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Abstract

:

Background: The myocardial uptake of bone-seeking tracers suspicious for transthyretin cardiac amyloidosis (ATTR-CA) can be incidentally detected in patients undergoing bone scintigraphy for noncardiac reasons. We conducted a systematic review and meta-analysis to assess the prevalence of these scintigraphic findings. Methods: A comprehensive literature search was performed using two bibliographic databases (PubMed/MEDLINE and Cochrane Library), searching for articles related to the review question. Eligible articles were selected, and relevant data were extracted by two authors. The pooled prevalence of incidental findings suspicious for ATTR-CA among patients undergoing bone scintigraphy was calculated on a per-patient-based analysis using a random-effects model. The pooled measure was provided with 95% confidence interval (95% CI) values. Results: Among 219 records, 11 articles were selected for the systematic review and 10 for the meta-analysis. The pooled prevalence of incidental findings suspicious for ATTR-CA was 1.1% (95% CI: 0.7–1.4%) with heterogeneity due to the characteristics of the included studies, patients, and index tests. These findings are more prevalent in older men. Conclusions: The prevalence of incidental findings of ATTR-CA among patients undergoing bone scintigraphy is low but not negligible. Nuclear medicine physicians should suggest, in the scintigraphic report, further clinical investigations when these findings are detected. Prospective studies are warranted.
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1. Introduction


Cardiac amyloidosis (CA) is a serious and progressive infiltrative disease caused by the deposition of amyloid fibrils in the myocardium. In most cases, it leads to heart failure, reduced quality of life, and death [1,2,3,4,5]. There are two main subtypes of CA, transthyretin amyloidosis (ATTR-CA) and immunoglobulin light chain amyloidosis (AL-CA), each associated with specific underlying protein abnormalities. Due to its often nonspecific and subtle initial symptoms, CA can be challenging to diagnose, leading to delayed recognition and treatment. Thanks to advances in imaging techniques and the possibility of achieving a noninvasive diagnosis, CA is more frequently encountered than it used to be [1,2,3,4,5]. The epidemiological distribution of CA has changed over recent years, particularly due to the advances in diagnostic methods and therapeutic options in the field of ATTR-CA [6]. In this regard, the possibility of employing bone scintigraphy (also with actual novel 3D solid state detectors) to diagnose ATTR-CA without a biopsy has revealed the real prevalence of the disease. Early detection and appropriate management of ATTR-CA are crucial to improving patient outcomes, even more so considering recent promising therapies that interrupt amyloid deposition or possibly remove amyloid fibrils [6].



The most promising imaging modality for diagnosis of ATTR-CA is bone scintigraphy with technetium 99m (99mTc)-radiolabeled bone-seeking tracers, including pyrophosphate (PYP), 3,3-diphosphono-1,2-propanodicarboxylic acid (DPD), and hydroxymethylene diphosphonate (HMDP) [7,8,9]. Bone scintigraphy complements cardiac structural and functional characterization through echocardiography and cardiac magnetic resonance in the diagnosis of ATTR-CA. The rationale for using bone scintigraphy to differentiate between ATTR-CA and AL-CA is that ATTR-CA has avidity for bone-seeking radiotracers, whereas AL-CA has minimal or no avidity for these tracers. Therefore, bone scintigraphy can diagnose ATTR-CA when plasma cell dyscrasia is excluded [7,8,9]. Evidence-based data demonstrated that, in patients with suspicious cardiac amyloidosis, bone scintigraphy has high diagnostic accuracy for diagnosis of ATTR-CA [10].



Beyond the use of bone scintigraphy for diagnosis of ATTR-CA, myocardial uptake of bone-seeking tracers, suspicious for ATTR-CA, can be incidentally detected in patients undergoing bone scintigraphy for noncardiac reasons (including oncological, orthopedical, and rheumatological indications). The knowledge of the prevalence of incidental findings suspicious for ATTR-CA in bone scintigraphy may unveil the real prevalence of this disease [6]. Therefore, we performed an updated systematic review and meta-analysis to evaluate the prevalence of incidental findings suspicious for ATTR-CA among patients undergoing bone scintigraphy for noncardiac diseases.




2. Materials and Methods


2.1. Protocol


This evidence-based article was created according to a predefined protocol [11]; the protocol was not registered in PROSPERO as the protocol registration is not mandatory. The article was written according to the latest version of “Preferred Reporting Items for a Systematic Review and Meta-Analysis (PRISMA) statement” [12]. The complete PRISMA checklist is available in the Supplementary Materials (Table S1).



