorly tolerated and lead to clinical decompensation
in CA, adding further complexity to the co-management of
these conditions. The literature currently states that patients
with AL CA have a higher propensity to develop VA."
The historically reported survival of < 12 months in patients
with cardiac AL has represented a contraindication to ICD.
However, recently, the evolution of treatment options has
improved overall survival, opening new perspectives in terms
of cardiac protection and calling for further understanding of
the arrhythmic profile and SCD prevention in patients with AL.

Epidemiology of Ventricular Arrhythmias

The prevalence of nonsustained ventricular tachycardia
(NSVT) in AL amyloidosis ranges from 5% to 27% with routine
monitoring,”"3 and 100% during the stem cell transplant
period." The prevalence of ventricular tachycardia (VT) in the
ATTR population is less frequently reported, but small studies
suggest a prevalence of approximately 17%.'> Additionally,
as AL amyloidosis is more likely to cause end-stage CCF
when compared to ATTR, there is a higher preponderance to
development of VA. The clinical significance of VA is varied,
with some studies suggesting a prognostic role''* and other
studies reporting no such correlation.’®

Pathophysiology of Ventricular Arrhythmias

There are a variety of mechanisms that form the
fundamental pathogenesis for VA in CA. Firstly, amyloid
fibril deposition with a resultant inflammatory response
and oxidative stress leads to a separation of myocytes
resulting in remodeling and LV fibrosis, which progressively
develops arrhythmogenic potential."** Secondly, amyloid
fibril deposition in the conduction system can potentiate
arrhythmias."” Thirdly, micro- and macrovascular myocardial
ischemia from amyloid deposition can be demonstrated
by regional myocardial dysfunction, as assessed by cardiac
magnetic resonance (CMR)." The cause and mechanisms of
VA in CA, however, are poorly understood and are likely to
be multifactorial.

Prognosis

Cardiac involvement is the determinant of prognosis in
amyloidosis. Risk of death in patients with AL amyloidosis can
be stratified using the revised Mayo staging models, including
cardiac biomarkers: cardiac troponin T (cTnT = 0.025 ng/mL),
NT-proBNP (= 1,800 pg/mL) and serum immunoglobulin free
light chain difference = 18 mg/dL." Similar to AL amyloidosis,
astaging system including markers of increased myocardial stress,
such as NT-proBNP and high sensitivity cTnT, has been proposed
for ATTR amyloidosis. Patients with both cTnT > 0.05 ng/mL
and NT-proBNP > 3,000 pg/mL had the worst prognosis, with
median survival of only 20 months.?* Additional to elevated
cardiac biomarkers, renal dysfunction was also identified as a
significant risk factor of worse prognosis. In the recently proposed
prognostic system for staging ATTR amyloidosis, patients

with decreased estimated glomerular filtation rate < 45 mL/
min/1.73 m? and NT- proBNP > 3,000 pg/mL had significantly
worse survival compared to those not meeting these cut-off
values.?’ However, the mentioned staging models only predict
overall mortality. There is no significant correlation between
cardiac biomarkers levels and the risk of VA.?2

Itis crucial to understand the pathophysiology of VA in CA
in order to predict the risk of death. Amyloid in the extracellular
spaces distorts the myocardial cells, and it can also infiltrate
cardiac conduction system and coronary arteries. Besides
infiltration, amyloidogenic light chains in AL amyloidosis
may directly impair cardiomyocyte function through an
increase in cellular oxidant stress. It appears that myocardial
scarring and fibrosis that are typical of chronic ischemic or
non-ischemic cardiomyopathies are less common in CA. It is
well known that patients with structural heart disease have a
lower threshold in developing arrhythmias, and this may be
the case for patients with CA, specifically the AL subtype.?
Several echocardiographic correlates of structural heart disease
are known to result in VT, for example evidence of elevated
LV systolic diameter, impaired left ventricular ejection fraction
(LVEF < 30%), widened QRS (> 125 msec), age > 65 years,
prior history of CCF, and active diuretic therapy, when
compared to patients without VT.?*?* These specific clinical
and echocardiographic findings are frequently seen in patients
with CA, and, therefore, these high-risk populations should
undergo frequent monitoring.** Similarly, a study by Falk et
al. has shown that, in patients with CA who present with
high-grade VA, there is more likely to be a history of CCF and
an abnormal echocardiogram, when compared to patients
without arrhythmias.?* These findings highlight the relationship
between structural heart disease, heart failure, and VT.
Therefore, structural assessment in these patients may provide
prognostic value and allow for more appropriate medical
therapy. In some patients, the qualification for primary ICD
implantation is based on the standard LV systolic dysfunction
with LVEF < 35%. However, in the majority of patients with
CA, the decline of LV systolic function is a late manifestation;
therefore, other echocardiographic parameters are needed
to assess LV function (even in those with preserved LVEF).
Harmon et al. showed that VA was more common in patients
with reduced two-dimensional LV GLS (= —15%) assessed by
speckle-tracking echocardiography.?

