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Abstract: The prevalence of cardiac amyloidosis (CA), especially as a cause of heart failure, has 

significantly increased in recent years. Early detection and accurate assessment of the disease burden 

are crucial for initiating timely treatment and ensuring precise prognosis. CA primarily results from 

the infiltration of the myocardium by either immunoglobulin light chain fibrils (AL) or transthyretin 

fibrils (ATTR), leading to restrictive cardiomyopathy and eventual death if untreated. Over the past 

decade, advancements in diagnostic imaging and heightened clinical awareness have revealed a 

substantial presence of CA, particularly ATTR, among the elderly. These diagnostic improvements 

encompass echocardiography, cardiac computerized tomography scan, magnetic resonance imaging, 

and radionuclide scintigraphy with bone-avid tracers. Concurrently, significant progress has been 

made in therapeutic options, with new disease-modifying treatments now available that can 

dramatically alter the disease trajectory and improve survival rates when administered early. 

However, despite these advancements, there remains an urgent need for the early and accurate 

detection of CA to ensure that patients can fully benefit from these emerging therapies. 

Keywords: cardiac amyloidosis; cardiac magnetic resonance; echocardiography; nuclear 

scintigraphy 

 

1. Introduction 

Amyloidosis encompasses a group of diseases characterized by the deposition of misfolded 

proteins in various tissues, leading to disruption of tissue architecture and dysfunction [1]. Cardiac 

involvement, known as cardiac amyloidosis (CA), carries the worst prognosis [2]. CA primarily 

results from the infiltration of the myocardium by either immunoglobulin light chain fibrils (AL) or 

transthyretin fibrils (ATTR), causing cardiomyopathy and, if left untreated, eventually leading to 

sooner death [3]. AL is derived from a misfolded N-terminal fragment of a monoclonal 

immunoglobulin light chain produced by plasma cells in the bone marrow [4]. ATTR is the misfolded 

form of hepatically-derived transthyretin (TTR) protein, a carrier of thyroxine and retinol-binding 

protein in the blood; this misfolding can be due to a genetic mutation (ATTRv) or occur 

spontaneously (ATTRwt). It is a less aggressive disease than AL [5]. Recent studies have 

demonstrated evolving trends in the epidemiology of CA, as its prevalence continues to rise, likely 

due to better awareness and improvements in diagnostic modalities [6]. Additionally, patients are 

now more frequently diagnosed at an earlier stage of the disease, leading to substantially lower 

mortality. These changes may have important implications for the initiation and outcomes of therapy 

[7]. 

CA shares many clinical features with other cardiac diseases, such as hypertrophic 

cardiomyopathy and aortic stenosis, often resulting in misdiagnosis or underdiagnosis. It has been 

identified in approximately 10% of adult patients with hypertrophic cardiomyopathy and those with 

aortic stenosis, as well as in about 13% of patients with heart failure with preserved ejection fraction 
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[8–10]. Recent improvements in diagnostic imaging and heightened clinical awareness have revealed 

a significant prevalence of CA, particularly ATTR, in the elderly population [11–13]. The therapeutic 

landscape has also advanced remarkably, with disease-modifying therapies now available that can 

alter the disease course and improve survival when initiated early. 

However, there remains a critical need for early and accurate detection of CA to ensure patients 

can benefit from these emerging therapies. This review aims to explore advancements in and the role 

of multimodality imaging in the diagnostic workup of CA. 

2. Pretest Probability of CA 

The effectiveness of initial imaging techniques, such as echocardiography, cardiac tomography, 

and cardiac magnetic resonance, in diagnosing CA hinges on the pretest probability of the condition. 

Delays in diagnosing CA often stem from limited knowledge and inadequate physician knowledge 

of its clinical features. Suspicion of ATTR typically arises in elderly patients hospitalized for 

congestive heart failure or bradyarrhythmia who display unexplained left ventricular hypertrophy 

(LVH) without hypertension. It may also present with low-flow, low-gradient aortic stenosis [14]. 

