
118

Review

www.journals.viamedica.pl/nuclear_medicine_review

Quantification methods for 99mTc-labelled 
disphosphonates uptake in cardiac 
amyloidosis
José Manuel Belo Ferreira1 , Matilde Sousa Neves1 , Sérgio Rafael Reis Figueiredo1, 2

1Lisbon School of Health Technology, Lisbon Polytechnic Institute, Lisbon, Portugal
2Health & Technology Research Centre (H&TRC), Lisbon School of Health Technology, Lisbon Polytechnic Institute, Lisbon, Portugal

[Received 2 VIII 2025; Accepted 25 IX 2025]

Abstract
Introduction: Bone scintigraphy (BS) has emerged as a non-invasive technique of increasing importance in the diagnosis of tran-
sthyretin cardiac amyloidosis (CA). The most commonly used approaches include visual grading and semi-quantitative analysis. 
However, these techniques are limited by operator dependence and subjectivity in interpretation. To address these challenges, 
absolute quantification techniques are being explored to enhance diagnostic accuracy and consistency and to minimize interob-
server variability. The objective is to identify the quantification methods currently employed in the assessment of CA.

Material and methods: A systematic review was conducted, including 12 articles retrieved from Scopus, PubMed, and Web of 
Science databases. Studies published in the last 5 years were selected, focusing on quantification methods applied to planar im-
aging and single photon emission computed tomography combined with computed tomography (SPECT/CT) in the context of CA.

Results: All 12 selected studies (100%) utilized visual grading; semi-quantitative methods were reported in 91.7% of studies, 
while absolute quantification techniques were applied in 33.3%. Among the semi-quantitative methods, the heart-to-contralateral 
lung (H/CL) ratio was the most commonly reported, with similar cut-off values (± 1.5) in the different articles. Additional ratios 
[heart-to-rib (H/R), heart-to-whole-body (H/WB), heart-to-pelvis (H/P), ratio of heart-to-thigh (RHT)] appeared less frequently, 
though they were investigated as alternative diagnostic markers. Absolute quantification methods reported heterogeneous cut- 
-off thresholds, ranging from 1.25 to 6.1, based on standardized uptake values (SUVs), to discriminate between individuals with 
and without CA.

Conclusion: Visual grading remains the clinical standard approach. The H/CL ratio is the most reported semi-quantitative meth-
od, although it presents some limitations. Absolute quantification with SPECT/CT (SUVmax, SUVpeak) is promising for diagnosis, 
prognosis, and monitoring of transthyretin amyloidosis (ATTR) CA, yet consensus reference values are lacking.
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Introduction

Cardiac amyloidosis (CA) is a progressive, life-threatening 
disorder characterized by the extracellular deposition of misfolded 
protein fibrils, known as amyloid, within the myocardium. The two 

most prevalent forms are light-chain (AL) amyloidosis and transthy-
retin (ATTR) amyloidosis, each defined by its specific precursor 
protein [1–3].

In AL amyloidosis, the misfolded protein consists of monoclonal 
immunoglobulin light chains, typically secreted by clonal plasma 
cells within the bone marrow. This subtype is associated with a rap-
idly progressive clinical course and, in the absence of treatment, 
carries a median survival of less than six months [1, 2]. ATTR amy-
loidosis is caused by the misfolding of transthyretin (TTR), a serum 
transport protein for thyroxine and retinol-binding protein, primarily 
synthesized in the liver. It may occur due to wild-type TTR (ATTRwt) 
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fractures or blood pool activity being mistaken for myocardial up-
take related to CA [18]. Moreover, this technique does not enable 
assessment of disease progression or risk stratification and is sus-
ceptible to interobserver variability in visual interpretation [6, 19].

In light of these limitations, an alternative approach was devel-
oped to improve both diagnostic accuracy and risk stratification 
beyond that provided by visual grading [17, 19]. This method in-
volves calculating the ratio between the mean counts in the cardiac 
region of interest (ROI) and the mean counts in the contralateral lung 
ROI [heart-to-contralateral lung (H/CL) ratio] to determine the pres-
ence or absence of CA [1, 16]. However, this technique is limited 
in its ability to monitor treatment response, guide therapy selec-
tion, detect early-stage CA or evaluate extracardiac tracer uptake 
[17, 19]. Additionally, inaccurate delineation of regions of interest 
(ROIs) in the H/CL ratio calculation can result in false-negative or 
false-positive findings [19].

Single-photon emission computed tomography combined 
with computed tomography (SPECT/CT) has emerged as a comple-
mentary imaging modality to BS offering enhanced specificity in the eval-
uation of CA [12]. This technique offers several advantages, including 
a reduction in false positives by distinguishing myocardial radiotracer 
uptake from blood pool activity, enhanced diagnostic accuracy, 
and improved reproducibility. By minimizing false positives, SPECT/CT 
increases the positive predictive value and enables precise anatomical 
localization of tracer uptake, as well as quantification of extracardiac 
uptake in soft tissues — an important factor for the prognosis of ATTR  
CA [12, 17, 19]. Advancements in technology and the need for more 
objective quantification methods in CA have led to the emergence 
of several absolute quantification techniques, notably the standard-
ized uptake value (SUV), which can be utilized in SPECT/CT stud-
ies [12, 17].

