
REVIEW ARTICLE

Cardiac Amyloidosis: Current Diagnostic Strategies Using

Multimodality Imaging

Kenji Fukushima, MD, PhD
1), 2)

, Shintaro Nakano, MD, PhD
2)

and Ichiro Matsunari, MD, PhD
3)

Received: July 10, 2020/Revised manuscript received: July 27, 2020/Accepted: July 27, 2020

© The Japanese Society of Nuclear Cardiology 2020

Abstract

Amyloidosis is a systemic disorder in which abnormal amyloid proteins deposit in body organs, leading to organ

dysfunction and death. Cardiac amyloid deposition, causing a sort of restrictive cardiomyopathy and associated

with increased risk of mortality. Most cases of cardiac amyloidosis are of either light chain or transthyretin type.

Early and accurate diagnosis of cardiac amyloidosis may improve outcomes. However, diagnosis requires

systematic approach including electrocardiography and biomarkers when encountered suspicious candidate.

Diagnosis by multimodality noninvasive imaging have been substantially studied and established for

differentiation from subtypes. Recent advance in the treatment of amyloidosis offers therapeutic monitoring and

prognosis.
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A
myloidosis is systemic disorders due to irreversible

deposition of abnormally conformed protein in multiple

organs including myocardium. The disease is classified by the

misfolded precursor protein and display significant heter-

ogeneity in clinical course, prognosis and treatment considera-

tions that depend upon the involved organs and the type of

protein. Cardiac involvement causes amyloid fibrils deposition

in myocardium leads to extracellular accumulation of

misfolded protein fragments (1). Thus, cardiac amyloidosis

(CA) manifest a sort of restrictive cardiomyopathy with left

ventricular hypertrophy characterized by rapid progressive

heart failure, conduction abnormalities, fatal arrhythmias, and

is associated with high mortality (2). In clinical practice,

although the physicians encounter various types of CA

including subtypes of hereditary and acquired, majority of the

cases are caused by light chain (AL) or transthyretin

amyloidosis (ATTR), with the latter including two subtypes:

wild-type transthyretin deposition, and familial ATTR. As a

field of clinical and scientific investigation using noninvasive

imaging, those major 2 CA has been a primal target to

elucidate. Early and accurate differential diagnosis is of great

significance in offering more therapeutic option (3).

In the following review, we addressed the clinical value for

noninvasive diagnostic tools and future potential.

Echocardiography

Table 1 shows the noninvasive tools for CA currently

available in clinical or preclinical practice. Echocardiography

(Echo) is an easy to access at bedside, common noninvasive

technique without radiation exposure. In the clinical experi-

ence and work up for CA, diagnosis by Echo has been

established to identify the patients who suspect of CA showing

likely to have the disease and prompting further workup (4).

Unlike nuclear technique, Echo can demonstrate multipar-

ametric analysis in reginal wall and global cardiac perform-

ance simultaneously. A widely recognized finding is myocar-

dial granular sparkling appearance, which is attributed to the

increased echogenicity due to the deposition of amyloid fibrils

(4). The left panel of figure 1 shows a patient with CA who

presented low voltage in rim leads and typical granular

sparking which represents high echoic signal in septal wall

implying deposition of amyloid fibrils (yellow arrows).
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Additionally, abnormal thickening of atrial wall and valvular

leaf are also found in specific types of CA, such as ATTR

amyloidosis (4). Accumulated data suggest the importance of

employing more multiparametric imaging over conventional B

or M-mode technique such as Tissue Doppler Imaging (TDI),

and speckle tracking. However, TDI has many technical

limitations based on doppler effect (5). Speckle tracking

technique has been more extensively investigated to evaluate

longitudinal, radial and circumferential deformations in LV.

Several investigators reported the utility of the global and

regional strain parameters to differentiate CA from HCM (6,

7). Interestingly, Echo initially reported the right ventricular

(RV) involvement as high risk sign, and deformation and

functional abnormality of RV has been related to the increased

risk of mortality (8).

