
Amyloid and the Heart

Aaron M. Wolfson1
& Kevin S. Shah2

&

Published online: 3 December 2019
# Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract
Purpose of Review While morbidity and mortality remain high for amyloid cardiomyopathy (AC), increased awareness, earlier
diagnosis, and advances in treatment have improved patient outcomes. This review will discuss the pathophysiology, contempo-
rary diagnostic strategies, and novel and investigational therapeutic strategies for light-chain (AL) and transthyretin (ATTR) AC.
Recent Findings Diagnostic strategies for AC now include cardiac magnetic resonance imaging and bone scintigraphy.
Proteosome inhibitor therapy is now front-line therapy for AL AC followed by autologous stem cell transplantation. Emerging
disease-modifying strategies for ATTR AC include the recently FDA-approved TTR-stabilizer, tafamadis. ATTR gene-silencing
therapy and amyloid fibril degradation therapy are two other strategies under investigation. Heart transplantation and durable
mechanical circulatory support remain a final potential option; however, contemporary outcomes are improving with better
patient selection.
Summary Patient outcomes for AC are expected to improve as increased awareness leads to earlier diagnosis and prompt
treatment with emerging pharmacotherapy or advanced heart therapies.
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Introduction

Amyloidosis is a multisystem disease caused by the deposition
of misfolded insoluble fibrillar proteins into tissues leading to
organ dysfunction, includingwithin the heart [1]. Themost com-
mon types of amyloidosis which affect the heart (amyloid car-
diomyopathy) are light chain (AL) and transthyretin (ATTR),

accounting for 95% of all cases [2, 3]. We will review the path-
ophysiology and clinical syndrome of amyloid cardiomyopathy
(AC) as well as contemporary diagnostic strategies including the
use of advanced imaging and biomarkers. Then, we will discuss
novel therapeutic agents approved, and under investigation, that
target the pathogenesis of disease on multiple levels.

Pathophysiology

Several proteins have been identified to potentially lead to AC
(Table 1). The most commonly encountered abnormal proteins
are due to light chain (AL) due to plasma cell dyscrasia in the
bone marrow and transthyretin, a transport protein produced by
the liver. Amyloidosis due to transthyretin typically occurs either
as wild-type (normal) transthyretin (ATTRwt) or mutant
transthyretin (ATTRm) protein sequence [5]. More than 120mu-
tations have been reported that lead to ATTRm with certain mu-
tations having a propensity to lead to a predominant cardiac
phenotype of AC and others causing a predominantly neuropath-
ic phenotype. ATTRwt (previously known as senile systemic
amyloidosis) typically affects older male patients. ATTRm gen-
erally presents at an earlier age and is inherited in an autosomal
dominant trait. Transthyretin is a 127 amino acid protein which
circulates as a tetramer and carries the thyroid hormone thyroxine
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Table 1 Common forms of amyloidosis

Amyloid Precursor protein Age range Cardiac
involvement

Clinical clues Laboratory abnormalities

ALa Monoclonal light
chains

50+ 40–50% Multiorgan involvement. Periorbital bruising or
macroglossia are almost pathognomic of AL
in setting of typical MRI or echocardiogram.
Severe hypotension with ACE inhibitors

Elevated serum free lambda
or kappa with abnormal
ratio. Proteinuria

ATTRwta Wild type (normal)
transthyrtein

65+ Almost all History of carpal tunnel syndrome 5–10 years
earlier, with no other organ involvement

No specific abnormalities.

ATTRma Mutant transthyretin 40+ (mutation
dependent)

Variable African-American/Caribbean origin
(for V122I TTR variant)

No specific abnormalities on
routine testing.