Quantification methods in SPECT/CT allow correlation with dis-
ease extent and progression, facilitating early diagnosis and more 
accurate prognosis, while aiding treatment decisions and moni-
toring of ATTR CA [19]. The most widely studied metrics include 
maximum SUV (SUVmax), mean SUV (SUVmean), and peak SUV 
(SUVpeak), which help differentiate ATTR CA from other cardiac con-
ditions [20–22]. However, these methods may lead to misinterpreta-
tion in patients exhibiting low or absent radiotracer uptake, as they 
depend on threshold-based isocontours or manually delineated 
volumes of interest (VOI). Additionally, their reliance on proprietary 
software limits widespread implementation across institutions [7].

Despite the increasing adoption of these techniques, con-
siderable heterogeneity exists in protocols, extracted param-
eters, and result interpretation, impeding inter-study compar-
isons and standardized clinical application. Therefore, given 
the inherent limitations of various quantification methods in CA it 
is essential to identify and compare these approaches to deter-
mine which approaches are optimized, reproducible, and clinically 
relevant for the diagnosis and treatment monitoring of ATTR CA.

Therefore, this systematic review aims to identify the quantifi-
cation methods employed in CA. Specifically, the following objec-
tives were established:

	— to identify the quantification methods applied to planar imaging 
and SPECT/CT modalities;

	— to identify the absolute quantification parameters utilized 
in SPECT/CT.

or hereditary variants (ATTRv) due to pathogenic TTR gene mu-
tations. This form of CA typically presents with an age-dependent 
onset and progression, with clinical manifestations becoming more 
evident with advancing age. ATTRwt is the predominant subtype 
of ATTR-related CA. The various forms of amyloid deposition 
demonstrate marked heterogeneity in clinical course, significantly 
impacting both prognosis and therapeutic strategies [4].

The diagnosis of CA remains challenging, largely due to its rar-
ity and the nonspecific nature of its clinical manifestation, which 
often mimics other causes of myocardial thickening, such as hy-
pertension, chronic kidney disease, hypertrophic cardiomyopathy, 
and aortic stenosis. Additional barriers to timely diagnosis include 
limited awareness of the diagnostic algorithm and the historical 
lack of disease-modifying therapies [1, 5].

The diagnosis of CA typically involves cardiac magnetic 
resonance imaging (CMR) or echocardiography (EC), in conjunction 
with endomyocardial biopsy (EMB), followed by mass spectrometry 
or immunohistochemistry for amyloid typing [6–9]. Endomyocardial 
biopsy carries significant procedural risks and is typically reserved 
for specialized centers [6, 10]. Non-invasive modalities such 
as EC and CMR, although useful, lack specificity for the definitive 
diagnosis of CA [11, 12]. In this context, bone scintigraphy (BS) 
has emerged as a specific, widely accessible, and non-invasive 
tool for the diagnosis of ATTR-CA [6, 8, 9, 11].

BS is a highly sensitive imaging modality (sensitivity ~96%, 
specificity ~75%) that detects areas of increased bone and soft 
tissue metabolism associated with osteoblastic activity, following 
the administration of 99mTc-labeled diphosphonates. The exact 
mechanism of radiotracer uptake in the myocardium in cas-
es of ATTR CA remains unclear. It is proposed that the radiophar-
maceutical binds directly to amyloid fibrils or to adjacent micro-
calcifications, given its known calcium-binding properties [4, 13]. 
Myocardial uptake of these radiotracers is typically absent in pa-
tients without CA or prior myocardial infarction. Therefore, BS 
enables the differentiation of ATTR CA from other conditions that 
may present with similar clinical or imaging features [1, 13]. The di-
agnosis of ATTR CA without EMB is considered reliable only when 
cardiac uptake on BS is graded 2 or 3, evidence of heart failure 
is observed on EC or cardiac MRI, and there is no detectable mon-
oclonal protein by serum free light chain assay and urine or serum 
immunofixation electrophoresis [8, 14].

Currently, two primary approaches are used in clinical prac-
tice to assess myocardial uptake of bisphosphonates: visual 
grading of planar and SPECT/CT images, and semi-quantitative 
analysis of planar scintigraphy. Both methods are endorsed 
by the American Society of Nuclear Cardiology and are incorpo-
rated in consensus recommendations developed by experts from 
multiple scientific societies specializing in multimodal imaging 
of CA [1, 15]. The first approach entails visual grading of myo-
cardial uptake relative to the ribs on planar and SPECT/CT imag-
es [1, 15, 16]. This assessment is based on the Perugini scale, 
which categorizes radiotracer uptake into four grades: grade  0  
(no myocardial uptake), grade 1 (myocardial uptake less than ribs), 
grade 2 (myocardial uptake equal to ribs), and grade 3 (myocardial 
uptake greater than ribs). Grades 2 and 3 are considered positive 
for CA [1, 15–17]. However, this method has several limitations, 
including false-positive results caused by radiotracer uptake in rib 



Nuclear Medicine Review  2025, Vol. 28

www.journals.viamedica.pl/nuclear_medicine_review120

Review

Material and methods

A systematic review was conducted on observational studies fo-
cusing on the application of quantification methods in SPECT/CT, 
whole-body, and/or planar BS images within the context of CA. 
The review followed the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines, comprising four 
stages: identification, screening, eligibility, and inclusion, as outlined 
in Figure 1 [23]. The study protocol was submitted to PROSPERO 
(ID 1075977), with registration currently pending [24].

