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This 2025 updated consensus outlines the diagnostic strategy for transthyretin amyloid cardiomyopathy (ATTR-

CM). Given that ATTR-CM is a significant contributor to heart failure, this article emphasizes the importance of

making an early and precise diagnosis, particularly as new therapeutic options become available. Highlighting the

critical importance of an early and accurate diagnosis, particularly in light of emerging therapeutic modalities, this

consensus underscores the central role of
99m

Tc-pyrophosphate (PYP) scintigraphy as a non-invasive diagnostic tool.

The consensus calls for the adoption of standardized imaging protocols and interpretation criteria to ensure

consistency and reliability across diverse clinical settings. The integration of qualitative and quantitative imaging

techniques within a structured diagnostic framework places particular focus on the use of single-photon emission

computed tomography/computed tomography (SPECT/CT) imaging to enhance diagnostic precision by minimizing

blood pool activity and eliminating overlapping interference. Three-hour imaging is considered to be critical for

accurate evaluations and to reduce false-positive findings, and it is recommended for its superior diagnostic accuracy.

Moreover, quantitative assessments are also considered to be essential for evaluating myocardial amyloid deposition.

This updated consensus provides comprehensive guidelines for clinicians, with the aim of optimizing patient outcomes

through precise diagnosis and effective management of ATTR-CM. The consensus concludes by advocating for

continued research and refinement of imaging methodologies, particularly to enhance the clinical applicability of
99m

Tc-PYP scintigraphy and other future developments in nuclear molecular imaging.
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INTRODUCTION

Heart failure is a critical condition that significantly

impacts global health due to its high prevalence and se-

vere outcomes. As a leading cause of hospitalization, par-

ticularly among older adults, heart failure imposes a sub-

stantial burden on healthcare systems.
1,2

In recent years,

care for heart failure has seen notable improvements, in-

cluding advances in differentiating disease subtypes and

in both mechanical and pharmacological management.
3,4

Cardiac amyloidosis is a particularly important cause of

heart failure that warrants increased public awareness.
5-7

The pathogenesis of cardiac amyloidosis involves the ac-

cumulation of misfolded proteins in the heart, leading to

cardiac dysfunction.
8

Most cases of amyloidosis are caused

by transthyretin amyloid (ATTR) and amyloid light chain

(AL) cardiac amyloidosis.
5,8

In recent years, several landmark randomized trials

for the treatment of transthyretin amyloid cardiomyo-

pathy (ATTR-CM) have been conducted, targeting various

mechanisms such as transthyretin stabilization and mRNA

silencing.
9-11

These advanced therapies for ATTR-CM have

been shown to attenuate cardiac remodeling
12-15

and im-

prove clinical outcomes.
9-11,16

While medications aimed

at amyloid removal are still under investigation for both

AL and ATTR cardiac amyloidosis,
17

the progress in treat-

ment underscores the growing importance of making an

early and accurate diagnosis and differentiating these

diseases. As therapeutic options for ATTR-CM and AL car-

diac amyloidosis continue to evolve, the need for a pre-

cise and timely diagnosis becomes increasingly critical

to optimize patient outcomes.

There are two types of ATTR-CM: variant (ATTRv)

and wild-type (ATTRwt), each with distinct clinical pre-

sentations.
5

ATTRv cardiac amyloidosis is an autosomal

dominant disease that typically manifests before the age

of 65 and includes neurological symptoms.
5,8

In Taiwan,

the most common genetic variant is A97S (p.Ala117Ser),

with other variants including A81V (p.Ala81Val),
18-20

V122I

(p.Val142Ile) also being reported. ATTRwt cardiac amylo-

idosis generally presents later in life, typically after the

age of 75, with fewer neurological symptoms and primarily

manifesting as heart failure.
5,8

The diagnosis of ATTR-CM

requires clinician awareness. Patients with heart failure

and preserved ejection fraction, aortic stenosis, or a hy-

pertrophic cardiomyopathy phenotype are all at risk of

ATTR-CM.
21-23

Serum N-terminal pro B-type natriuretic

peptide (NT-proBNP) and troponin can serve as both di-

agnostic and prognostic markers.
24

In diagnosing ATTR-

CM, bone-avid radiotracers such as
99m

technetium pyro-

phosphate (
99m

Tc-PYP) are essential for confirmation.
5,25

In the study by Gillmore JD et al., 1217 patients were
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Abbreviations
99m