AA (secondary) Serum amyloid A 20–30 s Rare Underlying chronic inflammatory disease High ESR/CRP. Proteinuria

a Cardiac amyloidosis

Adapted from: Falk RH, et al. J Am Coll Cardiol. 2016;68:1323–41, with permission from Elsevier [4]
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and retinol-binding protein bound to retinol. The pathogenicity of
ATTR is related to the instability of the tetramers which exist in
equilibrium with its constituent monomers. The monomers
misfold to form prefibrillar proteinswhich then aggregate to form
amyloid fibrils which deposit in various organs with a particular
predilection for, but not limited to, the heart and nervous system.
There are also data to suggest that the pre-fibrillar protein aggre-
gates may also directly contribute to organ toxicity [6, 7].

In cases of AL cardiomyopathy, clonal production of im-
munoglobulin (Ig) light chain proteins by bone marrow leads
to amyloidogenic deposition within organ beds. The mecha-
nisms of injury are not entirely understood. Light chain pro-
teins seem to provoke direct oxidative stress as well as apo-
ptosis in cardiomyocytes [8]. The deposition of misfolded
proteins leads to a stiff, non-compliant myocardium, and the
extracellular space is expanded by deposits, causing myocar-
dial hypertrophy and restrictive cardiomyopathywith diastolic
abnormalities observed on echocardiography [9–11].

Clinical Presentation and Diagnostic Workup

AL amyloidosis is associated with a spectrum of plasma cell
disorders, including multiple myeloma, B cell lymphoma, and
Waldenström macroglobulinemia [3]. The light chains often de-
posit within the kidneys and the heart, leading to disruption of
cellular integrity, and possibly contribute to cell injury and death.
Cardiac involvement is the second most common involvement
after renal involvement which typically presents as nephrotic
syndrome. An early diagnosis of AL cardiac amyloidosis is crit-
ical as the median survival of untreated symptomatic disease is
approximately 6 months [12]. The clinical manifestations of car-
diac AL amyloidosis include exertional shortness of breath, ede-
ma, and ascites. Syncope is associated with a poor prognosis
[13]. The physical examination in AL amyloidosis is similar to
patients with heart failure, with possible additional findings of
macroglossia, periorbital bruising, and numbness [14]. The elec-
trocardiogram (ECG)may show low voltage out of proportion to

the degree of hypertrophy seen on echocardiography [15]. Low-
voltage QRS complexes are more common in AL amyloidosis
compared to ATTR. Other electrocardiographic findings may
include the presence of a pseudoinfarct pattern in inferior and
precordial leads, evidence of conduction block or atrial fibrilla-
tion. The echocardiogram demonstrates concentric left ventricu-
lar hypertrophy. Diastolic assessment virtually always demon-
strates reduced tissue doppler velocity as well as diminutive
transmitral A-wave on pulse wave doppler. Global longitudinal
strain demonstrates near normal longitudinal strain of the apex
[16]. Other findings on echocardiography may include pericar-
dial effusion [17, 18] or asymmetric septal thickening with an
outflow tract gradient [11, 19]. The right ventricle may also be
hypertrophied and the atrial are typically enlarged. Cardiac mag-
netic resonance (CMR)may demonstrate difficulty in nulling the
myocardium following gadolinium injection and subendocardial
delayed enhancement [20, 21]. These findings are not specific to
amyloid cardiomyopathy, but raise the suspicion. In comparing
cases of AL to ATTR cardiac amyloidosis as assessed by CMR,
left ventricular mass is lower in AL while late gadolinium en-
hancement (LGE) is less extensive; however, the type of AC
cannot be usually distinguished onCMR [22]. Biochemical clues
to the diagnosis of AC include elevated NT-proBNP possibly
due to direct myocyte compression by amyloid fibrils and mildly
but persistently elevated serum troponin [23]. The extent of ele-
vation of these biomarkers has prognostic significance inAL [23,
24] and ATTR-wt [25] AC. An abnormal serum-free light chain
kappa/lambda ratio is commonly found inAL and serum or urine
immunofixation is the preferred test over protein electrophoresis
for assessment of a monoclonal band. Lastly, the definitive diag-
nosis can be made with Congo Red staining of an
endomyocardial biopsy and use of proteomic evaluation bymass
spectrometry to determine amyloid subtyping. The sensitivity of
endomyocardial biopsy for the diagnosis of AC is almost 100%.
Complications of endomyocardial biopsy are low (1–2%), but
include transient dysrhythmias, bleeding, and rarely, perforation
or tricuspid valve injury.