Inclusion and exclusion criteria were defined using the Pop-
ulation, Intervention, Comparison, Outcome (PICO) framework, 
as detailed in Table 1.

Articles were excluded if they did not address quantification 
of CA, if planar BS, whole-body scans (WBS), and/or SPECT/CT 
were performed using radiopharmaceuticals other than 99mTc- 
-labelled bisphosphonates, or if they lacked visual grading 
of WBS, planar, and/or SPECT/CT images, semi-quantitative anal-
ysis of planar and SPECT/CT images, or absolute quantification 
using SPECT/CT. Additionally, articles published more than five 

years ago, studies without clinical performance evaluation of quan-
tification methods, review articles, meta-analyses, and conference 
abstracts were excluded.

By applying strict inclusion criteria — such as limiting the anal-
ysis to studies using 99mTc-labelled bisphosphonates and ex-
cluding those without quantitative imaging — the authors aimed 
to ensure methodological consistency. However, these exclu-
sions may have led to the omission of studies that, while not 
fully aligned with the present criteria, could still offer valuable in-
sights into imaging practices or quantification approaches in CA. 
As such, the conclusions of this review are necessarily limited 
to a specific subset of the available literature, and caution should 
be exercised when generalizing these findings to broader clinical 
or research contexts.

The literature search was performed across three databas-
es — Scopus, Web of Science, and PubMed — using the search strat-
egies detailed in Table 2. Articles published from 2020 to 2025 were 
included, with the final search conducted on May 1, 2025. A five- 
-year publication window was established to ensure that the includ-
ed studies reflect the most current advancements and evidence 

Table 1. PICO framework

Indicators Inclusion criteria

P Population Patients with suspected or confirmed CA who underwent BS and SPECT/CT

I Intervention Visual classification of planar, whole-body, and/or SPECT/CT images, along with semi-quantitative analysis of planar 

and/or SPECT/CT images

C Comparison Absolute quantification of SPECT/CT images

O Outcome Identification and characterization of quantification methods used in BS — including planar,  

whole-body, and SPECT/CT imaging — in the context of CA
BS — bone scintigraphy; CA — cardiac amyloidosis; SPECT/CT — single photon emission computed tomography/computed tomography

Figure 1. Distribution of quantification methods used in the articles included in the review
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in the rapidly evolving field of SPECT/CT technology in medical 
imaging, thereby enhancing the review’s capacity to address its ob-
jectives with up-to-date and clinically relevant data.

As illustrated in Figure 1, a total of 58 articles were re-
trieved, of which 19 duplicates were removed. The remaining 
39 articles were screened according to the predefined criteria, 
resulting in the exclusion of 19 studies. Consequently, 12 arti-
cles were included in the final analysis. Study selection was per-
formed independently by two reviewers based on predefined 
eligibility criteria. Studies were initially excluded based on their 
title and abstract, and the remaining articles underwent full-text 
analysis. Discrepancies were resolved through discussion until 

consensus was reached, resulting in the final selection of stud-
ies included in the systematic review.

As shown in Table 3 [7, 25–35], the quality of the selected 
articles was assessed using the Joanna Briggs Institute Criti-
cal Appraisal Tools (JBI) Checklist for Diagnostic Test Accuracy 
Studies [36]. Two authors (JB and MN) independently reviewed 
all articles, rating each item as “Yes”, “No”, or “Uncertain”; All as-
sessments were independently conducted, and discrepancies were 
resolved through discussion until consensus was reached. Final 
scores for each article were calculated by summing the assigned 
values (“No” = 1, “Uncertain” = 2, “Yes” = 3) and converting 
the total to a nominal scale from 0 to 10. Additionally, the quartile 

Table 3. Classification of article quality and journal quartiles

Authors Journals Methodological quality 
(JBI, 0–10)

SJR (Q)

