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Abstract

Cardiac amyloidosis (CA) is one of the most rapidly progressive forms of heart disease, with a 

median survival from diagnosis, if untreated, ranging from <6 months for light chain amyloidosis 

to 3 to 5 years for transthyretin amyloidosis. Early diagnosis and accurate typing of CA are 

necessary for optimal management of these patients. Emerging novel disease modifying therapies 

increase the urgency to diagnose CA at an early stage and identify patients who may benefit from 

these life-saving therapies. The goal of this review is to provide a practical approach to 

echocardiography, cardiac magnetic resonance, and radionuclide imaging in patients with known 

or suspected CA.

Keywords

amyloid tracers; cardiac amyloidosis; cardiac magnetic resonance; CMR; echocardiography; 
imaging; multimodality; radionuclide imaging; PET; pyrophosphate; Tc-99m–PYP

Cardiac amyloidosis (CA) is one of the most rapidly progressive forms of heart disease, with 

a median survival from diagnosis, if untreated, ranging from <6 months for light chain 

amyloidosis (AL) (1) to 3 to 5 years for transthyretin amyloidosis (ATTR) (2). In AL 

amyloidosis, the amyloid fibrils are derived from immunoglobin light chains (3) produced 

by a clonal plasma cell disorder, whereas in ATTR amyloidosis, they are formed from the 

transthyretin protein produced in the liver. ATTR amyloidosis is most commonly from wild-

type protein, with associated age-related misfolding (ATTRwt) and less commonly from 

misfolding of variant TTR in patients with an autosomal dominant TTR gene mutation 

(ATTRv). Varied clinical manifestations and the perceived rarity of the disease are the 

current challenges for early diagnosis. For the first time, advances in imaging are revealing a 
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high prevalence of cardiac amyloid deposits in specific populations (4-7). The goal of this 

review is to provide a practical approach to noninvasive imaging in patients with known or 

suspected CA.

WHAT IS THE GOLD STANDARD FOR THE DIAGNOSIS OF CA?

Congo red staining of amyloid deposits showing apple-green birefringence under polarized 

light is the definitive way of determining the presence of amyloid in tissue, but this test does 

not determine the type of amyloid. Because amyloidosis is a systemic disorder, biopsies can 

be obtained from several sites, including the heart (in ATTR, due to predominant cardiac 

involvement), abdominal fat pad, bone marrow (as part of work-up for plasma cell dyscrasia 

in suspected AL amyloidosis), or kidney (8). Once amyloid deposits are found, typing is 

most accurately characterized (>98% sensitivity) by mass spectrometry (9) because 

immunohistochemistry and other previously used techniques can give misleading results (8).

Until recently, CA was only diagnosed by a positive endomyocardial biopsy or a positive 

extracardiac biopsy in combination with left ventricular (LV) wall thickness >12 mm on 

echocardiography unexplained by other causes. Although fat pad biopsy and/or aspirate is 

simple, its yield is lower in diagnosing ATTR (ATTRv: 45%, ATTRwt: 15%) than 

diagnosing AL (84%) amyloidosis. A degree of expertise is required in finding the limited 

amyloid deposits (10). Accumulating literature now supports the new notion that typical 

imaging features on technetium-99m (Tc-99m)–pyrophosphate (PYP)/3, 3-diphosphono-1,2-

propanodicarboxylicacid (DPD)/hydroxymethylene diphosphonate (HMDP) imaging can 

almost definitively diagnose ATTR CA. Endomyocardial biopsy is currently reserved for 

equivocal imaging findings or in patients with discordant clinical and imaging findings.

WHY IS EARLY DIAGNOSIS AND ACCURATE TYPING OF CA IMPORTANT?

CA is a major predictor of adverse cardiac outcomes in AL amyloidosis. Imaging has the 

power to identify patients with AL with a higher risk of mortality and can guide the selection 

of the optimal chemotherapeutic regimen; modulation of the dose of chemotherapy based on 

imaging findings may mitigate treatment-associated exacerbation of heart failure. In the case 

of ATTRv gene carriers, and in patients with heart failure with preserved ejection fraction 

(HFpEF), identification of ATTR CA may allow for initiation of novel targeted antiamyloid 

therapies (11-13). Hence, early diagnosis of cardiac involvement and typing of fibrils into 

AL or ATTR are both critical.

WHAT ARE THE CLINICAL PHENOTYPES OF CA?