The review question was the assessment of the prevalence of incidental findings suspicious for ATTR-CA among patients undergoing bone scintigraphy for noncardiac diseases.




2.2. Literature Search


A comprehensive literature search was performed independently by two authors using two electronic bibliographic databases (PubMed/MEDLINE and Cochrane Library), searching for studies evaluating the prevalence of incidental findings suspicious for ATTR-CA among patients undergoing bone scintigraphy. The bibliographic databases were searched until 31 March 2023. A search algorithm based on a combination of text words related to the review question was used: (A) “bone” OR “skeletal” OR “technetium” OR “pyrophosphate” OR “PYP” OR “DPD” OR “HMDP” OR “HDP” OR “MDP” OR “diphosphonat*” AND (B) “cardiac” OR “myocard*” OR “heart” AND (C) “amyloid*” AND (D) “inciden*” OR “prevalence”. Date limits or language restrictions were not applied to the search of electronic databases. Furthermore, to achieve a more comprehensive search, the references of retrieved studies were also searched for potential additional eligible articles. In other words, the reference lists of retrieved full-text articles were screened in the search for articles that could be eligible for the systematic review, taking into account their titles.




2.3. Eligibility Criteria


Clinical studies reporting information on the prevalence of incidental findings suspicious for CA among patients undergoing bone scintigraphy for non-cardiological indications were eligible for inclusion in the systematic review and meta-analysis. Exclusion criteria were review articles/letters/comments/editorials in the topic of interest; case reports/small case series in the topic of interest; and articles outside the field of interest. If articles with patient data that possibly overlapped with another study were retrieved, all the selected articles were included in the systematic review (qualitative synthesis), whereas only the article with the most complete information was included in the meta-analysis (quantitative synthesis).




2.4. Study Selection


Titles and abstracts of the records retrieved using the search strategy were independently screened by two authors based on the predefined inclusion and exclusion criteria mentioned above. The full texts of selected original articles were independently screened to assess for their final inclusion in the systematic review and meta-analysis. For all the screened records using the bibliographic databases, the reviewers provided a final decision on inclusion or exclusion in the review, specifying the reason. Disagreements between the authors were solved through the involvement of a third author.




2.5. Data Collection and Extraction


The data collection and extraction were independently carried out by two authors to minimize possible bias. Full texts, tables, and/or figures from the selected reports were analyzed for data extraction. In selected cases, reviewers contacted corresponding authors by e-mail to obtain missing data. Data extracted through piloted forms included general study information (authors, year of publication, country, study design, and funding sources); patient characteristics (sample size, age, sex ratio, and clinical indications for undergoing bone scintigraphy); index text characteristics (type of bone-seeking tracer used during bone scintigraphy, date of examination, and bone scintigraphy protocol); and main outcome (number and prevalence of incidental findings suspicious for ATTR-CA at bone scintigraphy). Any discrepancy between the authors about data extraction was solved by a third reviewer.




2.6. Quality Assessment


QUADAS-2 was used as tool for assessing risk of bias in individual studies and concerns regarding applicability [13]. Quality assessment was independently carried out by two authors and any discrepancy was solved by a third author.




2.7. Statistical Analysis


The prevalence of incidental findings suspicious for ATTR-CA among patients undergoing bone scintigraphy was calculated, taking into account data extracted from each study. Pooled prevalence was calculated on a per patient basis using a random-effects model. The pooled measure was provided with 95% confidence interval values (95% CI) and displayed using forest plots. Statistical heterogeneity was assessed using the I-square or inconsistency index (I2), with significant heterogeneity for values > 50% [11]. Subgroup analyses were planned in case of significant heterogeneity. Egger’s test was carried out to calculate the publication bias. OpenMeta[Analyst]® software (Rockville, MD, USA) was used for the statistical analyses.





3. Results


3.1. Literature Search and Selection of Studies


Overall, 219 records were identified and screened through the comprehensive literature search: 209 records were excluded using the predefined eligibility criteria (202 as not in the field of interest, 2 as reviews, and 5 as case reports or small case series), and 10 were selected [14,15,16,17,18,19,20,21,22,23]. One record was added after the references of potentially eligible studies were screened [24]. One study was included in the systematic review but excluded from the meta-analysis due to a possible patient data overlap with another study by the same group of researchers [16]. Overall, after full-text assessment, 11 studies were judged as eligible for inclusion in the systematic review (qualitative synthesis) [14,15,16,17,18,19,20,21,22,23,24] and 10 were included in the meta-analysis (quantitative synthesis) [14,15,17,18,19,20,21,22,23,24]. Figure 1 summarizes the study selection process. The list of included and excluded studies (with explanation) is available in the Supplementary Materials (Table S2).




