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ABSTRACT: Cardiac Amyloidosis is an infiltrative cardiomyopathy which occurs secondary to deposition of mis-folded protein in the myocar-
dium, with the two most common subtypes being AL amyloidosis and TTR amyloidosis. The pathogenesis of the disease is multifaceted and
involves a variety of mechanisms including an inflammatory response cascade, oxidative stress and subsequent separation of myocyte fibrils.
Cardiac Amyloidosis frequently results in congestive cardiac failure and arrhythmias, from a disruption in cardiac substrate with subsequent
electro-mechanical remodelling. 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. There is a paucity of literature on the clinical implications of ventricular
arrhythmias in the context of cardiac amyloidosis. The important diagnostic investigations for these patients include transthoracic echocardiog-
raphy, cardiac magnetic resonance imaging and an electrophysiology study. Whilst there are no robust management guidelines, studies have
indicated benefits from contemporary pharmacological therapy and case-by-case catheter ablation. There are novel directed therapies avail-
able for TTR amyloidosis that have shown to improve overall survival. The role of ICD therapy in cardiac amyloidosis is controversial, with bene-
fits seen predominantly in early phases of the disease process. The only definitive surgical therapy includes heart transplantation, but is largely
indicated for progressive decompensated heart failure (Figure 1). Further large-scale studies are required to better outline management para-

digms for treating ventricular arrhythmias in cardiac amyloidosis.
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Introduction

Cardiac amyloidosis (CA) is characterised by the aggrega-
tion of misfolded protein deposits in the extracellular space
with a resultant distortion of the myocardium.! The preva-
lence of CA is approximately 6 to 10 per million population,
and is largely a disease of middle-age and elderly population
groups.? The leading cause of morbidity and mortality in
these patients is from development of restrictive cardiomyo-
pathy with progressive congestive cardiac failure (CCF).2
The two main forms of amyloidosis are transthyretin (T'TR)
and light chain (AL).> Amyloidosis resulting from TTR is
termed ATTR and has two distinct phenotypes: ATTR
wild-type (also termed senile ATTR), in which the TTR
deposition occurs over decades, and a familial ATTR caused
by a mutation in the TTR gene.’® On the contrary, AL amy-
loidosis is a haematological disorder resulting in an excessive
proliferation of an abnormal plasma cell clone, overproduc-
ing lambda or kappa light chains.

Whilst both forms of amyloid subtypes have a predilec-
tion to the development of amyloid cardiomyopathy, the
underlying electrical burden and arrhythmogenic substrate
varies between the two, carrying distinct clinical implica-
tions.* The resultant disruption of the cardiac conduction
system in patients with CA predisposes to arrhythmias, with
the most frequent identified as atrial fibrillation (45-65%)

and less frequently, atrioventricular conduction delays
(3.5%) and ventricular tachyarrhythmias (VT 9.9% and VF
0.7% respectively).>¢ Literature however currently states the
patients with AL CA have a higher propensity to develop
arrhythmias.® There is currently a paucity of literature on
the prognostic benefit of treatment of ventricular arrhyth-

mias in CA.

Epidemiology of Ventricular Arrhythmias

Conduction abnormalities may represent terminal events for
patients with CA, especially those with AL subtype.” The
prevalence of non-sustained ventricular tachycardia (NSV'T)
in AL amyloidosis ranges from 5 to 27% with routine
monitoring,”® and 100% during the stem cell transplant
period.!® See Table 1. The prevalence of VT in the ATTR
population is less often reported, but small studies suggest a
prevalence of approximately 17%. See Table 1. Additionally,
as AL amyloidosis is more likely to cause end-stage CCF
when compared to T'TR, there is a higher preponderance to
development of ventricular arrhythmias. The clinical signifi-
cance of ventricular arrhythmias are varied with some studies
suggesting a prognostic role,”1? with some studies reporting
no such correlation,'? and other studies suggesting an inverse
relationship between the presence of premature ventricular
conduction (PVC) and survival.1?
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Table 1. Summary of studies investigating the prevalence of ventricular tachy-arrhythmias in cardiac amyloidosis.

