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Abstract

More than half of all subjects with chronic heart failure are older adults with preserved ejection 

fraction (HFpEF). Effective therapy for this condition is yet to be delineated by clinical trials 

suggesting that a greater understanding of underlying biologic mechanisms is needed, especially 

for the purpose of clinical intervention and future clinical trials. Amyloid infiltration of the 

myocardial is an underappreciated contributing factor to HFpEF that is often caused by misfolded 

monomers or oligomers of the protein transthyretin. While previously called senile cardiac 

amyloidosis and traditionally requiring endomyocardial biopsy for diagnosis, advances in our 

pathophysiologic understanding of this condition, coupled with nuclear imaging techniques using 

bone isotopes that can non-invasively diagnose this condition and the development of potential 

therapies, have collected resulted in a renewed interest in this previously considered “rare” 

condition. This reviewer focuses on the re-emergence of nuclear cardiology using pyrophosphate 

agents which hold promise for early, non-invasive identification of affected individuals.
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Heart failure is among the most common cause of hospitalization among older adults in the 

US with annual mortality rates of 15–50%.1 The incidence and prevalence of heart failure 

are strikingly age-dependent, with prevalence rates in adults > 80 years approaching 10% 

and mortality rates increasing with advancing age. More than 50% of heart failure patients 

have heart failure with a preserved ejection fraction (HFpEF). The hospitalization rate 

continues to rise among subjects with HFpEF as compared to a flattening in those with 
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systolic heart failure2. Large scale clinical trials3–7, have unfortunately not demonstrated 

efficacy of any specific therapy for the population with HFpEF. Identifying distinct 

subgroups of patients with HFpEF is vital, because the mechanism(s) of disease, prognosis 

and optimal treatment can differ between groups. Thus, it is important to search for 

underlying mechanisms and prognostic factors in HFpEF, especially for the purpose of 

clinical intervention and future clinical trials. With an increasing burden of disease and the 

lack of efficacy observed in recently conducted clinical trials, a greater understanding of 

biologic mechanisms that contribute to diastolic dysfunction and the genesis of HFpEF is 

warranted.

Numerous biologic mechanisms have been implicated in the genesis of myocardial 

stiffness8–10 including intrinsic cardiomyocyte stiffness9,11 related to abnormal calcium 

homeostasis12, the cytoskeleton (e.g. microtubules and intermediate filaments13,14 or 

titin15,16) as well as abnormalities in the extracellular matrix related to collagen and 

elastin17–20. Amyloid infiltration in the extracellular matrix markedly alters myocardial 

stiffness resulting in upward and leftward shifts in the end diastolic pressure volume 

relation21, is associated with most severe forms of diastolic dysfunction by Doppler 

imaging22 and in-vitro length-tension experiments demonstrate increased diastolic force 

compared to controls.23 These data suggest that amyloid infiltration is a mechanism 

underlying HFpEF.

The diagnosis of transthyretin (TTR) cardiac amyloidosis is difficult to make on clinical 

grounds alone as congestive heart failure, atrial arrhythmia, and conduction abnormalities 

are all non-specific disease manifestations and are otherwise common in older persons.24 

Classically, the gold standard for diagnosis endomyocardial biopsy, which is not only costly 

(~$5,400 including costs for pathologic interpretation) but also requires technical expertise 

for its performance and pathological evaluation. While a few presentations are more 

suggestive of the underlying restrictive physiology including marked right-sided heart 

failure with increasing abdominal girth, early satiety, and lower extremity edema, as well as 

the development of relative hypotension in a person with longstanding hypertension, none of 

these findings have sufficient sensitivity or specificity to establish the diagnosis. Thus, 

additional diagnostic testing is always required.

The most commonly ordered studies are the electrocardiogram and two-dimensional 

transthoracic echocardiogram. Classic ECG findings in patients with cardiac amyloidosis 

include low QRS voltage, pseudo-infarction patterns, conduction abnormalities including 

bundle branch block and hemi-block, and rhythm disturbances such as atrial fibrillation. 

