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Abbreviations: CA, cardiac amyloidosis; ATTR, transthyretin; 
AL, light-chain; 99mTc-DPD or DPD, technetium diphosphonate; 99mTc-
PYP or PYP, pyrophosphate; HFpEF, heart failure with preserved 
ejection fraction; PET, positron emission tomography

Introduction
Systemic amyloidosis is a rare disorder characterised by 

extracellular deposition or infiltration of myocardium by amyloid 
protein, leading to loss of normal function and standard organ tissue 
structure, most commonly heart failure with preserved LV ejection 
fraction. Cardiac amyloidosis (CA) has a high mortality rate with an 
average survival rate of 6 months for light-chain (AL) CA and 3 to 5 years 

for ATTR CA if left undiagnosed and untreated.1 Cardiac involvement 
is primarily encountered in immunoglobulin light-chain (AL) and 
transthyretin-associated (hereditary/familial and senile) amyloidosis. 
The mechanism of phosphate-based radiopharmaceuticals (bone 
tracers) accumulation in affected myocardium is poorly understood. 
However, it is hypothesised that the affinity of the tracers in ATTR 
CA is due to phosphate binding to the high calcium content present in 
ATTR amyloid fibrils.2 

Cardiac amyloidosis diagnosed by invasive endomyocardial or 
extracardiac tissue biopsy has very high accuracy. Echocardiography 
of amyloidosis and histological confirmation of amyloid deposition 
can be involved in non-invasively diagnosing algorithms.3 Early 
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Abstract

Background and purpose: Cardiac amyloidosis (CA) is an underdiagnosed cause of heart 
failure with preserved ejection fraction. Two types of cardiac amyloidosis, transthyretin 
(ATTR) and light-chain (AL), are treated differently. Technetium diphosphonate (99mTc-
DPD) and pyrophosphate (99mTc-PYP) scintigraphy already have a well-established role 
in diagnosing ATTR and differentiating it from AL CA. Technetium Hydroxymethylene 
diphosphonate (99mTc-HMDP) is another radiopharmaceutical that has been studied for 
the same purpose and acknowledged by the ASNC and EANM guidelines but has yet to 
establish a clear role in the clinical. To the best of our knowledge, no published study has 
compared HMDP to DPD or PYP in the same cohort. The study aims to systematically 
assess and validate the diagnostic sensitivity and specificity of 99mTc-HMDP whole-body 
planar scintigraphy in biopsy-proven ATTR CA studies of patients compared to DPD and 
PYP as a meta-analysis.

Method: A comprehensive online literature search using PubMed, Embase, and 
Medline databases of studies on HMDP, DPD, and PYP imaging diagnostic values in 
cardiac amyloidosis was conducted in 2021 to identify high-quality studies on cardiac 
amyloidosis in single-photon imaging and diagnosis based on HMDP, DPD, and PYP 
radiopharmaceuticals. The relevant identified studies were filtered based on biopsy-proven 
patients who had undergone bone scintigraphy, including 20 subjects or more; patients’ 
medical history must be free of other myocardiopathies and tracer-related specificities and 
sensitivities to distinguish ATTR CA from AL. The quality of the studies was assessed 
using the NIH Quality Assessment Tool for Before-After (Pre-Post) Studies with No 
Control Group. Mean sensitivity and specificity of nuclear bone scintigraphy in ATTR 
differentiation from AL amyloidosis was calculated from the selected studies for the three 
tracers.

Results: Eight selected studies out of 34 were identified on HMDP, DPD, and PYP bone 
scintigraphy in cardiac amyloidosis, including 868 (intra-extracardiac) biopsy-proven 
Patients who were included in the meta-analysis provided the following results: the pooled 
and calculated sensitivity for ATTR of HMDP, DPD, and PYP (98.33%), (99.58%) and 
(97.44%); and specificity (98.59%), (87.55%) and (93.75%) respectively. The sensitivity 
of the tracers in diagnosing AL was 5%, 41.3%, and 35%, and specificity was 2%, 12.8%, 
and 8.3%, respectively.