STUDY
SUMMARY

NUMBER OF
PATIENTS

TYPE OF CARDIAC
AMYLOID

METHOD OF
MONITORING

NON-SUSTAINED VT
IN % OF PATIENTS

OTHER RELATED FINDINGS

Palladini et al” 51 AL 24-hour Holter
monitoring

Sayed et al® 20 AL with symptoms of  Implantable loop
pre-syncope or recorder
syncope

Murtagh et al® 127 AL Electrocardiogram

Goldsmith et al'® 24 AL monitored peri Telemetry, average
autologous stem cell  of 24days
transplantation

Dubrey et al'? 232 AL 24-hour Holter

monitoring

Hornsten et al' 30 ATTR (ATTR 24-hour Holter
Val30Met trait), monitoring
before liver
transplant

Varr et al4s 31 AL 77%, ATTR 23% ICD, permanent
(V122I mutation pacemaker,
10%, wild type 13%)  telemetry

Kristen et al'® 19 AL with ICD insitu ICD

Hamon et al® 45 Familial ATTR 60%, ICD

AL 27%, senile
ATTR 13%. All with
ICD in situ

Non-sustained VT in
18% of patients.

Non-sustained VT in
5% of patients

Non-sustained VT in
1% of patients

Non-sustained VT in
100% of patients

Non-sustained VT in
26.7% of patients

Non-sustained VT in
16.7% of patients

VT in 74% of
patients

VT/VF in 11% of
patients

VT/VF in 27% of
patients

Ventricular tachycardia was a
significant prognostic
determinant for survival
(P=0.04).

Terminal syncopal event was
marked by bradycardia, not
tachycardia, in every available
recording.

Premature ventricular
contractions were noted in 13%
of patients.

In the deceased patients (n=3),
VT/VF events were the highest of
all 24 patients. There was a
correlation between VT and
serum BNP levels before SCT
(r=0.47, P=0.019) and during
admission for SCT (r=0.62,
P=0.0012), serum creatinine
before SCT (r=0.62, P=0.001),
and inverse relationship with
cardiac output (r=—0.72,

P <0.001)

Ventricular tachycardias were not
associated with increased risk of
sudden cardiac death.

ICD therapy was successful in
most patients, with therapy in 4
of 5 (80%) patients resulting in
the termination of the arrhythmia.

Ventricular extra beats (grade
IVa or higher) were present more
often in non-survivors than in
survivors (P <0.05).

Inappropriate shocks was
uncommon and occurred in 2
patient (4.4%).

Pathophysiology of Ventricular Arrhythmias

There are a variety of mechanisms that form the fundamental
pathogenesis for ventricular arrhythmias in CA. Firstly, amyloid
fibril deposition with a resultant inflammatory response and
oxidative stress leads to a separation of myocytes resulting in
remodelling and left ventricular (LV) fibrosis, which progres-
sively develops arrhythmogenic potential.">* Secondly, amyloid
fibril deposition in the conduction system can potentiate

arrhythmias. Thirdly, micro- and macro- vascular myocardial
ischaemia from amyloid deposition, can be demonstrated by
regional myocardial dysfunction as assessed by cardiac MRIL.>

Ventricular Arrhythmias: Diagnostics

There are several key investigations that may assist in predict-
ing VT in patients with CA and allow early stratification of
these high-risk population groups. On ventricular EP analysis,
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Figure 1. Graphical lllustration: Ventricular Arrhythmias in Cardiac Amyloidosis.

Orini et al. demonstrated that patients with CA have a marked
reduced epicardial signal amplitude (P<<0.001), slower intra-
ventricular conduction time (P<0.001) and higher markers of
conduction abnormality (P<<0.001) when compared to healthy
volunteers.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, whilst the presence
of NSVT conferred worse survival prior to stem cell transplant,
cardiac monitoring only detected its presence in approximately
25% of patients.!® Sayed et al. found that amongst a prospective
series of 20 patients with syncope in the context of severe CA,
only one episode of VT was documented, with an overall 13
deaths. The remaining arrhythmias detected were either atrial
arrhythmias or atrio-ventricular conduction block.®

