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Abstract: Treatment of cardiac amyloidosis is determined by the amyloid type and degree of involvement. 
Two types of amyloid commonly infiltrate the heart: immunoglobulin light-chain amyloid (AL), and 
transthyretin amyloid (ATTR), that encompasses other two forms, a hereditary form (hATTR), and a 
sporadic, age-related wild-type (wtATTR). The prevalence is expected to increase with aging population. 
The natural history of ATTR cardiomyopathy includes progressive heart failure (HF), complicated by 
arrhythmias and conduction system disease. New therapies options have been approved or are under 
investigation. We performed a narrative literature review, manually-searched the reference lists of included 
articles and relevant reviews. Treatment for cardiac ATTR should be directed towards alleviation of HF 
symptoms and to slow or stop progressive amyloid deposition. Conventional HF medications are poorly 
tolerated and may not alter the disease progression or symptoms, except perhaps with the administration of 
diuretics. There are three approaches of therapy for ATTR cardiomyopathy: tetramer stabilizers, inhibition 
of ATTR protein synthesis and clearance of deposited fibrils. Tafamidis diminishes the progression of 
cardiomyopathy, functional parameters, improves overall outcome in patients with early disease stages, 
irrespective of ATTR status and is well tolerated. Diflunisal has shown promising results in early studies, but 
at the expense of significant side effects. Two new agents, antisense oligonucleotides, patisiran and inotersen 
are under investigation in cardiac amyloidosis. Patisiran appears to be the most effective treatment for 
hATTR, although evidence is limited, with a relatively small cardiac subpopulation. Therapies considering 
clearance of amyloid fibrils from tissue remain experimental. In conclusion, tafamidis is the only approved 
agent for the treatment of ATTR cardiomyopathy although multiple other agents have shown promising 
early results and are undergoing clinical trials. Careful consideration of the type of ATTR, comorbidities and 
disease stage will be key in deciding the optimal therapy for ATTR patients.
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Introduction

Systemic amyloidosis incorporates a family of diseases 
induced by misfolded proteins (1). The amyloid type is 
defined by the particular precursor protein that misfolds to 

form amyloid fibrils and dictates the patient’s clinical course 

as well as treatment of cardiac amyloidosis. Consequently, 

early recognition and accurate classification are essential (2).

Amyloidosis is a group of diseases that affect multiple 
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organs, particularly the central and peripheral nervous 
system, kidneys and heart. There are two types of amyloid 
that commonly infiltrate the heart: immunoglobulin light-
chain (AL or primary systemic) amyloid, and transthyretin 
amyloid (ATTR). Other protein precursors that can 
infiltrate the myocardium such as apolipoprotein A have 
a very low prevalence (<5%) and are not consider here. 
Cardiac amyloidosis may occur in patients with Amyloid A 
(AA) amyloidosis due to chronic inflammatory diseases (3). 
Transthyretin-related amyloidosis (ATTR) includes two 
forms—familial disease arising from misfolding of a mutated 
transthyretin (familial, variant or hereditary amyloid 
cardiomyopathy hATTR, and a sporadic, non-genetic 
disease due to misaggregation of wild-type transthyretin 
(wtATTR), also known as senile systemic amyloidosis (1). 

AL amyloidosis has an approximate incidence of 
~2,500 new cases annually (4) with cardiac involvement 
in approximately 50% of cases (5,6). The prognosis with 
AL disease is poor, with median survival of <1 year in 
the presence of heart failure (HF) symptoms (6). Cardiac 
involvement is a major determinant of poor outcome, even 
after bone marrow transplantation. Unlike AL amyloidosis, 
ATTR cardiomyopathy is slowly progressive and better 
tolerated clinically. 

Transthyretin, formerly misnamed prealbumin, is 
a 127-amino acid, 56 kDa transport protein primarily 
secreted by the liver, with lesser amounts produced by 
the choroid plexus for cerebral spinal fluid and retinal 
pigmented epithelial cells for the vitreous of the eye (1,7). 
Normally, transthyretin circulates as a homotetramer but 
due to genetic mutation (hATTR) or aging (wtATTR), 
tetramers can dissociate to monomers that misassemble into 
amyloid fibrils (8,9).

