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Abstract

Systemic amyloidosis is caused by deposition of amyloid proteins in varying organ systems
throughout the body, leading to dysfunction within those systems. The development of cardiac
amyloidosis is one of the main indicators for a poor prognosis for patients. Cardiac amyloidosis is
most commonly caused by the Immunoglobulin light chain amyloidosis and the transthyretin
amyloidosis. Both have poor prognoses when associated with cardiac amyloidosis, however, the
patients with the former subtype fair far worse than those with the later. Despite amyloidosis
having a history of being underdiagnosed, recent epidemiological data indicates that the rate of
diagnosis has increased which has coincided with an improved in patient median survival rates.
Itis of great importance that patients are diagnosed with the correct subtype as the main treatment
strategy is to treat the underlying cause of the amyloidosis. If a misdiagnosis is made patients can
receive treatment that might be ineffective or even harmful.

There is a great of progress being made in the pharmacological treatments being made for
treating the underlying causes, however, many of the proposed treatments still need more

evidence to support its use.
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1. Introduction

Systemic amyloidosis is a rare group of diseases caused by the extracellular deposition of amyloid
proteins in various tissues throughout the body*. As of yet more than 30 proteins have been found
that can aggregate as an amyloid protein, however, with the use of mass spectrometry it is
suspected that there are many more of these precursor proteins?.

In the majority of the cases, cardiac amyloidosis (CA) is caused by two common subtypes of these
proteins, immunoglobulin light chain (AL) amyloidosis and transthyretin (ATTR) amyloidosis,
together accounting for approximately 98% of all cases of CA»**. Not only do AL and ATTR
amyloidosis have markedly different prognoses, with a median survival of 6-12 months and 2-6
years respectively, they also have significantly different treatments which is why there is a great
emphasis on specifying the subtype of amyloidosis®®.

The main focus of this review will revolve around CA as it is the leading cause of morbidity and
mortality in systemic amyloidosis regardless of the subtypel. As it has been shown that the
prevalence of CA increases with age, this is of ever greater importance due to the expanding
aging population®. However, amyloidosis is probably still underdiagnosed and even when
diagnosed, the different subtypes with their own specific treatments go unrecognized, which can
lead to mismanagement of patients’. This emphasises the need of an updated review on CA to

familiarise clinicians with the specifics of amyloidosis towards improved patient care?.

2. Pathophysioloqgy

Amyloidosis is characterised by infiltrative deposits of ‘amyloid proteins’, which are typically waxy,
starch-like deformed protein fibrils’. Many different types of causative proteins have been
identified, some causing systemic amyloidosis, with deposits in multiple organ systems, and
others showing more localised pathology in a specific organ®. Some well-known diseases are

caused by localised misfolded protein deposits (i.e. localised amyloidosis), such as Alzheimer’'s
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disease (Amyloid-B precursor protein), Creutzfeld-Jakob disease (Prion protein) and familial
dementias®. Proteins may misfold and form amyloid fibrils if mutations occur in the genetic coding
for that protein, causing amino acid substitutions, or if the protein stability is compromised®. As
with most diseases, factors are hereditary as well as environmental (chemical, electrical, and
mechanical stimuli)’. This review focuses on the amyloidosis types that are most prominent in
causing cardiac complications: immunoglobulin amyloidosis (AL), ATTRwt amyloidosis (formerly
called senile systemic amyloidosis [SSA]), ATTRv amyloidosis (formerly called familial amyloid

polyneuropathy [FAP]), Table 1 provides a summary of each of the above mentioned subtypes®.

2.1 Immunoglobulin light chain (AL) amyloidosis:

AL amyloidosis is characterised by a malignant plasma cell clone with a resulting excess of a
particular misfolded light- or heavy-chain immunoglobulin (Ig) which is then systemically
deposited®. The AL subtype is present in about 15% of patients with multiple myeloma (MM),
however isolated AL amyloidosis (primary AL) has a different pattern of disease and is therefore
an alone standing diagnosis®. Public Health England classifies primary AL amyloidosis as a
cancer, and according to one report, it accounts for 65% of 5-20 per million cases of amyloidosis
in the UK®. AL amyloidosis can affect multiple organs, or only a single organ, usually the kidney,
heart, liver, gut, and peripheral nervous system’#®. The onset is rapid and treatment is targeted at
the monoclonal immunoglobulin-producing cells®. Treatment that reduces the circulating free light
chains (FLC) has better outcomes for heart failure, because FLC seems to be toxic to myocardial
cells®®. This suggests that Cardiac-related AL amyloidosis (AL-CA) is “not simply an infiltrative

cardiomyopathy but rather a toxic infiltrative disorder"*.