Tc
99m

Technetium

A81V p.Ala81Val

A97S p.Ala117Ser

AL Amyloid light chain

AL-CA Amyloid light chain cardiac amyloidosis

ATTR Transthyretin amyloid

ATTR-CM Transthyretin amyloid cardiomyopathy

ATTRv Variant transthyretin amyloidosis

ATTRwt Wild-type transthyretin amyloidosis

CMR Cardiac magnetic resonance

CPV Cardiac pyrophosphate volume

DPD 3,3-diphosphono-1,2-propanodicarboxylic

acid

ECV Extracellular volume

EMB Endomyocardial biopsy

FAPI Fibroblast activation protein inhibitor

FDG Fluorodeoxyglucose

H/CL Heart-to-contralateral lung

H/M Heart-to-mediastinum

H/WB Retention Heart-to-whole body retention

HMDP Hydroxy-methylene diphosphonate

HMR Heart-to-mediastinum ratio

IQR Interquartile range

MIBG Metaiodobenzylguanidine

mRNA Messenger RiboNucleic acid

NaF Sodium fluoride

nSUVpeak SUVpeak normalized to bone uptake

NT-proBNP N-terminal pro B-type natriuretic peptide

PET Positron emission tomography

PiB Pittsburgh compound B

PYP Pyrophosphate

ROI Region of interest

SNMROC Society of Nuclear Medicine of the

Republic of China

SPECT/CT Single-photon emission computed

tomography/computed tomography

SUV Standardized uptake value

SUVpeak Peak standardized uptake value

TBR Target-to-background ratio

TSOC Taiwan Society of Cardiology

TTR Transthyretin



enrolled, showing that Tc-labeled bone scintigraphy with

grades 2-3 has a sensitivity of > 99% and a specificity of

86% for ATTR-CM. When combining the absence of a

monoclonal protein in serum or urine with visual grades

2-3, the specificity and positive predictive value reach

100%.
26

Consequently,
99m

Tc-PYP imaging is considered

to be a suitable alternative to endomyocardial biopsy

(EMB) for some patients suspected of having ATTR-CM.
5,8

However, standardized protocols and experienced inter-

pretation are required to maximize the diagnostic accu-

racy. Earlier studies suggested that ATTR-CM may pres-

ent more transmural patterns of late gadolinium en-

hancement compared to AL, recent meta-analyses have

shown that cardiac magnetic resonance (CMR) does not

reliably differentiate these subtypes, with sensitivity

ranging from 28.1% to 99.0% and specificity from 11.0%

to 60.0%.
27

While CMR with standardized T1 and extra-

cellular volume fraction (ECV) analyses may aid in differ-

entiation of the etiology of left ventricular hypertrophy,

and both native T1 mapping and ECV are used as non-in-

vasive markers to assess myocardial involvement in amy-

loidosis, its ability to distinguish between amyloid sub-

types, particularly AL and ATTR cardiac amyloidosis, is

limited, because both cardiac amyloidosis presents with

high native T1 and ECV values.
28

Additional diagnostic

tests, such as tissue biopsy and bone scintigraphy, are

recommended for accurate differentiation.
27,29,30

The

Taiwan Society of Cardiology (TSOC) recently presented

a consensus on the diagnosis and treatment of cardiac

amyloidosis.
5

According to this consensus,
99m

Tc-PYP and

free light chain assessments are critical steps in the di-

agnostic process. The diagnosis of ATTR-CM can be made

with a typical
99m

Tc-PYP scan result and the exclusion of

light chain disease. In cases with suspected light chain

disease, tissue proof via biopsy is often required. Al-

though the diagnostic process is now relatively stan-

dardized globally, there are still numerous techniques

for performing and interpreting
99m

Tc-PYP imaging, which

is the most important step in diagnosing the disease.
5-7,31

In addition, recent studies suggest that
99m

Tc-PYP imag-

ing may also serve as a tool to monitor disease-modify-

ing treatments of ATTR-CM.
99m

Tc-PYP scan signal inten-

sities have been shown to decrease following ATTR-CM

treatments including stabilizers, mRNA silencers, and

amyloid removal agents.
32-35

Given the rapid increase in

the number of studies and the critical need to standard-

ize the
99m

Tc-PYP scan protocol, reporting format, and pre-

vent misinterpretation of results, the Society of Nuclear

Medicine of the Republic of China (SNMROC) and TSOC

have jointly updated this statement. Healthcare profes-

sionals should consider this Joint Consensus as a signifi-

cant reference in their clinical practice, as well as in de-

veloping and implementing preventive, diagnostic, and

therapeutic strategies, as summarized in the Central Il-

lustration. PYP scan is primarily used to differentiate be-

tween ATTR and AL cardiac amyloidosis. If the PYP yields

positive results, it is still essential to conduct hematolog-

ical tests to rule out AL, as some patients may have both

conditions. Though simultaneous testing allows for a

more efficient diagnostic process, hematological tests

could be conducted earlier at some situations, consider-

ing radiation safety and the availability of nuclear scans.