There are emerging therapies for ATTR cardiomyopathy. 
For this analysis, we performed a narrative literature 
review on the topic aiming to clarify the current role of 
the potential pharmacologic therapies for ATTR. We 
searched the Cochrane Central Register of Controlled 
Trials (CENTRAL), Cumulative Index to Nursing and 
Allied Health Literature (CINAHL), Embase, and PubMed 
databases through March 31st, 2020, with no restrictions 
on language. Key words of cardiac amyloidosis, amyloid 
cardiomyopathy treatment and tafamidis were utilized. 
Large prospective studies and systematic reviews were 
included, with notorious lack of metanalysis in the topic. 
We manually-searched the reference lists of included 
articles and relevant reviews. 

We present the following article in accordance with the 

NARRATIVE REVIEW reporting checklist (available at 
http://dx.doi.org/10.21037/atm-20-4636). 

Wild type ATTR

In wtATTR transthyretin becomes unstable and has an 
increased tendency to accumulate and form fibrils without 
genetic abnormalities (9). By unclear aging mechanisms, 
accumulation and cardiac deposition of genetically normal 
ATTR increase over time (1,9), suggesting that we can 
expect the incidence of wtATTR to increase with the aging 
population. It has been suggested that cardiac wtATTR 
could explain up to 15% of cases of HF in older adults (7).

Prevalence of wtATTR increases with age and practically 
all patients are over 60 years of age at diagnosis (1). This 
variant is a gender-specific disease, exhibiting approximately 
25–50:1 male:female ratio (10). Patients usually manifest 
isolated, strong cardiac involvement, which may be 
preceded by carpal tunnel syndrome by an average of 5 to 
10 years (11,12). Autopsy studies have identified cardiac 
wtATTR deposition in over 25% of individuals above  
80 years of age (13). Other autopsy studies have shown that 
17% of patients with HF with preserved ejection fraction 
(EF) and even 5% of healthy controls had wtTTR amyloid 
depositions (14). 

Variant ATTR

Variant ATTR (hATTR) has an autosomal dominant 
trait with variable penetrance and it is also known as 
familial amyloid cardiomyopathy. The gene is located on 
chromosome 18q12.1, with over 130 missense pathogenic 
mutations identified (15,16). These mutations are clustered 
into geographic and/or ethnic groups (1). In general, 
hATTR is heterogeneous based on age, with neuropathy 
phenotype predominating in early-onset cases and cardiac 
dysfunction phenotype predominating in later-onset cases, 
similar to wtATTR (9).

The most common mutation in the United States 
of America (USA) is Val122Ile (7) and is present in up 
to 3–4% African Americans older than 65 years of age, 
which represents 1.5 million subjects being allele carriers 
in the US (17). This implies that the Val122Ile mutation 
a potentially important cause of HF in the elderly Black 
community (18). Fortunately, the penetration is variable and 
low, especially in female carriers. The second most common 
mutation in the US is Thr60Ala, which originates in the 
Northern part of Ireland and causes a mixed phenotype with 
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high prevalence of carpal tunnel syndrome (19). Worldwide, 
Val30Met (pV50M) is the most common mutation 
with late-onset presentation, predominantly hATTR 
polyneuropathy phenotype and endemic in certain regions 
of Portugal, Japan, and Sweden (7). Regardless of patient 
age, transthyretin genetic testing should be performed in all 
patients with ATTR as it can have implications for family 
members at risk, although there are no clear guidelines on 
how to perform surveillance of disease in carriers.

Increasingly data support the fundamental role of circulating 
or pre-fibrillar amyloidogenic proteins for cardiac dysfunction 
in AL, wtATTR and hATTR (1,20). Data generated from both 
AL and ATTR models of disease evidence that pre-fibrillar 
protein aggregates are the ones that contribute to organ 
toxicity, not mature amyloid fibrils (1).

Diagnosis

The diagnosis of cardiac amyloidosis has had a rather 
significant shift in the last 5–10 years. There is major 
emphasis now to diagnose the disease non-invasively. A 
contemporary approach to non-invasive diagnosis of cardiac 
ATTR includes echocardiography with strain imaging, 
cardiac magnetic resonance (CMR), electrocardiography 
(ECG), nuclear scintigraphy, and serum biomarker 
testing (1). We present some diagnostic pearls as multiple 
diagnostic algorithms have been proposed (21,22) and will 
not be discussed in detail in this review. Our diagnostic 
approach is presented in Figure 1.