However, the classic finding of low voltage is a late phase development in transthyretin 

cardiac amyloidosis and a minority of subjects with biopsy proven disease has low voltage 

based on typical definitions involving standard 12 lead electrocardiograms.25 Indeed, up to 

15% of patients have electrocardiographic evidence of left ventricular hypertrophy.25 More 

useful is to calculate the voltage to mass ratio from the electrocardiogram and 

echocardiogram, though in practice this is rarely performed. In reality, however, 

electrocardiographic findings lack both sensitivity and specificity for persons with biopsy-

proven cardiac amyloidosis. The combination of low voltage and pseudo-infarct patterns are 

seen in only a minority of patients and low voltage can be seen in many other conditions 
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including obesity, chronic obstructive pulmonary disease, pericardial effusion, and 

hypothyroidism.

As with the electrocardiogram, classic echocardiographic patterns of cardiac amyloidosis do 

exist, but are neither sensitive nor specific. Persons with cardiac amyloidosis are more likely 

to have thickened ventricular walls and refractile myocardium. However, in the early phases 

of the disease many persons with amyloid will have normal or just slightly elevated 

echocardiographic wall thickness, and only a minority will have characteristic granular 

echogenicity. Data using bone isotopes (discussed below) have demonstrated that 

myocardial tracer uptake occurs before manifest echocardiographic findings indicative of 

transthyretin cardiac amyloid demonstrating the enhanced sensitivity of this approach in 

comparison to echocardiography.26–29

Additional modalities can be used to further increase diagnostic accuracy. Sub-endocardial 

myocytes are longitudinally oriented and are particularly susceptible to damage in 

amyloidosis, resulting in early impairment in longitudinal contraction not appreciated on 

standard two-dimensional echocardiography when evaluating global indices such as ejection 

fraction. More advanced echocardiographic techniques such as tissue Doppler imaging as 

well as strain and strain rate measurements, which assess cardiac systolic function 

predominantly by assessing contraction of the heart along its short-axis, can be useful. Both 

strain and strain rate techniques can show characteristic impairments, especially the pattern 

of apical sparring can enhance the suspicion for cardiac amyloidosis30 but their utility in 

early diagnosis is not been carefully studied.

Cardiac magnetic resonance imaging can also be used to identify cardiac amyloid. 

Intravenous gadolinium contrast accumulates within amyloid infiltrated myocardium. As a 

result, the combination of myocardial late gadolinium enhancement and altered gadolinium 

blood pool kinetics can suggest the presence of amyloid and localize it within the heart. 

Reports from small single center studies, suggest that sensitivity is reasonably high 

(~85%) 31–34 and that while specific patterns are more suggestive of cardiac amyloid (e.g. 

sub-endocardial enhancement), the patterns in cardiac amyloid can be quite 

heterogeneous,35,36 thus the specificity for identifying cardiac amyloid is reduced. 

Additionally, neither of the commonly employed imaging techniques (echocardiography or 

magnetic resonance imaging) can distinguish primary light chain from transthyretin cardiac 

amyloid.

Literature shows transthyretin cardiac amyloid is underdiagnosed and much more common 

than previously thought.24,25,37,38 Transthyretin cardiac amyloidosis predominately afflicts 

older adults in their seventh and eighth decade of life. One form of the disease, previously 

called senile cardiac amyloidosis is caused by deposits of monomer, oligomers of wild type 

transthyretin (ATTRwt) and does not have a genetic basis.24,39 The other form, called 

familial amyloid cardiomyopathy is caused by mutations in the transthyretin gene; is 

inherited in an autosomal dominant fashion and has an age dependent penetrance. Cardiac 

involvement in transthyretin cardiac amyloid is also known as familial amyloid 

cardiomyopathy when associated with variant transthyretin or senile systemic amyloidosis 

when associated with wild-type transthyretin. Although there are more than 20 mutations 
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which have been associated with cardiac involvement, one mutation, V122I (substitution of 

isoleucine for valine at position 122), has been reported with high frequency (prevalence of 