Persistent elevation of serum troponin levels is another indicator. A common but not universal sign 

in advanced CA is the discrepancy between low-voltage electrocardiogram (EKG) readings and LVH 

observed on echocardiography. This incongruity is due to amyloid fibrils replacing myocardial cells. 

However, similar EKG-echocardiography discordance can also be seen in conditions like obesity, 

emphysema, severe hypothyroidism, and connective tissue diseases, where hypertension or 

valvulopathy is present. Other typical EKG findings in CA include pseudo-infarct patterns, and 

different types of heart blockades such as first-degree atrioventricular and fascicular blocks [15–18]. 

Identifying non-cardiac clues is crucial for improving the pre-imaging probability of CA, as 

these symptoms often precede cardiac manifestations by several years. Carpal tunnel syndrome is 

particularly significant, frequently occurring in men with ATTR and appearing 5-10 years before 

cardiac symptoms [19]. Approximately 10% of patients undergoing carpal tunnel surgery have 

amyloid deposits in their tenosynovial tissue [19]. Additional musculoskeletal indicators include 

lumbar spinal stenosis, spontaneous biceps tendon rupture, and joint arthropathies [20–23]. 

Peripheral neuropathy, proteinuria, dysautonomia, and macroglossia are frequently associated 

with AL amyloidosis. Peripheral neuropathy is very frequent in ATTR as well, especially in ATTRv. 

Clinically, CA patients often present with dyspnea, fatigue, and edema due to heart failure, or 

syncope associated with bradyarrhythmias. Chronic elevations in cardiac biomarkers, including 

troponin and brain natriuretic peptide, can also raise suspicion for CA [24]. 

3. Echocardiography 

Echocardiography is usually the first diagnostic tool in the evaluation of CA patients that often 

present with symptoms of dyspnea and heart failure [25] (Table 1). It can detect features such as left 

and right ventricular wall thickening, biatrial enlargement, interatrial septal thickening, thickened 

atrioventricular valves, pericardial effusion, and impaired left and right ventricular strain on 

advanced imaging technique that raise suspicion for CA warranting further work up [26–29]. It is 

important to know that certain echocardiographic characteristics are more associated with advanced 

stages of the disease, including pericardial effusion, restrictive pattern and LA thickness of more than 

6 mm. 
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Table 1. Comparative analysis of diagnostic modalities in cardiac amyloidosis. 

Modality  Sensitivity Specificity Clinical applicability Advantages Limitations 

Echocardiography 75-95% ~80% 

First-line for 

investigating CA due 

to its availability, low 

cost, and non-invasive 

nature. 

- Widely available 

- Non-invasive 

- Low cost 

- Detects left 

ventricular 

thickening and 

restrictive filling 

pattern 

- Limited specificity for 

CA; overlaps with other 

conditions 

- Less sensitive in early 

stages 

-Dependent on operator 

expertise 

Computed 

Tomography 
Limited data Limited data 

-Limited role in 

diagnosing CA. -

Useful for assessing 

vascular involvement, 

coronary artery 

disease, or other 

cardiac abnormalities. 

- Widely available 

- Can assess vascular 

involvement 

 

- Lower sensitivity for 

CA compared to other 

modalities 

- Radiation exposure 

- Less specific for 

detecting amyloid 

deposits 

Cardiac Magnetic 

Resonance 
85-95% 90-95% 

- Gold standard for 

detecting amyloid 

deposition in the 

myocardium.  

- Excellent for 

assessing myocardial 

involvement and wall 

thickening. 

- Unaffected by body 

habitus 

- Helps characterize 

tissue in addition to 

cardiac function 

-Can be helpful in 

assessing prognosis 

- Expensive 

- Requires specialized 

equipment and expert 

interpretation 

- Limited availability in 

some centers 

Technetium-labelled 

nuclear scintigraphy 
90-95% ~99% (ATTR) 

Primarily used for 

ATTR. Excellent for 

identifying amyloid 

deposits in the 

myocardium, 

especially in ATTR. 