Low-voltage criteria by electrocardiogram is noted in 
only 25% to 40% of patients with ATTR (23). In fact, in 
patients with Val122Ile, 25% met criteria for left ventricular 
(LV) hypertrophy (24).

Although similar findings have been reported in ATTR 
cardiomyopathy, most echocardiographic features are 
derived from the AL population (10). Typical characteristics 
include thick ventricular wall with “speckling” appearance 
of the myocardium, small LV chamber volume, valvular 
thickening, atrial enlargement and signs of elevated filling 
pressures due to restrictive diastolic filling. Interestingly, 
septal wall hypertrophy can occur asymmetrically in up 
to a quarter of patients with wtATTR, confounding the 
diagnosis of ATTR with hypertrophic cardiomyopathy (25).

Another useful tool for the identification of cardiac 
involvement in AL disease is longitudinal strain measurement 
by tissue Doppler and echo speckle tracking (26).  
Typical findings of cardiac amyloidosis include decrease 
in longitudinal function and regional longitudinal strain 

pattern with predominant reduction of strain in basal and 
mid-ventricular segments along with normal strain in apical 
segments (“apical sparing”) (27).

In the absence of a monoclonal protein suggestive 
of AL, nuclear scintigraphy could be used to make the 
diagnosis of cardiac ATTR noninvasively with Tc-99m-
pyrophosphate (PYP) and Tc-99m 3,3-diphosphono-
1,2-propanodicarboxyl ic  acid (DPD) or Tc-99m-
hydroxymethylene diphosphonate (HMDP). Only PYP 
is available in the US (21). Nuclear scintigraphy should 
always be performed concomitant or after screening for 
monoclonal protein in the diagnostic evaluation. If the 
nuclear scan is positive, a genetic test may differentiate 
between hATTR and wtTTR. 

On CMR, the presence of diffuse subendocardial or 
transmural enhancement patterns or failure to suppress the 
myocardial signal suggests amyloidosis (28).

Endomyocardial biopsy continues to be the gold standard 
for ATTR cardiomyopathy diagnosis and is virtually 100% 
sensitive and specific if ≥4 different biopsy specimens are 
collected and evaluated for amyloid deposits by Congo red 
staining (29). Immunohistochemistry or mass spectrometry 
can determine the precursor protein. Fat aspirate, a 
common diagnostic test, has a very poor sensitivity in 
ATTR disease, reported around 15% (30). Our approach 
has always been to biopsy the organ that we know it is 
affected, in this case, the heart.

Clinical course and prognosis

The natural history of ATTR cardiomyopathy is more 
indolent than AL amyloid, and includes progressive 
HF symptoms, accompanied by atrial arrhythmias and 
conduction system disease. Peripheral and autonomic 
neuropathy can occur in wtATTR, but it is usually less 
severe than that in hATTR and the overall prognosis seems 
to be determined by the degree of cardiac involvement. In 
both types of ATTR, depressed left ventricular ejection 
fraction (LVEF), defined as <50% is associated with reduced 
survival (27). 

Cardiac wtATTR is almost exclusively a disease of older 
males with predominant cardiac involvement (21). It has 
been proposed that 13% of patients hospitalized for HF 
with preserved EF and 16% of patients with severe aortic 
stenosis undergoing valve replacement had ATTR amyloid, 
with a large percentage of them meeting criteria for low-
flow, low gradient aortic stenosis (7). Transthyretin disease 
has better prognosis and survival than AL amyloidosis, but 
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tends to evolve to intractable HF and death due to systolic 
HF or dysrhythmia.

The prospective, multicenter and observational 
Transthyretin Amyloidosis Cardiac Study (TRACS) (31)  
comparing V122I hATTR to wtATTR found that 
survival was lower for V122I patients (26 compared to  
46 months, respectively). It is important to note that these 
survival estimates could be biased by the advanced cardiac 
amyloidosis involvement at the time of referral. Survival 
in wtTTR disease appears most favorable of the amyloid 
cardiomyopathies, particularly compared to Val122Ile (31). 
Reported median survival for wtTTR varies in the range of 
43–75 months, with a much slower progression (10,32,33). 