ATTR-wt cardiomyopathy more frequently affects men
(90%). In the USA, the most common mutations of ATTR-
m leading to AC include T60A, V30M, and V122I [27–29].
V122I is the most commonly seen mutation carried by 3–4%
of the African American population and the presence of this
mutation increases the risk for clinical heart failure. Beyond
symptoms and signs of heart failure, clues for ATTR amy-
loidosis include carpal tunnel syndrome [30–33], lumbar spi-
nal stenosis [31], biceps tendon rupture, peripheral, or auto-
nomic neuropathy. Aortic stenosis is a common association
with ATTR with 16% of patients undergoing transaortic valve
replacement having evidence of AC [34]. Laboratory testing
should demonstrate normal serum immunofixation and im-
munoglobulin light chain-free assay (excluding AL amyloid-
osis) and rarely urinalysis demonstrating nephrotic range pro-
teinuria. ECG and echocardiographic findings are similar be-
tween AL and ATTR amyloidosis. Within the ATTR sub-
classes, ATTRwt has shown greater left ventricular wall
thickness and lower ejection fraction as compared to
ATTRm [35]. CMR is a useful tool in the diagnosis of
ATTR cardiomyopathy with findings including LGE over
the entire subendocardial circumference. Beyond CMR, the
use of radionuclide imaging has found an important role in
the evaluation of suspected ATTR cardiomyopathy.
Radionuclide bone scintigraphy with technetium-labeled
bisphosphonates (e.g., pyrophosphate) can demonstrate local-
ized cardiac amyloid deposits. In an analysis of 1217 patients
with suspected cardiac amyloidosis, myocardial radiotracer
uptake on bone scintigraphy was greater than 99% sensitive
and 86% specific for ATTR amyloidosis [36]. Grade 2 or 3
myocardial radiotracer uptake (i.e., equal to or greater than
uptake in ribs) on bone scintigraphy and the absence of free
light chains in the serum and monoclonal protein in serum or
urine is essentially diagnostic of ATTR cardiomyopathy. It is
essential to rule out AL amyloidosis when relying solely on
bone scintigraphy for the diagnosis of ATTR cardiomyopathy
as rarely AL cardiomyopathy may present with increased
myocardial uptake on bone scintigraphy. Beyond imaging,
detectable serum troponin I and T is less often seen in
ATTR cardiomyopathy as compared to AL, while natriuretic
peptides are often elevated in confirmed cases [37]. For
ATTR-wt cardiomyopathy, both these biomarkers have prog-
nostic significance [25]. A potential approach to biopsy in
suspected AC cases could include verification of deposits in
either fat, bone marrow, lip, skin, salivary gland, or gastroin-
testinal tract. However, the sensitivity of these tests to diag-
nose amyloidosis is variable. Therefore, if this biopsy is neg-
ative, evaluation of heart, nerve, or kidney biopsy can be
considered. Lastly, mass spectroscopy is preferred over
immunohistochemical/immunogold staining with electron
microscopy after tissue is obtained. An algorithm (Fig. 1)
for the diagnosis of AC has been proposed by Nativi-
Nicolau [38].

Prognosis

The prognosis of patients with either AL or ATTR cardiomy-
opathy depends on the extent and severity of organ involve-
ment, although overall, untreated AL has a muchmore rapidly
progressive course.

AL Amyloidosis Kumar et al. [23] reported on an updated
prognostic staging system for patients with cardiac AL amy-
loidosis identifying three independent predictors of mortality:
(1) the difference between involved and uninvolved light
chains (free light chain difference: ≥ 18 mg/dL), (2) cardiac
troponin T (cTnT: ≥ 0.025 ng/mL), and (3) NT-proBNP
≥ 1800 pg/mL. Overall survival significantly decreased for
each additional biomarker above the cutoff values:
94.1 months (0 points), 40.3 months (1 point), 14.0 months
(2 points), and 5.8 months (3 points). This scoring system
predates the use of proteosome inhibitors such as bortezomib
and therefore limits its contemporary applicability. An earlier
prognostic tool utilized only cTnT and NT-proBNP for risk
stratification [39]. Beyond the use of biomarkers, the degree
of LGE seen on CMR has prognostic utility for long-term
mortality in both AL and ATTR [40].