- Highly specific for 

ATTR  

- Only test that can 

accurately 

differentiate ATTR 

from AL 

- No tissue biopsy 

required 

- Less sensitive for AL  

-Can have false-positive 

and false-negative 

results. 

- Requires nuclear 

imaging facilities 

-Exposure to ionizing 

radiation 

CA- cardiac amyloidosis; ATTR- transthyretin cardiac amyloidosis; AL- light chain cardiac amyloidosis. 

3.1. Left Ventricular Features and Strain Analysis 

CA typically manifests as diastolic heart failure with elevated filling pressures, increased wall 

thickness, and reduced chamber size [29]. This results from the deposition of amyloid fibrils, which 

disrupt the myocardial wall and lead to thickened myocardium. Left ventricular hypertrophy (LVH) 

is a predominant echocardiographic finding in CA, appearing symmetrically in AL and 

asymmetrically in ATTR [30]. Certain echocardiographic features help differentiate CA from other 

hypertrophic cardiomyopathies, such as LV wall thickness exceeding 12 mm and grade 2 or higher 

diastolic dysfunction, in the absence of aortic valve disease or severe uncontrolled hypertension [31]. 

Additionally, amyloid deposition gives the myocardium a distinctive speckled or granular 

appearance on 2-D echocardiography [32]. 

In early stages, diastolic parameters transition from low E-wave and high A-wave velocities, a 

decreased E/A ratio, and normal deceleration time to later stages where there is a normal E-wave, 

small A-wave, high E/A ratio, and rapid deceleration time [33]. Tissue Doppler commonly reveals 

greatly reduced mitral and tricuspid e’ velocities and a high E/e’ ratio, which suggest elevated filling 

pressures even in the absence of noticeable LV wall thickening, indicative of a restrictive myocardial 

pattern [33,34]. A restrictive pattern on tissue Doppler imaging of the mitral annulus, characterized 

by e’, a’, and s’ velocities below 5 cm/s and accompanied by pericardial effusion, strongly suggests 

CA [29]. AL often shows a restrictive pattern earlier in its progression compared to ATTR. 

Furthermore, a small S-wave on tissue Doppler is indicative of advanced disease [29]. 

Speckle tracking echocardiography (STE) reveals significantly impaired left ventricular global 

longitudinal strain (LVGLS) despite a preserved ejection fraction, indicating a poor prognosis [28]. 

The basal and mid LV segments exhibit more severe LVGLS impairment compared to the apical 
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segment, resulting in a distinctive “cherry on top” appearance on the bull’s eye plot [35]. A relative 

regional strain ratio above 1 is highly sensitive and specific for diagnosing CA [32]. AL shows worse 

LVGLS than ATTR for a given wall thickness [36]. Research has found that an LVEF/GLS ratio greater 

than 4.95 is a better screening tool, with 75% sensitivity and 66% specificity [37]. Additionally, three-

dimensional (3-D) STE, which incorporates parameters like global area strain and global 

circumferential strain, offers enhanced sensitivity for identifying CA features and assessing the 

disease prognosis [37,38]. 

3.2. Left Atrial Features and Strain Analysis 

Biatrial enlargement, commonly seen due to elevated filling pressures, serves as an imaging 

marker for early subclinical changes in ATTR [39]. Amyloid fibril deposition in the atrial myocardium 

causes atrial septal thickening, with measurements exceeding 6 mm having a 100% specificity for 

diagnosing CA [37]. Additionally, STE can detect atrial cardiopathy caused by amyloid deposition, 

as evidenced by impaired left atrial (LA) strain in all phases compared to age-matched controls [40]. 