The Mayo Clinic wtATTR-CM staging system (34) used 
thresholds of biomarkers, troponin T >0.05 ng/mL and 
N-terminal pro-B-type natriuretic peptide >3,000 pg/mL 
to classify in three stages where stage I has both biomarker 
values below threshold; stage II: 1 biomarker above the 
threshold; and stage III: both above the threshold. This 
staging system translates to median survival of 66, 42, and 
20 months, respectively.

Echocardiographic findings including LV mass, wall 
thickness and diastolic function are not independent 
predictors of survival. Typically associated with a preserved 
EF, cardiac amyloidosis can present with reduced EF 
(defined as <40%) in 30% to 50% of wtATTR patients 
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Figure 1 Diagnostic algorithm for ATTR. ATTR, transthyretin amyloid; h-ATTR, hereditary ATTR; LVH, left ventricular hypertrophy; 
RVH, right ventricular hypertrophy; wtATTR, wild-type ATTR.
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(27,34). Conduction abnormalities are more common in 
wtATTR than hATTR cardiomyopathy, with up to 33% 
of patients requiring permanent pacemakers, which can 
occur years before onset of HF (27). Atrial arrhythmias are 
also more prevalent in wtATTR cardiomyopathy than in 
hATTR, occurring in 40% to 60% of patients at diagnosis 
in recent series (27,34). Ventricular arrhythmias do not 
seem to be significantly prevalent in this population.

Treatment

The optimal treatment approach in cardiac ATTR should 
be directed towards alleviation of HF symptoms, and at the 
same time to slow or stop progressive amyloid deposition (1).

ATTR cardiomyopathy progresses with bi-ventricular 
thickening, diastolic dysfunction from loss of compliance 
and congestive HF symptoms from elevation in cardiac 
filling pressures (1). Fluid status optimization is the 
fundamental aspect in the management of cardiac 
amyloidosis, mostly accomplished by administration of loop 
diuretics and spironolactone. Frequently, acute or chronic 
renal dysfunction complicate management of HF, and 
over diuresis precipitates hypotension. Progressive cardio-
renal disease is an important marker of worsening disease 
and poor outcome (35). In our experience, once the renal 
function starts deteriorating, it is the time of rapid decline.

As ATTR progresses, impairing diastolic filling and 
reducing the stroke volume that is fixed, tachycardia is 
the only compensatory mechanism that maintains cardiac 
output (36). Hence, beta-blockers are frequently poorly 
tolerated as they inhibit compensatory tachycardia and have 
a negative inotropic effect in amyloid affected hearts (1). 
The use of low-dose beta-blockers might be helpful only if 
tachyarrhythmia is present (21). It has been suggested that 
the intolerance of beta-blockers in newly diagnosed HF 
should increase the diagnostic suspicion of amyloidosis (7).

Calcium channel blockers (37,38) and digitalis (39) are 
contra-indicated in cardiac amyloidosis as they bind to 
amyloid fibrils and have been reported to increase drug 
toxicity. Other typical agents for HF, like angiotensin 
receptor blockers, angiotensin converting enzyme inhibitors 
or neprilysin inhibitors have not been associated with 
improved outcomes or symptoms (1). In fact, it may lead to 
additional hypotension, which is common in patients with 
ATTR amyloid. 

Rhythm control with successful maintenance of sinus 
rhythm in atrial fibrillation is challenging and frequently 
unsuccessful in the long term as the increased ventricular 

end-diastolic pressures promote atrial dilation, as well as 
the atrial amyloid fibrils infiltration (1). However, due 
to reduced atrial mechanics, the atrial contribution to 
ventricular filling is minimal or absent. In fact, these patients 
tend to do better in atrial fibrillation with ventricular 
rates in the low 100 s, than sinus rhythm in the 60–80 
bpm range. Even when rhythm control is accomplished, 
cardiac amyloid infiltration, especially of the AL type, is 
associated with a high incidence of cardioembolic events. 
Grade II or III diastolic dysfunction, dilated atriums, and 
reduction in mitral A wave less than 19–23 cm/s are risk 
factors for intracardiac thrombus formation. Interestingly, 
in some series, 20% of patients without documented 
atrial fibrillation have intracardiac thrombi (40,41). Thus, 
anticoagulation is recommended if the E-wave mitral inflow 
velocity ≤20 cm/s using spectral Doppler and no other 
contraindications are present (41). Furthermore, regardless 
of the CHADS-VASc score, long-term anticoagulation is 
recommended once atrial fibrillation is detected in ATTR (7).

