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Cardiac amyloidosis in non-transplant cardiac surgery:

Prevalence, diagnosis and outcomes

Abstract

Cardiac amyloidosis is a rare infiltrative cardiomyopathy that portends a poor prognosis. There
is a growing recognition of co-existent aortic valve stenosis and transthyretin cardiac
amyloidosis, with some studies suggesting that dual pathology may be associated increased
risk of complication and mortality during surgical intervention. This review aims to evaluate
the available literature on non-transplant cardiac surgical interventions in patients with cardiac
amyloidosis, with particular focus on diagnosis, surgical risk and areas of uncertainty that

require further research.
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Introduction

Amyloidosis is a group of rare heterogeneous diseases characterized by the abnormal
extracellular deposition of beta-sheet fibrillar protein within different tissues, resulting in organ
dysfunction. The term amyloid was first coined by the German botanist Mathias Schleiden in
1838 to describe the starchy amylaceous constituent of plants. It was subsequently ascribed to
a macroscopic tissue abnormality exhibiting a positive iodine staining reaction by the famous

pathologist Rudolph Virchow in 1854 (1).

Amyloidosis is classified into systemic and localised subtypes. Systemic forms include primary
amyloidosis associated with plasma cell dyscrasias, and secondary reactive forms associated

with chronic inflammation or malignancy (2).

Cardiac involvement is particularly severe and is reported to have an incidence of 18-55 per
100000 person years (3). It is commonly associated with primary systemic (AL) and
transthyretin-type (ATTR) amyloidosis. AL amyloidosis is a result of plasma cell dyscrasia
(e.g. multiple myeloma) that leads to extracellular deposition of fibril-forming monoclonal
immunoglobulin light chains. Transthyretin is a transport protein that carries thyroxine and
retinol-binding protein bound to retinol in the serum and cerebrospinal fluid. It is encoded by
the TTR gene located on chromosome 18. Transthyretin (ATTR) amyloidosis is either
hereditary due to mutation in the transthyretin gene (hATTR), or wild-type ATTR (previously
known as senile systemic) which is predominantly associated with male gender and increasing
age. Point mutations within TTR destabilise the tetramer and increase the chance of
amyloidogenesis; familial amyloid polyneuropathy is most commonly associated with the

replacement of valine by methionine at position 30 (4); and 3.9% of the Afro-Carribean
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population carry a mutation where valine is replaced by isoleucine at position 122, the most

common cause of familial amyloid cardiomyopathy (5).

Amyloid deposition within the myocardium results in expansion of the extracellular space
around myocytes, fibre bundles and capillaries. It causes increased cardiac and vascular
stiffness resulting in impaired relaxation in diastole. A restrictive cardiomyopathy results and
dominates with reduced end-diastolic volumes, and diastolic followed by systolic heart failure.
Other complications include electrical conduction disorders, embolic events, and syncope.
Microvascular amyloid deposition can lead to coronary syndrome-X where angina is present
without evidence of epicardial coronary artery disease. Prognosis is often poor, with AL cardiac

amyloidosis (CA) reported to have a median survival of 24-66 months and ATTR 75 months

(6).

There appears to be an increased prevalence of ATTR amyloidosis in patients with cardiac
disease (e.g. aortic stenosis, hypertrophic cardiomyopathy, heart failure with preserved ejection
fraction and conduction disease). In this review, we aim to evaluate the available literature on
non-transplant cardiac surgical interventions in patients with CA to focus our attention on
diagnosis, possible risks of surgery as well as identify potential areas for improvement and

future research.
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DIAGNOSIS

Clinical diagnosis of CA represents a significant challenge to the clinician, and unfortunately
is often made late in advanced stages disease. Until recently, diagnosis of CA mandated biopsy,
but by using a combination of echocardiography, cardiac magnetic resonance imaging and
9mT¢-3,3-diphosphono-1,2-propanodicarboxylic acid (99mTc-DPD) scintigraphy, non-
invasive diagnosis is now both sensitive and specific. The most important step enabling

diagnosis is increasing clinical awareness of the condition, with a low threshold to investigate.