Kessler et al. (2022) [7] J Nucl Cardiol 7.7 Q2

Scully et al. (2020) [25] JACC Cardiovasc Imaging 7.7 Q1

Singh et al. (2020) [26] J Nucl Cardiol 8.7 Q2

Mallón Araujo et al. (2023) [27] Imagen Mol (Engl Ed) 8.7 Q3

Avalon et al. (2022) [28] J Nucl Cardiol 8 Q2

Ionescu et al. (2024) [29] Med Surg J 7.7 Q1

Campi et al.(2023) [30] J Cardiovasc Dev Dis 7.7 Q1

Coskun et al. (2022) [31] Int J Cardiovasc Imaging 8.3 Q2

Minutoli et al. (2022) [32] Eur Radiol 8.3 Q1

Asif et al.(2020) [33] J Nucl Cardiol 7 Q2

Small et al. (2021) [34] J Nucl Cardiol 8 Q2

Caobelli et al. (2020) [35] J Nucl Cardiol 8 Q2

JBI — Joanna Briggs Institute Critical Appraisal Tools; SJR — SCImago Journal Rank; Q — quartile

Table 2. Databases and search equations

Databases Search equations

Scopus ((TITLE-ABS-KEY (“spect/ct”) OR TITLE-ABS-KEY (“spect ct”) OR TITLE-ABS-KEY (“spect-ct”) OR TITLE-ABS-KEY (“quantitative spect ct”) OR 

TITLE-ABS-KEY (“single photon emission computed tomography”) OR TITLE-ABS-KEY (“single photon emission computed tomography com-

puted tomography”))) AND ((TITLE-ABS-KEY (“visual score”) OR TITLE-ABS-KEY (“visual classification”) OR TITLE-ABS-KEY (semiquantitative) 

OR TITLE-ABS-KEY (“quantitative analysis”) OR TITLE-ABS-KEY (quantification))) AND ((TITLE-ABS-KEY (“bone scintigraphy”) OR TITLE-ABS- 

-KEY (“bone scan”) OR TITLE-ABS-KEY (“planar imaging”))) AND ((TITLE-ABS-KEY (“cardiac amyloidosis”) OR TITLE-ABS-KEY (“transthyretin 

amyloidosis”) OR TITLE-ABS-KEY (“hereditary transthyretin amyloidosis”) OR TITLE-ABS-KEY (“familial transthyretin cardiac amyloidosis”))) 

AND PUBYEAR > 2019 AND PUBYEAR < 2026

PubMed ((((((cardiac amyloidosis[Title/Abstract]) OR (transthyretin amyloidosis[Title/Abstract])) OR (hereditary transthyretin amyloidosis[Title/Abstract])) 

OR (Familial Transthyretin Cardiac Amyloidosis[Title/Abstract])) AND (((bone scintigraphy[Title/Abstract]) OR (bone scan[Title/Abstract])) OR 

(planar imaging[Title/Abstract]))) AND (((((visual score[Title/Abstract]) OR (visual classification[Title/Abstract])) OR (semiquantitative[Title/Ab-

stract])) OR (quantification[Title/Abstract])) OR (quantitative analysis[Title/Abstract]))) AND ((((((SPECT/CT[Title/Abstract]) OR (SPECT-CT[Ti-

tle/Abstract])) OR (SPECT CT[Title/Abstract])) OR (quantitative SPECT CT[Title/Abstract])) OR (single photon emission computed tomography 

[Title/Abstract])) OR (Single Photon Emission Computed Tomography Computed Tomography[MeSH Terms])) Filters: from 2020–2025

Web of Science (((((TS = (“spect/ct”)) OR TS = (“spect ct”)) OR TS = (“spect-ct”)) OR TS = (“quantitative spect ct”)) OR TS = (“single photon emission 

computed tomography”)) OR TS = (“single photon emission computed tomography computed tomography”) AND ((((TS = (“visual score”)) 

OR TS = (“visual classification”)) OR TS = (semiquantitative)) OR TS = (quantification)) OR TS = (“quantitative analysis”) AND ((TS = (“bone 

scan”)) OR TS = (“planar imaging”)) OR TS = (“bone scintigraphy”) AND ((TS = (“transthyretin amyloidosis”)) OR TS = (“cardiac amyloido-

sis”)) OR TS = (“hereditary transthyretin amyloidosis”)
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ratio. Conversely, myocardial infarction may lead to a decreased 
H/CL ratio due to reduced tracer uptake in the heart ROI.

In Scully et al. [25], differentiating between grades 2 and 3 
on the Perugini scale using the H/CL ratio is challenging, as soft- 
-tissue uptake adjacent to the heart interferes with count accuracy 
within the defined ROIs. The studies by Glavam et al. [38] and Aziz 
et al. [39] also refer that anatomical variations and extracardiac 
radiopharmaceutical uptake may further compromise the reliability 
of this method, potentially leading to false-positive and false-neg-
ative results. However, unlike visual classification, the H/CL ratio 
enables prognostic assessment in individuals with ATTR CA of-
fering clinical value in predicting disease progression, which visual 
methods alone cannot reliably provide [40]. The clinical application 
of this semi-quantitative method relies on standardized and well-de-
fined cut-off values for the diagnosis of CA which are dependent 
on the timing of image acquisition following radiopharmaceutical 
administration [1]. Figure 3 presents the cut-off values for the H/CL 
ratio in planar images acquired at 1 hour, highlighting a prevailing 
threshold of ≥ 1.5, above which CA is considered positive. However, 
it is not recommended to rely on H/CL ratio values for diagnosing 
CA in the absence of myocardial radiopharmaceutical uptake on 
SPECT imaging [1]. In the absence of SPECT imaging, the study 
by Ionescus et al. [29] found that the heart-to-rib ratio (H/R), com-
bined with visual classification and the H/CL ratio, facilitates accu-
rate diagnosis of CA.