3.4% to 3.9%40,41) in African-Americans. In the over-60 cohort the prevalence was almost 

five times that in African Americans of similar age participating in the Cardiovascular 

Health Study (10±3% vs. 2±0.5%; p < 0.01). In the elderly, wild-type or normal 

transthyretin may become structurally unstable resulting in deposition of amyloid fibrils 

primarily in heart tissue, leading to diastolic dysfunction, restrictive cardiomyopathy and 

HF.42–45 The frequency of transthyretin amyloid deposition in cardiac ventricles reported 

from autopsy studies in patients >80 range from 1.8% to 25%46,47, with a rate of clinical 

cardiac disease pre-mortem of 34%.46 Data among HFpEF subjects who were average age 

of 74 years at diagnosis shows 21% had amyloid deposits on autopsy performed at an 

average age of 76 years. Of HFpEF patients ≥75 years at heart failure diagnosis, 32% had 

amyloid deposition vs. 8% of patients < 75 years at heart failure diagnosis (p=0.002). Only 

20% of the patients with amyloid on autopsy had a pre-morbid diagnosis made.48

Although historically difficult to diagnose and traditionally requiring endomyocardial 

biopsy, the diagnosis of transthyretin cardiac amyloidosis has become easier in recent, 

specifically with realization that bone isotopes26–29,49–59 can identify transthyretin cardiac 

amyloid early in the course of disease (e.g. before echocardiographic manifestations)26,29 

and have a very high sensitivity and specificity for distinguishing transthyretin cardiac 

amyloid (both mutant and wild type) from light chain cardiac amyloid and other types of 

cardiomyopathy that mimic amyloid (e.g. hypertrophic cardiomyopathy).26,29,55,56,60 

Differentiating transthyretin from light chain cardiac amyloid has important prognostic, 

management, counseling and therapeutic implications. The prognosis of light chain cardiac 

amyloid (median survival of ~4–6 months in the setting of concomitant heart failure and 

without treatment) is significantly different from transthyretin cardiac amyloidosis (median 

survival of ~70–75 months from initial manifestations). These nuclear medicine techniques 

that employ bone isotopes have the potential to dramatically alter the outcomes of patients 

with transthyretin cardiac amyloidosis by making early diagnosis a reality and because 

targeted pharmacotherapies are designed to prevent transthyretin misfolding and amyloid 

deposition and prevent disease progression but not remove amyloid.52,53,60,61

Irrespective of amyloid type, care must be taken to avoid potentially toxic therapies 

commonly used in patients with atrial fibrillation and congestive heart failure such as 

digoxin, calcium channel blockers, ACE inhibitors, angiotensin receptor blockers, and beta 

blockers. Dihydropyridine calcium channel blockers also bind amyloid fibrils and can exert 

potentially deleterious negative inotropic effects and result in high degree atrioventricular 

block and shock. Thus dihydropyridine calcium channel blockers should not be used in 

patients with cardiac amyloidosis, but are a standard of care for patients with hypertrophic 

cardiomyopathy, making the distinction clinically important. Additionally, digoxin use has 

been questioned. Both ACE inhibitors and angiotensin receptor blockers may induce 

hypotension, as angiotensin blockade can significantly reduce vascular tone in the setting of 

concomitant sympathetic dysfunction due to TTR deposition. Beta blockers may have 

undesirable negative inotropic and chronotropic effects. As patients with cardiac 

amyloidosis have a restrictive cardiomyopathy with a relatively fixed stroke volume, 

augmentation of cardiac output relies disproportionately on increased heart rate. This normal 
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heart rate response is frequently impaired with normal aging and concomitant amyloid and 

may be further exacerbated by beta blockade. Accordingly, ACE inhibitors, angiotensin 

receptor blockers, and beta blockers which form the standard of care for heart failure 

patients can be poorly tolerated and potentially dangerous in patients with cardiac 

amyloidosis and thus should be used with extreme caution.