Conclusion: A meta-analysis of the literature shows Bone tracer HMDP has equivalent 
sensitivity and higher specificity compared with DPD and PYP for diagnosing ATTR 
cardiac amyloidosis from AL and can be used with equivalent confidence.

Keywords: HMDP, PYP, DPD, amyloidosis, ATTR, AL, scintigraphy, biopsy, sensitivity, 
specificity
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and accurate diagnosis of CA is the key to properly managing the 
disease progression. It can be treated with emerging novel therapies or 
chemotherapies depending on the type of amyloidosis. Noninvasive 
imaging can identify patients with severe and later stages of the 
disease in a shorter time, increasing the benefit from the available 
therapy options. Radionuclide bone scintigraphy has the advantage 
of detecting deposits of cardiac ATTR amyloid protein in the early 
stages of the disease and distinguishes amyloid of ATTR from AL. By 
contrast, echocardiography and cardiac magnetic resonance (CMR) 
can detect abnormal cardiac structural and functional changes due 
to amyloid deposition in a later stage of the disease, unlike bone 
scintigraphy.4,5

There has been a history of many bone tracers accumulating in soft 
tissue, specifically in the heart. Mainly, the two radiopharmaceuticals, 
DPD and PYP, have been well known to have a clear role in diagnosing 
CA. HMDP is a relatively more common bone imaging tracer in 
SPECT due to its availability and reduced cost. Current guidelines 
have set proper imaging protocol and identified reporting criteria of 
HMDP scintigraphy for CA. However, HMDP is underutilised for 
this purpose. Some case studies have been published where incidental 
cardiac uptake was seen during metastatic workup, follow-up, and 
other indications with HMDP, but ATTR CA could not be confidently 
diagnosed.

Purpose
This study aims to evaluate the published literature, select quality-

relevant publications, and pool their results to form a meta-analysis of 
published results regarding scintigraphic bone tracers in diagnosing 
ATTR cardiac amyloidosis and whether HMDP may be used with 
confidence. This review was carried out to look at studies published 
in PubMed, Embase, and Medline to identify the sensitivity and 
specificity of HMDP and establish the necessity of obtaining PYP or 
DPD specifically for cardiac amyloidosis cases if HMDP is already 
available, which can serve as both, a bone scan agent and CA scan 
agent, to minimise resources.

Background
The history of CA bone-seeking radiopharmaceuticals detecting 

amyloid deposition in the heart and other body organs goes back to 
1977. EHDP and Tc-PYP scans were performed, and cardiac uptake 
was then proven by biopsy.6,7 Technetium pyrophosphate (99mTc-
PYP) was first formally introduced in the diagnostics of CA in 1983.8 

In the last few years, the incidence of CA detection has increased. 
Endomyocardial biopsy has been the golden standard to confirm the 
presence of amyloid protein deposition into the tissue and identify the 
amyloid’s subtype. With the increased need for early and noninvasive 
diagnoses to treat the disease with an appropriate management plan, 
having HMDP bone scintigraphy radiotracer that is readily available 
in the nuclear medicine department daily than DPD and PYP, and 
with the increase of incidental findings of cardiac amyloidosis in 
skeletal scintigraphy, this study aims to address the question whether 
HMDP can reveal the diagnosis of CA with high confidence level? 
Would a nuclear medicine department be able to use DPD, PYP, 
and HMDP interchangeably? What if DPD or PYP is not a licensed 
tracer in a department? Would HMDP be a radiopharmaceutical a 
suitable substitute choice? If a patient has had an HMDP bone scan 
with incidental findings of cardiac uptake, does a DPD scan have to 
be done separately to confirm the presence of CA and identify the 
specific subtype?