To address the limitations of the H/CL ratio, alternative 
semi-quantitative approaches have been investigated (Tab. 5). 
For example, Campi et al. [30] employed three semi-quantifica-
tion metrics: heart-to-thigh ratio (RHT), contralateral lung-to-thigh 
ratio (RLT), and femur-to-thigh ratio (RFT). The thigh was selected 
as a reference region due to its minimal radiopharmaceutical up-
take in CA, reducing confounding from extracardiac activity that 
may affect H/CL ratio quantification. The heart-to-thigh (RHT) ratio 
showed superior performance [area under the curve (AUC) = 0.96] 
in distinguishing patients with CA from controls, serving as a val-
uable adjunct to visual classification in ambiguous cases. How-
ever, its clinical utility may be limited by potential confounding 
factors such as patient age and sex [30].

The study by Small et al. [34] proposed two alternative 
semi-quantitative methods for diagnosing CA: the heart-to-whole-
body ratio (H/WB) and the heart-to-pelvis ratio (H/P). The H/WB ratio 
demonstrated excellent diagnostic performance, with both sensitiv-
ity and specificity at 100%, enhancing the detection of CA and en-
abling differentiation between patients with grade 1 and grade 2 
ATTR CA according to the Perugini scale [34].

Recent studies by Al Taha et al. [41] and Watanabe et al. [42]  
have demonstrated that SPECT/CT imaging significantly en-
hances the diagnostic accuracy of CA. This imaging modality 
reduces ambiguous CA findings, improves reproducibility, al-
lows for absolute quantification metrics, provides attenuation 
correction, and enhances anatomical localization accuracy [7, 
12, 17, 19, 31]. The study by Coskun et al. [31] reported a weak 
to moderate agreement between the semi-quantitative H/CL ratio 
on planar imaging and visual SPECT/CT classification, highlighting 
the limitations of planar imaging when relying on the H/CL ratio 
in accurately grading CA compared to SPECT/CT.

The images obtained through SPECT/CT facilitated the applica-
tion of absolute quantification methods, including SUVmax, SUVpeak, 

ranking of the journal in which each article was published was de-
termined according to the SCImago Journal Rank (SJR), based on 
the relevant scientific field [37].

Results

The articles selected for this review aim to identify and compare 
the most optimized, reproducible quantification methods for diag-
nosing CA using BS and SPECT/CT examinations. Table 4 [7, 25–35] 
summarizes the 12 eligible studies, detailing author, publication 
year, study design, sample size, objectives, and key findings.

As shown in Table 5, the imaging techniques used in the stud-
ies and their corresponding quantification methods were identified. 
Figure 2 illustrates the proportions of qualitative and quantitative 
classification methods employed in the selected articles. Figure 3 
presents the cut-off values for the H/CL ratio and SUV in the diag-
nosis of CA, respectively.

Table 6 [7, 25, 28, 35] summarizes the absolute SUV val-
ues (mean ± SD) in CA and N/CA groups, along with the cut-off 
thresholds used to distinguish between them. Across studies, SUV 
values were consistently higher in CA patients. Notably, Scully et al. 
[25] employed SUVpeak as the metric, whereas others used SUVmax.

Discussion

This systematic review identified the main quantification 
methods used to evaluate patients with suspected or confirmed 
CA using BS. Visual grading was employed in all studies (100%), 
followed by semi-quantitative analysis in 91.7% of studies, while 
absolute quantification using SPECT/CT was less common, report-
ed in 33.3% of the studies, as shown in Figure 2.

Visual grading remains the most widely employed method 
for diagnosing CA (Fig. 2). Nonetheless, emerging image quan-
tification techniques are increasingly incorporated into clinical re-
search and practice (Tab. 4), aiming to overcome the known limita-
tions of visual assessment — such as false positives, interobserver 
variability, and the inability to perform risk stratification. Despite con-
cerns regarding inter- and intra-observer variability, Singh et al. [26] 
reported complete agreement (100%) in the visual grading of patient 
images, both between different observers and within the same 
observer. However, this agreement was based on the binary clas-
sification of planar images as either positive or negative, without 
distinguishing the extent of CA as defined by the Perugini grading 
scale [26].