DIAGNOSTIC ALGORITHM

Figure 1 shows the proposed diagnostic algorithm

for patients suspected of having ATTR-CM. Although the

World Heart Federation Consensus
36

and the 2023 Ame-

rican College of Cardiology Expert Consensus
37

suggest

that initial hematology tests may be arranged due to the

approximately 10% likelihood of identifying AL cases,

the TSOC Expert Consensus recommends
5

arranging a
99m

Tc-PYP scan in conjunction with hematology tests,

considering both the availability of hematology resources

and the rapidly progressive nature of the disease. This

approach is consistent with the practices outlined in the

ESC working group statement
7

and the Japan Circulation

Society 2020 Guidelines.
38

Based on the 2021 advocacy

statements from the TSOC and SNMROC
31

and the 2023

expert consensus of the TSOC,
5

we established a struc-

tured diagnostic framework for assessing patients sus-

pected of having ATTR-CM. This framework emphasizes

the significance of imaging techniques, particularly
99m

Tc-

PYP scintigraphy, in the diagnostic process. The 2021 ad-

vocacy statements present a straightforward algorithm

focusing on initial imaging and clinical assessment;
31

however, the latest 2025 expert consensus incorporates

quantitative imaging techniques and multimodal ap-

proaches, providing a more comprehensive framework

for the diagnosis and therapy monitoring. The integra-

tion of quantitative imaging techniques allows for the
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precise evaluation of myocardial amyloid deposits, whichprecise evaluation of myocardial amyloid deposits, which

is essential for an accurate diagnosis and effective treat-

ment planning. The transition from the 2021 advocacy

statements
31

to the 2025 expert consensus reflects the

significant advances in the understanding, diagnosis,

and management of ATTR-CM. The interpretation of the

comprehensive PYP study must be done after excluding

AL amyloidosis, and when it cannot be distinguished by

a survey of M-protein in urine/serum, an endomyocar-

dial biopsy is still recommended.
39

99m
Tc-PYROPHOSPHATE SCINTIGRAPHY

Image acquisition procedures

Planar imaging and single-photon emission com-

puted tomography/computed tomography (SPECT/CT)

are essential for the diagnosis of ATTR-CM. An anterior

planar view is crucial for visual grading and semi-quanti-

tation. Optional left anterior oblique and left lateral

views can also assist in visual grading. SPECT/CT with at-

tenuation correction and image fusion can help exclude

59 Acta Cardiol Sin 2025;41:55�71
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Figure 1. The current proposed diagnostic algorithm of suspected cardiac amyloidosis in Taiwan. AL-CM, amyloid light-chain cardiac amyloidosis

(AL-CA); ATTR-CM, transthyretin amyloid cardiomyopathy; ATTRv, variant transthyretin amyloidosis; ATTRwt, wild-type transthyretin amyloidosis;

CMR, cardiac magnetic resonance; EMB, endomyocardial biopsy; H/CL ratio, heart-to-contralateral lung ratio; PYP, pyrophosphate; SPECT/CT, single-

photon emission computed tomography/computed tomography.



blood pool activity and highlight differences in myocar-

dial uptake patterns, such as absent, focal, diffuse, or fo-

cal-on-diffuse uptake. Performing imaging 3 hours after
99m

Tc-PYP injection is strongly recommended to mini-

mize the influence of blood pool retention. Planar imag-

ing and SPECT/CT obtained at 1 hour with low blood

pool activity are acceptable alternatives. Including both

bilateral shoulders is necessary to evaluate the musculo-

skeletal manifestations of amyloid deposition, such as

the shoulder pad sign or joint swelling.
40

Efforts should

be made to minimize symmetric renal counts in planar

images to enhance myocardial signal detection. The rec-

ommended parameters for the imaging techniques are

detailed in Table 1. A recent study comparing 1- and

3-hour
99m

Tc-PYP scintigraphy in patients with suspected

ATTR-CM revealed that 1-hour planar imaging often re-

sults in equivocal findings, 61% of cases downgrade in

3-hour imaging. SPECT/CT results were more stable, with

only 14% of cases downgraded over time. Therefore,

3-hour imaging, especially SPECT/CT, enhances the diag-

nostic accuracy of
99m

Tc-PYP scintigraphy.
41

The other

study also confirmed that 3-hour imaging provides the

most balanced diagnostic performance in terms of sen-

sitivity and specificity, making it more reliable for ruling

in or out ATTR-CM compared to the 1-hour scan, which

is more sensitive but less specific.
43

Visual grading scale and semi-quantitation

Image interpretation is primarily conducted through

visual grading. The relative uptake of tracer in the myo-

cardium compared to the ribs, as visualized on planar and

SPECT imaging, is categorized using a four-point scale.