CMR not only plays an important role in the diagnosis
of CA; it also provides important prognostic information. In
amyloidosis, CMR enables myocardial tissue characterization
by means of T1- and T2-weighted imaging sequences,
T1 mapping (pre- and post-contrast), late gadolinium
enhancement (LGE), and extracellular volume (ECV)
imaging. Global subendocardial or transmural pattern of
LGE and, to a lesser degree, focal patchy LGE are all features
of CA. The extent of LGE may also serve as a surrogate of
arrhythmogenic substrate for the occurrence of VA.*” Two-year
survival in patients with CA without LGE was 92%, whereas it
was significantly lower in those who showed subendocardial
or transmural LGE (81% and 45%, respectively).?® Both in AL
and ATTR CA, the presence of transmural LGE has been shown
to be an independent predictor of worse survival.?® However,
the limitation of LGE is that it is difficult to quantify, making it
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difficult to track changes in CA, for example, due to treatment.
Post-contrast T1 mapping following gadolinium administration
enables estimation of ECV. ECV values are significantly
elevated in CA, and ECV is a robust prognostic marker in
CA. Moreover, the assessment of ECV as well as native T1
values makes it possible to track the disease and response to
therapy over time. Additionally, T2 mapping provides data
on T2 relaxation times which represent myocardial edema
and active inflammation and are potentially linked with
arrhythmogenic potential. In a recent study,* the presence of
myocardial edema was shown in CA, as indicated by increased
T2 relaxation times in patients with amyloidosis compared
to control subjects, as well as in untreated AL amyloidosis
compared with treated AL and ATTR amyloidosis. In this
study, T2 was a prognostic predictor in AL amyloidosis, which
may suggest mechanisms additional to amyloid infiltration
contributing to mortality in this disease.?3°

There have also been studies assessing the relationship
between cardiac monitoring findings and VT in CA. In a
recent study of 239 patients with AL CA, while the presence
of NSVT conferred worse survival prior to stem cell transplant,
cardiac monitoring only detected its presence in approximately
25% of patients.>" In a prospective series of 20 patients with
syncope in the context of severe CA by Sayed et al., only 1
episode of VT was documented, with a total of 13 deaths.
The remaining arrhythmias detected were either atrial
arrhythmias or atrioventricular conduction block.' NSVT is
a common finding among patients with CA, and its role in
predicting SCD in this population is debated, as it appears to
have little discriminative value to identify those who die from
VA.2032 |n the meta-analysis by Halawa et al., despite high
prevalence of NSVT (in 51% of patients with CA), only 18%
received appropriate ICD therapy.** Nevertheless, NSVT in the
early stage of AL amyloidosis can be considered an indication
for ICD implantation in primary prevention (class I1b).>*

To better understand the underlying pathophysiology, Orini
et al. combined the assessment of the electrophysiological
and structural ventricular substrate from 21 patients with
CA (11 AL and 10 ATTR).* The authors used a special
electrocardiographic system with 256 electrodes for
non-invasive epicardial mapping of ventricular potentials
and CMR imaging. When compared with healthy volunteers,
patients with CA had significantly lower epicardial
signal amplitude, slower heterogeneous intraventricular
conduction, and prolonged and more spatially dispersed
repolarization. Moreover, epicardial signal fractionation
and average repolarization time increased with ECV
calculated in CMR. A strong inverse correlation was found
between epicardial signal amplitude and native T1 in CMR.
Both epicardial conduction and repolarization abnormalities
were more notable in patients with AL amyloidosis compared
with ATTR. Spatial conduction-repolarization heterogeneity
is thought to be a marker of increased propensity to VA
and sudden arrhythmic death in patients with heart failure
and may contribute to higher mortality in AL amyloidosis.>®
This study also suggests a link between conduction-
repolarization delay and increased extracellular deposition.