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 LVIDs (P=0.02), impaired LVEF (<30%,
P=0.03), widened QRS (>125m-sec, P=0.049), age > 65
(P=0.047) a prior history of CCF (P=0.03), and active diu-
retic therapy (P=0.02), when compared to patients with
absence of VT.17-18 These specific clinical and echocardio-
graphic findings are frequently seen in patients with CA, and
therefore such 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
ventricular arrhythmias, there is more likely to be a history of
congestive cardiac failure (P<0.001) and an abnormal
echocardiogram (P<0.001), when compared to patients
without arrhythmias.’ Whilst a reduction in the mean lon-
gitudinal strain by echocardiography has been shown to be
an independent predictor of cardiovascular death, there is a
lack of data on the underlying mechanism.?’ These findings
highlight the relationship between structural heart disease,
heart failure and ventricular tachycardia. Therefore, struc-
tural assessment in these patients may provide prognostic
value and allow for more appropriate medical therapy.
There is a growing role for cardiac MRI (CMR) in the
assessment of CA, especially in displaying late gadolinium
enhancement (LGE), which typically occurs in a global suben-
docardial pattern.?! This is important as LGE is increasingly
being recognised as a marker of amyloidogenesis and fibrosis
and a surrogate of arrhythmogenic potential. This substrate has
been associated with increased risk LGE-predicted death (HR
5.4;95% CI, 2.1-13.7; P<<0.0001), which may represent both
heart failure and potential lethal arrhythmias.?? In addition to
this, T2 imaging for assessment of myocardial oedema is a sur-
rogate of active inflammation, and has been intrinsically linked
to arrhythmogenic potential.?3 The finding of LGE-associated
fibrosis on CMR has been shown be significantly increase the
risk of sudden cardiac death and recurrent ventricular
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arrhythmias.?* Therefore, CMR is useful as both a diagnostic
and prognostic tool for patients with CA.

Electrophysiology (EPS) study is a useful assessment tool in
CA, as it can determine the extent of conduction disease, risk
of sudden death, determine underlying rhythm and stratify
populations to guide catheter ablation therapies. A study of 25
biopsy-proven AL CA by Reisinger et al. has shown that 92%
of patients had a prolonged His-ventricular (HV) interval
(>55ms), which is indicative of distal conduction disease.?
Importantly, a prolonged HV interval during EPS and / or the
presence of a late potential (on signal averaged ECG) was
shown to be an independent predictor of sudden death
(P=0.05) on multivariate analysis amongst patients with AL
CA amyloid.?> Another major predictor of sudden death is
presence of pre-syncope or syncope (P=0.026), which may be
caused by underlying conduction disease or ventricular arrhyth-
mia. The main identified cause of death in this study was ven-
tricular arrhythmias and/or electromechanical dissociation.?

Interestingly, inducibility of V'T' on EP study was not asso-
ciated with a significant increase in sudden death (P=0.77).
The other important aspect of performing an EP study is
assessment of distal conduction disease and VT inducibility, as
CA predisposes to variety of conduction diseases including
V'T.26 EP studies are also useful in stratifying high risk popula-
tions in order to guide catheter ablation therapies.

The different subtypes of CA manifest with specific con-
duction abnormalities identified by EPS. Using electrocardio-
graphic imaging, Orini et al showed that ventricular conduction
and repolarisation abnormalities were more pronounced in AL
amyloidosis compared to ATTR.3 Specifically, those with AL
amyloidosis had more epicardial abnormalities in the form of
lower epicardial signal amplitudes (1.07/0.46 vs 1.83/1.26 mV,
P=0.02), higher degree of epicardial signal fractionation
(P=0.02) and longer dispersion of repolarisation (187.6/65 vs
158.3/40ms, P=0.06). These findings indicate that patients
with AL amyloidosis have an increased risk of developing ven-
tricular arrhythmias.

Prognosis

Amyloid infiltration is more severe in AT'TR when compared to
AL amyloidosis, which ultimately results in a greater LV mass,
and higher rates of congestive cardiac failure.? Despite these phe-
notypic differences, AL amyloidosis confers a worse prognosis
with high rates of SCD (~33% of patients) in the first 3 months
of diagnosis.® This may be secondary to higher spatial heteroge-
nous conduction and repolarisation, a marker of arrhythmogen-
esis and overall worse prognosis, as shown by Orini et al.3

Management

The management of ventricular arrhythmias in CA requires a
different approach to standard ventricular arrhythmia guide-
lines in the context of heart failure or conventional cardiomyo-
pathies. There are several arrhythmias that may occur in the
context of CA, with atrial arrhythmias being the most

common. The most frequent ventricular arrhythmia in CA
however is VT.17:27 The treatment of VT can be subdivided
into cardiac anti-arrhythmic medications, procedural-based
therapy and surgical modalities. Patients presenting with VT
frequently undergo extensive investigation, including cardiac
MRI to evaluate myocardial LGE or scar, as it provides prog-
nostic information and may identify a site of origin of V'T that
can then be effectively targeted by catheter ablation.?® This
work-up may be of benefit in patients with CA presenting with
ventricular arrhythmias. Conventional pharmacotherapies that
are used in treatment of VT include oral anti-arrhythmic
agents and beta-blockade.