2.2 Transthyretin (ATTR) Amyloidosis:
ATTR Amyloidosis caused by misfolded or destabilised transthyretin (TTR)’. TTR is produced
predominantly by the liver, retinal pigment epithelium and choroid plexus®. Two main types of

TTR cause CA: a wild-type (AATRwt) and variant-type (ATTRv)"®8. ATTRwt amyloidosis is
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associated with advancing age (hence the former name ‘systemic senile amyloidosis’). The
hypothesised mechanism of disease is that TTR, a cyclic tetramer protein in circulation,
becomes unstable in elderly patients, and is deposited as pathologic amylaceous (starchy)
fibrils®. The ATTRYV subtype is caused by a ‘variant’ TTR with altered genetic mutation, inherited
in an autosomal dominant pattern®. The onset may be early, with gradually increasing severity of
symptoms over several decades®. There are multiple types of mutations, with varying degrees of
resultant instability of the TTR tetramer*!. The resulting amyloid fibrils are deposited in various
systems depending on the mutant type; in peripheral and autonomic nerves, heart, gut, kidney,
eyes and brain. It was found that mutations associated with greater instability in TTR affected
the peripheral nervous and oculo-leptomeningeal systems more frequently, whereas more

stable TTR variants showed greater affinity for the cardiac system 2.

3. Cardiac Amyloidosis (CA):

Clinical manifestation is dependent upon the type of amyloidosis and the site of its occurrence
(Figure 1). The complexity tends to develop due cardiac involvement either as part of a systemic
process or a local phenomenon. Surprisingly, it is not the quantity of organ systems affected, but

the deposition of amyloid fibrils in the heart that decrees a poor prognosis?°.

CA is thought to be underdiagnosed®®. Early recognition and diagnosis are needed to delay the
progression of the disease and increase suitability for surgical interventions®®. CA should be
considered as an important differential in patients with heart failure particularly if ejection fraction

is preserved (HFpEF)®.

Amyloid deposits may be found in one or all of the heart layers: endo-, myo- and pericardium?®:.
The endo-myocardium will be the focus of this literature review and refers to the lining of the four

chambers as well as the valves, and the cardiac muscle itself'®. Though nodular deposits of
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amyloid may be found on the pericardium?®3, this will not be discussed any further in this review

as it is not discussed at great length in the existing literature.

3.1 Diagnosing:

At first glance, diagnosing CA seems relatively straight forward. However, some of the difficulties
in reaching a timely diagnosis include the rarity of the disease, late presentation of diverse clinical
symptoms and the existence of various subtypes!®. CA is also often mistaken for hypertrophic
cardiomyopathy with left ventricular outflow tract obstruction (LVOTO)’. Thus, a surprise
encounter on the operating table is not uncommon but significant advancements in diagnostic

methods should decrease such scenarios moving forward?*4.

3.1.1 Clinical:

Each subtype of amyloidosis has specific symptoms associated with it which are presented in
Figure 2. CA classically presents as a rapidly progressive congestive heart failure in the absence
of ischaemic pathology, which may be accompanied by conduction system disturbances such as

arrhythmias and heart blocks?®.

Congestive heart failure due to restrictive cardiomyopathy should be met with high clinical
suspicion®®. The amyloidotic heart is firm, rubbery and less compliant due to the replacement of
myocytes with amyloid deposits'®. Subsequently cardiac relaxation is impaired, causing an
increase in right sided filling pressures. Increased jugular venous pressure, hepatomegaly and

peripheral oedema are not uncommon?®,

Patients may complain of exertional dyspnoea, fatigue, and chest discomfort. In severe cases

cardiac cachexia may also be present®15,

Extra cardiac manifestations can be varied depending on the type of amyloid precursor in