Invasive electrophysiological study is infrequently
performed in patients with CA. Reisinger at al. demonstrated
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a prolongation of the His-ventricular (HV) interval > 55 ms
in the majority of the examined population (23 of 25 patients
with biopsy-confirmed AL amyloidosis), which indicated
disease of the distal His-Purkinje system.® Markedly prolonged
HV interval (= 80 ms) was the only independent predictor
for SCD in the multivariate analysis. The authors concluded
that prolongation of the HV interval not only indicates a risk
of complete atrioventricular block due to conduction system
infiltration with amyloid fibrils and bradyarrhythmia as a
potential cause of death; it may also indicate severe myocardial
infiltration and serve as a marker of the propensity for lethal
VA or acute electromechanical dissociation. Interestingly, in
this study, monomorphic VT was induced in only 4 patients
during programmed ventricular stimulation, and, similarly to
other non-ischemic cardiomyopathies, VT non-inducibility
showed little prognostic value.

Amyloid infiltration is more severe in ATTR when compared
to AL amyloidosis, which ultimately results in greater LV
mass and higher rates of CCF? In spite of these phenotypic
differences, AL amyloidosis confers worse prognosis with
high rates of SCD (approximately 33% of patients) in the first
3 months of diagnosis.’> This may be secondary to higher
spatial heterogenous conduction and repolarization, which
is a marker of arrhythmogenesis and overall worse prognosis,
as shown by Orini et al.*

Management

The management of VA in CA requires a different approach
to standard VA guidelines in the context of heart failure or
conventional cardiomyopathies. The treatment of VT can
be subdivided into cardiac antiarrhythmic medications,
procedural-based therapy, and surgical modalities. Patients
presenting with VT frequently undergo extensive investigation,
including CMR imaging to evaluate myocardial LGE or
scarring, as it provides prognostic information and may identify
a site of origin of VT that can then be effectively targeted by
catheter ablation.*” This work-up may be beneficial in patients
with CA presenting with VA. Conventional pharmacotherapies
that are used in treatment of VT include oral antiarrhythmic
agents and beta-blockade. Beta-blockers, while used widely
in the suppression of VT with beta-adrenergic antagonist
activity, may be detrimental with a resultant loss in cardiac
output, in patients with CA.” Amiodarone, another commonly
used and effective therapy for VT, may result in complications
when treating patients with CA, namely complete heart block
when compared to patients without CA, as shown in a study
(43.8% versus 30.0%, P < 0.0001).%® These findings indicate
poorer overall outcomes with conventional pharmacological
therapy for VT, when used in patients with CA.

Chemotherapy for AL amyloidosis is mainly based on
regimens used for the treatment of myeloma and not specifically
approved for AL cardiac involvement. Most of these drugs
have established cardiotoxic potential, with increased risk of
heart failure and arrhythmic events. A study by Le Bras et al.
demonstrated that dexamethasone as an induction agent
for treatment of patients with AL CA may potentiate fluid
retention and promote arrhythmias, hence resulting in an
arrhythmogenic ventricular substrate.®® Similarly, high dose
chemotherapy, specifically cyclophosphamide and bortezomib,
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in AL amyloidosis can be cardiotoxic in nature and result in VT
due to myocardial dysfunction.*#’

While the role of catheter ablation for treatment of atrial
arrhythmias is evolving, with the current literature showing
potential benefits in terms of recurrence rate and overall
survival, there is a lack of data on its use in VA.#*>* Other than
case reports of successful radiofrequency VT ablation, there
have been no large-scale studies assessing the role of VT or
ventricular fibrillation ablation in CA.**> Catheter ablation of
VT has been shown to have some utility in patients with other
infiltrative cardiomyopathies, such as cardiac sarcoidosis, and
it may, therefore, be a viable option for patients with CA.*¢
Further large-scale studies are required to assess the risk and
benefits of catheter ablation for VT in CA, with no current
data showing a mortality benefit.