To reduce operator dependence associated with visual classifi-
cation, semi-quantitative methods — particularly the heart-to-con-
tralateral lung (H/CL) ratio — have been implemented, enhancing 
objectivity and reproducibility in image analysis. This method 
demonstrates high sensitivity and moderate specificity (Tab. 4). 
The study by Asif et al. [33] demonstrated that combining visual clas-
sification with the H/CL ratio reduced sensitivity from 98% to 57%, 
highlighting diagnostic errors associated with this semi-quantitative 
method. The authors found that the H/CL ratio misclassified the de-
gree of CA in more cases than visual assessment alone. This dis-
crepancy may be attributed to false positives resulting from pleural 
and/or pericardial effusions, as well as calcifications in the aortic 
and/or mitral valves, which can increase counts within the defined 
ROIs for the heart and contralateral lung, thereby elevating the H/CL 
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Table 4. Characteristics of the selected studies

Authors Study type Study sample Objective Results

Kessler et al. (2022) 
[7]

Observational, analytical, 
cross-sectional, retrospec-
tive, and non-randomized

Individuals with 
ATTR CA (n = 136)

To implement a quantification 
method using SPECT/CT imag-
es and compare it with visual 
classification

AUC for CA: 0.81 ± 0.04 (p = 0.0001)
AUC for ATTR subtype: 0.96 ± 0.02 
(p = 0.0001)
SUVmax (sensitivity and specificity): 98.7% and 
87.2%, respectively (p < 0.0001)

Scully et al. (2020) 
[25]

Observational, analytical, 
cross-sectional, retrospec-
tive, and non-randomized

Individuals with 
ATTR CA (n = 100)

Evaluate whether quantification 
through SPECT/CT images im-
proves diagnostic accuracy

SUVpeak and SUV retention index (sensitivity 
and specificity): 100% and 75%
H/CL (sensitivity and specificity): 100% and 38%
AUC for SUVpeak and SUV retention index: 0.999
AUC for H/CL ratio: 0.987

Singh et al. (2020) 
[26]

Observational, cohort, and 
retrospective

Individuals with 
ATTR CA (n = 100)

Determine the inter- and intra-ob-
server variability in the interpretation 
of BS for the diagnosis of ATTR CA

Intra- and inter-observer agreement was high, 
with correlation coefficients of r = 0.90 and 
0.99 for Observer 1, and r = 0.98 between 
observers

Mallón Araujo et al. 
(2023) [27]

Observational, analytical, 
cross-sectional, retrospec-
tive, and non-randomized

Individuals with 
ATTR CA (n = 46)

Validate the use of SPECT/CT and 
assess whether uptake quantifi-
cation allows for determining the 
amyloid burden

H/CL for planar imaging (sensitivity and speci-
ficity): 95.2% and 94.4% and an AUC of 0.971
H/CL for SPECT (sensitivity and specificity): 95% 
and 88,9% and an AUC of 0.966 (p < 0.05)
Visual score (sensitivity and specificity): 95.2% 
and 94.7%

Avalon et al. (2022) 
[28]

Observational, analytical, 
cross-sectional, retro-
spective

Individuals with 
ATTR CA (n = 78)

Evaluate whether quantification 
through SPECT/CT imaging im-
proves diagnostic accuracy

SUVmax 1 h (sensitivity and specificity): 67% 
and 98% ˃ 1.88
SUVmax 3 h (sensitivity and specificity): 100% 
and 96.7%, SUV > 1.25

Ionescus et al. 
(2024) [29]

Observational, analytical, 
cross-sectional, retrospec-
tive, and non-randomized

Individuals with 
ATTR CA (n = 80)

Determine the minimum number of 
nuclear medicine images required 
for an accurate diagnosis

Not applicable

Campi et al. (2023) 
[30]

Observational, analytical, 
cross-sectional, retrospec-
tive, and non-randomized

Individuals with 
ATTR CA (n = 68)

Evaluation of the additional infor-
mation provided by a semi-quanti-
fication method of [99mTc]Tc-HMDP 
or [99mTc]Tc-DPD uptake compared 
to visual classification

RHT (sensitivity/specificity/AUC in women): 
94%, 87%, and 0.96
RLT (sensitivity/specificity/AUC in women): 
88%, 66%, and 0.81
RFT (sensitivity/specificity/AUC in women): 
50%, 70%, and 0.59
RHT (sensitivity/specificity/AUC in men): 81%, 
88%, and 0.87
RHT (sensitivity/specificity/AUC in men): 33%, 
95%, and 0.67
RFT (sensitivity/specificity/AUC in men): 38%, 
86%, and 0.63

Coskun et al. (2022) 
[31]

Observational, analytical, 
cross-sectional, retrospec-
tive, and non-randomized

Individuals with 
ATTR CA (n = 141)

Evaluate the agreement between 
semi-quantitative assessment in 
planar images and visual classifi-
cation through SPECT/CT images

Agreement between SPECT/CT images and 
planar images at 3 hours was moderate, with 
a correlation coefficient of V = 0.341 and 
p < 0.001
Agreement between SPECT/CT images and 
planar images at 1 hour was moderate, with 
a correlation coefficient of V = 0.413 and 
p < 0.001

Minutoli et al. (2022) 
[32]

Observational, analytical, 
cross-sectional, retrospec-
tive, and non-randomized

Individuals with 
ATTR CA (n = 53)