Beta-blockers, whilst 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 prolongation of QTc and torsades de pointes,
worsening of systolic function through inherent beta antago-
nistic activity and complete heart block when compared to
patients without CA, as shown in a study (43.8% vs 30.0%,
P<0.0001).” These findings indicate poorer overall outcomes
with conventional pharmacological therapy for VT, when used
in patients with CA.

A study by Le Bras et al. demonstrated that dexamethasone
as an induction agent for treatment of ALL CA patients may
potentiate fluid retention and promote arrhythmias, hence
resulting in an arrhythmogenic ventricular substrate.3
Similarly, high dose chemotherapy, specifically cyclophospha-
mide and bortezomib, in AL amyloidosis can be cardio-toxic in
nature and result in VT due to myocardial dysfunction.3132
Accordingly, it is important to consider the primary aetiology
of CA, as directed treatment may precipitate ventricular
arrhythmias.

The advent of disease modifying therapy for TTR amyloi-
dosis, have revolutionised management protocols. Tafimidis, a
transthyretin stabiliser, prevents overall tetramer dissociation
and amyloidogenesis and therefore has been shown to reduce
all-cause mortality and cardiovascular hospitalisations.?3
Similarly, diflusinal is a non-steroidal drug that also stabilises
the TTR tetramer and has shown to stabilise LVmass (g),
(baseline vs followup; 384 vs 331, P=0.36) and LVEF (%)
(baseline vs followup; 48 vs 50, P=0.61) indicating a halt in
progression of cardiac amyloidogenesis.>* By effectively pre-
venting amyloidogenesis, these 2 therapies have been shown to
result in reduction in incidence of sudden cardiac death with
the potential to mitigate ventricular arrhythmias in the TTR
population.

Additionally, close monitoring for Torsades de Pointes is
important as there are reports of patients who present with
polymorphic ventricular tachycardia from an amyloidosis -
induced prolongation of QTc. The proposed mechanism is
thought to be due to amyloid fibril deposition in the intrinsic
myocardial conduction system.3?33 Treatment in these patients
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should be targeted at avoiding QT prolonging medications,
correcting electrolyte abnormalities and appropriate cardiac
monitoring.?>3 Furthermore, digoxin and calcium channel
blockers should be avoided in these patients as they may result
in toxicity and impaired myocardial contractility.

Whilst the role of catheter ablation for treatment for atrial
arrhythmias is evolving, with current literature showing poten-
tial benefits in terms of recurrence rate and overall survival,
there is a lack of data on its use in ventricular arrhythmias.3”%8
Other than case reports of successful radiofrequency VT abla-
tion, there have been no large-scale studies assessing the role of
VT/VF ablation in CA.340 Catheter ablation of VT has been
shown to have some utility patients with other infiltrative car-
diomyopathies, such as cardiac sarcoidosis, and therefore it may
be a viable option for patients with CA.*! Further large-scale
studies are required to assess the risk and benefits of catheter
ablation for ventricular tachycardia in CA, with no current data
showing a mortality benefit.

The development of refractory heart failure is usually seen
with incessant V'T" and portends a poor prognosis. Epicardial
mapping and catheter ablation are also options for manage-
ment of incessant VI.#? The definitive surgical therapy for
treatment of end-stage heart failure, which may be seen with
recurrent ventricular arrhythmias, is an orthotopic cardiac
transplantation, an option in the setting of failed medical man-
agement.*> Heart transplantation is an effective therapy for
end-stage CA with good follow-up survival rates, with absence
of recurrent amyloid deposition in cardiac allograft.*4

Device Therapy

The Stanford Amyloid Center’s ICD implantation criteria is a
proposed standard for appropriate implantation in patients with
CA. It assesses patients who have high risk of SCD, but a good
quality of life and minimal heart failure symptoms as assessed by
the New York Heart Association classification (NYHA).# It is
currently however unknown which subtype of CA benefits the
most from ICD therapy. Available evidence however current
supports the use of Stanford Amyloid Center’s ICD implanta-
tion criteria for all subtypes, with a stronger focus for secondary
prevention, as opposed to primary prevention.?