The LA reservoir strain is becoming a valuable indicator for diastolic dysfunction, with both LA 

reservoir and contractile strain proving to be superior predictors of elevated left ventricular filling 

pressure compared to LA volume and conventional Doppler parameters [41]. This underscores the 

importance of LA strain analysis in the early detection of CA, enabling the timely initiation of 

therapies for improved patient outcomes. In patients with ATTR, LA reservoir and contractile strain 

are lower than in those with AL or those without CA, even in the absence of atrial arrhythmias [41]. 

Moreover, LA strain can distinguish CA from other hypertrophic cardiomyopathies (HCM), as CA 

patients exhibit lower LA strain than those with HCM despite having a preserved ejection fraction 

[40]. Atrial dysfunction in CA increases the risk of thromboembolic events, even in patients who are 

in sinus rhythm [42]. Additionally, LA reservoir strain serves as an independent predictor of 

cardiovascular-related death and heart failure hospitalization in patients with ATTR [43–45]. 

3.3. Right Ventricular Features and Strain Analysis 

CA also affects the right ventricular (RV) chamber and the RV myocardial walls. This condition 

results in increased RV wall thickness, basal diameter, and inferior vena cava size, along with reduced 

chamber volume and RV systolic function as measured by tricuspid annular plane systolic excursion 

(TAPSE) [46]. Unexplained RV wall thickening exceeding 5 mm and reduced function are indicative 

of CA [37]. Both STE and traditional echocardiography have demonstrated impaired RV free wall 

longitudinal strain with apical sparing and reduced TAPSE, respectively [47]. Among CA subtypes, 

AL exhibits more pronounced apical sparing compared to ATTR. An RV apical/(basal+middle) ratio 

greater than 0.8 is reported to have a sensitivity of 97.8%, specificity of 90.0%, and accuracy of 94.7% 

in distinguishing AL from ATTR [47]. However, it is important to be note that echo, as a diagnostic 

tool, does not have the capacity to distinguish between ATTR and AL. Finally, echocardiographic 

measures of both systolic and diastolic function, including LVEF, longitudinal strain, LV stroke 

volume and E/e′ have been shown to be independent prognostic factors for mortality in patients with 

ATTR [48]. 

4. Cardiac Magnetic Resonance Imaging 

Cardiac magnetic resonance (CMR) is pivotal in the precise and detailed assessment of cardiac 

tissue and morphology, offering high spatial resolution and tissue contrast differentiation [4]. It is the 

gold standard in the morphological and biomechanical assessment of cardiac chambers with 

superiority in myocardial tissue characterization [49]. While not the primary diagnostic modality due 

to cost and expertise requirements, CMR serves as a valuable adjunct to echocardiography in 

identifying CA and evaluating treatment response and prognosis. It is able to identify the 

extracellular expansion of myocardium by the deposition of amyloid fibrils through the typical global 

and predominant subendocardial distribution of the late gadolinium enhancement (LGE) with a 
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sensitivity of 85% and specificity of 92% [50]. In addition, a key characteristic considered 

pathognomonic for CA is the retention of LGE by the amyloid filled expanded extracellular matrix to 

a similar extent as the blood pool. This result in overlapping T1 recovery curves on the inversion T1 

scout sequence conducted before LGE imaging, making it challenging to identify the T1 null point of 

healthy myocardium necessary for accurate LGE imaging [51]. Although CMR imaging is unable to 

explicitly distinguish between ATTR and AL, LGE is typically more extensive in ATTR and patients 

with ATTR often exhibit a transmural pattern of LGE with involvement of the RV wall [52]. Moreover, 

diffuse LGE offers additional prognostic value beyond cardiac biomarker staging in CA, with 

transmural LGE being linked to a poor prognosis. [53] Despite the numerous advantages of LGE, it 

has limitations, including its inability to quantify amyloid burden. Additionally, its use is restricted 

in patients with renal impairment, specifically those with a glomerular filtration rate (GFR) of less 

than 30 mL/min/1.73 m², due to the risk of developing nephrogenic systemic fibrosis, a potentially 

fatal condition [54]. 