The development of refractory heart failure is usually
seen with incessant VT and portends a poor prognosis.
Epicardial mapping and catheter ablation are also options for
management of incessant VT.#” The definitive surgical therapy
for treatment of end-stage heart failure, which may be seen
with recurrent VA, is orthotopic cardiac transplantation,
an option in the setting of failed medical management.*
Heart transplantation is an effective therapy for end-stage CA
with good follow-up survival rates.*

The advent of disease modifying therapies for ATTR
has revolutionized management protocols. Tafamidis, a
transthyretin stabiliser, prevents overall tetramer dissociation
and amyloidogenesis; therefore, it has been shown to reduce
all-cause mortality and cardiovascular hospitalizations.*®
Similarly, diflusinal is a non-steroidal drug that also stabilizes the
transthyretin tetramer and has been shown to stabilize LV mass,
indicating a halt in progression of cardiac amyloidogenesis.”’
By effectively preventing amyloidogenesis, these therapies
may result in reduced incidence of SCD with the potential to
mitigate VA in the population with ATTR.

Device Therapy

Whether there is a selected population of patients
with CA at risk of arrhythmic SCD (versus SCD due to
electromechanical dissociation) who would benefit from
ICD placement is still a matter of debate.*? Currently, there
is no consensus on the absolute benefit that ICDs can confer
patients with CA. While its potential to eliminate fatal VA
is supported by select and anecdotal cases, the overall
effectiveness of ICDs and their safety remains unclear.*?
Most decisions made regarding ICD insertions are largely
patient-centered and based upon local expertise.

Studies have shown that up to one half of patients with CA
die suddenly; however, ICD placement for both primary and
secondary prevention in CA has not been strongly supported
by expert guidelines. Reasons for this include the following:
1) the most common cause of sudden death has been
historically thought to be secondary to electromechanical
dissociation resulting in pulseless electrical activity rather than
a lethal VA; 2) suggestion by some that CA carries a higher
defibrillation threshold that may be refractory to ICD therapy;
and 3) a historically poor prognosis and life expectancy in
this population.'>1

The 2015 European Society of Cardiology (ESC) Guidelines
for management of VA and prevention of SCD state that “there
are insufficient data to provide recommendations” for the use of
ICDs for primary prevention of SCD in patients with CA.>* The
ESC gives class Ila, level of evidence C, for ICD implantation
in secondary prevention, recommending consideration for
those with either AL or hATTR CA and “ventricular arrhythmia
causing hemodynamic instability who are expected to survive >
1 year with good functional status.” The 2017 American Heart
Association/American College of Cardiology/Heart Rhythm Society
guideline for management of patients with VA and prevention
of SCD recommends individualized decision-making for both
primary and secondary prevention ICD placement in CA, as data
remain too limited to allow formal recommendations.** According
to the Heart Rhythm Society consensus statement from 2019, a
prophylactic ICD may be considered in patients with NSVT in the
course of AL and expected survival more than 1 year.3> However,
itis only a class Ilb recommendation. Both the ESC and American
Heart Association guidelines are consistent in recommending
against placement of ICD for primary or secondary prevention
in patients with heart failure and expected meaningful survival
of < 1 year, including in those with medication-refractory New
York Heart Association functional class IV heart failure who are
not also candidates for cardiac resynchronization therapy, cardiac
transplantation, or LV assist devices.