Cardiac magnetic resonance

Cardiac magnetic resonance (CMR) imaging provides a

necessary information to identify the changes in chamber

architecture due to its unsurpassed spatial resolution and

ability to directly visualize interstitial abnormalities using

gadolinium (Gd) contrast enhancement. Since Maceria et al.

initially reported diffuse subendocardial pattern of late

gadolinium enhancement, and abnormal T1 shortening

compared to hypertensive controls, number of the studies

investigated the typical appearance and variation of LGE

findings (9). Fontana et al. firstly categorized LGE pattern for

CA; no LGE, subendocardial, and diffuse or transmural

pattern (10). The several investigators reported high diagnostic

accuracy of LGE for CA compared to end-myocardial biopsy

as gold standard; sensitivity 86%, specificity 86%, the positive

predictive value 95%, and the negative predictive value 67%

by Ruberg et al.; sensitivity 80%, specificity 92%, the positive

predictive value 92%, and the negative predictive value 85%

by Vogelsberg et al. (11, 12). However, characteristic pattern

of CMR-LGE for CA can hinder accurate setting of null point

due to the nature of diffuse disease. Difficulty of nulling the

myocardium itself can strongly suggest CA, but denning CA

can be difficult when CMR show no LGE or low contrast

signal. A phase sensitive inversion recovery sequence (PSIR)

has developed to improve diagnostic performance and reduce

operators-dependent null setting (13). Recent CMR analysis

using dedicated LGE scoring system (Query Amyloid Late

Enhancement) successfully distinguished ATTR CA from AL

with high sensitivity (87%) and specificity (96%) compared to

histology as referential standard, suggesting noninvasive

differentiation of subtype is quite feasible in clinical practice

(14). However, CA is a diffuse disease, and has no “normal”

myocardium to refer. Quantitative T1 mapping and extracellu-

lar volume (ECV) measurement have emerged and shown

promising results in diagnosing CA (15). The advantage of

quantitative T1 mapping post gadolinium is the measurement

of extracellular volume (ECV), which is extracellular matrix

expansion due to deposition of amyloid fibrils in myocardium
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Table 1 Noninvasive modality for cardiac amyloidosis

Modality Technique/Feature Contrast agent/Tracers Target subtypes Advantage or Potential/Limitation

Echocardiography

B or M-mode

None ATTR, AL Acoustic penetrationE’/A’

Strain

CMR

Cine

ATTR, AL CKD, Device implantation

Tagging

Feature tracking

LGE
Gadolinium

T1mapping

SPECT

99m
Tc PYP

Planar,

Heart/Contralateral

lung ratio

Bone avid
ATTR

Bone uptake

99m
Tc DPD

99m
Tc HMDP

99m
Tc MDP

99m
Tc aprotinin Planar Liver uptake

PET

11
C-PiB

PETCT
Amyloid biding ATTR, AL

Cyclotron demand

18
F-Florbetapir

Delivery

18
F-Flutemetamol

18
F-Florbetaben

18
F-NaF Bone avid ATTR



and resulting in the gadolinium contrast penetration. The

middle panel of Figure 1 shows representative CMR findings

of ATTR type CA. Balanced SSFP cine images for diastole

and systole show remarkably thickened septal wall, and

reduced global contraction despite preserved LV cavity.

Diffuse hyper signal intensity is observed for LGE study, and

T1 value can be obtained employing MOLLI sequence (left-

middle lower). Recent investigations reported the higher

diagnostic performance of LGE combined with T1 mapping

post gadolinium compared to conventional assessment (15).

However, patients with CA frequently have renal insufficien-

cy, which is the administration of Gd in not adequate due to

the increased risk of developing nephrogenic systemic

fibrosis. Thus, non-contrast imaging technique is needed.

Karamitsos et al. firstly reported the elevation of non-contrast,

namely, native T1 mapping in patients with AL CA (16).

Moreover, non-contrast, native T1 mapping has a potential to

differentiate CA from other hypertrophic cardiomyopathy

using optimal cut off value over 1273 ms with high sensitivity

(84%) and specificity (89%) (16, 17). Prognostic usefulness

of LGE and native or combined with post Gd T1 mapping has

been also extensively investigated (10, 18, 19). Additionally,

usefulness of native T2 mapping for diagnosing CA has been

investigated (20). Several studies have shown the feasibility of

new technique over conventional MOLLI sequence to obtain

quantitative T1 value (21), but this technique needs to be

validated in routine clinical practice. Summarizing above,

multiparametric image analysis using PSIR and quantitative

measurement using T1 is necessary in diagnosis of CA. The

disadvantages of CMR are follows; LGE is not adequate for

CKD. Significant generator and lead artifact can occur after

device implantation. To date, CMR is rather inadequate for

patients with CKD and device implantation, and nuclear

imaging is most available imaging including the steps for

differentiating subtypes for those patients.