Heart failure, especially HFpEF, is an early and characteristic feature of CA. These patients 

may present with a variety of other clinical phenotypes. ATTRwt CA is emerging as 1 of the 

major specific causes of HFpEF. With progressive amyloid accumulation, the cardiac 

chambers thicken concentrically (in 68% of patients with AL) or asymmetrically with septal 

thickening (in 79% of patients with ATTR) (14). LV outflow tract obstruction with increased 

gradient is occasionally seen and may be misdiagnosed as hypertrophic cardiomyopathy, 

with deleterious management consequences. A thick ventricle with small cavity size, 
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reduced stroke volume, and fixed cardiac output are features of advanced CA (Figure 1). 

Similar morphological changes are seen in aortic stenosis, which can coexist with CA. 

Recent data suggest that ATTR CA is associated with paradoxical low-flow, low-gradient 

aortic stenosis with mid-range ejection fraction [EF] (mean EF of 48%) (5).

Autonomic and sensorineural neuropathy, and orthostatic hypotension are common features 

of certain forms of hereditary ATTRv and AL and can be a complication of therapy in 

patients with AL. The previously discussed structural cardiac changes, combined with 

ventricular stiffness and autonomic neuropathy, make these individuals highly sensitive to 

heart rate and volume changes; negative inotropes or vasodilators may predispose them to 

hypotension and/or collapse (15).

OTHER PHENOTYPES.

Atrial fibrillation is common in amyloidosis, and irregular rhythm is poorly tolerated due to 

stiff ventricles. Despite amyloid infiltration, the atria dilate because of high LV filling 

pressures. Atrial amyloid infiltration causes atrial dysfunction and atrial fibrillation. Atrial 

dysfunction in CA increases the risk of thrombogenicity (16) and stroke, even with normal 

sinus rhythm (17). Coronary microvascular dysfunction is ubiquitous in AL and ATTR CA 

(18) and can manifest as angina in the absence of obstructive coronary artery disease. 

Microvascular dysfunction is not limited to the heart, and occasionally, causes jaw or 

buttock claudication, particularly in AL amyloidosis (18). Peri-vascular amyloid deposits, as 

well as autonomic dysfunction (19), may account for microvascular dysfunction, which can 

be aggravated by thick walls and high LV filling pressure (18).

WHAT ARE THE ADVANTAGES OF IMAGING OVER ENDOMYOCARDIAL 

BIOPSY IN CA?

Until recently, endomyocardial biopsy has been the reference standard for diagnosing CA; 

however, it is not widely available. When available, because it is invasive, many 

cardiologists are hesitant to proceed to biopsy in older adult patients or in patients with early 

symptoms. Although patients with CA almost always have a positive endomyocardial 

biopsy, extrapolating the amyloid content on the biopsy sample to the entire heart may be 

inaccurate, particularly in the early CA when the amyloid deposits may not be extensive or 

diffuse (20). In contrast, imaging offers substantial advantages. It is widely available, 

noninvasive, quantitative, provides whole heart imaging to estimate cardiac amyloid burden, 

and can be easily and successfully repeated to assess response to therapy.

WHAT ARE THE IMAGING TARGETS IN CA?

Amyloid deposits are the most direct target to diagnose and type CA (Central Illustration). 

The integral components of amyloid include insoluble β-pleated sheets of fibrils formed 

from misfolded precursor proteins, as well as nonfibrillar components of serum amyloid P 

component (a glycoprotein) (21), proteoglycans, and other proteins. Iodine-123–labeled 

serum amyloid P (used currently for systemic AL amyloidosis, but not CA, in the United 

Kingdom) (21) and Tc-99m–aprotinin (22) (no longer used clinically) are single-photon 
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emission computed tomography tracers that specifically target the amyloid fibril, but are not 

available in the United States. Tc-99m–PYP, DPD, or HMDP are now recognized as specific 

markers of ATTR CA (23). Although a calcium-mediated mechanism has been suggested, 

their mechanism of uptake is poorly understood (24). Amyloid-binding positron emission 

tomography (PET) tracers (C-11–PiB, F-18–florbetapir, F-18–florbetaben, F-18–

flutemetamol), which have been approved by the Food and Drug Administration for imaging 

Alzheimer’s disease, have been successfully used to image AL and ATTR CA, but they are 

off-label research applications and not approved by the Food and Drug Administration for 

CA (25-27). These PET tracers are structurally similar to thioflavin-T, with a proposed 

binding site in the long axis of the β-pleated sheet structure of the amyloid fibril, which may 

explain their ability to image amyloid independent of precursor proteins (28).