guestion. For instance, in AL periorbital purpura is highly characteristic of CA and should prompt
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atissue biopsy’. A comprehensive history and examination may also suggest leg/jaw claudication,

macroglossia and proteinuria’._

3.1.2 Echocardiogram:

An echocardiogram (ECHO) is very useful in illustrating the morphological changes that occur
over time in an amyloidotic heart and has 87% sensitivity for CA'4, however the reliability may
vary with the practitioner’s familiarity with CA on ECHO. There is an increase in bi-ventricular and
bi-atrial wall thickness, with no change in chamber size and dilatation respectively*. The atria
undergo dilatation to withstand filling pressures#. Septal infiltration and valvular thickening as well
as pericardial effusions are also common*. The abnormal texture of the infiltrated endo-
myocardium appears as ‘granular and sparkling’, due to the discrepancy between the normal

myocytes and the shimmering amyloid protein4.

3.1.3 Electrocardiograph:

Low voltage QRS complexes on an ECG, in combination with the aforementioned positive ECHO
findings is highly indicative of CA and is found in 50% of patients with CA. This is because CA
associated ventricular hypertrophy is due to an infiltrative process and not true myocyte
hypertrophy as seen in hypertrophic cardiomyopathy®. Amyloid deposits are insulative resulting

in reduced QRS amplitudes’.

Combining the clinical history, ECHO findings and a discordant ECG underlines the difficulties in
diagnosing CA. CA is nothing short of a masquerade and mimics heart failure, hypertrophic

cardiomyopathy and ischaemic changes (hon-Q wave infarction).

3.1.4 Biopsy and staining:



211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

8|Page

Endomyocardial biopsy is not the only means by which tissue can be obtained for immuno-
characterisation of amyloid precursors. Extra-cardiac sites, in particular, the abdominal fat pad,
are also viable possibilities”!. Aspiration of the subcutaneous fat has successfully helped

diagnose CA in 85% of patients?®.

The gold standard for diagnosing amyloidosis subtypes remains histological staining and
immunophenotyping of tissue biopsies’. Stains such as methyl violet, thioflavin, and haematoxylin
and eosin (H&E) can be used’. The most selected stain is the Congo red which under polarised
light, produces an apple-green birefringence’. However, it should be noted that abundant collagen
on aortic valves can produce a false positive Congo stain, leading to possibly an incorrect
diagnosis of CA!4. Gertz et al. suggest using mass spectrometry in addition to staining to better

guide clinical decisions?®.

3.1.5 Magnetic resonance imaging (MRI):

The new MRI “late gadolinium enhancement” technique has been shown to be effective in
diagnosing amyloidosis®. This is done by identifying a characteristic pattern of increased
myocardial enhancement with other morphological findings such as increased left ventricle wall
thickening and abnormal myocardial and blood pool kinetics®. Other MRI imaging techniques such
as long axis strain and myocardial contraction fraction have been shown to have great prognostic
value, as well as determining morphological and functional markers of disease!’. However, more
evidence is needed to support the two latter techniques before they become more commonly

used'’.

3.2 Staging

The revised Mayo Clinic amyloidosis staging system, in addition to the New York Heart

Association (NYHA) four stage system for congestive HF, can be used to determine progression
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and severity of AL amyloidosis®®. In Mayo Clinic staging system patient are assigned a score of
1 for each difference in FLC (difference between involved and uninvolved FLC) =18mg/dL
(180mg/L), cTnT 20.025ng/mL, and NT-proBNP =1,800pg/mL, creating stages | to IV with scores
of 0 to 3 points®. Patients diagnosed with the Mayo Clinic staging system had rapidly decreasing
survival rates with higher stages, and in a cohort treated for CA, those treated earlier on (in stage

I-1l of NYHA staging) had better responses to treatment?8,

3.3 Diagnostic epidemiological data

As stated above, it is important to diagnose CA early on, and that clinicians are aware of the
cardiac and systemic signs, as well as the up-to-date diagnostic techniques for improved patient
outcomes. A 2018 epidemiological study in the United States showed an increasing proportion of
the population being diagnosed with amyloidosis each year!®, which suggests increasing
awareness of the disease amongst medical professionals. This study also noted increased
survival rates, which is reflected by the trends observed by a UK-based epidemiological study in
2017%. This shows significant development in management of amyloidosis, and advancement in

general management of complex chronic disease in elderly patients.