Retrospective analyses (Table 1) of outcomes in patients with CA
implanted with ICD for primary and secondary prevention have
shown that almost one quarter of patients received appropriate
ICD therapy, and the incidence of inappropriate ICD interventions
was low (7%). However, only one quarter of patients who received
appropriate ICD therapy survived the follow-up, and in almost two
thirds of patients the ICD probably had no effect on their survival.
Kristen et al.** found that only 11% of 19 patients with AL CA
implanted with ICD for primary prevention received appropriate
ICD therapies for sustained ventricular tachyarrhythmias. Lin et
al.?2 from the Mayo Clinic found that 28% of 53 patients received
appropriate ICD shocks at 1 year. Patients with AL CA comprised
most of those who received appropriate shocks (12 of 15 patients),
and those who were shocked more often had received an ICD
for secondary prevention. ICD therapy was not associated with
improved mortality in follow-up. Varr et al.?? from Stanford
University found that 26% of 19 patients received appropriate
shocks in follow-up. In this study, not a single patient who received
an ICD for primary prevention received appropriate successful
ICD therapy. There are multiple limitations to these studies. First,
all of the studies included in this review were retrospective with
various sample sizes. Second, the reports included patients with
a variety of CA etiologies, including AL and ATTR, while each
has a different clinical presentation, natural history, prognosis,
and treatment. Regarding prognosis, Harmon et al. indicated in
multivariate analysis that AL amyloidosis was an independent
predictor of high mortality in patients with CA.% Third, the majority
of ICDs were implanted in primary prevention for patients who
had LVEF < 35%. Qualification was mostly based on arbitrarily
adopted criteria, which included the presence of different types
of VA (such as NSVT or frequent premature ventricular beats)
and/or non-postural syncope. Although the detection of NSVTs
and reports of syncope should prompt immediate clinical
concerns, the predictive value for primary SCD prevention
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is controversial. Unexplained syncope is a common and
non-specific symptom in CA population, and it can result
from other causes than conduction disturbances or VA, such
as orthostatic hypotension, autonomic dysfunction, or the
use of diuretics or vasodilating drugs."®

There is an increasing awareness that the primary driver of
mortality in these patients is electromechanical dissociation,
as opposed to VT.°¢57 Electromechanical dissociation
is likely a manifestation of progressive deterioration in
heart failure not amenable to ICD therapy.>® CA is often
diagnosed late in various stages of amyloidosis, and overall
mortality is higher in advanced stages of the disease. It is
noteworthy that patients with greater cardiac involvement,
manifested as higher NT-proBNP concentration and lower
LVEF, may be at higher risk of death from electromechanical
dissociation.?? Therefore, ICD implantation can be more
beneficial in patients with cardiac involvement but with
lower NT-proBNP level and preserved LVEF.3?

It is known that the risk of ventricular tachyarrhythmias
and SCD varies with the type of CA and is significantly
greater in patients with AL amyloidosis.”? Based on the
current state of knowledge, there are no robust guidelines
for the decision to implant an ICD for primary prevention
in CA. When NSVT and syncope are captured and
documented, ICD implantation for prevention of SCD in
CA is most likely a reasonable approach.*” Specifically,
this would be most appropriate for patients with AL
amyloidosis, where ICD implantation is associated with a
high rate of appropriate discharges for VA. An algorithm
for ICD implantation could be proposed in patients with
AL amyloidosis and LVEF > 35% (Figure 1). ICD should
be considered in patients with registered NSVT and in
early stages of the disease with less impairment in cardiac
function, as indicated by minimally to moderately elevated
cardiac biomarkers. As NSVT has been documented to be a

poor predictor of SCD in AL amyloidosis, the incidence of
syncope, decreased LV GLS in echocardiography, and the
presence of transmural LGE in CMR can further improve
stratification. Finally, specifically for AL amyloidosis, ICD
implantation for primary prevention may also be reasonable
for patients awaiting heart transplantation or a mechanical
LV assist device, either as destination therapy or bridge-to-
transplantation. This is reasonable only if perceived survival
is meaningful (greater than 1 year), NT-pro BNP is less than
8,500 ng/L and NYHA functional class is less than 1V.%

Conduction disease is highly prevalent in CA, and
atrioventricular conduction delay involving the His-Purkinje
system appears to be more common than pure sinus node
disease.®*” HV interval prolongation with relatively narrow
QRS duration may suggest frequent widespread involvement
of both right and left bundle branches in patients with CA.
Permanent pacemakers are commonly indicated for patients
with CA and significant conduction disease, most often
in WtATTR.> Donnellan et al.®® from the Cleveland Clinic
found that routine use of cardiac resynchronization therapy
was associated with improvements in mitral regurgitation
severity (67% of patients), New York Heart Association
functional class (67% of patients), and LVEF (78% of
patients) in patients with ATTR CA and an indication for
permanent pacemaker.