Nuclear medicine bone scintigraphy has been tested for positive 
and negative likelihood ratios in distinguishing ATTR from AL 
amyloidosis in the myocardium. The diagram (Figure 1)1 shows the 
difference between the normal myocardium and the LV hypertrophy 
and increased LV mass due to amyloid deposition in the cardiac 
wall. Both conditions would show tracer uptake. Therefore, the 
accumulation of bone tracer is non-specific on its own without the 
correlation with other clinical tests, including echocardiography 
and CMR, histology, immunohistochemistry, proteomic analysis, 
monoclonal protein studies, and genetic testing.3 Figure 2 demonstrates 
the advantages of combining multimodality imaging to diagnose CA 
types accurately.9 One study shows that the accumulation of bone 
tracers is not due to macrophage infiltration; it was found to be 
significantly lower in ATTR amyloid than in AL amyloid. However, 
increased microcalcifications in ATTR amyloid may explain why bone 
tracers accumulate more in ATTR than AL. Also, microcalcifications 
densities were found in some AL cases, which might be the reason 
for positive bone scintigraphy in those cases.10 Other possibilities of 
cardiac uptake in ATTR CA may be due to different compositions 
of amyloid fibrils, different affinities of the bone tracer for amyloid 
proteins, differences in tissue involvement, or differences in their 
chemical structure diagram.1,5 Deposited proteins in the myocardium 
could be either Transthyretin proteins originating from the liver or 
immunoglobulin light-chain proteins derived from a clone of plasma 
cells (Figure 2).5 The exact mechanism of bone-seeking tracers 
binding to amyloid is still unclear.11 Thus, some common bone tracers 
have yet to be validated for this purpose.

Figure 1  Demonstrating increased wall thickness due to hypertrophy versus 
amyloid deposition into the wall leading to abnormality of the wall.
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Method (Search strategies and data collection)

This meta-analysis complied with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analysis of Diagnostic Test 
Accuracy Studies guidelines.12

The author conducted a comprehensive online literature search 
in Medline, Embase, and PubMed databases of studies on HMDP, 

DPD, and PYP imaging diagnostic role in cardiac amyloidosis to 
identify studies with sensitivities and specificities of the tracers in the 
targeted population. Initially, no exclusion criteria were applied. A 
systematic search was done in Medline and Embase databases through 
Ovid (ovidsp.ovid.com) using the following strategies, and a pooled 
number of citations are identified for each database per question in the 
table below (Table 1):

Figure 2  Demonstrating The origin of a specific type of amyloid protein and the shape of misfolding, and role of multi modalities imaging in detection of each 
type of the cardiac amyloidosis present in myocardium.9

Table 1  The search strategy in Medline and Embase, shows the identified citations

Searching Question Embase Medline

Exp heart amyloidosis or cardiac amyloid.mp. or cardiac amyloidosis.mp. or cardiac anyloidoses.mp. or exp ATTR or exp AL 
AND exp oxidronate technetium tc 99m or HDP.mp. or hydroxymethylene.mp. or HMDP.mp. or 99mTc- HMDP.mp. AND 
exp bone scintiscanning or bone scintiscanning.mp. or scan.mp. or imaging.mp. or exp scintigraphy or scintigraphy.mp. or 
bone scan.mp

130 35

Exp heart amyloidosis/ or cardiac amyloid.mp. or cardiac amyloidosis.mp. or cardiac anyloidoses.mp. or exp ATTR/ or exp AL/ 
AND DPD.mp. or exp Diphosphonates/ or propanodicarboxylicacid.mp. or exp Radionuclide Imaging/ or 99mTc-DPD.mp. 
AND exp bone scintiscanning or bone scintiscanning.mp. or scan.mp. or imaging.mp. or exp scintigraphy or scintigraphy.mp. or 
bone scan.mp.