ATTRMedian survival in a single-center study of patients with
ATTRwt was 3.6 years with outcomes remaining static over
the last 30–40 years [25]. The authors report on three stages of
disease based on whether cardiac biomarker values were
above or below an NT-proBNP cutoff of 3000 pg/mL and
troponin T cutoff of 0.05 ng/mL. Four-year overall survival
worsened with increasing stage with stage I (both values be-
low cutoff), stage II (one value above cutoff), and stage III
both values above cutoff) having 4-year overall survival of
57%, 42%, and 18% (p < 0.001), respectively. For ATTRm,
untreated survival ranges between 2 and 15 years and depen-
dent upon mutation sub-type [27]. The V122I or valine to
isoleucine mutation is the most common sub-type in the US
and carries an 80% survival at 1 year and 28% at 5 years,
respectively [27]. Updated scoring systems and prognostica-
tion models will be necessary for AL and ATTR as novel
therapies bend survival curves.

Medical Management Medical management of amyloid car-
diomyopathy is directed at reducing congestion, minimizing
symptomatic hypotension, and controlling cardiac arrhyth-
mias. To that end, loop and thiazide diuretics with or without
adjunctive use of mineralocorticoid receptor antagonists are
preferred agents for targeting congestion. Diuretics with high
bioavailability may be needed due to poor absorption from
congested bowel. Avoidance of beta-blocker and calcium-
channel blocker therapy as well as afterload-reducing agents
is often necessary due to reliance on heart rate and inotropy to
maintain an adequate cardiac output, while also avoiding
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hypotension. Amyloid patients may be particularly prone to
bradyarrhythmic effects of non-dihydropyridine calcium
channel blockers [41–43]. The negative inotropic effects
may be profound, possibly because of avid binding of drug
to amyloid fibrils and may depress compensatory heart rate
responses to low stroke volume and cardiac output [44].
Symptomatic hypotension may be tempered with compres-
sion stockings or midodrine therapy.

Rhythm Management

Rhythm and conduction abnormalities in patients with cardiac
amyloidosis are not uncommon. In patients presenting with
symptomatic atrioventricular (AV) block, pacemaker implan-
tation may be required [45, 46]. Arrhythmic death is common
in the amyloid cardiomyopathy population [47], yet the role of
implantable cardioverter-defibrillator (ICD) remains unclear
and appropriate patient selection is a challenging endeavor
[47–50]. The Stanford Amyloid Center’s ICD implantation
criteria may assist with patient selection [47]. Atrial

arrhythmias are common and management with direct current
cardioversion (DCCV) is frequently required. Caution should
be taken as patients with AC undergoing DCCV have high
rates of cancelation due to identification of intracardiac throm-
bus formation despite adequate anti-coagulation [51].

Novel Therapeutic Strategies The last decade has brought with
it significant changes in the management options for disease-
targeting strategies that modify the course of AC on the mo-
lecular level. ATTR therapy can be divided into three catego-
ries: (1) TTR silencers—therapies that prevent production of
abnormal ATTR; (2) TTR stabilizers that prevent monomer
dissociation and therefore aberrant protein folding; and (3)
TTR fibril disruptors that lead to the removal of pathogenic
fibrils from cardiac and other tissue. We will discuss these
therapeutic strategies further below. AL amyloidosis on the
other hand targets plasma cell production and thus the even-
tual production of amyloidogenic protein; therapy for AL am-
yloidosis is primarily managed by hematologists, and there-
fore, we will only provide an abbreviated discussion on