3.2. Study Characteristics


The characteristics of the 11 studies eligible for the systematic review (qualitative analysis), which included more than 63,000 patients, are presented in Table 1, Table 2 and Table 3.



Regarding the general study information (Table 1), these studies were published from 1995 to 2023. Several countries were represented, but mainly European countries. All the included studies were retrospective analyses. All except two were monocentric studies. In most of the studies, no funding source was declared.



Regarding the characteristics of the included patients (Table 2), the mean age ranged from 61 to 80 years, the male percentage ranged from 37% to 82%, and the clinical indications for performing bone scintigraphy were in all cases the detection of bone metastases and benign skeletal conditions.



Regarding bone scintigraphy (Table 3), different bone-seeking radiopharmaceuticals were used, but the most frequent were 99mTc-DPD and 99mTc-HMDP. The injected activity and the imaging protocol largely varied among the included studies. However, in all the included studies planar whole-body scintigraphic images in the anterior–posterior view were acquired. The interpretation of scintigraphic images was conducted through a visual analysis in all the included studies and a grading score was used to compare myocardial tracer uptake with bone tracer uptake (grade 0: no myocardial tracer uptake; grade 1: mild myocardial tracer uptake, inferior to bone uptake; grade 2: moderate myocardial tracer uptake, equal to bone uptake; grade 3: strong myocardial tracer uptake, higher than bone uptake). In a few studies, an additional semiquantitative analysis (using the heart to whole-body uptake ratio or the heart to contralateral uptake ratio) was performed. Diffuse myocardial tracer uptake equal to or higher than bone tracer uptake was usually considered a scintigraphic finding suspicious for ATTR-CA in the included studies. There were usually two or three readers of the scintigraphic images (when declared), reaching a consensus in case of discordant findings.




3.3. Quality (Risk of Bias) Assessment


The overall evaluation of risk of bias and concerns regarding applicability for studies included in the systematic review according to QUADAS-2 is presented in Figure 2.




3.4. Systematic Review (Qualitative Synthesis of Results)


The prevalence and characteristics of patients with incidental findings suspicious for ATTR-CA at bone scintigraphy are illustrated in Table 4. The overall prevalence of incidental myocardial uptake suspicious for ATTR-CA varied between 0.1% and 3.4%, but it increased progressively with age, showing higher values in patients with age > 80 years [14,15,18,20,22,23]. Patients with myocardial tracer uptake were significantly older (mean age from 78 to 86 years) than those with no myocardial tracer uptake [14,15,17,19,22]. Regarding gender, males represented the majority of patients with incidental myocardial uptake of bone-seeking tracers suspicious for ATTR-CA (from 62% to 90%) [14,15,16,17,18,19,20,21,22,23,24]. Beyond age and male gender, some studies identified other variables as independent predictors for myocardial tracer uptake suspicious for ATTR-CA [14,15]. Through a multivariate logistic regression analysis using an odds ratio (OR) as an effect measure, Navarro-Saez et al. identified the following variables as independent predictors for myocardial tracer uptake suspicious for ATTR-CA at a bone scan: age (OR: 1.2), male sex (OR: 2.1), arterial hypertension (OR: 3.1), heart failure (OR: 5.4), atrial fibrillation (OR: 2.6), atrioventricular block (OR: 2.5), aortic valve stenosis (OR: 2.2), and carpal tunnel syndrome, either unilateral (OR: 4.4) or bilateral (OR: 146.2) [14].



Few studies correlated the prevalence of incidental findings suspicious for ATTR-CA with the different indications for undergoing bone scans with conflicting results (Table 5).



Most of the patients with scintigraphic findings suspicious for ATTR-CA were asymptomatic, and they usually showed a degree of involvement on echocardiography [18,20]. Tissue biopsy, including Congo red staining and immunohistochemical analysis for confirmation of ATTR-CA in the scintigraphic findings, was only available for a few patients.