Amyloidosis is characterized by remodeling of the extracellular matrix (29), expansion of 

extracellular volume (ECV) (30), rarefaction of capillary density, possible edema (31), 

changes in cardiomyocyte size and/or volume (potentially differentially in AL and ATTR) 

(32), and eventual gross changes in cardiac structure and function with increased LV mass 

and wall thickness (33). These indirect markers and/or consequences of CA can be imaged 

with echocardiography or CMR. The electrocardiogram in myocardial hypertrophy may 

manifest high voltage, but in CA, electrocardio-graphic voltage may be decreased, normal, 

or even increased. Traditionally, amyloid deposits were believed to be inert, but several lines 

of evidence (34) indicate that toxic interactions of AL amyloid fibrils with circulating light 

chains may account for cellular damage (light chain toxicity). However, methods to image 

light chain toxicity in the heart are currently lacking.

Quantification of amyloid burden is currently based on evaluation of LV mass, wall 

thickness, ECV, or semi-quantitative metrics on amyloid PET tracer imaging.

HOW DO YOU USE IMAGING IN CA?

Due to the unique insights provided by each of the imaging tests into the pathogenesis and 

functional effects of amyloid deposits, patients often need to undergo >1 test for a complete 

evaluation. In the next few sections, we discuss the typical imaging features of CA on 

echocardiography, cardiac magnetic resonance (CMR), and radionuclide imaging.

ECHOCARDIOGRAPHY.

Echocardiography is usually the first test performed in patients presenting with heart failure. 

However, typical echocardiographic features of CA (Figures 1A to 1C) are most prominent 

in advanced disease (Figures 2A to 2D) and may be missed in earlier disease, even when 

severe enough to cause heart failure. Particularly in early disease, echocardiography lacks 

specificity to precisely distinguish amyloid from non-amyloid infiltrative or hypertrophic 

heart diseases. Nevertheless, it is an extremely useful test, although it requires both a good 

quality study and an index of suspicion from the interpreting physician for optimal value 

(Figure 3).

Echocardiography defines the effects of amyloid burden by imaging wall thickness, mass, 

and chamber dimensions. LV thickness and mass are higher in patients with ATTRwt CA, 
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which likely reflects longer duration of amyloid accumulation compared with AL CA or 

ATTRv CA (Supplemental Table 1) (33). Despite lower LV mass in AL CA, patients with 

AL manifest significant diastolic dysfunction, similar to patients with ATTR CA (33). The 

typical increased myocardial echogenicity described in CA (35) is neither specific nor 

sensitive for amyloidosis (36).

Echocardiography provides exclusive insights on diastolic function and LV filling pressures. 

Low Ewave and high A-wave velocity, decreased E/A ratio, and normal deceleration time 

are markers of early disease, whereas a normal E wave, small A wave, high E/A ratio, a 

rapid deceleration time on diastolic mitral valve inflow (restrictive pattern of LV filling), and 

small S-wave pulmonary venous spectral Doppler patterns indicate advanced disease (Figure 

1B) (37). On tissue Doppler imaging, the mitral and tricuspid annular e′ velocities are 

markedly reduced, with a high E/e′ ratio indicating high filling pressures (38). These 

features usually manifest after an obvious increase in wall thickness, but occasionally may 

be evident even before an overt increase in LV wall thickness.

In CA, LVEF is typically preserved until late stages (33,37), but longitudinal LV contraction 

is impaired early in the disease. Stroke volume is often reduced (33) and portends poor 

survival in AL CA (39). Changes in myocardial deformation measured on 2-dimensional 

speckle tracking imaging are prevalent in CA (93% to 100%) (33). Global longitudinal strain 

is significantly reduced in CA even when LVEF is normal. AL CA, compared with ATTR-

CA, is characterized by worse strain values at a given level of wall thickness, which supports 

the light chain toxicity hypothesis (33). A regional pattern of strain with severe impairment 

of strain at the mid and basal segments and relative apical sparing of longitudinal strain (a 

ratio of apical longitudinal strain/average of longitudinal strain in the mid and basal 

myocardial segments >1.0) is sensitive (93%) and specific (82%) to distinguish CA from LV 

hypertrophy (40). The reasons for this phenomenon are not known. Smaller amyloid 

deposition in the apical segments (in ATTR CA) (41) and regional differences in total 

amyloid mass in the apical segments compared with the mid and basal segments (in AL CA) 

have been proposed (42). Abnormal global longitudinal strain is an independent predictor of 

poor survival in both forms of CA (33,43,44).

Unexplained right ventricular thickening and systolic dysfunction is another clue for 

amyloidosis. In AL CA, systolic strain of the basal segment of the right ventricular free wall 

and tricuspid annular plane systolic excursion identified patients with early impairment of 

right ventricular longitudinal systolic function and worse prognoses (45,46). Right 

ventricular dilation also portends worse prognosis (47).