Fig. 1 A proposed algorithm for the diagnosis of amyloid
cardiomyopathy. ECG, electrocardiogram; Echo, echocardiogram; AL,
light chain amyloidosis; ATTR, amyloid transthyretin; MRI, magnetic
resonance imaging; ATTRm, hereditary transthyretin amyloidosis;

ATTRwt, wild-type transthyretin amyloidosis (from: Nativi-Nicolau J,
Maurer MS. Curr Opin Cardiol. 2018;33:571–9, with permission from
Wolters Kluwer Health, Inc.) [38]
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therapeutic options. We refer the reader to more comprehen-
sive reviews on AL amyloidosis [52, 53].

ATTR Amyloidosis

TTR Silencers

The anti-sense oligonucleotide, inotersen, was studied in the
randomized, double-blind, placebo-controlled NEURO-TTR
trial [54] in patients with hereditary or familial TTR and
polyneuropathy. There was a significant improvement in neu-
rologic outcomes favoring the inotersen-treated group. Sixty-
three percent of the study population had cardiomyopathy
(defined as interventricular wall thickness 13 mm or greater
in the absence of hypertension). Despite randomization, the
presence of cardiomyopathy was higher in the inotersen group
compared to the placebo group. In the subset of patients with
cardiomyopathy, there was no significant difference in global
longitudinal strain or other echocardiographic variables fol-
lowing 15 months of treatment. Side effects of this therapy
included a higher rate of glomerulonephritis and thrombocy-
topenia than what was seen in the placebo group. Currently,
this therapy is approved for use in the USA, Europe, and
Canada with an indication for stage 1 or stage 2
polyneuropathy in patients with hereditary ATTR. A 24-
month, phase 2, open-label study of 50 patients with cardiac
amyloidosis due to both ATTRm and ATTRwt is currently
listed on the clinicaltrials.gov website [26]. To date, no
dedicated studies evaluating inotersen efficacy in cardiac
amyloidosis have been completed.

Patisiran is a novel therapy that limits TTR production
utilizing RNA interference (RNAi) or small-interfering
RNAs (siRNA) to target hepatocyte-derivedmRNA and cause
cleavage before protein translation can occur. The APOLLO
Trial [55] was a phase 3, randomized, placebo-controlled trial
of intravenous patisiran infusions in patients with hereditary
TTR and polyneuropathy. Patisiran therapy resulted in a sig-
nificant improvement in neurologic outcomes as well as an
increase in gait speed, quality of life, and ability to complete
activities of daily living. The major adverse event was mild or
moderate infusion-related reactions with a similar overall in-
cidence of adverse events in placebo and treatment groups.
Exploratory cardiovascular endpoints from a post hoc analysis
[56•] included echocardiographic, hemodynamic, and cardiac
biomarker evaluation in addition to clinical outcomes in 126
patients (56% of initial APOLLO cohort). Mean LV wall
thickness, global longitudinal strain, NT-proBNP, cardiac out-
put, and end-diastolic volume all significantly improved in the
treatment groups at 18 months compared to placebo. There
was a trend towards a reduction in cardiac hospitalizations and
all-cause mortality, but did not reach statistical significance.
The incidence of cardiac arrhythmias was lower in the
patisiran treated versus placebo group (19% vs 29%).

Similar to inotersen, patisiran was recently FDA-approved
for use in the USA in patients with polyneuropathy due to
hereditary TTR.

TTR Stabilizers

Tafamidis is a novel oral therapy that binds to the thyroid-
binding site of the TTR tetramer and inhibits dissociation into
monomers thereby decreasing fibril aggregates and tissue de-
position of protein. In an international, multicenter, double-
blind, placebo-controlled phase 3 trial of patients with both
hereditary and wild-type TTR cardiomyopathy, tafamidis was
found to be associated with lower all-cause mortality, fewer
cardiovascular-related hospitalizations, and a slower decline
in quality of life compared to placebo [57•]. Decrease in 6-min
walk test was attenuated in the pooled tafamidis cohort.
Favorable outcomes were limited to patients with NYHA
functional I-II, suggesting the importance of early diagnosis
and prompt therapy initiation prior to target organ damage
occurring. Tafamadis was FDA-approved on May 3rd, 2019
for amyloid cardiomyopathy [58]. Evaluation of the long-term
safety of tafamidis is ongoing [59].