Clinical signs

Diagnostic red flags include unexplained left ventricular hypertrophy, carpal tunnel disease
(particularly if bilateral), biceps tendon rupture, peripheral neuropathy, neuropathic pain,
orthostatic hypotension, and hypertrophic cardiomyopathy after the 6" decade of life (7).
Familial amyloid cardiomyopathy should be considered in all patients of African origin

presenting in heart failure.
Biochemical Markers

Laboratory investigations may show a raised N-terminal prohormone of B-type natriuretic
peptide (NT-proBNP) to >332 ng/L (in absence of renal failure), and cardiac troponin levels
>0.035 micrograms/L) (8). Serum and urine electrophoresis and immunofixation assays

detect an abnormal result in 99% of patients with AL amyloidosis (9)

Electrocardiograms
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Electrocardiograms are frequently abnormal, with low voltage QRS complexes and poor R

wave progression (10).

Echo

The hallmarks of CA on echocardiogram include infiltrative/restrictive cardiomyopathy with
increased left ventricular wall thickness >12mm and a ‘speckled/sparkling granular’
appearance, as show in in figure 1 (11). Other signs include pericardial effusion, global
longitudinal strain with relative sparing of the apex (12), doppler mitral annular S’ of <6cm/s
(13), and a high E/A ratio (14). Surgeons should be suspicious in patients with a severe low-
flow, low-gradient aortic stenosis phenotype, which is particularly prevalent in ATTR-CA
(15). In a recent prospective cohort study of patients with degenerative aortic stenosis
referred for aortic valve replacement, Longhi et al conducted bone scintigraphy in patients
identified with pre-selected echocardiographic ‘red flags’; increased thickness of the
atrioventricular valves, interatrial septum or right ventricular wall; pericardial effusion; and
myocardial granular sparkling. Remarkably all patients (n=5/43) identified subsequently

showed uptake on bone scintigraphy and amyloid deposition on endomyocardial biopsy (16).

CMRI

Radiological investigation is key in allowing non-invasive diagnosis, and multiparametric
cardiac magnetic resonance (CMR) has a useful diagnostic role. CMR diagnosis utilises late
gadolinium enhancement (17), T1 mapping (18) and extracellular volume fraction (19). Figure

2 details typical MRI findings in CA.
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Bone Scintigraphy

99MmTcDPD scintigraphy has recently emerged as a remarkably sensitive method enabling non-
invasive diagnosis of ATTR CA. Castano et al (20) showed scintigraphy to demonstrate 91%
sensitivity and 92% specificity for detecting ATTR with a area under the curve of 0.960 (95%
Cl .930-.981). The classical appearances of ATTR-CA on scintigraphy are show in in Figure

3.

Biopsy
Ultimate diagnosis is through tissue biopsy and histological analysis using the alkaline Congo
red stain, and microscopic inspection in bright polarized light by green bifringence, with

further subclassification by immunohistochemistry (21-22).

Treatment

Medical therapy is directed at relief of symptoms of cardiac failure primarily using loop
diuretics and aldosterone antagonists. Patients with severely restrictive physiology have a fixed
end diastolic volume, and regulation of cardiac output is subsequently dependent on heart rate.
Medications including digoxin, calcium channel blockers and beta-blockers must therefore be
used with caution. Equally vasoactive ACE inhibitors and angiotensin Il inhibitors are poorly

tolerated often resulting in profound hypotension, even at low doses.

Targeted therapy directed against the plasma cell dyscrasia responsible for AL amyloidosis
involves chemotherapy +/- autologous stem cell transplantation. In WtATTR amyloidosis,

Tafamidis (a drug which stabilizes the transthyretin tetramer and may reduce the formation of
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ATTR amyloid) has recently been shown to improve survival, as well as lower the rate of

decline in distance for the 6-minute walk test (23).