4. Vascular amyloidosis

The current literature has a small number of case reports on the presence of amyloid deposits in
vasculature. Although some attempt is made to understand vascular amyloidosis (VA), there is

no transparency regarding the frequency and extent of vascular involvement 2122,

Amyloidosis affecting the vasculature can present as myopathy, jaw claudication and/or angina?.
Microvascular involvement is common and often results in increased serum troponin leading to a
misdiagnosis of ‘non-Q wave’ infarction in the absence of true coronary artery disease®.

Myocardial flow reserve becomes impaired in VA leading to myocyte necrosis*®.
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Amyloid deposits can affect the morphology of the vessel and/or the functionality. The dependent
variables are frequently reported as carotid artery intimal thickness (IMT) and brachial artery flow

mediated dilatation (FMD)%L.

4.1 Coronary vessels

In a cohort study conducted by Sharma et al. AL amyloidosis was associated with a transmural
deposition of amyloid whereas ATTRwt amyloidosis was found mainly in the adventitia and
external media?2. This implies that there is also a distinction to be made on location of deposits
and not just the frequency and extent. Coronary vessels were affected in all but one in the patient
group. However, it was noted that vessel lumen was significantly affected in AL amyloidosis, likely

due to transmural deposit pattern?.

Smith et al. measured the frequency of vascular involvement (as well as other morphologic
markers) in AL amyloidosis compared to ATTRwt amyloidosis?®. A total of 47 autopsy proven
amyloidotic hearts were analysed, AL amyloidosis showed higher inclination for vasculature (90
%) whereas this figure was 4% for ATTRwt amyloidosis?. Crotty et al found the percentages to

be 88% and 26% for the AL and ATTRwt subtypes respectively®*.

Dorbala et al. proposed that coronary artery flow can be impeded via three different pathways: A)
Deposits in the vessel wall causing stenosis of lumen (structural), B) extrinsic compression due
to interstitial deposits and C) endothelial dysfunction?®. A comparison was made between patients
with amyloidosis versus those with hypertrophic cardiomyopathy in relation to coronary
perfusion?. MBF (myocardial blood flow) and CRF (coronary flow reserve) were reduced in the

amyloidosis group suggesting microvascular involvement?®,

4.2 Aorta



279

280

281

282

283

284

285

286

287

288

289

290

201

292

293

294

295

296

297

298

299

300

11| Page

Amyloidosis of the aorta is more likely to be found in the ATTRwt subtype?5-28, It is associated with
an increase in age and is thus a manifestation of senile amyloidosis?®-2?8, lwata et al. investigated
224 ATTRwt amyloidosis autopsy cases and found aortic amyloidosis to an average incidence of
79%?’. They found that the media of the aorta was affected by amyloidosis, which presented
multiple minute deposits and having no relation to atherosclerosis?’. ATTRwt amyloidosis in the
aorta has been suspected of one of the possible cause of aortic aneurysms but this claim still
needs to be investigated further?®. There have been no comprehensive studies to suggest that
aortic amyloidosis is solely limited to the ATTRwt subtype, however no studies show a significant

occurrence of aortic involvement in AL amyloidosis?®-28,

5. Management and Prognosis

Management of amyloidosis varies with each subtype; therefore, correct diagnosis is imperative’.
If incorrectly diagnosed, the prognosis can be far poorer because amyloidosis has varying causes
that do not respond to the same treatment’. One of the two main strategies used for managing
CA is to address cardiac symptoms and signs and improve stability®. Flow and conduction
abnormalities are common in CA, and traditional pharmacological treatments are generally
advised, however they may have adverse effects that are not properly investigated in patients
presenting with CA-related HF®. More evidence is needed to show the potential benefit of surgical
interventions and device therapy. The second strategy is to address the underlying cause of
cardiac symptoms by slowing the progression of amyloid deposition and is currently considered

the primary approach for managing CA® and will therefore be the main focus of this section.