Amiodarone increases the risk of heart block in cardiac 
ATTR, although patients must also be monitored for the 
known toxicities (42). Stablished guidelines should be followed 
to consider placement for permanent pacemaker. High 
index of suspicious, with early Holter monitoring should 
be consider with any patient with symptoms of syncope 
or palpitations. It is important to recognize that these 
patients will likely have increased rates of right ventricular 
pacing which could lead from LV dyssynchrony (9).  
Nonetheless, there is no data to suggest that these patients 
benefit from biventricular pacing and regular guidelines 
should be follow for cardiac resynchronization therapy. 

Ventricular arrhythmias do not seem to be prevalent in 
this population. The principal cause of arrhythmic death 
in high-risk AL patients was pulseless electrical activity in 
our experience as well as a case series (43). Likely because 
of this, implantable cardioverter-defibrillator (ICD) 
implantation did not improve overall survival for primary 
prevention (44,45). Secondary prevention implant is 
reasonable per current guidelines, but the decision should 
be individualized.

Patients with amyloidosis often develop gastrointestinal 
disturbance and is critical to optimize nutritional status to 
contribute to fluid balance management via improvement 
of oncotic pressure. Nausea and early satiety can be 
managed with domperidone. Orthostatic hypotension, 
likely a combination of low output, small stroke volume and 
autonomic dysfunction, can be treated with midodrine or 
pyridostigmine (9). 
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Amyloid-specific therapies

Figure 2 presents the mechanism of action of the therapeutic 
strategies for ATTR, that we discuss in the following 
sections.

Tetramers stabilizers (molecule inhibitors)
Tafamidis is a benzoxazole derivative that covalently binds 
to thyroxine binding sites on transthyretin tetramers. The 
binding inhibits dissociation into monomers and inhibits 
aggregate formation both in vitro and in vivo (9,46). The 
transthyretin stabilization has been reported from 89% 
to 100% at various time points in different trials (47,48). 
Tafamidis is approved in Europe for stage I polyneuropathy 
(oral, 20 mg once daily) and the USA for cardiomyopathy 
(oral, 80 mg tafamidis meglumine or 61 mg tafamidis daily) 
in adults with both hATTR and wtATTR (11). 

Peak plasma concentration is achieved at a median time 
of 2 hours, and can be delayed by simultaneous intake 
of food, although food does not change the absorption. 
Steady state is reached after 14 days with continuous 
administration of tafamidis 20 mg once daily (11). Tafamidis 
is predominantly protein-bound in 99.9% and metabolized 
and excreted by glucuronidation in the liver with a slow 

half-life of 59 hours (49).
After 30 months of follow-up in patients with wtATTR 

and hATTR (n=441), the randomized, placebo-controlled 
ATTR-ACT trial (50) showed that tafamidis significant 
reduced cardiovascular-related hospitalizations by a third 
and all-cause mortality by 30% and (20 and 80 mg once 
daily pooled, n=264). After 2.5 years of treatment, this 
translates to a number needed to treat of 7.5 to prevent one 
death. The mortality benefit was superior in patients with 
early-stage cardiac disease (NYHA class I or II) and seen 
in both transthyretin subtypes. Although in-vitro results 
suggested that higher doses are better, in ATTR-ACT the 
difference between the 20 and 80 mg dose was not clinically 
significant. Functional capacity, assessed via the 6-minute 
walk test and quality of life declined significantly slower in 
patients in the tafamidis arm. Differences in survival only 
reached significance after treatment duration of 18 months, 
although slow deterioration of walking distance and quality 
of life were seen as early as 6 months.

The findings in ATTR-ACT support that tafamidis 
is most efficacious if administered early in the course of 
the disease, likely because tafamidis acts by stabilizing 
tetramers instead of eliminating fibrils (51). In fact, in the 
ATTR-ACT patients with NYHA class III at baseline had 
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higher rates of cardiovascular hospitalizations compared to 
placebo. Tafamidis is considered well-tolerated and despite 
some reports of higher urinary tract infection or effect in 
QTc interval in polyneuropathy patients, that effect has 
not been seen in cardiac patients (11,52). The results of 
ATTR-ACT corroborate that tafamidis is better in halting 
the progression of cardiomyopathy in ATTR patients when 
compared to placebo, particularly if the earlier course of the 
disease. 