The incidental detection of the myocardial uptake of bone-seeking tracers may also have a predictive and a prognostic value [15,17,19,22]. Significant myocardial uptake (grade ≥ 2) was associated with adverse outcomes and an increased risk of hospitalization due to heart failure, resulting in an independent predictor of overall and cardiovascular mortality [15,17,19,22].




3.5. Meta-Analysis (Quantitative Synthesis of Results)


Ten studies were selected for the patient-based meta-analysis on the prevalence of incidental findings suspicious for ATTR-CA at bone scintigraphy. The pooled prevalence was 1.1% (95% CI: 0.7–1.4%). A forest plot is shown in Figure 3.



A significant statistical heterogeneity among the included studies was found (I2 = 97%).



The Egger’s test did not demonstrate a significant publication bias (p = 0.2).



Subgroup analyses did not show a significant difference in the pooled prevalence values taking into account the different bone-seeking tracers used: the pooled prevalence values using 99mTc-HMDP and 99mTc-DPD were 1.3% (95% CI: 0.4–2.3) and 0.8% (95% CI: 0.3–1.3%), respectively. Conversely, a higher pooled prevalence was observed when comparing European countries (1.5%; 95% CI: 1–1.9%) and non-European countries (0.1%; 95% CI: 0–0.3%). Subgroup analyses did not show a significant difference in the pooled prevalence values when taking into account different publication years: for articles published after 2020 and before 2020, the pooled values were 1% (95% CI: 0.6–1.4%) and 1.7% (95% CI: 0–3.5%), respectively.





4. Discussion


The present systematic review and meta-analysis demonstrate that incidental findings of ATTR-CA at bone scintigraphy are not rare (about 1% of all patients undergoing bone scans for noncardiac reasons).



ATTR-CA is characterized by a long latency period between the onset of symptoms and the definitive diagnosis [1,2,3]. Therefore, incidental findings of ATTR-CA at bone scintigraphy should be considered as a crucial opportunity to diagnose this condition early in the disease course. Nuclear medicine physicians should suggest, in the scintigraphic report, further clinical evaluation when suspicious findings for ATTR-CA are detected during bone scans to allow a complete diagnostic workup of these patients and to avoid the loss of ATTR-CA patients at follow-up. As the only currently approved therapy for ATTR-CA is the transthyretin stabilizer Tafamidis, which works by slowing down the deposition of fibrils, diagnosis of ATTR-CA in a preclinical stage could allow early treatment, potentially improving the prognosis [1,2,3].



Taking into account data from the included studies, incidental findings suspicious for ATTR-CA at bone scintigraphy increased in frequency with age and were more common in male than in female patients [14,15,16,17,18,19,20,21,22,23,24]. These findings are not surprising but are consistent with the age and gender distributions of patients who present clinically with heart failure due to ATTR-CA [1,2,3].



Notably, beyond older age and male sex, multiple conditions including arterial hypertension, aortic stenosis, atrioventricular block, atrial fibrillation, and carpal tunnel syndrome were predictors of myocardial uptake of bone-seeking tracers [14,15]. This finding seems not surprising as these conditions are already known to be related to ATTR-CA [6]. In patients undergoing bone scintigraphy, the documentation of multiple risk factors could prompt a referral to an expert unit for extended studies to rule out the presence of ATTR-CA.



Interestingly, the incidental detection of myocardial uptake of bone-seeking tracers may also have a predictive and a prognostic value [15,17,19,22]. Significant myocardial uptake (grade ≥ 2) was associated with adverse outcomes and an increased risk of hospitalization due to heart failure, resulting in an independent predictor of overall and cardiovascular mortality [15,17,19,22]; these findings further highlight the importance of a timely and appropriate diagnosis of ATTR-CA by using bone scintigraphy.