1036 295

Exp heart amyloidosis/ or cardiac amyloid.mp. or cardiac amyloidosis.mp. or cardiac anyloidoses.mp. or exp ATTR/ or exp 
AL/ AND exp pyrophosphate technetium tc 99m/ or PYP.mp. or exp pyrophosphate/ or Pyrophosphate.mp. or 99m Tc-PYP.
mp. or 99mTc Pyrophosphate.mp. AND exp bone scintiscanning or bone scintiscanning.mp. or scan.mp. or imaging.mp. or exp 
scintigraphy or scintigraphy.mp. or bone scan.mp.

437 119

Also, another systematic search was done in the PubMed database using the following strategy, and a pooled number of citations were 
identified (Table 2):

Table 2  Searching strategy in PubMed showing identified citation

Searching Question PubMed Citation

((cardiac amyloid or cardiac amyloidosis or heart amyloid or heart amyloidosis or cardiac amyloidoses or ATTR or 
transthyretin or AL or light-chain) AND (diagnostic or imaging or SPECT or SPET or images or scan or scintigraphy or 
diagnosis)) AND (HDP or HMDP or PYP or DPD or Diphosphonate or hydroxymethylene or Tc or Technetium)

1650

((cardiac amyloid or cardiac amyloidosis or cardiac amyloidoses) AND (HDP or hydroxymethylene or HMDP or 
99mTc-HMDP)) AND (scan or imaging or scintigraphy or bone scan) 49

((cardiac amyloid or cardiac amyloidosis or cardiac amyloidoses) AND (DPD or propanodicarboxylicacid or 99mTc-
DPD)) AND (scan or imaging or scintigraphy or bone scan) 90
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Searching Question PubMed Citation

((cardiac amyloid or cardiac amyloidosis or cardiac amyloidoses) AND (PYP or Pyrophosphate or 99m Tc- PYP or 
99mTc Pyrophosphate)) AND (scan or imaging or scintigraphy or bone scan) 158

((cardiac amyloid or cardiac amyloidosis or cardiac amyloidoses) AND (HDP or hydroxymethylene or HMDP or 
99mTc-HMDP or DPD or propanodicarboxylicacid or 99mTc-DPD or PYP or Pyrophosphate or 99m Tc-PYP or 99mTc 
Pyrophosphate)) AND (scan or imaging or scintigraphy or bone scan)

272

(((cardiac amyloid or cardiac amyloidosis or heart amyloid or heart amyloidosis or cardiac amyloidoses) AND 
(ATTR or transthyretin or TTR or AL or light-chain)) AND (HDP or HMDP or PYP or DPD or Diphosphonate or 
hydroxymethylene or 99mTc Pyrophosphate or Tc or Technetium)) AND (diagnostic or diagnosis or imaging or images 
or radionuclide or SPECT or SPET or scan or scintigraphy)

245

Table 2 Continued...

Further relevant publications were found via manual inspection of 
the retrieved resources.

Seven additional publications were identified. To search as 
comprehensively as possible, including “grey literature” on HMDP’s 
role in cardiac amyloidosis was searched. No relevant studies were 
found. No language restrictions were applied to the search. Search 
results were screened independently after duplicates were removed 
using the automated tool in Zotero. The initial search was completed 
on July 20th and again updated on July 30th, 2021. First, Study titles 
and abstracts were screened. Then, full texts of possibly eligible 
studies were retrieved for review.

Inclusion and exclusion criteria

Studies were assessed for the following criteria: biopsy-proven CA 
patients going under HMDP, DPD, or PYP bone scintigraphy. Sample 
size ≥ 20 was chosen to increase the accuracy of defined sensitivity 
and specificity in diagnosing and distinguishing ATTR CA from AL. 
Also, studies with defined sensitivity and specificity (7 studies) and 
studies provided sufficient data to determine sensitivity and specificity 
(1 study). Studies were excluded for the following reasons: suspected 
patients presented with other cardiac pathologies, abstracts only or 
conference abstracts, case studies, systematic reviews and meta-
analysis, duplicate reports, letters to the editor, PET and PET/CT 
studies, 99mTc-MDP studies, irrelevant publications, and insufficient 
data for determining sensitivity and specificity. Of studies with a large 
cohort, only the number of biopsy-proven patients were selected for 
our analysis.