Diflunisal is a nonsteroidal anti-inflammatory drug 
with transthyretin-stabilizing effects in both vATTR and 
vATTR. Although it is not specifically approved for ATTR 
treatment in any country, diflunisal can be used off-label (11) 
for ATTR associated cardiomyopathy. The recommended 
dose is 250 mg twice daily, which is lower than the dose 
for anti-inflammatory effects, resulting in inhibition of 
fibrils formation and deposition (43,53). In a small single-
arm, open-label study, diflunisal use was associated with no 
significant changes in LV mass index and EF, suggesting 
that it could stabilize cardiac function at 12 months (54). 
In another small and nonrandomized study, diflunisal had 
a survival benefit similar to tafamidis (55). Given that a 
generic formulation is available, it could be considered as 
a treatment option in countries where other treatments 
would be financially prohibitive. As with other non-
steroidal anti-inflammatories, the chronic use of diflunisal 
is associated with nephrotoxicity, thrombocytopenia, fluid 
retention, gastrointestinal and cardiac side effects have 
limited the use of diflunisal in patients with ATTR (10,21). 
It is recommended to provide prophylaxis for peptic 
ulcer disease, monitor of platelet counts and close renal 
monitoring including volume status to minimize the risk 
for side effects (11). Tafamidis attaches to the transthyretin 
tetramer more tightly, but diflunisal needs to achieve high 
serum to bind with transthyretin with weaker binding 
coefficients. Although promising, diflunisal has not been 
proven to be beneficial in randomized studies.

AG10 is another transthyretin stabilizer currently 
being investigated. In a small phase II trial (n=49, with 
both wtATTR and hATTR), AG10 showed consistent 
stabilization of transthyretin and restored serum ATTR 
concentrations to normal clinical range (56). It was well 
tolerated and safe in 28 days in NYHA class II and III 
subjects. A phase III study (57) is been ongoing (Study of 
AG10 in Amyloid Cardiomyopathy, NCT03458130). 

The FDA approved Parkinson’s disease medication, 
catechol-O-methyltransferase inhibitor tolcapone, also 
has transthyretin protein stabilization properties and is 

presently under investigation (58).
Epigallocatechin-3-gallate (EGCG), the primary catechin 

in green tea, stabilizes serum transthyretin tetramers by 
binding to a different site than tafamidis and diflunisal (59),  
avoiding concerns that it may compete with other 
tetramer stabilizers. It inhibits pre-fibrillary transthyretin 
deposition and disrupts mature amyloid transthyretin 
fibrils in hATTR transgenic mice (60,61). Furthermore, 
EGCG potentially can disrupt preformed fibrils and clear 
amyloid deposits by converting them into unstructured 
off-pathway oligomers (62). Although synergistic effect 
with tafamidis or diflunisal in stabilizing transthyretin has 
been reported in-vitro (63), that has not been demonstrated 
in-vivo and given the interaction of EGCG with serum 
albumin, the bioavailability and transport of tafamidis could 
be compromised by EGCG use (64). Small observational 
reports (n=14, 53% hATTR and 47% wtATTR) showed 
that EGCG 550 mg daily for 12 months significantly 
reduced interventricular septal thickness and LV myocardial 
mass (65), presumedly due to a decrease of amyloid fibrils 
load in the tissue (66).

Inhibition of TTR mRNA and protein synthesis
Antisense oligonucleotides (ASOs) work as antisense strands 
to specific mRNA sequences coding for pathogenic proteins 
(like wtATTR and vATTR) and control the expression of 
that mRNA (67). After binding to the garget mRNA, ASO 
control the transcription by steric blocking (occupancy) 
or enzymatic mechanisms inducing RNA cleavage or 
degradation (68). Both ASOs manifest cardiac effects after 
15–18 months of therapy, much later than neurologic 
improvement, that was observed at 8–9 months. Both are 
approved for use in patients with neurological involvement, 
but not for cardiac involvement. However, their use may 
be limited given the potential side effects and the costs 
associated with these agents (69). 