Sudden cardiac death due to conduction-system disease is a
common cause of mortality amongst patients with CA, espe-
cially those with AL amyloidosis and elevated biomarkers,
including cardiac troponins and NT-pro BNP. Increased bur-
den of ventricular arrhythmias are associated with increased
mortality, and so detection of NSVTs and reports of syncope
should prompt immediate clinical concerns. As such, ICDs are
proposed to mitigate some risk of sustained VT as both pri-
mary and secondary prevention strategies.*>4

Currently, there is no consensus on the absolute benefit that
ICDs can confer patients with CA. Whilst its potential to
eliminate fatal ventricular arrhythmias 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-centred and based upon local
expertise. Proponents of ICDs suggest that patients with CA
with previously identified NSVTs are most likely to receive
appropriate ICD discharges, thus advocating for its use as sec-
ondary prevention.*>* In a study of 45 people, of whom the
majority (73%) had TTR CA, ICD discharges were most
appropriate in those with less advanced cardiomyopathy.
However, overall survival was not impacted by the burden of
ventricular arrhythmias.*” In another study, ICD therapy was
not associated with prolonged survival in patients with CA
when compared to patients without ICD therapy (44 vs
40months, P=0.76). Compared to patients without CA,
patients with the disease had a significantly higher mortality
(40.5 vs 26.2%, P<<0.045), despite ICD therapy.>®

There is an increasing awareness that the primary driver of
mortality in these patients is electromechanical dissociation, as
opposed to ventricular tachycardia.’>2 It should however be
noted that despite a lack of data on ventricular arrhythmias in
this patient group, several studies have found that the majority of
detected ventricular arrhythmias are non-sustained.!® In a study
of 19 patients with AL amyloidosis, only 2 patients received
appropriate ICD discharges for ventricular tachyarrhythmias
whilst 6 patients died from sudden cardiac deaths due to electro-
mechanicaldissociationdespiteICDinsertion. Electromechanical
dissociated is likely a manifestation of progressive deterioration
in heart failure not amenable to ICD therapy.’®

When non-sustained VT and syncope are captured and
documented, ICD implantation for prevention of SCD in CA
is most likely a reasonable approach.'34652 Specifically, this
would be most appropriate for those with AL amyloidosis
whereby ICD implantation was is associated with a high rate
of appropriate discharges for ventricular arrhythmias (32% in
the first year, in one series). However, a significant mortality
benefit has not been observed for this group.'3

For primary prevention in CA, the decision to implant an
ICD does require a stringent patient selection criterion. That
is, an ICD is likely suitable in early stages of AL amyloidosis
whereby predicted survival is favourable with less impairment
in LV systolic function and minimally raised cardiac - specific
biomarkers. This can be assessed using biomarkers such as tro-
ponin and NT-pro BNP, to indicate an earlier stage of CA with
absence of cardiac failure.?® This is likely due to the impression
that ICD placement would offer no further benefit in those
with lower LVEEF, a strong indicator of progressive heart failure
and an increased risk of electromechanical dissociation.!3
Finally, specifically for AL amyloidosis, ICD implantation for
primary prevention may also be reasonable for patients await-
ing heart transplantation or a mechanical left ventricular assist
device either as destination therapy or bridge-to-transplanta-
tion. This is only if perceived survival is meaningful (greater
than 1year), NT-pro BNP is less than 8500 ng/L. and NYHA
Functional Class is less than IV.53

Future therapies for the management of arrhythmias in CA
are being particularly investigated with disease modifying
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treatments in the TTR population. These management para-
digms are aimed at reducing overall arrhythmogenic burden in
this population group.”*

Conclusion

CA, specifically the AL subtype is associated with higher rates
of ventricular arrhythmias, especially V'I, when compared to
ATTR. Despite current pharmacological therapies and small
studies indicating benefits from catheter ablation, there are no
robust guidelines on management of ventricular arrhythmias in
CA. The benefit of ICD implantation varies from a case-to-
case basis, with benefit seen only in early stages of CA. Further
studies are required to delineate an optimal diagnostic pathway
and appropriate management paradigm for this select
population.
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