Our evidence-based manuscript has some limitations, most of them related to the characteristics and study design of the included studies. First of all, all the included studies are retrospective and most of them are monocentric. Second, the final diagnosis of ATTR-CA was not available for all suspicious patients; therefore, an underestimation/overestimation of the true prevalence of ATTR-CA cannot be excluded due to possible false negative (i.e., some transthyretin gene mutations) or false positive results (i.e., myocardial scar due to previous myocardial infarction or some cases of AL-CA) of bone scintigraphy, which should be taken into account in an unselected population in particular. The specificity of diagnosing ATTR-CA using bone scintigraphy is markedly improved when the presence of a monoclonal gammopathy is excluded [4,5]. However, the articles included in this meta-analysis did not involve performing bone scintigraphy for diagnosis of ATTR-CA and the outcome measures used were not sensitivity or specificity. The included articles evaluated the prevalence of incidental findings suspicious for ATTR-CA in an unselected population with unknown cardiac amyloidosis; therefore, laboratory testing for monoclonal gammopathy was not performed before bone scans were performed. A visual grade ≥ 2 was usually used as a surrogate marker for the presence of ATTR-CA, but this is justified by evidence-based data reporting that the pooled sensitivity, specificity, and positive predictive value of bone scintigraphy for ATTR-CA diagnosis using visual grade ≥ 2 as a positive finding were 92%, 95%, and 96%, respectively [10]. Another limitation could be that the selected studies included only patients who underwent bone scintigraphy for several clinical indications, and this sample may be not representative of the general population; however, individuals referred for bone scintigraphy to assess cardiac diseases were excluded from the meta-analysis, and hence it is reasonable to consider the included patients as representative of the general population of equivalent age in regards to the presence of cardiac disease. Lastly, heterogeneity among the included studies, mainly due to different characteristics of patients and index tests (technology aspects), is a limitation of our meta-analysis. To explore the heterogeneity of our meta-analysis, we planned subgroup analyses taking into account the different bone-seeking tracers and different countries (European versus non-European countries). Interestingly, we did not find a significant difference among the different bone-seeking tracers (e.g., DPD versus HMDP), but only among the different countries, likely due to the differing epidemiology of the disease. For instance, taking into account the countries of the articles included in this systematic review, the prevalence of ATTR-CA in European countries is expected to be higher than that in Asia–Oceania, even if regional and genetic differences among different countries should be considered [25,26,27,28].



An advantage of our meta-analysis is the absence of a significant publication bias.



Overall, the findings reported in our evidence-based article support the hypothesis that amyloid deposition in ATTR-CA is a continuous process and that the myocardial uptake of bone-seeking tracers precedes clinical manifestations of heart failure, allowing the early diagnosis of ATTR-CA even before the appearance of other echocardiographic and electrocardiographic abnormalities or overt clinical manifestations.



Beyond prospective studies on the prevalence of incidental detection of ATTR-CA in patients undergoing bone scintigraphy, future perspectives are represented by the use of artificial intelligence and machine learning algorithms or new semiquantitative methods to accurately detect and classify different grades of myocardial tracer uptake on bone scintigraphy, allowing for better detection of suspicious ATTR-CA cases [29,30,31,32,33,34,35]. Furthermore, more studies evaluating the possible correlations among the different indications for bone scintigraphy and incidental detection of ATTR-CA should be carried out. Through bone scintigraphy, it could also be theoretically possible to evaluate the possible correlation between diseases with impaired bone metabolism and ATTR-CA [36].




5. Conclusions


The prevalence of incidental findings of ATTR-CA among patients undergoing bone scintigraphy is low but not negligible, and it increases in older men. Nuclear medicine physicians should suggest, in the scintigraphic report, further clinical investigations when findings suspicious for ATTR-CA are detected. Prospective studies are needed to support the findings of this updated systematic review and meta-analysis.
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Figure 1. Summary of selection process of eligible articles for the systematic review and meta-analysis. *: it is a truncation. 
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Figure 2. Overall quality assessment using QUADAS-2 tool. Studies included in the systematic review are classified as at low risk or high risk of bias or applicability concerns for different domains. 
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Figure 3. Forest plot of the prevalence of incidental findings suspicious for transthyretin cardiac amyloidosis among patients undergoing bone scintigraphy for noncardiac reasons. [14,15,17,18,19,20,21,22,23,24]. 
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Table 1. General study information.
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	Authors [Ref.]
	Year
	Country
	Study Design
	Funding Sources





	Al-Nahhas et al. [24]
	1995
	United Kingdom
	Retrospective monocentric
	None declared



	Bianco et al. [18]
	2021
	Italy
	Retrospective monocentric
	None declared



	Cuscaden et al. [20]
	2021
	Australia
	Retrospective monocentric
	None declared



	Halme et al. [16]
	2022
	Finland
	Retrospective multicentric
	None declared



	Kim et al. [21]
	2019
	Korea
	Retrospective monocentric
	None declared



	Longhi et al. [23]
	2014
	Italy
	Retrospective monocentric
	None declared



	Mohamed-Salem et al. [22]
	2018
	Spain
	Retrospective monocentric
	None declared



	Navarro-Saez et al. [14]
	2023
	Spain
	Retrospective monocentric
	None declared



	Nitsche et al. [15]
	2022
	Austria
	Retrospective monocentric
	Pfizer



	Salvalaggio et al. [17]
	2022
	Italy
	Retrospective monocentric
	ALNYLAM Pharmaceuticals Inc.