Patisiran is a double stranded RNA oligonucleotide that 
enters the hepatocyte cytoplasm by lipid nanoparticle. Its 
RNA double strand binds to Ago2 in the RNA-induced 
silencing complex interfering by releasing the inactive sense 
strand. Ago2 works as an endonuclease that splits RNA in 
RNA-RNA duplexes (11,70), leading to degradation and 
lowering transthyretin protein levels up to 90% (71-73).  
Patisiran is administered every 3 weeks intravenously. It 
is recommended to premedicate with dexamethasone, 
oral acetaminophen, an H2-blocker and an H1-blocker 
due to the risk of infusion-related reactions, that can 
happen in up to 20% of patients (74). The APOLLO-II 
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trial (n=225) reported at 18 months mean reductions in 
serum transthyretin of 81%, regardless of the mutation, 
which translated to improvements in neuropathy (75). 
In a subgroup analysis of the APOLLO trial (76), 56%  
of the study participants had evidence of cardiac 
involvement (n=126) and patisiran showed improvement 
in LV wall thickness, N-terminal pro-brain natriuretic 
peptide compared to both baseline and placebo. There was 
also improvement in global longitudinal strain pattern, 
particularly at the base and increase in cardiac output (76) 
in patients in the early course of the disease, since patients 
with NYHA class III or IV were excluded. A reduction in 
all-cause hospitalization (−50%) and all-cause mortality 
(−45%) was also seen (75,76). Overall, patisiran prevents 
the worsening of myocardial dysfunction in most patients, 
but there is minimal improvement. Transthyretin works 
as a transporter for retinol-binding protein, so reductions 
in serum transthyretin can lead to reduction in serum 
vitamin A (71) and supplementation with vitamin A is 
recommended, at least 3,000 IU daily (11). The safety 
profile of patisiran is extrapolated from small studies, which 
raises concern as the phase III trial of another ASO with 
same mechanism of action, revusiran, had to be stopped 
prematurely due to increase mortality in the treatment 
arm (77). Studies with larger number of participants are 
warranted to further define the safety profile of patisiran.

Inotersen is a single stranded ASO that specifically 
s u p p r e s s e s  t r a n s t h y r e t i n  R N A  r e d u c i n g  s e r u m 
concentrations up to 80%. It is chemically modified to 
improve binding affinity, provide stability against enzymatic 
cleavage, and reduce pro-inflammatory products (68).  
Inotersen attaches to hATTR or wtATTR mRNA 
forming DNA-RNA duplexes, that activate enzymatic 
degradation (11,78). It has only been studied for hATTR 
with polyneuropathy and despite reducing peripheral 
neuropathy, the benefits were offset by glomerulonephritis 
(3%) and thrombocytopenia (3%) (79). In a small study 
(n=22), at 12-month follow-up it showed stabilization in 
LV thickness and dimensions (80), but other secondary 
analysis have not shown difference in echocardiographic 
parameters compared to placebo (79). In subset of the 
NEURO-TTR randomized study, 62% of patients had 
cardiac involvement and after a median follow-up of 
480 days, the risk of side effects did not increase with 
prolonged exposure to inotersen (81). Similar to patisiran, 
vitamin A supplementation is recommended (79). It is 
administered subcutaneously once a week and the half-life 
is approximately 32 days (82). If used, it is recommended to 

monitor platelets and renal function including proteinuria 
every 2–3 weeks (11).

Clearance of amyloid fibrils
Currently no available treatment to remove amyloid fibrils 
already deposited in cardiac or neurological tissue (21).  
The antibiotic doxycycline has been shown to inhibit 
amyloid f ibri l  formation, disrupting accumulated 
mature fibrils (83). The combination of doxycycline and 
tauroursodeoxycholic acid demonstrated strong synergistic 
effect in the clearance and reabsorption of ATTR fibrils (84).  
This combination improved global longitudinal strain by 
5% in one-third of patients (85). Those with improvement 
were younger, had lower biomarker levels and NYHA 
stage at baseline, suggestive earlier courses of the 
disease. Nonetheless, NYHA functional class, cardiac 
biomarkers and EF did not improve with the combination 
therapy. The halting effect in disease progression is 
promising, as almost half of patients in that cohort had 
at baseline NYHA class III or IV (85). A phase II study 
(n=20) on patients with both hATTR and wtATTR with 
daily administration of oral doxycycline (100 mg) and 
tauroursodeoxycholic acid (250 mg three times a day), 
reported unchanged neuropathy symptoms with no clinical 
progression of cardiac involvement at 12 months (86).  
These agents are used in patients with AL amyloid as well, 
although there is limited clinical data (11).