Cardiac PET

In cardiac PET, CA can be visualized using amyloid PET

tracers which had been originally designed to detectβamyloid

deposition in Alzheimer’s disease (22). After the promising

results of these compounds in brain imaging, the researchers

have emerged into the clinical feasibility of these tracers in
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Figure 1

Electrocardiogram and echocardiography of Cardiac Amyloidosis are shown. Relatively low voltage in rim lead in

electrocardiogram, which indicate CA (left panel). Right panel shows typical granular sparkling septum in

echocardiography (yellow arrows). Cardiac magnetic resonance imaging for Cardiac Amyloidosis is shown. Steady-

state free precession cine MRI shows remarkably thickened septal wall with reduced cardiac function and mildly

dilated left ventricular is (LVEF is 24.5%, LVEDV index 120mL). Late gadolinium enhancement study shows

diffuse hyper intensity of subendocardial to transmural pattern. T1 mapping by modified Look-Locker inversion

recovery is shown in the middle. Right upper panel shows whole body planar image of
99m

Tc-HMDP bone scan.

Remarkable RI uptake in myocardium, and uptake ratio analysis using heart/contra-lateral lung ROI shows 2.51

which strongly indicates ATTR type of cardiac amyloidosis (right lower).



cardiac amyloid deposition. Carbon-11 labaled Pittsburgh

compound B (PiB) has been established as derivative of

thioflavin-T which had been thoroughly used to bind β

amyloid (23). Initial clinical investigation using PiB showed

promising results (24). The potential application of PiB PET

scans in ATTR and AL amyloid imaging was explored, with

promising results. The findings of PiB PET tomography

correlated well with post-mortem histopathological samples

[68]. Pilebro et al. using PiB for ATTR-CA, showed that type

B patients had a higher uptake in myocardium than those with

type A (25). Lee et al. reported the reduced PiB retention index

in patient with CA after chemotherapy compared to untreated,

and this report suggested a potential usefulness of PiB as

monitoring tool for therapeutic effect (26). Lee et al. also

reported that the cardiac uptake of PiB showed significant

predictive value of adverse outcome (27). Rosengren et al.,

employing quantitative SUV measurement, reported improved

diagnostic accuracy of PiB for CA (sensitivity 94%, and

specificity 93%) (28).

Fluorine-based tracers have relatively longer half-life and

have been widely studied and confirmed a high affinity for

cardiac amyloid deposits. Several investigations using
18
F

Florbetapir which has distinct structure from PiB, reported

high affinity for myocardial amyloid deposit in ATTR-CA

(29). A study by Park et al. showed strong impact for the

specific binding of
18
F-Florbetapir proved in an ex vivo

analysis using autoradiography (30). This study has also

showed a trend for higher myocardial tracer uptake compared

to ATTR CA.
18
F Flutemetamol is another compound with

similar structure. An initial pilot study showed remarkable

cardiac uptake in nine subjects out of all ten (31). Another

study for ATTR CA with hereditary V30 mutation showed

interesting results that the patients with negative uptake for

bone scan scintigraphy revealed positive
18
F Flutemetamol

uptake (32).
18
F sodium fluoride (NaF) of which basic

physiological property is similar to that of MDP, has been

developed as PET tracer for skeletal metastasis and atherosc-

lerosis (33, 34). Although, the evidence has not been well

accumulated, advantage of PET tracer to SPECT is well

recognized and high resolution with evaluation using SUV

values.

99m
Tc scintigraphy and SPECTCT
99m

Technetium bone avid tracers (Pyrophosphate: PYP,

Diphosphono-1,2-propanodicarboxylic acid: DPD, Hydroxy-

methylene diphosphonate: HMDP, and methylene diphos-

phonate: MDP) are commonly used for bone scan. These

tracers have been extensively utilized in the diagnostic process

for CA. Although the exact mechanism of bone seeking tracers

binding to the amyloid fibrils remains uncertain, the increased

level of microcalcification of the TTR fibrils may be a clue.