Like tafamidis, AG10 is an orally administered TTR stabi-
lizer. The results of a recent phase 2 trial [60] in patients with
ATTR cardiac amyloidosis and NYHA functional class II-III
symptoms demonstrated AG10 as tolerable and able to restore
serum TTR levels to a normal range. The phase 3 trial of
AG10 in (ATTRibute-CM; NCT03860935) is underway with
an estimated completion in November, 2022.

Diflunisal is a nonsteroidal anti-inflammatory agent that
has been evaluated for efficacy as a TTR stabilizer with prior
demonstration of improvement in neurological outcomes [61].
To date, there are no completed or ongoing randomized stud-
ies evaluating efficacy of diflunisal in cardiac patients; addi-
tionally, adverse events including renal dysfunction, gastroin-
testinal bleeding, and fluid retention make this a challenging
therapy to pursue further in an already at-risk, heart failure
population.

Fibril Disruptors

Doxycycline, an antibiotic and tetracycline derivative, has
been shown to disrupt amyloid fibrils in vitro [62] and in
mouse models [63]. Taursodeoxycholic acid (TUDCA), a bile
acid used in the treatment of cholelithiasis, decreases toxic
TTR aggregates in mice [64]. Combined use of doxycycline
and TUDCA in transgenic mice appears to synergistically
lower TTR deposition [65]. A phase II, open-label study of
the combination of doxycycline/TUDCA in 20 patients with
ATTR demonstrated stability of cardiac and neurologic status
over time with an acceptable toxicity profile [66]. A study of
serial echocardiographic assessment of left ventricular func-
tion over 18 months in patients with TTR cardiomyopathy
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treated with doxycycline/TUDCA has been completed, but
the results have not yet been reported [67]. The study findings
will further inform the role of this therapeutic strategy.

In vitro evaluation of epigallocathechin-3-gallate (EGCG)
or green tea extract has been shown to bind to amyloidogenic
light chains and prevent the subsequent formation of amyloid
fibrils [68]. A study of seven patients following 12 months of
daily EGCG consumption found a reduction in LV mass as
measured by cardiac MRI [69]. In a similar fashion, an obser-
vational study of EGCG in 59 patients with cardiac AL amy-
loidosis identified improvement in NYHA functional class
and LVEF [70].

A phase 1 trial of 15 patients with systemic amyloidosis
evaluated the combination therapy of (R)-1-[6-[(R)-2-
carboxy-pyrrolidin-1-yl]-6-oxo-hexanoyl]pyrrolidine-2-car-
boxylic acid (CPHPC) and anti-serum amyloid protein (SAP)
antibody [71]. This strategy relies on the binding of CPHPC to
circulating SAP with subsequent anti-SAP antibody binding
to tissue SAP. This leads to eventual complement activation
and then clearance of amyloid protein by macrophages. SAP
scintigraphy and MRI demonstrated reduction of tissue amy-
loid as measured by SAP scintigraphy and MRI [71•, 72•].
This combination therapy had no serious adverse events and
was well-tolerated.

AL Amyloidosis

Chemotherapeutic strategies leading to destruction of plasma
cells, and thus the eventual production of amyloid fibrils, are
the cornerstone of AC treatment with the addition of autolo-
gous hematopoietic stem cell transplantation (HSCT) reserved
for select patient cases [52, 73]. The oldest treatment regimen
includes combination melphalan and steroid therapy [52, 53].
With the FDA approval of proteosome inhibitors, first-line
combination therapy now includes bortezomib, dexametha-
sone, and cyclophosphamide with high rates of hematologic
and organ response [74–77]. Earlier identification of disease
with prompt chemotherapeutic intervention using either
melphalan-based or bortezomib-based has been associated
with better outcomes than more advanced disease [76, 78].
Ixazomib is an oral proteasome inhibitor currently in phase 3
trial evaluating 2-year cardiac deterioration rates in patients
with relapsed or refractory AL amyloidosis [79]. Carfilzomib,
another proteosome inhibitor, is also under study [80].