Heart Transplantation in cardiac Amyloidosis.

Cardiac transplantation was initially considered a contraindication, but with advances in
chemotherapy and hematopoietic stem cell transplantation outcomes are now acceptable in
highly selected patients (24). Currently, reported case series are small, but nevertheless a 5-

year survival of 65% appears achievable.

Non-transplant cardiac surgery in CA

Other than transplantation, it is difficult to justify cardiac surgical intervention in patients with
CA. Not only is life expectancy often limited and frailty status high, but the pathophysiology
of CA restrictive cardiomyopathy copes poorly with the physiological insult of cardiac surgery,
cardiopulmonary bypass and myocardial ischaemia, and this cohort are at high risk for post-

operative low cardiac output syndrome.

Cardiac amyloidosis and aortic valve surgery

The coexistence of ATTR CA and aortic stenosis (AS) has been recently reported in several
studies. Aortic stenosis (AS) is the most common valvular heart disease in Western
developed countries, affecting 3% of individuals aged >75 years (25). It shares a common
patient demographic and clinical profile with ATTR-CA. Several patterns of AS have been
described, pertaining to valve area, flow rate, gradient and left ventricular ejection fraction

(LVEF). The pathophysiology of low-flow, low-gradient AS shares similarities with that of
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ATTR-CA,; cardiac remodelling in both results in hypertrophied LVs with low stroke volume
even if LVEF is still preserved. Excessive cardiac remodelling and restrictive physiology of
CA is often mistaken for afterload induced LVVH and decompensation due to AS (26).
Emerging studies suggest that a significant proportion of patients undergoing aortic valve
replacement (AVR) for AS have undiagnosed CA, and it has been previously suggested that
this may explain high rates of permanent pacemaker insertion following transcatheter aortic

valve implantation (TAVR) (27).

In a cohort of 20 patients with AS who underwent TAVR but subsequently had the valve
explanted (autopsy n=17, surgery n=3), Nietlispach et al found histological evidence of
valvular amyloid deposition in one third of cases (28). In a further histological study of 150
explanted heart valve specimens, Kristen et al found evidence of amyloid valve disease in
83/150 case, the highest prevalence being in aortic stenosis (74/100) (29). Until recently, it
has not been possible to diagnose ATTR-CA without resorting to endomyocardial biopsy, but
this is now possible with the use of multiparametric cardiac magnetic resonance imaging
(CMR) in combination with 99mTc-DPD scintigraphy (30). Subsequent studies have shown
the rates of WtATTR-CA in patients referred for aortic valve replacement (surgical/ TAVR)
to be between 4.1 and 16% (10,12,13, 31). Current evidence for the co-existence of ATTR-

CA and AS is summarised in Table 1.

The high prevalence of concomitant ATTR-CA in AS compared to the general population
suggests an underlying pathophysiological relationship. However, it remains unknown
whether ATTR-CA is the consequence or the cause of AS. Whilst pressure overload

secondary to AS has deleterious effects on myocardial remodelling and may induce ATTR
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deposition, it may be that amyloid deposition induces or worsens AS, and further research is

required to delineate this (32).