5. T1 Mapping 

T1 mapping provides a detailed understanding of myocardial response to CA by accurately 

quantifying longitudinal relaxation times on a pixel-by-pixel basis. It has the advantage over LGE by 

quantifying the amyloid burden also does not need contrast, therefore, native T1 mapping can safely 

be used in kidney disease [55]. Native T1 shows elevated levels in the early stages of CA even before 

ventricular thickening or detectable LGE appears [56]. In fact, elevated native (pre-contrast) 

myocardial T1 demonstrates high diagnostic accuracy for CA with values below 1,036 ms and above 

1,164 ms showing 98% negative predictive and 98% positive predictive values for CA, respectively 

[56]. This makes native T1 mapping a useful tool in situations where the use of contrast agents is 

contraindicated. Beyond facilitating CA diagnosis, native T1 mapping is crucial for monitoring 

disease progression. Poor prognosis is linked to pre-contrast T1 times exceeding 1044 ms for AL and 

1077 ms for ATTR [57,58]. Furthermore, T1 mapping can estimate the myocardial extracellular 

volume (ECV) fraction, acting as a surrogate for quantifying amyloid burden and correlating with 

disease severity in both AL and ATTR. ECV measurement is also effective in tracking treatment 

response in AL patients [59–61]. 

6. T2 Mapping 

T2 mapping complements T1, LGE, and ECV findings by visualizing and quantifying 

myocardial edema. It is sensitive to edema associated with myocyte toxicity, with elevated T2 times 

reflecting the degree of myocyte edema [62]. Although T2 times are elevated in both ATTR and AL, 

untreated AL patients exhibit higher T2 values compared to treated AL and ATTR patients [62]. This 

is likely due to greater edema caused by the direct toxicity of light chains in AL [63]. Consequently, 

T2 mapping is particularly relevant for AL prognostication [52,64]. Moreover, the utility of elevated 

T2 increases in quantifying and prognosticating AL, as most other features of disease severity, such 

as LV mass, wall thickness, LGE transmural extent, and RV involvement, are more commonly 

associated with ATTR amyloid [52]. 

Overall, CMR with its multi-faceted approach, including LGE, T1 mapping, ECV measurement, 

T2 mapping presents a comprehensive toolkit for the precise diagnosis, characterization, and 

prognostication of CA, ultimately guiding therapeutic strategies and improving patient outcomes. 

7. Role of CMR In Determining Prognosis and Treatment Response 

The volumetric measurements on CMR can predict prognosis in CA. In a study 54 consecutive 

patients (age 66 ± 10 years, 59% males) with confirmed AL and mean LV ejection fraction of 60 ± 12%, 

left trial ejection fraction as assessed by CMR was associated with NYHA functional class, Mayo 

Clinic stage, myocardial LGE and 2-year mortality (65). A study that incorporated deep learning to 
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classify CA on MR images concluded that cine- convolutional neural network (CNN) leads to 

significantly better discrimination between AL and ATTR as compared to gadolinium-CNN or 

human readers, but with lower performance than reported in studies where visual diagnosis is easy, 

and is currently suboptimal for clinical practice (66). 

CMR plays a crucial role as an imaging modality to monitor treatment response in both ATTR 

and AL. A prospective study investigating 221 AL patients, who underwent surveillance CMR at 6 

and/or 12 months after initiating chemotherapy, demonstrated that native T1 can track the treatment 

response in AL (67). The change in native T1 reflected the composite change in ECV and T2 and was 

independently associated with mortality (67). Data from the Bern Cardiac Amyloidosis Registry 

assessed CMR changes after treatment with Tafamidis and found that the initiation of Tafamidis 

preserved CMR-measured biventricular function and reduced LV mass at 12 months compared with 

untreated patients (68). 