With regard to counseling, transthyretin cardiac amyloidosis, as previously described, can be 

caused a mutation in the transthyretin gene which is inherited in an autosomal dominant 

fashion or in the setting of a normal transthyretin gene sequence (e.g. wild type TTR). 

Nuclear scanning with bone isotopes identify both forms of transthyretin cardiac amyloid 

with high sensitivity and specificity, thereby facilitating further genetic testing and if 

positive counseling of family members regarding their risk of inheritance. Differentiation of 

light chain from transthyretin cardiac amyloidosis remains challenging and misdiagnosis is 

associated with potential for significant harm. In light chain cardiac amyloid, the fibrils are 

composed of immunoglobulin light chains that are produced by a clonal population of 

plasma cells in the bone marrow. Treatment involves chemotherapeutic agents targeted at 

the plasma cell. Such treatment would be inappropriate and harmful to subjects to 

transthyretin amyloid. Currently, the gold standard for definitive diagnosis is 

endomyocardial biopsy coupled with either immunohistochemistry or in cases in which this 

is inconclusive, mass spectroscopy. This technique is well suited for diagnosing cardiac 

amyloidosis, as amyloid deposits are usually deposited diffusely throughout the 

myocardium. Unfortunately, these diagnostic requirements are typically performed only in 

specialized centers with particular expertise, do not provide sufficient information about the 

extent or distribution of cardiac amyloidosis, disease progression, or response to treatment, 

and in practice can lead to delayed care. Additionally, many older adults are reluctant to 

undergo invasive procedures. Thus, there is an important role for non-invasive, accurate, 

highly reproducible method to diagnose transthyretin cardiac amyloid and technetium 

pyrophosphate scanning has been demonstrated to meet these requirements.

Radiolabelled phosphate derivatives, initially developed as bone seeking tracers, including 

[99mTc]-diphosphonate, can localize amyloid within the heart. Several phosphate 

derivatives tagged with [99mTc] including [99mTc]-pyrophosphate ([99mTc]-PYP), 

[99mTc]- methylene diphosphonate ([99mTc]-MDP), [99mTc]-hydroxy methylene 

diphosphonate ([99mTc]-HPD), and [99mTc]-3,3-diphosphono-1,2-propanodicarboxylic 

acid ([99mTc]-DPD) have all been shown to effectively identify TTR cardiac 

amyloid.26,29,33,50,51,55–57,60

Of all the bone seeking tracers, [99mTc]-DPD has been the most widely employed in the 

context as tracer for transthyretin cardiac amyloidosis. Currently, this isotope is not 

approved by the Food and Drug Administration and therefore is not available for clinical use 

in the United States, whereas it is widely adopted in Europe. [99mTc]-DPD imaging has 

been shown to be 100% sensitive and 88% specific for transthyretin cardiac amyloid and 

with a high negative predictive value (100%) for excluding light chain cardiac amyloid and 

a positive predictive value of 88% for transthyretin cardiac amyloid.26,33,50,55 [99mTc]-

DPD imaging is now widely used in Europe, with more than 2,000 scans having been 

performed to date in major amyloid centers in London, Germany, Italy and the Netherlands. 
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Among subjects who are carriers of the trTTR mutations 99mTc-DPD uptake occurs before 

clear echocardiographic and electrocardiographic phenotype and in asymptomatic elderly 

people with echocardiographic and biopsy proven wild type transthyretin related 

cardiomyopathy.29 Additionally, studies have shown that the heart tracer retention 