5.1 Treating the cause of CA

5.1.1 AL amyloidosis management and prognosis:
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Patients with AL have a poor prognosis, and untreated median survival is 13 months’. Patients
with AL and cardiac involvement have a very poor prognosis of 6-12 months after onset of
congestive cardiac failure®. Syncope, right ventricular dilatation, left ventricular wall thickness, and

elevated troponin | and T levels are all indicators of poor prognosis®.

Once diagnosed, AL can be treated with chemotherapeutic agents in combination with steroids’.
Standard treatment is cyclic oral melphalan and prednisone or dexamethasone, and the prognosis
is shown to be extended to 17 months’. The 2015 British Committee for Standards in
Haematology Guideline recommends cyclophosphamide (CPA), bortezomib (BOR), and
dexamethasone (DEX) (together known as CyBorD or CVD), however treatment toxicity is
greater®. Recently, autologous peripheral blood stem-cell transplantation is suggested for far
better systemic outcomes, 40% haematologic remission within a year, and prognosis extended to
4.6 years’. However, outcomes for patients with cardiac involvement remain low, with median
survival at 1.6 years, versus 5 months for the untreated patients’. The efficacy of thalidomide
combined with bortezomib has been shown and is expected to become more widely used in the

future®.

Peri-transplant mortality rate has remained high for these patients, at 13%. In patients with HF
due to CA, heart transplant remains the only option alongside palliative care?®. Heart donations
are limited, and typically patients have a low chance of meeting the recipient criteria due to
systemic organ involvement of amyloidosis’. In a small cohort of 8 heart transplant recipients, 5
patients had evidence of amyloid deposits 5 months after transplantation’. This suggests that in
severe CA, the progression of the disease is not halted by only replacing the damaged organ. In
more recent data, heart transplants either with or without stem cell transplant, coupled with
aggressive chemotherapy to reduce the light chain replication, resulted in 100% one-year
survival®. Heart transplant remains a promising therapeutic option for cardiac amyloidosis,

particularly when systemic deposits are limited post-surgery with chemotherapy**. However, 5-
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year survival for patients undergoing heart transplant for cardiac amyloidosis was about half the

survival rate for patients undergoing heart transplant for other indications**.

The most effective treatment of AL-CA remains early diagnosis and early drug treatment with a

chemotherapeutic-steroidal combination.

5.1.2 ATTR amyloidosis management and prognosis:

The two main subtypes of ATTR (variant and wild-type), will be addressed together because of
very similar pathogenesis and treatment®. Prognosis for cardiac-related ATTR amyloidosis
(ATTR-CA) is better than for AL-CA, with median survival typically 2—6 years compared with 5-6
months’. Increasing amounts of evidence point to ATTR amyloidosis as a significant underlying
cause of HF*>%#[5.6]. High rates of misdiagnosis lead to harmful treatments, as many traditional

treatments for cardiac disease are contra-indicated or of unknown or little benéefit.

Treatment for AL-CA is not indicated in ATTR-CA, therefore correct diagnosis is necessary to
avoid inappropriate chemotherapy®. The most effective treatment for ATTR amyloidosis remains
liver transplant, as the liver produces the tetramers that misfold into amyloid proteins’®. However,
liver donations are not always available and some patients do not qualify for recipient criteria’.
Furthermore, cardiac symptoms due to ATTR amyloidosis continue to progress after liver
transplant, as well as retinal and cerebral deposits due to TTR production in the retinal epithelium

and choroid plexus®.

Alternative or simultaneous (to liver transplant) treatment for ATTR amyloidosis includes drugs
that inhibit liver TTR production, that stabilise TTR, and that increase excretion of TTR amyloid®.
In 2012, Coehlo et al showed the efficacy of Tafamidis, a TTR stabiliser, for reducing all-cause
mortality, cardiovascular disease hospitalisations and for improving quality of life®. Tafamidis has

been shown to be beneficial for both ATTR-CA subtypes. Diflunisal is a non-steroidal anti-
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inflammatory drug (NSAID) with tetramer-stabilising properties, but further trials are needed to
prove its efficacy in light of typical NSAID adverse effects®. Other therapeutic agents recently
investigated are nucleic acids, which were effective in limiting the production of TTRSE. Patisiran,
a small interfering RNA (siRNA) targeting TTR mRNA, reduced serum TTR by 80% after 18
months, and limited progression of cardiac signs®. Inotersen, an antisense oligonucleotide, was
also effective but had serious adverse effects’®. Tafamidis and Patisiran are both recommended
as being potentially viable treatment options, but more trials are needed to prove their combined
efficacy or non-maleficence®. Doxycycline and (R)-1-[6-[(R)-2-carboxy-pyrrolidin-1-yl]-6-oxo-
hexanoyl]pyrrolidine-2-carboxylic acid (CPHPC) have been suggested due to their TTR amyloid-

clearing properties but further human trials are needed to prove efficacy®.