Grade 0 is characterized by no myocardial uptake with

normal bone uptake present. Grade 1 is defined by myo-

cardial uptake that is less than rib uptake. Grade 2 occurs

when myocardial uptake is equal to rib uptake. Grade 3,

the most severe, is identified when myocardial uptake ex-

ceeds that of the ribs, accompanied by mild or absent rib

uptake.
5

A visual grade of 0 indicates a negative
99m

Tc-PYP

scan result, while a grade of 1 requires further assess-

ment if there is strong clinical suspicion of ATTR-CM.

Grades 2 and 3 are considered positive
99m

Tc-PYP scan re-

sults. Visual grading is performed using both planar and

SPECT/CT images. If no myocardial uptake is observed on

SPECT/CT images, the visual grade should be 0.

The heart-to-contralateral lung (H/CL) ratio on ante-

rior planar images is used for semi-quantitation, as illus-

trated in Figure 2.
31

The region of interest (ROI) of heart

generally involves selecting a circular or elliptical region

that encompasses the heart’s uptake area while avoid-

ing surrounding structures such as the sternum and

subdiaphragmatic organs. The ROI of heart should cover

the myocardium, and this ROI is then mirrored onto the

contralateral lung region, ensuring that the right heart

and subdiaphragmatic organs are excluded. Also, a simi-

lar size of ROI for contralateral lung is suggested. The

H/CL ratio is calculated by dividing the mean counts of

the heart ROI by the mean counts of the contralateral

lung ROI. Although different threshold values for the

H/CL ratio have been reported for 1-hour and 3-hour

images, our consensus are otherwise in line with the cri-

teria of the American Society of Nuclear Cardiology re-

commendations
42

and the Japan Circulation Society gui-

delines.
38

Although an H/CL ratio greater than 1.5 for 1-

hour images and an H/CL ratio of 1.3 or higher for 3-

hour images may suggest a positive
99m

Tc-PYP scan, the

interpretation of a positive
99m

Tc-PYP scan should not

rely solely on the H/ CL ratio. The visual score and stan-

dardized interpretation criteria are outlined in Table 2,

which remain unchanged from the 2021 version.
31

As

comparing the diagnostic values of visual score and qu-

antitative ratio, H/CL ratios alone do not provide enough

sensitivity, but combining them with visual scores im-

proves specificity, particularly at the 3-hour image.
43

The diagnosis of ATTR-CM using
99m

Tc-PYP scans is

currently primarily based on visual grading from three

views of planar and SPECT images, and the H/CL ratios

from anterior planar images. To accurately monitor ther-

apeutic effects, a more precise quantification of myocar-

dial amyloid burden is desirable. A practical suggestion

for utilizing SPECT in ATTR-CM diagnosis and monitoring

would be to implement a standardized imaging and qu-

antification protocols based on current best practices

and validated parameters. The example protocol for cli-

nical practice of utilizing imaging protocol and analyses

is listed in Table 1. Figure 2 calculates the H/CL ratio using

anterior planar images, while Figure 3 performs SPECT/

CT analysis and derive standardized uptake values (SUV)

for quantification of myocardial amyloid burden. When

feasible, use the volumetric H/L from SPECT/CT images,

which provides a more accurate measure of amyloid de-

position (Figure 3D).
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Table 1. The protocol of utilizing
99m

Tc-PYP scan and SPECT/CT for ATTR-CM with acquisition parameters

Patient selection Indications:

� Patients with symptoms of heart failure, particularly those with preserved ejection

fraction (HFpEF).

� Patients with unexplained left ventricular hypertrophy or suspicion of amyloid

cardiomyopathy.

� Consider in patients with ATTRv or ATTRwt in older adults.

Image procedure Parameters

Specific preparation � Fasting is not required

Scan � Rest scan

Dose of
99m

Tc-PYP � Recommended: 20 mCi for 3-hour and SPECT acquisition

� Adjust according to different models of instrument

Time interval between injection and

acquisition

� Recommended: 3-hour planar and SPECT or SPECT/CT

� Optional: 1-hour planar and SPECT

General imaging parameters

Field of view � Cardiac or chest

CT attenuation correction � Recommended

Position of planar and SPECT � Cardiac or chest

Position � Supine

Energy window � 140 keV, 15-20%

Collimators � Low energy, high resolution

Matrix � Recommended: 128 � 128 for SPECT

� Minimum required: 64 � 64 for SPECT, 256 � 256 for planar

Pixel size � 2.3-6.5 mm (may change with different matrix)

Planar imaging specific parameters

Number of views � Anterior, lateral, and LAO

Detector configuration � 180 degrees

Image duration � 750,000 counts

Magnification � 1.45-1.5

SPECT imaging specific parameters

Angular range � 360 degrees

Detector configuration � 180 degrees

ECG gating � Off; non-gating imaging

Number of views/detectors � 32-64

Time per stop � 20 seconds

Quantitative and semi-quantitative analysis

H/CL ratio � On the anterior planar image, define a ROI over the heart and contralateral lung.