Other prospective therapeutic option is antibody-
mediated (anti-transthyretin) removal of amyloid aggregates 
by targeting transthyretin residues. During the formation 
of pathological amyloid fibrils, the conformational 
variations uncover epitopes on the molecular surface of 
ATTR, internalized in the tetramer but exposed in the 
monomer (87), and these epitopes serve as the antibody 
target (88). Binding of the antibody prevents transthyretin 
fibril formation in a dose-dependent fashion, inhibiting 
the formation of new amyloid deposits, and promoting 
macrophage phagocytosis of aggregated fibrils, which 
leads to reduce fibrils in previously affected tissues (89,90). 
Although promising, the human studies have resulted in 
cessation due to toxicity or futility. 

Dezamizumab is an IgG antibody that targets the non-
fibrillar plasma glycoprotein serum amyloid P (SAP), 
present in all subtypes of amyloid (91). Dezamizumab 
specifically reduces amyloid deposits by targeting 
SAP and activating complement pathways as well as 
macrophage-dependent phagocytosis (92). In a phase I trial, 
dezamizumab reduced amyloid content in kidney and liver 
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in a dose-dependent manner (93). Transient changes in 
NT-proBNP were observed, although no effect on cardiac 
amyloid deposits were shown (93). 

Transplantation

Because of potential rapid deterioration, early referral 
to a transplantation center is recommended in patients 
with amyloid cardiomyopathy. Moreover, the success 
of mechanical support given the small LV chamber 
and significant left ventricular hypertrophy (LVH) is 
unlikely. Mutant ATTR protein is produced in the liver 
so for hATTR, combined orthotopic heart and liver 
transplantation (OHT and OLT, respectively) could 
be considered. If only OHT is performed, there have 
been reports of recurrence in the transplanted heart (9), 
particularly non-V30M ATTR (94). Survival post-transplant 
is excellent, when compared with patients with AL amyloid. 
Five-year survival post-OHT is 38% in AL patients, 67% 
at 2-year follow-up in wtATTR patients and 100% at  
3 years in hATTR recipients (95,96). Notoriously, current 
guidelines do not recommend OHT in patients older 
than 70 years of age which precludes many patients with 
wtATTR (9,97). An approach that is getting a lot of traction 
is to perform OHT alone in patients with hATTR, followed 
by life-long treatment with tafamidis.

Future directions

With the exception of tafamidis, we lack studies analyzing 
the effects of different medications with ATTR-associated 
cardiomyopathy as primary endpoints. Moreover, the need 
of “hard outcomes” as survival or cardiac events should be 
the primary outcome, instead of surrogate endpoints as 
biomarkers or echocardiographic parameters. It remains 
questionable whether every amyloid deposit has pathologic 
significance and requires treatment, as it has been 
documented a high burden of amyloid deposit in autopsy 
studies (13,14). Like minimal vascular calcifications, wtTTR 
amyloid deposits may be a physiologic sign of aging to a 
certain extent (11). Noninvasive risk stratification strategies 
will have to develop to identify those in need of treatment. 
Given its low penetrance, it is uncertain if treatment for 
carriers of genetic mutations known to cause ATTR will 
reduce the disease progression, and at which point the 
treatment needs to be initiated. Other strategies remain 
“off-label”, though we have endorsed in our practice, 
like offering asymptomatic carriers diflunisal when they 

reach an age at which disease is likely to penetrate or if they 
demonstrate tissue amyloid infiltration confirmed by biopsy or 
bone scintigraphy. Clinical trials exploring the combinations of 
inhibition of tetramer stabilizers, ASOs and removing existing 
amyloid deposits would theoretically pose the biggest benefit, 
particularly in those with advance disease.

Summary

Tafamidis is the only approved agent for the treatment of 
ATTR cardiomyopathy, although multiple other agents are 
undergoing clinical trials. Clinicians need to be aware and 
vigilant on a daily basis to suspect ATTR cardiomyopathy 
in the right clinical scenario, particularly with the advances 
presented in this article for the noninvasive diagnosis. The 
demonstration of efficacy and the anticipated regulatory 
approval of more therapies. Future clinical practice will 
have to promote individualized decision-making to select 
the best agent depending on the type of transthyretin, 
mutations, disease stage and comorbidities (11). 
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