Bi-atrial enlargement is common in CA, and a small A wave on mitral inflow Doppler, 

particularly in the absence of other features of restrictive LV filling, is a clue to atrial 

dysfunction. In our experience, this finding on echocardiography is associated with a risk of 

thromboembolism, despite sinus rhythm; we consider using anticoagulation in these 

patients. Left atrial reservoir and pump function on strain imaging are significantly impaired, 

regardless of left atrial volume and LVEF in ATTR CA (48). Left atrial peak longitudinal 

strain (reservoir function) and active emptying fraction (active function) are lower in patients 

with ATTRwt compared with patients with AL and ATTRv (49).
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Small pericardial or pleural effusions can be frequently appreciated; in the context of 

thickened ventricles and restrictive filling, these findings should raise the suspicion for CA.

CMR.

CMR provides high definition structural imaging and tissue characterization that are often 

incremental to information obtained on echocardiography. In amyloidosis, the intrinsic 

signal of the myocardium can be measured using T1-/T2-weighted imaging sequences, T1 

mapping (pre- and/or post-contrast), late gadolinium enhancement (LGE), and ECV 

imaging. These markers, although pathognomonic in patients with biopsy-proven 

amyloidosis, are not specific for amyloidosis and can be elevated in other forms of 

cardiovascular disease, including reactive or replacement fibrosis and inflammation. CMR 

can be limited in patients with atrial fibrillation, limited cooperation due to repetitive breath 

holds, advanced renal dysfunction that limits use of gadolinium, and non-compatible 

intracardiac devices (although data now support CMR use in some of these patients). 

Despite these limitations, the unique strengths of CMR have been successfully leveraged in 

CA as illustrated in Figures 4A to 4C. Supplemental Table 2 shows the range of published 

myocardial parameters by CMR in patients with AL and ATTR CA (33).

LGE.

LGE using gadolinium-based contrast agents is the cornerstone technique for the diagnosis 

of CA. Traditional LGE imaging techniques require an operator-determined null point, 

which is the inversion recovery time at which the normal myocardium appears black or 

“nulled.” This can be challenging in CA, and difficulty nulling the myocardium or 

myocardial nulling before blood pool (on TI scout sequence) is strongly suggestive of CA 

with high sensitivity (100%) (50). The development of a phase-sensitive inversion recovery 

sequence has made LGE imaging less operator-dependent. Global subendocardial 

enhancement, transmural LGE, and to a lesser degree, a focal, patchy LGE, are all features 

of CA (51,52), with a sensitivity of 86% and specificity of 92% (53). LGE is highly 

prevalent (100% LGE in LV and 96% LGE in right ventricle) and more common in ATTR 

than AL CA but cannot distinguish between subtypes of CA (14). LGE is a significant 

predictor of mortality in AL, ATTRv, and ATTRwt (p < 0.001) (52), and in patients with 

transmural LGE, overall survival at 24 months is worse for AL (45%) than for ATTR CA 

(65%). A limitation of LGE is that it is not easily quantifiable, especially in amyloidosis, 

which makes it unreliable for tracking changes over time. The newer quantitative technique 

of T1 mapping can overcome this limitation and potentially detect amyloid infiltration 

earlier in the disease process than LGE.

T1 MAPPING AND ECV BY CMR.

T1 mapping measures the T1 signal of each pixel and/or voxel in an image. Native T1 values 

(pre-gadolinium contrast) are higher in areas of amyloid deposition (or diffuse fibrosis) 

compared with normal tissues. In contrast to ECV, which characterizes the extracellular 

space, the native T1 values provide a combined signal from myocyte and extracellular space 

and reflect changes in either or both of those tissue compartments. Native T1 is markedly 

increased in CA (54) and correlates well with markers of systolic and diastolic dysfunction 

(55), with 92% sensitivity and 91% specificity to detect CA (55). It identified early 
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amyloidosis in ATTRv gene carriers without LGE (54). Native T1 is valuable in patients 

with contraindications to gadolinium, including the 30% of patients with AL and ATTR CA 

with renal dysfunction. However, a major limitation of native T1 is the lack of 

reproducibility for different scanners or magnetic field strengths (1.5-T vs. 3.0-T). Its 

independent prognostic value over other risk markers has not been definitively demonstrated 

(56,57).