	Suomalainen et al. [19]
	2021
	Finland
	Retrospective multicentric
	None declared










 





Table 2. Patient characteristics.






Table 2. Patient characteristics.





	Authors [Ref.]
	No. of Patients
	Mean Age (Years)
	Male %





	Al-Nahhas et al. [24]
	812
	69
	69%



	Bianco et al. [18]
	4228
	NR
	NR



	Cuscaden et al. [20]
	6918
	NR
	53%



	Halme et al. [16]
	1334 (1319 *)
	77
	82%



	Kim et al. [21]
	9580
	NR
	NR



	Longhi et al. [23]
	12,400
	74
	37%



	Mohamed-Salem et al. [22]
	1114
	80
	65%



	Navarro-Saez et al. [14]
	3629 (3554 *)
	NR
	NR



	Nitsche et al. [15]
	11,527 (10,446 *)
	61
	37%



	Salvalaggio et al. [17]
	9616
	79
	75%



	Suomalainen et al. [19]
	2000
	78
	69%







Legend: * = excluding patients undergoing bone scintigraphy for cardiac conditions. NR = not reported.













 





Table 3. Index text characteristics.






Table 3. Index text characteristics.





	Authors [Ref.]
	Tracers Used
	Date of Bone Scintigraphy
	Injected Activity
	Time from Tracer Injection to Image Acquisition
	Image Acquisition
	Image Interpretation
	No. of Readers





	Al-Nahhas et al. [24]
	99mTc-HDP/99mTc-MDP
	1991–1993
	NR
	NR
	Planar WB images in A-P view
	Visual (grading of myocardial uptake compared with bone uptake)
	3



	Bianco et al. [18]
	99mTc-HMDP/99mTc-DPD
	2015–2020
	10 MBq/kg
	3 h
	Planar WB images in A-P view
	Visual (grading of myocardial uptake compared with bone uptake) and semiquantitative (H/CL)
	NR



	Cuscaden et al. [20]
	99mTc-HMDP/99mTc-MDP
	2005–2018
	NR
	NR
	Planar WB images in A-P view ± SPET
	Visual (grading of myocardial uptake compared with bone uptake) and semiquantitative (H/WB)
	2



	Halme et al. [16]
	99mTc-HMDP
	2012–2021
	500–700 MBq
	3 h
	Planar WB images in A-P view
	Visual (grading of myocardial uptake compared with bone uptake)
	3



	Kim et al. [21]
	99mTc-DPD
	2014–2017
	740 MBq
	5 min and 3 h
	Planar WB images in A-P view
	Visual (grading of myocardial uptake compared with bone uptake)
	NR



	Longhi et al. [23]
	99mTc-DPD
	2008–2013
	740 MBq
	5 min and 3 h
	Planar WB images in A-P view
	Visual (grading of myocardial uptake compared with bone uptake)
	NR



	Mohamed-Salem et al. [22]
	99mTc-HMDP/99mTc-HDP/99mTc-DPD
	2010–2016
	740 MBq
	2–3 h
	Planar WB images in A-P view
	Visual (grading of myocardial uptake compared with bone uptake)
	2



	Navarro-Saez et al. [14]
	99mTc-DPD
	2017–2020
	925 MBq
	2–3 h
	Planar WB images in A-P view
	Visual (grading of myocardial uptake compared with bone uptake)
	2



	Nitsche et al. [15]
	99mTc-DPD
	2010–2020
	700 MBq
	3 h
	Planar WB images in A-P view ± SPET
	Visual (grading of myocardial uptake compared with bone uptake)
	2–3



	Salvalaggio et al. [17]
	99mTc-HMDP/99mTc-DPD
	2009–2020
	600–800 MBq
	2.5–4 h
	Planar WB images in A-P view
	Visual (grading of myocardial uptake compared with bone uptake)
	2



	Suomalainen et al. [19]
	99mTc-HMDP
	2002–2018
	NR
	3 h
	Planar WB images in A-P view ± SPET
	Visual (grading of myocardial uptake compared with bone uptake) and semiquantitative (H/CL)
	3







Legend: 99mTc = Technetium-99m; A-P = anterior–posterior; DPD = 3,3-diphosphono-1,2-propanodicarboxylic acid; H/CL = heart to contralateral uptake ratio; H/WB = heart to whole-body uptake ratio; HDP = hydroxyethylene diphosphonate; HMDP = hydroxymethylene diphosphonate; MBq = MegaBecquerel; MDP = methylene diphosphonate; NR = not reported; SPECT = single photon emission tomography; WB = whole body.