� May consider ATTR-CM if H/CL ratio � 1.5 on a 1-hour image or � 1.3 on the 3-hour

image. This semi-quantitative measure should support the visual diagnosis.

SUVpeak or volumetric H/L ratio � Using quantitative measures of myocardial amyloid burden. These provide a more

detailed and objective assessment, particularly useful in follow-up evaluations.

Diagnosis and interpretation

Positive for ATTR-CM if � Visual Grade is 2 or 3

� H/CL ratio meets the positive threshold.

� Quantitative parameters (e.g., SUVpeak) support a high amyloid burden.

Equivocal or negative results � If results are equivocal or inconsistent (e.g., low-grade visual score but high H/CL

ratio), consider additional modalities like CMR or repeating the scan for further

clarification.

Reporting and documentation � Provide a comprehensive interpretation in the report, correlating the imaging

findings with clinical symptoms and other diagnostic markers.

Follow-up and monitoring � If the patient is undergoing therapy, may follow-up SPECT/CT scans.

� A reduction in SUV or H/CL ratio suggests a decrease in amyloid burden, while

stable or increased values may indicate disease progression or suboptimal

therapeutic response.

ATTRv, variant transthyretin amyloidosis; ATTRwt, wild-type ATTR; CMR, cardiac magnetic resonance; CT, computed tomography;

ECG, electrocardiography; H/CL, heart-to-contralateral lung; keV, kilo electron volts; LAO, left anterior oblique; mCi, millicurie; PYP,

pyrophosphate; ROI, region of interest; SPECT, single-photon emission computed tomography; SUV, standardized uptake value. The

table was adapted and modified from 2021 Advocacy statements.
28



Several semiquantitative and quantitative parameters

derived from SPECT images have been proposed, including

myocardial peak standardized uptake value (SUVpeak),
44,45

SUVpeak normalized to bone uptake (nSUVpeak),
44

SUV
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Figure 2. Determining the region of interest (ROI) for the quantitation of cardiac
99m

Tc-Pyrophosphate (PYP) uptake. (A) The H/CL ratio involves

carefully selecting the area of the heart on the planar image. (B) The 1-hour planar image with an H/CL ratio of 1.99 and (C) the 3-hour image with

an H/CL ratio of 1.92 show mild washout at a late time point, both in visualization and quantitation. The images courtesy of the Department of Nu-

clear Medicine, Far Eastern Memorial Hospital. H/CL, heart-to-contralateral lung.

Table 2. Recommendations for standardized interpretation of
99m

Tc-PYP scintigraphy

Visual interpretation

� Evaluate for cardiac radiotracer uptake on both planar and myocardial uptake on SPECT or SPECT/CT images.

� If SPECT images show radiotracer uptake in the myocardium, proceed with visual grading.

� In the absence of any myocardial tracer uptake on SPECT, assign a visual grade of 0.

Visual grading

The relative tracer uptake in the myocardium to ribs seen on planar and SPECT images is graded on the following scale:

� Grade 0: No myocardial uptake and normal bone uptake

� Grade 1: Myocardial uptake less than rib uptake

� Grade 2: Myocardial uptake equal to rib uptake

� Grade 3: Myocardial uptake greater than rib uptake with mild/absent rib uptake

If the visual grading of planar and SPECT images is inconsistent, it is recommended to rely on the visual score obtained from the

SPECT images.

H/CL ratio interpretation

If significant blood pool activity is observed on SPECT images, calculating the H/CL ratio is not recommended.

H/CL ratios can help identify ATTR-CM if systemic AL amyloidosis is excluded by the following values:

� 1-hour images: H/CL ratio > 1.5

� 3-hour images: H/CL ratio � 1.3

Diagnostic value of visual scores (Saitou T, et al.)
43

� Overall PYP scan performance for ATTR-CM: Sensitivity: 80.5%. Specificity: 86.8%. PPV: 78.6%. NPV: 88.1%.

� 1-hour imaging performance: Sensitivity: 97.6%. Specificity: 55.9%. PPV: 57.1%. NPV: 97.4%.

� 3-hour imaging performance: Sensitivity: 80.5%. Specificity: 86.8%. PPV: 78.6%. NPV: 88.1%.

� SPECT imaging performance: Sensitivity: 68.3%. Specificity: 67.6%. PPV: 56.0%.