Post-contrast T1 mapping and ECV estimation are performed following gadolinium 

administration, with ECV being more reproducible than absolute T1 values (58). The ECV 

values are markedly elevated in CA and correlate with other markers of CA severity (30), 

but do not distinguish between the subtypes of CA. However, ECV has provided insight into 

myocardial response to amyloid deposition; total myocyte cell volume, derived from ECV 

and indexed LV myocardial volume, was higher in ATTR than AL CA, suggesting 

concomitant and potentially compensatory myocyte hypertrophy, which might even be 

protective (32). As a marker of prognosis, ECV is more robust compared with native or post-

contrast T1 mapping alone (56). Quantification of ECV offers potential for tracking disease 

burden and response to therapy, as demonstrated in AL CA (59); more prospective studies 

are required. ECV is an earlier marker of cardiac involvement in patients with biopsy-proven 

amyloidosis, but in the absence of biopsy proof, there is overlap in ECV values with other 

cardiomyopathic pathologies that may limit its specificity to detect early amyloidosis (60).

T2 MAPPING OF EDEMA.

Parametric sequences to measure myocardial T2 relaxation times have not been as 

extensively evaluated in CA compared with native T1 values or ECV. A recent study showed 

greater edema and/or T2 relaxation times in 256 patients with amyloidosis compared with 30 

control subjects and in treatment-naive AL compared with treatment of AL and ATTR (31). 

However, there was substantial overlap in mean T2 values between the groups, precluding its 

use to differentiate between amyloid types or amyloid from healthy control subjects. T2 

measures are also more variable than native T1 measures (61).

RADIONUCLIDE MOLECULAR IMAGING.

Cardiac scintigraphy with bone-avid SPECT radiotracers.—Myocardial uptake of 

Tc-99m–labeled bone-avid radiotracer imaging has long been recognized to represent CA. 

Despite high initial interest, studies from 20 years ago demonstrated variable diagnostic 

accuracies for detection of CA. In retrospect, this was likely because those studies included 

patients with both AL and ATTR CA. Subsequently, in the 2000s, the high specificity of 

these tracers for ATTR was recognized in the study by Rapezzi et al. (62), which led to 

widespread clinical adoption.

ATTR CA, a diagnosis that once often required endomyocardial biopsy, can now be 

diagnosed non-invasively using Tc-99m–PYP/DPD/HMDP imaging. This discovery has 

transformed clinical practice and research. ATTR CA can be diagnosed at institutions with 

limited access to endomyocardial biopsy and in patients who decline or who are not 

candidates for invasive procedures. Patients diagnosed by imaging benefitted from 

participation in clinical trials of novel ATTR therapies (11-13) at the same time new drug 
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development significantly accelerated. Noninvasive screening for ATTR CA in patients with 

a variety of clinical presentations, such as HFpEF (4,63), transcatheter aortic valve 

replacement (5), and carpal tunnel syndrome (6), has become possible. These advances have 

not only improved disease detection but are providing rare insights into the pathogenesis of 

ATTR CA that were not previously feasible.

Bone-avid radiotracer imaging provides incremental value to echocardiography and CMR 

because these modalities distinguish ATTR CA from other forms of heart diseases with LV 

thickening (23). However, bone-avid radiotracer images lack structural and hemodynamic 

information, and are typically used in conjunction with echocardiography or CMR. 

Currently, Tc-99m–DPD/HMDP in Europe and Tc-99m–PYP in the United States are 

successfully used in the evaluation of ATTR CA. Tc-99m methylene diphosphonate is the 

most commonly used radiotracer for bone scanning in the United States, but this tracer has 

low sensitivity for ATTR CA (62). If ATTR CA is suspected in a patient with a recent 

negative bone scan, the Tc-99m–PYP scan should be repeated.

Tc-99m–PYP/DPD/HMDP images are typically evaluated using a visual grading or semi-

quantitative metrics (Figures 5A to 5D, Supplemental Table 3). A visual grade of 0, 1, 2, and 

3 indicates no myocardial uptake, or uptake less than, equal to, and greater than rib uptake, 

respectively. Although initial studies demonstrated high sensitivity and specificity (100%) 

for Tc-99m–DPD to diagnose ATTR CA, subsequent studies (23) found that >1 in 5 patients 

with AL CA may demonstrate grade 2 or 3 myocardial uptake of Tc-99m–PYP/DPD/

HMDP. Semi-quantitative evaluation using Tc-99m–PYP planar imaging, a heart to 

contralateral lung uptake (H/CL) ratio of >1.5 at 1 h accurately distinguished ATTR from 

AL CA with 97% sensitivity and 100% specificity (with a slightly lower specificity in a later 

multicenter study) (64). Likewise, a high whole body retention of Tc-99m–DPD at 3 h (62) 

is highly sensitive and specific for ATTR CA. In a recent multicenter publication (64), visual 

score and H/CL ratio on 1-h imaging were more sensitive and less specific compared with 

those metrics at 3-h imaging, with similar overall accuracy to diagnose ATTR CA. These 

investigators proposed a >1.3 ratio for detection of ATTR CA on the 3-h planar images. The 

semi-quantitative metrics of H/CL and high whole body ratios, unlike the visual score of 0 to 

3, were independently predictive of survival (64,65).