8. Cardiac Computed Tomography 

Cardiac computed tomography (CT) is a noninvasive diagnostic modality that provides 

comprehensive information on cardiac chamber morphology, perfusion, strain, and scar presence. It 

quantifies the ECV fraction, typically performed with precontrast and delayed-phase postcontrast 

imaging [69,70]. Previous studies have shown that CT performs well in measuring ECV fraction 

compared with CMR [71]. Cardiac CT can also distinguish CA from hypertrophic cardiomyopathy 

(HCM), as the mean ECV is significantly greater in CA (54.7% ± 9.7) compared to HCM (34.6% ± 9.1) 

and normal myocardium (35.9% ± 9.9). Additionally, higher ECV values correlate with worse 

outcomes in the CA group [72]. 

ECV fraction has also been used to assess the myocardium in various procedures and disease 

processes, such as aortic valve replacement, atrial fibrillation ablation, hemodialysis, chemotherapy, 

and heart failure [70]. The process involves normalizing the pre- and postcontrast imaging to blood 

hematocrit values to obtain the ECV fraction [73]. Kidoh et al. demonstrated high sensitivity (90%) 

and specificity (92%) of CT-derived ECV fraction in identifying CA. Furthermore, the myocardium-

to-lumen signal ratio showed a sensitivity of 88% and a specificity of 92% for detecting CA [74]. This 

technique avoids the need for unenhanced CT and aids in diagnosing CA when hematocrit values 

are unavailable or laboratory tests are delayed. 

However, caution is necessary as the ECV fraction can be elevated in conditions causing 

myocardial fibrosis, infarction, inflammation, and edema [70]. Additionally, CT imaging of the 

myocardium is limited by motion artifacts and lower image contrast compared with MRI. Despite 

these limitations, cardiac CT is fast, widely available, and valuable for raising suspicion of CA, 

particularly when patients undergo cardiac CT for other evaluations, such as planning for 

transcatheter aortic valve replacement in low-flow low-gradient aortic stenosis patients. It is also 

beneficial for patients who cannot undergo cardiac MRI due to the presence of cardiac devices or 

prostheses that preclude MRI. 

Further research is needed to maximize the utility of cardiac CT, incorporate it into diagnostic 

algorithms for CA, and define ECV fraction thresholds to aid in the diagnosis of CA. 

9. Nuclear Scintigraphy with Bone-Avid Tracers 

Nuclear scintigraphy has revolutionized the diagnostic approach for CA. This non-invasive 

method has significantly reduced the reliance on endomyocardial biopsies, enabling more 

widespread detection of CA. A multicenter study that comprised of >1000 patients with suspected 

CA demonstrated the high sensitivity and specificity of 99mTc-labeled bone-seeking tracers in 

identifying ATTR amyloidosis in the absence of paraproteinemia [75]. In addition, a meta-analysis of 

six studies with > 500 patients demonstrated that bone scintigraphy using technetium-labeled 

radiotracers had a high diagnostic yield, exhibiting a sensitivity of 92.2% and a specificity of 95.4% 

[76]. In the United States, the 99mTc-pyrophosphate (99mTc-PYP) tracer is predominantly used, 
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whereas in Europe, 99mTc-hydroxymethylene diphosphonate (99mTc-HMDP) and 99mTc-DPD are 

more common. These tracers exhibit comparable diagnostic efficacy. 

Notably, bone scintigraphy is effective only for detecting ATTR, while histological confirmation 

is necessary for diagnosing AL. The selective affinity of bone-seeking tracers for ATTR over AL is 

attributed to their calcium-binding properties. Research indicates that greater density of 

microcalcifications exists in ATTR compared to AL, which potentially contributes to this selectivity, 

regardless of age, cardiac function, and serum calcium and creatinine levels [77]. 