Diagnostic value of 1-h and 3-h H/CL ratios
43

� 1-hour with an H/CL ratio of > 1.5: Sensitivity: 51.2%. Specificity: 85.3%. PPV: 67.7%. NPV: 74.4%.

� 1-hour combination of an H/CL ratio of > 1.5 and a VS of � 2: Sensitivity: 51.2%. Specificity: 88.2%. PPV: 72.4%. NPV: 75.0%.

� 3-hour with an H/CL ratio of > 1.3: Sensitivity: 68.3%. Specificity: 67.6%. PPV: 56.0%. NPV: 78.0%.

� 3-hour combination of an H/CL ratio of > 1.5 and a VS of � 2: Sensitivity: 61.0%. Specificity: 88.2%. PPV: 75.8%. NPV: 78.9%.

AL, immunoglobulin light chain amyloidosis; ATTR-CM, transthyretin cardiac amyloidosis; H/CL, heart to contralateral lung; NPV,

negative predictive value; PPV, positive predictive value; SPECT, single-photon emission computed tomography; SPECT/CT,

SPECT/computed tomography. The table was adapted and modified from the 2021 Advocacy statements.
28
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retention index,
45

cardiac amyloid activity,
46

percentage

injected dose,
46

and cardiac pyrophosphate volume (CPV

1.2 and CPV1.4).
47

Semi-automated tools help to con-

tour based on the intensity of myocardial tracer uptake,

and also CT density information. These tools can help

delineate the myocardial boundary by focusing on the

regions with the highest signal intensities, avoiding ar-

eas with lower counts (such as the blood pool). The soft-

ware delineates the myocardial boundary by focusing on

regions with the highest signal intensities, using a preset

threshold of 20%, 40%, or 60% of SUVmax, for example.

This approach avoids organs or areas with lower counts,

such as the lung or blood pool. When it comes to lung

contouring, it is important to use CT to determine the

boundary. Due to the significant density difference be-

tween the lungs and adjacent organs, non-contrast CT is

sufficient for this purpose. Hence, in combination with

CT, the myocardium, lung or skeleton can be delineated

properly.
48

However, these methods are not standardized, and

no direct comparison studies or validation by pathology

or prognosis have been conducted. Bone scintigraphy

imaging is frequently used to investigate patients with

suspected ATTR-CM. However, the reported accuracy for

interpretation approaches has changed over time. A meta-

analysis showed that bone scintigraphy imaging is highly

accurate for identifying patients with ATTR-CM, with be-

tween study heterogeneity in part explained by differ-

ences in disease prevalence. Quantitative analysis of

SPECT imaging had the highest specificity (97%) followed

by planar visual grade (96%) and H/CL ratio (93%).
49

Recently, advanced AI algorithms have been devel-

oped to improve the objective interpretation of PYP

scans, offering greater accuracy and consistency in diag-

nosing cardiac amyloidosis. Further validation through

large-scale clinical trials and standardized evidence are

still required to establish their reliability and integration

into routine clinical practice.
50

DISEASE PROGRESSION AND THERAPEUTIC

RESPONSE MONITORING

Recent therapeutic developments, including trans-

thyretin (TTR) stabilizers, silencers and antibodies, have

been demonstrated improved clinical outcomes for pa-

tients with ATTR-CM.
51

Reliable and validated parame-

ters for accurately monitoring the therapeutic effects on

the hearts of these patients are increasingly important.

Numerous bone-avid radiotracers, including
99m

Tc-

PYP, have shown potential in monitoring treatment re-

sponses in patients with ATTR-CM (Table 3). Although a

lower visual grade following therapy has been reported

in these patients,
32

visual grading is considered to be

suboptimal because it is subjective rather than quantita-

tive, and less sensitive in detecting minor changes in car-

diac uptake. Other semiquantitative parameters derived

from planar images, such as heart-to-mediastinum, heart-

to-thigh, and heart-to-whole body retention ratios, have

been used to quantify changes in cardiac uptake follow-

ing treatment with a TTR stabilizer (tafamidis) or anti-

body (NI006).
34,52-54

Herein, we recommend using the

planar H/CL ratio to assess treatment response, based

on the consistency of the image acquisition procedure

and standardized interpretation previously established.