A large multicenter study by Gillmore et al. (23) assessed diagnostic accuracy of all 3 

tracers, Tc-99m–DPD, Tc-99m–PYP, or Tc-99m–HMDP, in 1,217 patients with suspected 

CA. Any myocardial radiotracer uptake (grades 1, 2, and 3) was >99% sensitive and 86% 

specific for detecting ATTR CA, with false positives mostly occurring in patients with AL 

amyloidosis (77 of 96). Grades 2 or 3 myocardial radiotracer uptake and the absence of a 

monoclonal protein in serum or urine had a specificity and positive predictive value for 

ATTR CA of 100%, albeit with a significant drop in sensitivity (70%). These investigators 

concluded that “cardiac ATTR amyloidosis can be reliably diagnosed in the absence of 

histology provided that all of the following conditions are met: heart failure with 

echocardiogram or CMR findings consistent with or suggesting amyloidosis, grade 2 or 3 

cardiac uptake on radionuclide scintigraphy with 99mTc-PYP, -DPD, or -HMDP, and absence 

of detectable monoclonal proteins despite serum immunofixation, urine immunofixation and 
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serum free light chain assay. Histological confirmation and typing should be sought in all 

cases of suspected CA where these conditions are not met.” (23).

The use of bone tracer cardiac scintigraphy to screen for ATTR CA in specific populations 

has already yielded interesting insights. ATTR CA is diagnosed by Tc-99m–PYP/DPD/

HMDP imaging in 13.3% of older adult patients hospitalized with HFpEF (4), in 16% of 

patients who are undergoing transcatheter aortic valve replacement (5), and in 10% of 

patients with carpal tunnel syndrome (6).

TARGETED IMAGING OF CA

Molecular imaging using amyloid-binding PET tracers allows direct detection of amyloid 

fibrils. A growing body of work has demonstrated the usefulness of C-11–Pittsburgh 

compound-B, F-18–florbetapir (26,66,67), and F-18–florbetaben (27) in the diagnosis of 

CA. These PET tracers provide an unprecedented opportunity to specifically image and 

quantify global and regional amyloid burden in the heart, and to detect molecular changes in 

the fibril composition, which is an early signal of response to therapy. These PET images 

have been assessed visually or using 1 of several indexes of myocardial tracer uptake: target-

to-background ratio, myocardial retention index, and myocardial standardized uptake value 

(25-27,66-68).

Antoni et al. (25) demonstrated visual uptake of tracer and a higher retention index of C-11–

Pittsburgh compound-B in all patients with AL and ATTR compared with control subjects, 

but patients with AL could not be distinguished from patients with ATTR. These initial 

findings were confirmed by other groups (25,68,69). Initial reports suggested that Tc-99m–

DPD imaging could be negative despite cardiac amyloid deposition diagnosed by C-11–

Pittsburgh compound-B in certain forms of hereditary CA (substitution of single amino acid 

valine for methionine at position 30 of the TTR gene, V-30M) (69). The requirement for an 

onsite cyclotron for production of C-11–Pittsburgh compound-B, due to its short half-life of 

20 min, limits its use.

Florbetapir is a stilbene derivative that demonstrates high affinity and specificity for amyloid 

β; it has favorable pharmacokinetics and a longer half-life (109 min) that allows for unit 

dose delivery to sites without a cyclotron (70). F-18–florbetapir uptake colocalized 

remarkably well to AL and ATTR amyloid deposits in autopsy-derived myocardial tissue ex 

vivo (71) and also proved to be both sensitive and specific for detection of CA in vivo 

(26,27). The myocardial retention index tended to be higher in subjects with AL than in 

subjects with ATTR but none of the indexes tested (retention index, LV myocardial 

standardized uptake value, target-to-background ratio, or LV myocardium to liver 

standardized uptake value ratio) clearly distinguished AL from ATTR CA (26). Similarly, 

F-18–florbetaben was also unable to differentiate between AL and ATTR CA (27).

Importantly, these tracers provide the ability to image cardiac and systemic amyloid deposits 

throughout the whole body in AL amyloidosis (Figures 6A to 6C) (66,72). Although they 

are currently not being used in clinical practice, these amyloid PET radiotracers are being 

investigated for early detection, quantitation, and assessment of response to therapy.
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WHEN TO CONSIDER IMAGING FOR CA?