The presence of CA has significant implications for aortic valve intervention, but data on the
role of valve surgery in the treatment of these patients is limited to small cohort studies (10,
26, 32, 33) and case reports (34-38). In a prospective cohort of 146 patients with severe AS
referred for SAVR, using a combination of CMR and intraoperative biopsies Triebel et al
identified ATTR-CA in 6/146 patients. Patients with amyloid deposition subsequently
underwent genotyping and ®™Tc-DPD bone scintigraphy. The hazard ratio for postoperative
death within the amyloid subgroup was 9.5 [95% confidence interval 2.5-35.8, P=0.001].
However, due to the low patient numbers there was no adjustment for potential confounders
(10). Recently, Java et al published a retrospective cohort study of 16 patients with
amyloidosis and aortic stenosis who underwent SAVR (n=11) or TAVR (n=5) with 100% 1-
year survival. 4 patients died within the follow up period, all more than 1 year post-
operatively (33). Unfortunately, the study was limited as it did not refer to the degree of
myocardial amyloid infiltration, and included those with localized amyloidosis of the skin
(n=1), Pharynx (n=1) and seminal vesicles (n=2). Amyloidosis encompasses both mild
systemic and severe cardiac forms, and the lack of clarification and inclusion of patients with
localized amyloidosis stops broader conclusions being made. Galat et al reported no
procedural-related mortality in their series of 11 patients with ATTR-CA who underwent
AVR (10 SAVR and 1 TAVR), but 40% of SAVR patients passed away during the follow up
period (2-78 months) (32). Using multiparametric magnetic resonance imaging, Cavalcante et
al identified CA in 9/113 patients with severe aortic stenosis, 4 of whom proceeded to SAVR
(26); CA remained associated with all-cause mortality (HR 2.92, 95% CI 1.09-7.86, P=0.03)

after adjustment for aortic valve replacement modelled as a time-dependent covariate, society

10
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of thoracic surgery predicted risk of mortality and left ventricular ejection fraction. This study

however is limited by small sample size.

CA is itself associated with poor prognosis, and it is also not clear if relief of co-existing AS
portends any survival benefit; Sperry et al reported no significant difference in 2-year
survival in a retrospective cohort of ATTR-CA (n=144, 2-year survival 37%) Vs. ATTR-CA
and concomitant AS (n=27; 11 of whom underwent SAVR; 2-year survival 37%); HR1.21
[95% CI .62-2.42]; P=0.566]. However, this study is limited as longer term follow up is
required to fully assess if valve replacement confers any survival benefit (39). Further
prospective studies comparing patients with ATTR-AS treated with medical therapy Vs.

SAVR/TAVR are required to guide future treatment strategies.

Several case reports have been published noting successful aortic valve replacement in
patients with CA; including in patients with severe aortic regurgitation (34), isolated valvular
CA (35) and infective endocarditis (36). Reported outcomes have not been uniformly
successful, including operative mortality due to post-operative low cardiac output syndrome
after SAVR (37), and left ventricular rupture during transapical TAVR (38). Further details

of the case reports are listed in Table 2.

Mitral valve surgery

Whilst it is increasingly recognised that CA occurs in patients with concomitant AS, the
prevalence in mitral valve disease is less clear. In their histological analysis of 150 surgically
resected heart valve specimens, Kristen et al reported amyloid deposition in 2/7 cases of

mitral stenosis and 7/24 of mitral regurgitation (29). In a recent retrospective cohort study,

11
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Xu et al reported evidence of valvular or myocardial amyloid deposition in 0.2% (n=15/7733)
of cases undergoing mitral valve surgery over a ten-year period. Surgical outcomes were
excellent with no complications or deaths at a mean follow-up of 1023 days (40). The study
is limited by small sample size, and the authors did not comment on the degree of myocardial

amyloid infiltration.

Five further cases of mitral valve surgery in patients with concomitant CA have been
reported, one of successful valve replacement (41), one of successful repair (44), two cases
complicated by profound postoperative LCOS and death (43,44), and one case where the
patient was unable to be weaned from cardio-pulmonary bypass and died on the operating

table (45). Further details are listed in table 3

Surgical Revascularisation

It is well described that in the absence of epicardial coronary artery disease, angina in CA is a
result of obstructive intraluminal microangiopathy — cardiac syndrome-X (46, 47). Whilst not
typical in CA, if angiographic coronary artery disease co-exists and the patient is investigated
for chest pain, there is a risk of attribution of symptoms and misdiagnosis. Once labelled with
ischaemic heart diseases, routine echocardiogram is usually undertaken and focuses on valvular
and systolic LV function, and subtle signs of CA such as LV hypertrophy and diastolic
dysfunction can easily be overlooked. It is therefore possible for surgical revascularisation to
be undertaken without recognition of CA and the excessive risks it carries with it. On review
of the literature, case reports of co-existing CA and surgical revascularisation report universally
poor post-operative outcomes (48-52). In five cases, a post-operative irreversible low cardiac

output state developed. One case has been reported of a CA patient successfully discharged

12
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following CABG, only to succumb to electromechanical complications of CA months later
(51). There is clearly a publication bias, however, as successful cases of surgical
revascularization in CA patients are far less likely to be reported in the literature. Table 4

provides a summary of cases.