A reduction in planar H/CL ratio has been reported after
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Figure 3. Single-photon emission computed tomography/computed tomography (SPECT/CT) and further quantitative analysis add sensitivity and

accuracy. (A) The planar image shows overlapping activity in the myocardium and blood pool, whereas (B) SPECT/CT shows a clearer view. (C)

SPECT/CT with the volume of interest (VOI) for the myocardium (red line) and reference areas (dark green line: vertebra, yellow line: para-spinal mus-

cle) provides standard uptake value quantitation indices. (D) Volumetric heart-to-lung ratio with segmentation contouring of the bilateral lungs (light

green line) and myocardium (red line).
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TTR stabilizer (tafamidis) therapy in patients with ATTR-

CM,
32,35,55

while no statistically significant differences in

planar H/CL ratios from serial
99m

Tc-PYP
56

and
99m

Tc-3,3-

diphosphono-1,2-propanodicarboxylic acid (DPD)
57

scans

have been noted in untreated patients.

As there is increasing focus on quantitative SPECT/

CT methods for detecting ATTR-CM, further research

into their application for monitoring disease progression

and therapy response is essential. SPECT/CT, with its

ability to avoid overlapping interference from planar im-

ages (Figure 3A, 3B), has emerged as a more suitable

tool. The availability and validation of SUV quantitation

have enabled more precise and consistent measurements

across different studies and clinical settings. When SUV

quantitation is feasible, SUVmax or SUV retention index

(defined as [SUVpeak cardiac/SUVpeak vertebral] � SUVpeak

paraspinal muscle) can be used (Figure 3C),
58

along with

measurements of pre- and post-injection activities. In

cases where SUV information is unavailable due to the

lack of absolute quantification software, alternative mea-

sures such as the percentage of administered activity

or volumetric heart-to-lung ratio can be used (Figure

3D).
32,33,57,59,60

In addition, research has shown that SPECT/

CT-derived parameters are more sensitive than the pla-

nar H/CL ratio in monitoring therapy responses,
33,59

and

they have been shown to correlate well with changes in

speckle tracking echocardiography-derived global longi-

tudinal strain and the cardiac biomarker NT-proBNP.
57,59

The importance of SPECT/CT quantitative imaging in eva-

luating treatment response is expected to grow, how-

ever further research is needed to fully establish the cli-

nical utility of bone scintigraphy in monitoring ATTR-CM.

While bone scintigraphy using
99m

Tc-labeled tracers

such as PYP, DPD, hydroxy-methylene diphosphonate

(HMDP), and hydroxydiphosphonate is highly sensitive

for detecting ATTR-CM, it is not designed to differentiate

between ATTRwt and ATTRv. The clinical management

and prognosis for ATTRwt and ATTRv may vary signifi-

cantly; however, the primary utility of bone scintigraphy

is to confirm the presence of cardiac amyloidosis rather

than to specify its subtype. Genetic testing or tissue bio-

psy remains necessary for distinguishing between these

forms. Therefore, the inability of bone scintigraphy to dif-

ferentiate between ATTRwt and ATTRv should not be con-

sidered a limitation of its diagnostic capacity for ATTR-

CM.
26

Without genetic testing or tissue biopsy, the inabil-

ity of bone tracers to distinguish between these two forms

can complicate accurate diagnosis and treatment plan-

ning for TTR cardiac amyloidosis.
24

Secondly, Musumeci et

al.
61

reported that bone tracer (DPD or HMDP) had low

sensitivity (10.5%) for detecting cardiac involvement in

patients with the Phe64Leu ATTRv. Despite clear clinical,

electrocardiographic, and CMR findings suggestive of car-

diac amyloidosis, bone scintigraphy frequently showed

low or absent myocardial uptake in this mutation cohort,

although it is not common in Taiwan. It highlighted the

need for a multimodal diagnostic approaches, including

CMR, other molecular imaging, and possibly biopsy, to

avoid misdiagnosis in this subset of TTR mutations where

bone scintigraphy might be insufficient.

Although the binding mechanisms of bone tracers

and their correlations with amyloid load remain unclear,

bone scintigraphy shows greater promise in detecting

the early impact of treatment compared to conventional

follow-up parameters. This observation supports the hy-

pothesis that molecular changes precede alterations in

myocardial contraction.
62

The lack of sufficient long-term

data on treated ATTR-CM patients contributes to the un-

certainty in monitoring disease progression and response

to therapy. There are currently no reliable specific para-

meters for monitoring the therapeutic response.
17

The-

refore, further research and clinical evidence are needed

to validate the use of bone scintigraphy in the therapeu-

tic monitoring of ATTR-CM.