5.2 Aortic Stenosis (AS) in CA and its Prognosis:

CA may be more prevalent in elderly men with AS and is associated with far greater mortality.
The signs of TTR CA overlap considerably with low-flow AS from other causes, and 25% of post-
mortem hearts of octogenarians had amyloidosis (ATTRwt) deposits®. This suggests a great
proportion of undiagnosed CA, particularly in elderly patients. In another two studies, patients with
severe AS and treated with aortic valve replacement (AVR) were biopsied for amyloid deposits -
16% of which had CA in both studies, and in one study, 32% amongst the men only’3, CA-AS
had a 3-fold greater mortality rate than AS alone in patients treated with AVR (56% vs
20%)°. According to Java et al, AVR for other indications is not harmful in patients with
amyloidosis, and provides symptom relief in the mid-term®. However, prior evidence - which is
mostly on a handful of case studies - shows that prognosis of AVR in patients with amyloidosis is
a mixed picture 3233, There are particularly poor outcomes for entry at the apical site and better
outcomes for trans-femoral AVR®?. Evidence analysed by Cicek et al. suggests that AVR make
no improvement to the overall mortality of patients with CA33, Limitations to the study by Java et

al. is that due the small cohort of patients (n=16), with possible selection bias, and that these



374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

15|Page

patients have various subtypes of amyloidosis, therefore, the quality of this evidence is insufficient
for a reliable recommendation for effective and sustainable treatment with AVR in patients with
amyloidosis®2. In another paper, AVR as well as other cardiac surgery including remodelling, are
strongly advised against based on the poor prognosis observed!*, probably due to the surgery
being non-curative for CA. Clinicians need to be wary of misdiagnosis of more common cardiac
diseases in the presence of the ambiguous cardiac amyloidosis symptoms and signs!4, or

“probably vastly underrecognised concomitant amyloidosis™2.

Therefore, aortic valve replacement alone is not a suitable treatment for patients with AS caused
by CA. Thorough investigation is needed to confirm and appropriately treat the underlying cause
of heart disease, which is more commonly due to amyloidosis in older patients. Appropriate
treatment of amyloidosis will result in better survival outcomes, as opposed to cardiac surgery

alone.

6. Future research

There is need for evidence regarding the specific efficacy and potential adverse effects of
traditional HF medication, surgery and device therapy in relation to the management of symptoms
in patients with CA®. Additional further research also needs to be conducted in regard to

developing more accurate, non-invasive diagnostic techniques.

As mentioned above, Diflunisal has potential to be used in future treatment regimes, however,
randomised trials are needed to solidify its efficacy and especially weighing up its benefits
compared to common NSAID adverse effects that may be associated with its use®. Phase 3 trials
of Tafamidis have been completed further supporting its efficacy but despite this there is still a
need for a randomised-control trial to further consolidate the evidence supporting it34. As human
trials for both Doxycycline and CPHPC are in their infancy there is still a great need for further

research to be done on its use®. Focused research to further improve our understanding of the
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specific mechanism and factors of misfolding is necessary in order to develop more targeted

therapies.

7. Conclusion

Despite the rarity of amyloidosis and that it is still being underdiagnosed, the epidemiological data
infers that the rate of diagnosis is improving most likely due to increased awareness of the disease
and the development of more diagnostic techniques. The improvements in the diagnostic process
should hopefully lead to earlier and more accurate detection of the disease which have shown to
dramatically improve the management and prognosis of patients. Even with all these
improvements there is still lack of evidence in our understanding of the cause of the disease as
well as not enough evidence to support potential use of many of the proposed treatments. By
addressing this dearth of evidence regarding amyloidosis, marked further improvements can be

made towards better patient outcomes and their care.
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