Future Directions

Novel medical therapies for both AL and ATTR CA are
leading to increased survival. These management paradigms
are aimed at reducing overall arrhythmogenic burden in
this population group.®’? As patients with CA are living
longer, future studies on arrhythmia management in this
population are needed. Questions that need answering
include the following: T)What clinical factors predict lethal
VA in this population? 2) What is the appropriate patient

Table 1 - Studies reporting on treatment with implantable cardioverter-defibrillator and survival in patients with cardiac amyloidosis

CA ICD in Primar Appropriate Overall
. Patients AL Mary  criteria for 1CD Implantation in pprop .
Study/Year Published with ICD  Amvloidosis Prevention Primarv Prevention ICD Therapy Survival
Y (n/%) v (n/%) (n1%)
(n)
Kristen et al. (2008) [55] 19 19/19 (100%) 19 (100%) Syncope and/or frequent PVBs 2 (11%) 1/2(50%)
Lin et al. (2013) [32] 53 33/53 (62%) 41 (77%) LVEF <35% or syncope or NSVT 15 (28%) 21/53(40%)
Varr et al. (2014) [22] 19 15/19 (79%) 15 (79%) Not specified 5 (26%) UN
LVEF <35% or pacing indication
o o and LV GLS >-15% and/or NSVT/ 0 o
Harmon et al. (2016) [26] 45 12/45 (27%) 38 (84%) frequent PVBS with syncope or 12 (27%) 27/45 (60%)
planned HTX
Chuzi et al. (2018) 31 14/31 (45%) 25 (80%) Not specified 2 (6%) 19/31 (61%)
Rezc et al. (2018) 15 15/15 (100%) 14 (93%) NSVT and syncope/presyncope 4 (27%) 13/15 (87%)
Kim et al. (2019) [62] 23 7/23 (30%) 23 (100%) LVEF <35% or NSVT and/or syncope 6 (26%) 14/23 (61%)
%%’]e”a” etal. (2019) 38 0/38 (0%) 35 (92%) Not specified 8 (21%) UN

AL: Immunoglobulin light chain; CA: cardiac amyloidosis; HTX: heart transplantation; ICD: implantable cardioverter-defibrillator; LVEF: left ventricular ejection
fraction; LV GLS: left ventricular global longitudinal strain; NSVT: nonsustained ventricular tachycardia; PVBs: premature ventricular beats; UN: unknown.
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selection and, importantly, is there a mortality benefit for
ICD placement?

Conclusion

CA carries a high risk of SCD. However, ICD implantation
for primary prevention of SCD remains controversial, and it
is not clear whether ICDs improve survival in CA. Few data
are available on arrhythmic SCD risk stratification, and the
usual approach in these patients is secondary prevention or
extrapolation of risk factors due to other cardiomyopathies,
for example, impaired LV systolic dysfunction or NSVT,
with or without syncope. However, their overall mortality is
still high, particularly in patients in advanced stages of the
disease, and they are, thus, at increased risk of death due to
electromechanical dissociation. Therefore, the challenge is to
identify at-risk patients in the early stage of the disease when
VA risk predominates and to identify who may benefit from
ICD therapy, mainly in the AL subtype. Accurate identification
of patients who are more likely to die of an arrhythmia and less
likely to die of other causes is required to ensure improvement
in outcomes and wise use of resources. Incorporating methods
that identify patients at particularly high risks of death from
competing causes, who are unlikely to benefit from ICD therapy,
will form an important part of this process. Further prospective
studies are needed to understand the pathophysiology of cardiac
arrhythmias in patients with CA, including electrophysiological

study with endocardial mapping and modern CMR imaging, to
indicate predictors of arrhythmic SCD and, finally, define the
role of ICD in this group of patients.
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Figure 1 - Proposed algorithm for qualifying patients with cardiac amyloidosis for ICD implantation. AL: immunoglobulin light chain; ICD: implantable
cardioverter-defibrillator; LGE: late gadolinium enhancement in cardiac magnetic resonance imaging; LV: left ventricular; LVEF: left ventricular ejection
fraction; LV GLS: left ventricular global longitudinal strain assessed by speckle-tracking echocardiography; NT-proBNP: N-terminal B-type natriuretic
peptide; NYHA: New York Heart Association; NSVT: nonsustained ventricular tachycardia; VA: ventricular arrhythmia.
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