Interpreting nuclear scintigraphy involves a semi-quantitative approach, visually grading tracer 

uptake relative to bone uptake in the rib cage. The grading system ranges from 0 for no myocardial 

uptake, to 1 for mild uptake (less than in bone), 2 for uptake equal to bone, and 3 for substantial 

uptake (greater than in bone) [78]. In a multicenter study with a large cohort of biopsy-proven ATTR 

patients, 100% specificity and positive predictive value for ATTR were confirmed when grade 2 or 3 

uptake was observed without paraproteinemia [75,79]. 

Quantitative assessment entails delineating circular regions of interest over the heart and 

mirrored on the contralateral chest wall. Radiotracer uptake is quantified using the heart-to-

contralateral lung (H/CL) ratio, where a ratio exceeding 1.5 suggests ATTR diagnosis, and a ratio ≥1.6 

is associated with poor survival [80,81]. 

It’s crucial to note that nuclear scintigraphy, especially when showing a visual grade of 2 or 3 

indicating myocardial uptake, boasts high sensitivity (>99%) for ATTR but exhibits a relatively lower 

specificity of 82-86%. This diminished specificity stems from the fact that patients with AL can also 

display grades of 1 or 2 [80–82]. Therefore, bone scintigraphy alone cannot definitively diagnose 

ATTR or exclude AL. Standard practice involves conducting urine and serum immunofixation 

electrophoresis and obtaining serum free light chains and the kappa/lambda ratio to rule out AL 

disease. When these tests yield negative results for AL, the specificity of nuclear scintigraphy rises to 

100%. Consequently, a confident diagnosis of ATTR can be made without histological confirmation 

in a patient exhibiting a typical clinical phenotype (such as a history of bilateral carpal tunnel 

surgery), consistent echocardiographic and/or CMR features of CA, grade 2 or 3 tracer uptake on 

99mTc-PYP scintigraphy, and no detectable monoclonal gammopathy in the blood and urine. 

In summary, multimodality imaging plays a crucial role in the diagnosis of CA. Techniques such 

as echocardiography, CMR, and nuclear imaging offer complementary information to assess cardiac 

structure, function, and amyloid deposition. Echocardiography can reveal typical signs like 

thickened heart walls and restrictive cardiomyopathy. CMR, particularly with LGE, provides 

detailed information on myocardial fibrosis and tissue characterization. Additionally, nuclear 

imaging using bone-avid radiotracers is highly sensitive for detecting ATTR. The combination of 

these imaging modalities helps in diagnosing CA early, differentiating CA subtypes, evaluating the 

extent of disease, and guiding treatment decisions, thereby improving patient outcomes. 

The optimal approach to multimodality imaging has been described in Figure 1. 
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Figure 1. Multimodality imaging in cardiac amyloidosis. CA- cardiac amyloidosis; ATTRwt- wild-type 

transthyretin cardiac amyloidosis; ATTRv- variant transthyretin cardiac amyloidosis; AL- light-chain cardiac 

amyloidosis; CMR- cardiac magnetic resonance. 

10. When Do We Need Endomyocardial Biopsy 

Histological confirmation and identification of the type of amyloidosis are recommended for 

patients with detectable monoclonal immunoglobulin [83]. A diagnosis of AL amyloidosis always 

requires a tissue biopsy. In certain situations, a tissue biopsy may also be necessary for diagnosing 

ATTR, particularly when nuclear scintigraphy shows a visual grade below 2, serum and urine tests 

are negative for AL, and clinical, echocardiographic, and/or MRI findings suggest CA. Notably, 

ATTRv associated with the Ser77Tyr and P64L variants may present with an atypical nuclear 

scintigraphy appearance, showing only grade 1 uptake, even in the presence of classic clinical, 

morphological, and functional features on echocardiography and CMR [84]. In these cases, tissue 

biopsy becomes essential to confirm an ATTR diagnosis. 