(calculated as heart-to whole body ratio) is related to the severity of cardiac amyloid 

deposition as expressed by interventricular wall thickness, left ventricular systolic/diastolic 

dysfunction and is of prognostic values in that 99mTc-DPD myocardial uptake is predictive 

of major adverse cardiac events.26 In a recent study of a large number of subjects, the high 

sensitivity of [99mTc]-DPD scintigraphy in detecting transthyretin related cardiac 

amyloidosis was confirmed.50

[99mTc]-PYP is available in the United States and is approved as an imaging agent for 

myocardial infarction. A number of a case reports since 1980 demonstrated myocardial 

uptake of [99mTc]-PYP in amyloid patients. More recently data has demonstrated a 

significant utility of this tracer similar to that reported for other bone tracers. Using a 

quantitative method, a quantitative analysis of myocardial uptake, defined as the ratio of 

myocardial mean counts to ventricular cavity mean counts, was found to have a sensitivity 

of 84.6% and specificity of 94.5% for distinguishing cardiac amyloidosis from non-amyloid 

causes of heart failure. In another study, 99mTc-PYP SPECT in 45 subjects with biopsy 

proven amyloidosis was highly sensitive (97%) and specific (100%) for distinguishing 

transthyretin from light chain cardiac amyloid.56 A larger series of pooled data using 

99mTc-PYP scanning form Columbia University Medical Center, Mayo Clinic and Boston 

University among 128 subjects (72±9 years, range 34- 89 years, 84% male) in which 88 

(68% had transthyretin cardiac amyloid, 58 with wild type transthyretin and 30 with mutant 

transthyretin), 24 (18.8% had light chain cardiac amyloid) and 16 (13.3% were controls) the 

sensitivity was 90%, specificity of 90%, PPV 95% and NPV of 80%.

In summary, labelled diphosphonates play an important role in the typing of amyloidosis 

and in diagnosing heart involvement in patients with transthyretin cardiac amyloidosis with 

confidence. Cardiac involvement in transthyretin patients may be diagnosed earlier with 

bone scintigraphy in transthyretin patients compared to echocardiography. Given the high 

sensitivity and specificity of these techniques, their ability to differentiate subjects with 

either heart failure and a preserved ejection fraction or light chain cardiac amyloidosis from 

those with transthyretin cardiac amyloidosis and the non-invasive nature of this approach 

and lower cost compared to the gold standard, endomyocardial biopsy, clinicians may find 

this testing most useful for their most vulnerable older adult patients with HFpEF and the 

possibility of underlying amyloid.
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Summary of Benefits of Bone Scintigraphy for TTR Cardiac Amyloidosis

• High sensitivity and specificity of bone scintigraphy for establishing the present 

of transthyretin (TTR) not light chain (AL) cardiac amyloidosis.

• Safe, accurate and potentially cost effective approach which contrasts to current 

approaches that rely on invasive, potentially risky, not widely available and 

costly methodology (endomyocardial biopsy) and pathologic evaluation that is 

confounded by uncertain diagnostic methods (immunohistochemistry) requiring 

specialized expertise.

• Provides for early and accurate diagnosis (e.g. distinguishing transthyretin from 

light chain cardiac amyloidosis) in order to establish prognosis and ensure 

appropriate treatment and avoid inappropriate therapy.
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Clinical Significance

• Amyloid infiltration of the heart is an under-appreciated cause of HFpEF

• Transthyretin (TTR) cardiac amyloid can be due to either mutations, called 

familial amyloid cardiomyopathy (FAC), inherited autosomal dominantly or 

from wild type TTR (formerly called senile cardiac amyloidosis)

• Cardiac imaging with bone scintigraphy has a high sensitivity and specificity for 

establishing the presence of TTR not AL cardiac amyloidosis.

Maurer Page 12

Am J Med. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure. 
Tc-PYP99 myocardial planar scanning in a patient with biopsy proven AL amyloid (upper 

panel) with sternal but no myocardial uptake and in a patient with biopsy proven TTR 

cardiac amyloid (lower panel) in which there is diffuse myocardial uptake.
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