OTHER PROSPECTIVE NUCLEAR IMAGING

MODALITIES

The diagnosis and management of cardiac amylo-

idosis is challenging due to its complex biochemical na-

ture.
63,64

Advances in nuclear imaging have expanded

the diagnostic capabilities beyond the commonly used
99m

Tc bone agents. Table 4 summarizes other potential

SPECT and positron emission tomography (PET) radio-

tracers. In general, bone tracers are particularly sensitive

for the detection of the ATTR type of amyloidosis,
65,66

whereas amyloid agents show a higher affinity for the

AL type.
99m

Tc-aprotinin, a serine protease inhibitor, has the

benefit of detecting amyloid deposits mainly in the heart,

and it has been used to diagnose AL.
67,68

However, due
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to its physiological uptake, its potential is limited regard-

ing the detection of amyloid deposits in the liver, kid-

neys, and spleen. Other
99m

Tc-labelled amyloid SPECT

tracers such as peptide p5+14 remain in the preclinical

stage.
69,70

PET tracers have shown promise in the ability to bind

selectively, providing high-resolution images and more re-

liable semiquantitative measures. The ability to non-in-

vasively and quantitatively detect amyloid throughout the

body, even in at-risk populations, before clinical mani-

festation would be invaluable. Cardiac PET/ CT and PET/

magnetic resonance imaging permit combined assess-

ments of metabolic/functional/structural analyses of va-

rious cardiac diseases, and offer the potential to detect

amyloid deposits in multiple organs.
71

High
18

F-fluorode-

oxyglucose (FDG) uptake may be present in patients with

AL amyloidosis. A major limitation of
18

F-FDG is physiologic

uptake in the myocardium, even after prolonged fasting.
72

Recently, amyloid-targeting PET used for Alzheimer de-

mentia has been investigated as an imaging method for

cardiac amyloidosis. The earliest reports on human cardiac

amyloidosis used
11

C-Pittsburgh Compound B (PiB), subse-

quently followed by
18

F-florbetapir,
18

F-florbetaben
73,74

and
124

I-evuzamitide in PET studies,
75-78

which have differing

affinities for ATTR and AL. New developments in techno-

logy have further allowed for disease burden quantifica-

tion.
79

These advantages enable a more targeted ap-

proach to treatment, thereby influencing therapeutic de-

cisions. Although further studies are still required, amy-

loid-targeting shows potential as an imaging method for

cardiac amyloidosis, particularly in AL.

The role of non-invasive functional molecular imaging

is expected to expand beyond conventional diagnosis

alone to prognostic prediction and monitoring the thera-

peutic effect. For example, low myocardial external effi-

ciency derived from
11

C-acetate PET in cardiac amyloidosis

patients has been associated with shorter survival.
80

Gallium-68-labeled fibroblast activation protein in-

hibitor 04 (
68

Ga-FAPI-04) has recently been introduced

for imaging fibroblast activation in cardiac diseases, and

it has been shown to be able to detect myocardial fibro-

blast activation in patients with AL cardiac amyloidosis

in correlation with myocardial remodeling.
81

Of particu-

lar note,
123

I-metaiodobenzylguanidine (MIBG) has been

shown to play an important role in evaluating the sever-

ity and extent of sympathetic nerve dysfunction in car-

diac amyloidosis. A lower heart-to-mediastinum ratio

(HMR) reflects cardiac sympathetic denervation, and has

been associated with a poor prognosis in various cardiac

conditions, including amyloidosis and heart failure.
82

The

potential of exploring mismatched pathophysiological

changes in the myocardium using integrated fusion te-

chniques is increasingly being recognized.
123

I-MIBG is

mainly useful in patients with variant and wild-type ATTR

cardiac amyloidosis, but not in AA (secondary) amyloi-

dosis or AL amyloidosis. Patients with reduced HMR may

be at a higher risk of arrhythmias and adverse cardiac

events, even after liver transplantation.
83-85

In addition,
123

I-MIBG scintigraphy can detect cardiac denervation in

ATTR patients before signs of amyloidosis are evident on

echocardiography.
84-86

The potential role of PET to eval-

uate cardiac sympathetic innervation in amyloidosis has

not yet been identified.

CONCLUSIONS

The current 2025 updated consensus on the role of
99m

Tc-PYP scintigraphy in ATTR-CM highlights significant

advances in the understanding and management of the

disease. The integration of qualitative and quantitative

imaging techniques into a structured diagnostic frame-

work underscores the critical importance of an early and

accurate diagnosis. As therapeutic options for ATTR-CM

continue to evolve, the role of imaging, particularly
99m

Tc-

PYP scintigraphy, is becoming increasingly important for

monitoring disease progression and evaluating the thera-

peutic response. The implementation of standardized

imaging protocols and interpretation criteria is crucial

for ensuring consistent and reliable outcomes across di-

verse clinical settings. This consensus serves as a com-

prehensive guide for clinicians, facilitating enhanced pa-

tient outcomes through accurate diagnosis and effective

management of ATTR-CM. Ongoing research and further

refinement of imaging techniques are imperative to ad-

vance the clinical utility of
99m

Tc-PYP scintigraphy and

other nuclear imaging modalities in the future.
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