Evaluate the clinical performance 
of BS with [99mTc]Tc- 
-DPD in the early phase compared 
to the late phase

H/CL (sensitivity and specificity): 85.71% and 
92%

Asif et al. (2020) [33] Observational, analytical, 
cross-sectional, retrospec-
tive, and non-randomized

Individuals with 
ATTR CA (n = 133)

Comparison of findings on planar 
images with those on SPECT 
images

Sensitivity, specificity, VPP, and VPN of CV: 
97%, 98%, 94%, 99%, and 98%
Sensitivity, specificity, VPP, and VPN of CV with 
an H/CL ratio: 57%, 95%, 80%, 85%, and 85%

Small et al. (2021) 
[34]

Observational, analytical, 
and non-randomized

Individuals with 
ATTR CA (n = 76)

Application of six different quantita-
tive methods to measure myocardi-
al uptake of [99mTc]Tc-HMDP

H/P (sensitivity and specificity): 95% and 100%
H/CL(sensitivity and specificity): 98% and 100%
H/WB (sensitivity and specificity): 100% and 100%

Caobelli et al. (2020) 
[35]

Observational, analytical, 
cross-sectional, retrospec-
tive, and non-randomized

Individuals with 
ATTR CA (n = 13)

Assessment of the validity of quan-
titative evaluation and correlation of 
the different parameters with visual 
classification

Not applicable

ATTR — transthyretin amyloidosis; AUC — area under the curve; BS — bone scintigraphy; CA — cardiac amyloidosis; CV — coefficient of Variation; H/CL — heart-to-contralateral lung ratio; 
H/P — heart-to-pelvis ratio; H/WB — heart-to-rib ratio; RHT — ratio of heart-to-thigh; RLT — lung to thigh ratio; RFT — femur-to-thigh ratio; SPECT/CT — single photon emission computed to-
mography/computed tomography; SUVmax — maximum standardized uptake value; SUVpeak — peak standardized uptake value; VPN — valor predictive negative; VPP — valor predictive positive
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Figure 2. Distribution of quantification methods used in the articles included in the review

Quantification methods applied in the context of cardiac amyloidosis

33.30%

Visual classification	 Semi-quantitative	 Absolute quantification

Figure 3. Graph representing the cut-off point for the H/CL of planar images at 1 hour in the diagnosis of cardiac amyloidosis; H/CL — heart-to- 
-contralateral lung ratio

Cut-off (H/CL)

	 Kessler 	 Scully	 Singh	 Mallón	 Avalon	 Ionescu	 Coskun	 Minutoli	 Asif	 Small
	 et al.	 et al.	 et al.	 Araujo	 et al.	 et al.	 et al.	 et al.	 et al.	 et al.
	 [7]	 [25]	 [26]	 et al. [27] 	 [28] 	 [29] 	 [31]	 [32]	 [33]	 [34]

Table 5. Imaging techniques and corresponding quantification methods

Image acquisition techniques Quantification methods

Planar imaging Visual classification using the Perugini scale and/or semi-quantitative assessment (H/CL, H/WB, H/P, H/R, RHT, RLT, RFT)

Whole body Visual classification using the Perugini scale and/or semi-quantitative assessment (H/WB)

SPECT/CT SUVmax, SUVpeak, Myocardial Retention Index, and/or H/CL ratio
H/CL — heart-to-contralateral lung ratio; H/WB — heart-to-whole body ratio; H/P — heart-to-pelvis ratio; H/R — heart-to-rib ratio; RHT — heart-to-thigh ratio; RLT — contralateral lung ratio

Table 6. Absolute SUV values for CA and N/CA and respective SUV cut-off values

Authors SUV metric N/CA CA Cut-off values

Kessler et al. (2023) [7] SUVmax 3.25 ± 1.01 15.0 ± 2.7 6.1

Scully et al. (2020) [25] SUVpeak 1.00 ± 0.40 8.73 ± 1.45 1.7

Avalon et al. (2023) [28] SUVmax 0.00 1.14 ± 0.58 1.25

Caobelli et al. (2020) [35] SUVmax 2.42 16.15 3.3

CA — cardiac amyloidosis, N/CA — non-cardiac amyloidosis; SUV — standardized uptake value

91.70%

100%

Reference (cut-off) values of H/CL
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and mean standardized uptake value (SUVmean) [17]. According 
to studies by Kessler et al. [7], Scully et al. [25], and Avalon et al. [28], 
these metrics demonstrated high sensitivity (98.7–100%) and moder-
ate to high specificity (75–96.7%) [42]. Specifically, Kessler et al. [7] 
and Scully et al. [25] concluded that SUVmax and SUVpeak, respectively, 
enable accurate differentiation between individuals with and without 
CA, with AUC values of 0.96 and 0.99, respectively. Furthermore, 
according to Kessler et al. [7], absolute quantification methods al-
low estimation of amyloid burden, enhancing diagnosis, evaluation 
of treatment response, and risk stratification.