DPD have demonstrated high diagnostic performance

approaching 100% for ATTR CA (35). DPD have demons-

trated strong impact in diagnosing of ATTR CA particularly

due to clear cut off. A first study reported in 2005, Perugini

proposed visual grading for cardiac DPD uptake (Perugini

score: grade 1-uptake lower than bone, grade 2-moderate

uptake equivalent to bone, grade 3-high uptake stronger than

bone), and reported that DPD has relevantly discern ATTR

from AL CA (36). However, largest multi-center study yields

lower specificity in diagnosing ATTR CA because a low grade

uptake was frequently observed in AL CA, while high

sensitivity was confirmed (37). Bokhari et al. using PYP for 25

patients, reported that PYP could sufficiently differentiated

between ATTR and AL CA (38). The left panel of figure 2

shows a typical and definitive cardiac uptake in whole body

bone scan (
99m

Tc MDP) in patient with ATTR CA, and

heart/contra-lateral lung ratio reveals 2. 51 which strongly

indicates ATTR CA (optimal cut off is 1.5 by Bokhari et al.)

(left lower). More recently, bone SPECTCT scan has been

widely used to perform quantitative measurement for

metastatic bone uptake in oncology field. Figure 2 shows

cardiac dual SPECT/CT for PYP and 201TL. Bothe SPECT

and polar map PYP image show heterogenous uptake in

myocardium (left). Novel SPECTCT using xSPECT system

(Simens, Enlargen) enable us to perform quantitative

measurement and obtain SUV value (right panel) (39). On the

other hand, myocardial bone uptake is not observed in AL CA,

while typical diffuse LGE was detected as shown in Figure 3.

However, complete differentiation of AL and ATTR using

bone seeking tracers seems still insufficient. Other tracers,

such as
99m

Tc aprotinin, which demonstrated promising

potential to detect pre-symptomatic status of CA, and positive

findings for AL CA (40). Latest and common relevant

technique is to measure cardiac uptake ratio to right lateral

lung in planner images (heart to contra-lateral lung ratio=

H/CL ratio), and demonstrated prognostic utility (41, 42).
123

I metaiodobenzylguanidine (MIBG) scintigraphy has

been also studied in CA. MIBG is capable of visualizing

cardiac sympathetic denervation, and has been originally

proven its predictive usefulness for lethal arrythmia, heart

failure, or death for ischemic and nonischemic car-

diomyopathy. Although MIBG is not suitable for diagnosis of

CA, has a potential of evaluating the increased risk of future

cardiac event and therapeutic effect (43, 44).

Future direction

As widely recognized, the treatment options vary for the

different types of CA including chemotherapy established in

decades ago. Tafamidis (Vyndaqel
®
) is a tetramer stabilizer

which prevents amyloidgenesis, formerly approved for

preventive treatment of FAP. Randomized control trial
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compared to placebo succeeded to prove the efficacy of

Tafamidis in patients with ATTR CA (45). Temporary, other

treatment options are entering the market or under investiga-

tion. The role of noninvasive imaging should move towards

different level beyond conventional diagnosis to prediction

and monitoring therapeutic effect.
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Figure 2

Dual isotope imaging using 201TL, and
99m

Tc pyrophosphate (PYP) SPECT for cardiac amyloidosis is shown.

PYP image shows heterogenous uptake while TL-SPECT imaging shows almost normal perfusion. Using dedicated

software (Syngo via, with xSPECT system), myocardial uptake can be quantitatively assessed.

Figure 3

Representative case of biopsy-proven AL type cardiac amyloidosis is shown. Cine MRI shows significant left

ventricular hypertrophy with suspect of asymmetric septal hypertrophy (middle panel). Late gadolinium

enhancement shows diffuse hyper intensity, while no uptake observed for
99m

Tc HMDP scintigraphy (right upper)

and SPECT/CT (right lower), which indicated the compatibility for AL type, and less possibility for ATTR.
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