Figure 7 shows an algorithmic approach to imaging-based diagnosis of CA. Most patients 

with new-onset heart failure benefit from echocardiography and/or CMR to evaluate for 

etiology of heart failure. However, if clinical suspicion of ATTR CA is high or if CMR or 

gadolinium are contraindicated (due to devices or renal dysfunction, respectively), Tc-99m–

PYP/DPD/HMDP scintigraphy may offer incremental value over CMR. The diagnostic 

accuracy of Tc-99m–PYP/DPD/HMDP to identify early cardiac amyloid deposits in 

individuals without heart failure or without typical echocardiographic and/or CMR features 

of amyloidosis needs further study. Also, with the availability of approved disease-

modifying therapeutic options for ATTR CA (11) and emerging data suggesting 

underdiagnosis of CA (73), evaluation for ATTR-CA could be considered in most 

individuals with HFpEF aged older than 65 years, but the cost effectiveness of this approach 

needs further study.

HOW TO USE IMAGING TO ASSESS AMYLOIDOSIS PROGRESSION AND 

RESPONSE TO THERAPY?

Imaging is a powerful tool to temporally track progression or regression of amyloid burden 

in the entire heart and its effects on cardiac function (59,74). Successful therapy for CA 

should ideally reverse amyloid deposits and associated changes in the extracellular matrix 

and cardiomyocytes, as well as structure and function of the heart. Several recent phase 3 

trials of effective drug therapies stabilized ATTR (11) or curtailed the production of ATTR 

(12,13). Post hoc analyses from 1 of these trials showed a modest improvement in LV 

structure and function on echocardiography in the treatment group, from baseline to after 18 

months of therapy with patisiran (LV wall thickness: mean decrease −0.9 ± 0.4 mm; p = 

0.017; global longitudinal strain: mean decrease −1.4 ± 0.6%; p = 0.015), and not with 

placebo (75). In a small study, serial scanning with Tc-99m–PYP, as anticipated from 

radiotracer properties, was not helpful to evaluate disease progression in advanced ATTR 

CA (76). More studies are needed to evaluate the role of imaging in assessment of response 

to therapy.

CONCLUSIONS

Early diagnosis and typing of CA is critical for optimal management of these patients. 

Emerging disease-modifying therapies increase the urgency to diagnose it at an early stage 

and identify patients who may benefit from these life-saving therapies. Imaging plays a 

central role to identifying CA, quantifying disease burden, and guiding management.
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Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS AND ACRONYMS

AL light chain amyloidosis

ATTR transthyretin amyloidosis

ATTRv transthyretin amyloidosis gene mutation

ATTRwt transthyretin amyloidosis wild type

CA cardiac amyloidosis

CMR cardiac magnetic resonance

DPD 3,3-diphosphono-1,2-propanodicarboxylicacid

ECV extracellular volume

EF ejection fraction

H/CL heart to contralateral lung uptake

HMDP hydroxymethylene diphosphonate

HFpEF heart failure with preserved EF

LGE late gadolinium enhancement

LV left ventricular

PYP pyrophosphate

Tc-99m technetium-99m
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HIGHLIGHTS

• Cardiac amyloidosis is substantially underdiagnosed and AL amyloidosis, if 

untreated, is rapidly fatal. Emerging therapies for cardiac amyloidosis 

increase the urgency for developing noninvasive imaging for early detection 

and for tracking therapeutic response.

• Classic imaging features on echocardiography and cardiac magnetic 

resonance, although typical for cardiac amyloidosis, are not specific enough 

to distinguish light chain amyloidosis from transthyretin amyloidosis.

• Myocardial bone-avid radiotracer uptake is highly specific for transthyretin 

cardiac amyloidosis when plasma cell dyscrasia has been excluded; it is now 

replacing the need for biopsy in many patients.

• Detection of early cardiac amyloidosis, quantitation of its burden, and 

assessment of response to therapy are important next steps for imaging to 

advance the evaluation and management of cardiac amyloidosis.
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FIGURE 1. Echocardiography in CA
In the context of a thick Left ventricle (LV), the following features should be considered red 

flags for cardiac amyloidosis (CA): (A) pericardial and/or pleural effusions, thick right 

ventricle, thick valves, thick interatrial septum, small LV cavity size with low stroke volume, 

and paradoxical low flow, low gradient aortic stenosis. (B) Advanced CA results in 

restrictive LV filling patterns with rapid E-wave deceleration time, a predominant S wave on 

pulmonary venous Doppler, and low myocardial relaxation velocities on tissue Doppler 

imaging (TDI) at the mitral annulus. Finally, amyloid infiltration impairs (C) global 

Longitudinal strain (GLS) characteristically with apical sparing of the LV apex, in contrast 

to a normal pattern, and severely reduced contractile function of the atrial myocardium, in 

contrast to a normal pattern.