However, these absolute quantification methods remain in-
frequently used in clinical practice, primarily due to the absence 
of standardized reference values and the need for further vali-
dation in the diagnosis of CA [27]. Different studies use varying 
threshold values for the SUV cut-off above which CA is considered 
positive, as illustrated in Table 6. These thresholds correspond 
to the absolute SUV values, which reveal significant variability 
between patients without CA (N/CA) and those with CA. This var-
iation in SUV values can be attributed to multiple factors affecting 
the metric, including the concentration of the radiopharmaceutical 
in the tissue and the administered activity, both of which differ 
across studies. Supporting this, Halim et al. [43] suggest that 
lower activity concentrations yield more accurate SUV measure-
ments compared to higher concentrations. In addition to these 
factors, SUV measurements can be influenced by the specific 
equipment used, the filtering techniques applied, and the re-
construction protocols of the acquired images. Kabos et al. [44] 
emphasize that different SPECT/CT systems utilize varying recon-
struction algorithms and parameters. Consequently, the number 
of iterations and subsets differs between devices, where increasing 
the number of iterations enhances spatial resolution but also rais-
es image noise, ultimately impacting the SUVmax values [21, 44]. 
Regarding the filters applied during image post-processing, stud-
ies by Lyra et al. [45] and Myint et al. [46] report that increasing 
the cut-off frequency of low-pass filters results in higher spatial 
resolution and image noise, which in turn elevates both SUVmax 
and SUVmean values.

As noted by Scully et al. [25] and Caobelli et al. [35], distin-
guishing Perugini grades 2 and 3 using SUVpeak and SUVmax is lim-
ited by radiopharmaceutical uptake in adjacent soft tissues. To 
overcome this, alternative quantitative metrics — SUV retention 
index, normalized maximum standardized uptake value (nSUVmax), 
and normalized peak standardized uptake value (nSUVpeak) — have 
been introduced. According to Rettl et al. [47], the SUV retention 
index enhances diagnostic accuracy by accounting for radiop-
harmaceutical uptake in the paravertebral and vertebral muscles, 
thereby minimizing interference from extracardiac uptake. Wollen-
weber et al. [48] reported overlapping SUVpeak values between Pe-
rugini grades 2 and 3, with higher values observed in some grade 2 
cases. This counterintuitive finding was attributed to competitive ra-
diopharmaceutical uptake among bone, myocardium, and adjacent 
soft tissues in grade 3 patients. The authors proposed normalizing 
SUV values using a bone-based volume of interest (VOI) to mitigate 
anatomical artifacts and enhance diagnostic accuracy [48].

Currently, novel quantification methods such as cardiac amyloid 
activity (CAA) and percentage of injected dose (%ID) are being 
investigated. These metrics facilitate the assessment of treatment 
response and risk stratification by providing a more comprehensive 

representation of amyloid burden. Unlike SUVmax and SUVpeak, CAA 
and percentage of injected dose (%ID) take into account both my-
ocardial volume and radiopharmaceutical uptake intensity, offering 
a potentially more accurate reflection of disease extent [20, 49].

This systematic review has some limitations, primarily the limit-
ed number of studies employing absolute quantification methods. 
As a relatively recent approach, its clinical application and scientific 
validation are still in the early stages of consolidation. Additionally, 
the time range selected for the literature search may have been too 
narrow. A broader search period — exceeding five years — could 
have allowed the inclusion of other studies, potentially providing 
a more comprehensive overview of the evolution and application of  
absolute quantification in nuclear medicine. The widespread use 
of visual and semi-quantitative methods, driven by their simplicity 
and standardized criteria, has limited the exploration of more pre-
cise quantitative techniques. Additionally, the absence of diagnos-
tic performance metrics in some studies hinders the comparative 
assessment of accuracy and reproducibility among the available 
methods for diagnosing CA. Furthermore, this review was limited 
by its exclusion of studies that did not meet strict methodological 
criteria, including older publications, non-original articles, or stu- 
dies not using 99mTc-labelled bisphosphonates. Furthermore, 
studies without quantification methods or clinical performance 
assessment were excluded. These exclusions, although nec-
essary for methodological rigor, may limit the generalizability of  
the findings and exclude relevant insights from a broader body 
of literature.

Conclusions

This systematic review identified the main quantification meth-
ods used to assess CA through BS, demonstrating that visual 
grading remains the most commonly applied approach in clinical 
practice despite its limitations. Semi-quantitative methods, par-
ticularly the heart-to-contralateral lung (H/CL) ratio, offer a more 
objective alternative for diagnosis, although their accuracy can be 
affected by anatomical factors. Additionally, other semi-quantita-
tive metrics show promise for CA assessment but require further 
clinical validation.

In SPECT/CT, absolute quantification metrics such as SUVmax 
and SUVpeak have been recognized as important tools for progno-
sis, diagnosis, therapy monitoring, and risk stratification in ATTR 
CA. However, the lack of standardized protocols and reference 
values currently restricts their widespread clinical application, high-
lighting the need for further validation and standardization studies.
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