Throughout the literature, it is noticeable that the cause of death in CA patients post cardiac
surgery is frequently secondary to a profound and irreversible low cardiac output state. This
can be explained by several pathophysiological mechanisms. Cardiopulmonary bypass induced
haemodilution and systemic inflammatory response in combination with vasoplegic
anaesthetic agents results in dysregulation of circulating volume. In the amyloid heart, a
restrictive cardiomyopathy dominates, and the myocardium is unable to increase its contractile
performance to compensate for such sudden changes. A low cardiac output state is therefore
potentiated, which standard treatment fails to resolve. In our experience, even the use of
conventional ionotropic agents and counter pulsation, fail to help in this low cardiac output

state (52).

It is also noteworthy that current pre-operative risk stratification models (Euroscore Il and the
Society of Thoracic Surgery score) are invalid in patients with CA; the risk portended by severe
restrictive cardiomyopathy, diastolic dysfunction and myocardial amyloid deposition are not

taken into account and therefore operative risks grossly under-estimated.

Conclusions

13
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Cardiac amyloidosis is a rare disorder that portends a poor prognosis. There is a growing body
of evidence for the co-existence of ATTR-CA and AS in approximately 4-16% of patients
referred for SAVR/TAVR, with significantly increased peri-operative risk. Even if successful,
the impact of relieving aortic stenosis on the long-term prognosis of CA is unclear and further

prospective studies are required to guide management.

The few cases of surgical revascularization in patients with CA and concomitant epicardial
coronary artery disease paint a very bleak picture. These patients are at high risk of post-
operative low cardiac output state and death. Potential grave risks of CABG in CA are not to
be underestimated, but as the literature is limited to case reports and small series there may be

a publication bias.

Further prospective studies are required to enable formulation of guidelines aiding non-
invasive pre-operative identification of this cohort of patients, utilising echocardiogram,
cardiac magnetic resonance imaging and 99mTcDPD scintigraphy, so that appropriate risk
stratification can guide treatment modalities. Current pre-operative risk stratification tools are
invalid in CA and should not guide treatment. Ultimately, surgeons must have a high index of
suspicion of CA to aid pre-operative diagnosis and protect patients from potentially futile

interventions.

14
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Figure Legends

Table 1: Current evidence for the co-existence of ATTR-CA and AS

Table 2: Case reports of aortic valve surgical intervention in patients with CA

Table 3: Case reports of mitral valve surgical intervention in patients with CA

Table 4: Case reports of surgical revascularization in patients with CA

Figure 1: 2 dimensional Echo 4-chamber view showing marked interventricular septal
hypertrophy with a sparkling granular appearance

Figure 2

A — Four Chamber (4Ch) cine still image showing marked concentric left ventricular

hypertrophy, more subtle right ventricular hypertrophy, biatrial dilatation and a right pleural

effusion.

B — Native (pre-contrast) T1 map of the same 4Ch view showing a markedly elevated

myocardial T1 at 1140ms in the left ventricular septum (normal 1025+/-60ms).

C — Late gadolinium enhancement image showing marked transmural gadolinium

enhancement in the left and right ventricular myocardium. The artefact lines across the

images are due to breathing.

D — Extracellular volume fraction (ECV%) map — each voxel represents an ECV%. The ECV% in

the left ventricular septum is markedly elevated at 49%(normal 26+/-3%).

Figure 3

99mTcDPD scintigraphy showing typical myocardial uptake seen in cardiac amyloidosis

15
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