 





Table 4. Main outcome: prevalence and characteristics of patients with incidental findings suspicious for ATTR-CA at bone scintigraphy.
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	Authors [Ref.]
	No. of Patients with Findings Suspicious for ATTR-CA **
	Mean Age (Years)
	Male %
	Overall Prevalence of Incidental Findings Suspicious for ATTR-CA (%) ***
	Subgroup Analysis on 99mTc-HMDP ***
	Subgroup Analysis on 99mTc-DPD ***
	Suspicious ATTR-CA Confirmed by Pathology





	Al-Nahhas et al. [24]
	18
	80
	94%
	18/812 (2.2%)
	-
	-
	NR



	Bianco et al. [18]
	23
	83
	78%
	23/4228 (0.5%)
	19/3505 (0.5%)
	4/723 (0.6%)
	NR



	Cuscaden et al. [20]
	16
	84
	94%
	16/6918 (0.2%)
	15/3472 (0.4%)
	-
	NR



	Halme et al. [16] *
	36
	NR
	NR
	36/1319 (2.7%)
	36/1319 (2.7%)
	-
	NR



	Kim et al. [21]
	6
	81
	83%
	6/9580 (0.1%)
	-
	6/9580 (0.1%)
	1/1



	Longhi et al. [23]
	45
	81
	62%
	45/12,400 (0.4%)
	-
	45/12,400 (0.4%)
	5/5



	Mohamed-Salem et al. [22]
	31
	85
	90%
	31/1114 (2.8%)
	NC
	NC
	NR



	Navarro-Saez et al. [14]
	42
	86
	71%
	42/3554 (1.2%)
	-
	42/3554 (1.2%)
	NR



	Nitsche et al. [15]
	179
	80
	74%
	179/10,446 (1.7%)
	-
	179/10,446 (1.7%)
	22/28



	Salvalaggio et al. [17]
	67
	78
	75%
	67/9616 (0.7%)
	NC
	NC
	NR



	Suomalainen et al. [19]
	69
	81
	77%
	69/2000 (3.4%)
	69/2000 (3.4%)
	-
	NR







Legend: * = partial data overlap with the study of Suomalainen et al. [19]; ** = patients with uptake grades 2 or 3; *** = excluding patients undergoing bone scintigraphy for cardiac conditions; ATTR-CA = transthyretin cardiac amyloidosis; NC = not calculable; NR = not reported.













 





Table 5. Prevalence of incidental findings suspicious for ATTR-CA and different indications of bone scintigraphy.
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	Authors [Ref.]
	No. of Patients with Findings Suspicious for ATTR-CA
	Subgroup Analysis for Prostate Cancer
	Subgroup Analysis for Other Tumors
	Subgroup Analysis for Other Indications





	Al-Nahhas et al. [24]
	18
	14/322 (4.4%)
	4/427 (0.9%)
	1/216 (0.5%)



	Bianco et al. [18]
	23
	NC
	NC
	NC



	Cuscaden et al. [20]
	16
	NC
	NC
	NC



	Halme et al. [16] *
	36
	31/1013 (3.1%)
	5/240 (2.1%)
	0/55 (0%)



	Kim et al. [21]
	6
	NC
	NC
	NC



	Longhi et al. [23]
	45
	NC
	NC
	NC



	Mohamed-Salem et al. [22]
	31
	NC
	NC
	NC



	Navarro-Saez et al. [14]
	42
	NC
	NC
	NC



	Nitsche et al. [15]
	179
	NC
	NC
	NC



	Salvalaggio et al. [17]
	67
	NC
	NC
	NC



	Suomalainen et al. [19]
	69
	49/1426 (3.4%)
	16/384 (4.2%)
	4/190 (2.1%)







Legend: * = partial data overlap with the study of Suomalainen et al. [19]; ATTR-CA = transthyretin cardiac amyloidosis; NC = not calculable.
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