The anti-CD38 monoclonal antibody, daratumumab, is an-
other option that has demonstrated reasonable hematologic
and complete response rates [81, 82]. This therapy is fairly
well-tolerated, with only minor infusion-related reactions ob-
served. There is an ongoing phase I-II trial of daratumumab in
patients with AL amyloidosis and cardiac involvement with
an expected completion date of August 2020 [83].

Lenalidomide is a thalidomide derivative and immuno-
modulator with use in the treatment of multiple myeloma,

however has also demonstrated efficacy in patients with
AL amyloidosis and cardiac involvement [84, 85].
Pomalidomide, a newer generation immunomodulatory
agent, may also have a role for use in patients with cardiac
AL amyloidosis [86–88].

Although these therapies appear to be very effective at
reducing light chain burden in AL AC, their impact on pro-
gression of cardiac disease has been difficult to assess and
select patients may need to be considered for advanced thera-
pies for heart failure.

Heart Replacement Therapy Strategies

Mechanical Circulatory Support The small LV cavity size and
restrictive nature of cardiac amyloidosis generally make left
ventricular assist device therapy a suboptimal strategy for du-
rable mechanical support [89–91]. With durable LVAD thera-
py, a small LV cavity may increase the risk of cannula obstruc-
tion, suction events, suboptimal flow profiles, and pump
thrombosis [89]. Additionally, right ventricular dysfunction
is often present in these patients and these patients may be at
increased risk for RV failure after durable LVAD implantation
[89]. Patients with larger LV end diastolic dimension above
46 mm have better outcomes with durable LVAD [91].
Temporary devices such as the Impella (Abiomed, CA,
USA) may present challenges to appropriate positioning.
With this in mind, there are reports of success with the total
artificial heart (Syncardia, Tucson, AZ, USA) as a bridge to
heart transplantation strategy [92, 93].

Heart Transplantation Historically, post-heart transplantation
survival for patients with amyloid cardiomyopathy has been
worse than that of non-amyloid cardiomyopathy [94–96].
Waitlist mortality for patients with CA is greater than those
with dilated cardiomyopathies despite being listed at a lower
acuity status [96]. Contemporary data suggest that post-
transplant outcomes are now approaching that of non-
amyloid cardiomyopathy [95, 97•]. This shift in outcomes
is likely due to a standardized approach to patient selec-
tion [98], which includes a comprehensive evaluation for
clinically significant extra-cardiac involvement of disease.
Likely in response to stricter scrutiny, a higher percentage
of ATTR cardiomyopathy patients are now undergoing
heart transplantation as compared to AL amyloid cardio-
myopathy [95]. Nonetheless, novel treatment options in
patients with AL amyloid cardiomyopathy, as discussed
above, have certainly contributed to improved post-heart
transplantation survival particularly when combined with
autologous stem cell transplant performed after heart trans-
plantation [99•]. Complete hematologic response to che-
motherapy in AL amyloid patients post-HT is associated
with good long-term survival [100].

164 Page 6 of 10 Curr Cardiol Rep (2019) 21: 164



Conclusions

The past decade has brought with it significant improvements
in survival in patients with cardiac amyloidosis due to AL,
ATTRm, and ATTRwt. Early diagnosis, prompt initiation of
therapy when indicated, and improvements in patient selec-
tion through appropriate evaluation for extra-cardiac manifes-
tations of disease all have contributed to improvements in
post-HT outcomes. The disease-modifying therapies of
ATTR will likely take greater hold in the management of
patients with cardiac involvement as the results of ongoing
clinical trials become available. The role for combination
ATTR therapy is enticing as it would target multiple stages
of pathogenesis. The future of amyloid therapy appears bright.
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