AS = aortic stenosis.
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Figure 2. Cardiac Structural Changes Typically Indicate Advanced CA
Images of a 54-year-old African American man with heart failure who eventually 

succumbed to sepsis. (A) Echocardiogram, (B) technetium-99m (Tc-99m) -pyrophosphate 

(PYP) single-photon emission computed tomography/computed tomography (SPECT/CT) 

(strongly positive, grade 3 uptake), and (C) autopsy images are shown. A plasma cell 

dyscrasia was excluded, and genetic testing revealed a TTR gene mutation (Asp18Asn). 

Autopsy confirmed substantial transmural and diffuse amyloid deposition. (D) Low- and 

high-power sulfated Alcian Blue stain with blue/green staining amyloid and yellow/brown 
staining myocytes. Autopsy and histology images courtesy of Dr. Robert E. Padera. 

Abbreviation as in Figure 1.
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FIGURE 3. A High Clinical Suspicion of ATTR CA Is Needed in Older Persons With 
Hypertension and Increased LV wall Thickness
Images of a 76-year-old man with a history of hypertension and progressive increase in LV 

wall thickness from (A) 10 mm in 2011 to (B) 18 mm in 2018. His cardiologist questioned 

whether this could be explained solely on the basis of hypertension. Echocardiography also 

revealed right ventricular wall thickening, raising the possibility of transthyretin (ATTR) 

CA. Serum and urine immunofixation studies and serum light chain levels were normal. (C 
and D) A Tc-99-PYP scan revealed grade 3 myocardial uptake, confirming ATTR CA. 

Abbreviations as in Figures 1 and 2.
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FIGURE 4. CMR in CA
Cardiovascular magnetic resonance (CMR) provides characteristic imaging of the (A) 
structural changes and (B) powerful tissue characterization with features of high native T1, 

expanded extracellular volume (ECV), and late gadolinium enhancement (LGE) (diffuse, 

subendocardial, or transmural). (C) Post-gadolinium myocardial signal intensity changes 

characteristically with myocardial signal nulling before the blood pool signal in amyloidosis 

and vice versa in non-amyloid hearts. Abbreviation as in Figure 1.
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FIGURE 5. Tc-99m–PYP in CA
Tc-99m –PYP planar and SPECT scans graded visually (grade 0, negative, to grade 3, 

strongly positive) and semi-quantitatively using the heart to contralateral lung uptake (HCL) 

ratio (normal, equivocal and diagnostic of ATTR). Abbreviations as in Figures 1 to 3.
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FIGURE 6. A Negative Tc-99m–PYP Does Not Exclude CA
A 56-year-old African American man with a V122I TTR mutation presented with heart 

failure and an echocardiogram suspicious for CA. (A) A Tc-99m–PYP scan revealed grade 1 

uptake (myocardial uptake less than rib uptake). Serum and urine immunofixation and serum 

light chain assay suggested light chain (AL) amyloidosis. An endomyocardial biopsy with 

mass spectroscopy confirmed Lambda AL CA. (B) Cardiac and partial whole body F-18-

florbetapir positron emission tomography (PET/CT) images, as part of a research protocol, 

demonstrated intense myocardial and parotid uptake of F-18-florbetapir. He received a 

regimen of bortezomib, cyclophosphamide, and dexamethasone with complete 

hematological response. Abbreviations as in Figures 1 and 2.
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Figure 7. An Algorithmic Approach to Imaging-Based Evaluation of CA
CA may be considered in patients with heart failure as well as in patients without heart 

failure but with a predisposition to CA. MGUS = monoclonal gammopathy of uncertain 

significance; Pts = patients; other abbreviation as in Figure 1.
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CENTRAL ILLUSTRATION. Imaging Targets in Cardiac Amyloidosis
Interstitial amyloid deposits (purple) thicken the myocardium and expand ECV; but, these 

features or voltage on electrocardiography cannot definitively distinguish infiltration from 

true myocardial hypertrophy. Targeted amyloid imaging with radiotracers are specific to 

image myocardial amyloid deposits. CMR = cardiac magnetic resonance; DPD = -3,3-

diphosphono-1,2 propanodicarboxylic acid; ECV=extracellular volume; HMDP = 

hydroxymethylene diphosphonate; PiB = Pittsburgh B compound; PYP = pyrophosphate; 

SAP = serum amyloid P component; 99mTc = technetium-99m.
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