The distinctive apple-green birefringence pattern on Congo red–stained tissue sections under 

polarized light microscopy is a hallmark of amyloid deposits. Amyloid typing, critical for 

distinguishing between AL and ATTR types, is carried out using immunohistochemistry and mass 

spectrometry. While endomyocardial biopsy offers 100% sensitivity for diagnosing cardiac 

amyloidosis, it carries potential risks such as ventricular perforation, cardiac tamponade, and 

ventricular arrhythmias [85,86]. An alternative approach is abdominal fat pad fine-needle aspiration 

biopsy, though its sensitivity is low, especially in wild-type ATTR (~15%), and it has a high rate of 

inadequate specimens, making it a less reliable diagnostic tool [87]. 

11. Future Directions 

While multimodality imaging has played a crucial role in diagnosing CA, the only modality that 

can distinguish ATTR from AL is nuclear scintigraphy utilizing bone-seeking tracers. However, AL 

patients can also exhibit mild tracer uptake, making it impossible to differentiate between the two 

predominant CA subtypes on the scintigraphy, especially in the presence of paraproteinemia. Hence, 

biopsy becomes mandatory in such circumstances, thereby necessitating further research in the area 

to discover imaging-based biomarkers and radiotracers that could effectively differentiate between 

the two CA subtypes noninvasively even in the presence of paraproteinemia. 

Another limitation of nuclear scintigraphy is the rare ATTR variants that show grade 0 or 1 on 

planar image and do not demonstrate tracer uptake. The suspicion for CA in these scenarios is often 

based on clinical phenotype in conjunction with echocardiographic and/or CMR features, thereby 
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prompting endomyocardial biopsy to confirm ATTRv. The precise mechanism(s) through which 

these certain ATTRv fibrils do not exhibit tracer uptake remains unclear, and further research is 

needed in this area. 

CMR-based markers, particularly ECV, have excellent prognostic utility. There is a need to 

incorporate these well-established imaging-based markers into the existing CA staging systems and 

prognostic algorithms to further refine them. 

Future research should focus on identifying novel, non-invasive biomarkers for early detection 

and differentiation of AL and ATTR. Advances in genetic markers, serum proteomics, and 

microRNAs could improve diagnostic accuracy and facilitate the differentiation of CA subtypes [88]. 

The urgency for early and accurate detection of CA is critical, as early intervention can significantly 

improve patient outcomes and reduce mortality. However, diagnosing CA remains challenging due 

to its rare and often subtle presentation, which frequently mimics other more common cardiac 

diseases like heart failure or hypertensive cardiomyopathy. Studies have shown that the median time 

to diagnosis for CA is often delayed by several years, as it is commonly overlooked in clinical practice 

[89]; the average diagnostic delay for ATTR is about 3-5 years after symptom onset. Early detection 

is essential because untreated CA can lead to progressive heart failure, arrhythmias, and multi-organ 

involvement, significantly reducing life expectancy. 

Future studies should explore personalized treatment approaches, including investigating 

combination therapies that target multiple mechanisms of disease. Understanding the synergistic 

effects of combining treatments could provide more effective and sustainable therapeutic options. 

12. Conclusions 

The advent of advanced imaging modalities has significantly transformed the detection and 

management of CA. Echocardiography frequently serves as the initial test that raises suspicion for 

CA, especially in patients with high pretest probability based on comorbid conditions, cardiac 

biomarkers, and EKG findings. Cardiac CT and MRI are instrumental in distinguishing CA from 

other causes of hypertrophic cardiomyopathy and infiltrative diseases, while also providing valuable 

prognostic information and monitoring disease progression through extracellular volume (ECV) 

measurements. Nuclear scintigraphy with bone-avid tracers, such as Tc-99m PYP scintigraphy, has a 

high diagnostic yield for ATTR in the absence of paraproteinemia, often eliminating the need for an 

endomyocardial biopsy. Collectively, these imaging advancements have been pivotal in the accurate 

identification, quantification of disease burden, tracking of disease progression, and guiding the 

management and treatment response of CA, thereby improving patient outcomes. 
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