Data extraction and Quality assessment

The data were independently extracted in an Excel sheet by 
the author. The following data were extracted from the selected 
studies: study sample size, total patients who underwent bone tracer 
scintigraphy with suspected CA diagnosis, tracer specified for each 
study, uptake assessment methodology, biopsy-proven subjects with 
final diagnoses with ATTR and AL cardiac amyloidosis, patient 

demographic information (age and gender), sensitivity, specificity, 
true positive, false negative and false positive.

Even though few studies have used a quantitative method for 
calculating the ratio of cardiac uptake to ribs, the Perugini method 
was dominantly used to identify the degree of cardiac uptake (scoring 
system, 0-3) in all the selected studies. Notably, subjects in various 
studies with a score of 1 have been considered positive and negative 
in others due to no clear cut that could be identified. Therefore, our 
analysis considered subjects with Perugini Grade ≥ 1 positive and 
Perugini Grade <1 negative.

Eligible studies were assessed for quality using the NIH Quality 
Assessment Tool for Before-After (Pre-Post) Studies with No Control 
Group. The quality assessment tool consists of 12 questions, and the 
overall quality of the studies was good and fair.

Statistical analysis

Pre-specified inclusion criteria, including proven biopsy as a gold 
standard, led to the selection of a minimal number of studies per tracer. 
The meta-analysis included only three studies on the tracer of interest 
(HMDP) with a cumulative sample size of (n=204). A similar number 
of studies for DPD and PYP were selected to compare the sensitivity 
and specificity in a comparable sample size. Therefore, the sensitivity 
and specificity of these carefully selected high-quality biopsy-proven 
studies are presented without further statistical analysis.

Procedure and Protocols
All the papers selected in our meta-analysis have conformed to the 

standardised protocol for each of the three tracers.

Standard DPD and HMDP protocol scintigraphy by 
ASNC and EANM

The American Society of Nuclear Cardiology and the European 
Association of Nuclear Medicine have published guidelines and 
protocols,13 and Perugini published reporting guidelines.14 (Table 3)

Table 3  Slandered ASNC and EANM Protocol for HMDP and DPD cardiac amyloidosis scintigraphy

Camera Anger gamma camera
Preparation No specific test preparation is required
Radiopharmaceutical 99mTc-DPD or HMDP
Dose range 10–20 mCi (370-740 MBq)
Average dose 700-740MBq

Recommended: Chest Planar or Chest/Cardiac SPECT Required: Cardiac/Chest SPECT if planar is positive 
Optional: Whole-body planar imaging

Imaging mode
two to three hours after intravenous injection of 99mTc-DPD or HMDP

Scan time
Position Supine
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Camera Anger gamma camera
Matrix Planar: 256 by 256, at least 64 by 64 is required SPECT:128 by 128, at least 64 by 64 is required
Image duration Count based: 750,000 counts or 20 cm per minute
Energy window 140 keV, 15–20%
Collimators Low energy, high resolution

Number of views/detector (40 views / detector) Time per view (30 seconds per view) Magnification (1.0)
SPECT mode

Semiquantitative (Perugini): Cardiac uptake of 99mTc-DPD and HMDP visual comparison to bone (rib) uptake at 
3 hours

Reporting
Score 0, absent cardiac uptake and normal bone uptake; Score 1, mild cardiac uptake, inferior to bone uptake 
Score 2, moderate cardiac uptake accompanied by attenuated bone uptake

Reporting guidelines Score 3, strong cardiac uptake with mild/absent bone uptake

Table 3 Continued...

Results
The comprehensive online search of Medline, Embase and 

PubMed resulted in 4550 articles. An additional seven studies were 
identified from other references, and relevant studies were found in 
the references to other articles. Of the 4557 reports, (2725) duplicates 
were removed by the automated tool. Pre-screening the complete 
text, by abstracts and titles, irrelevant and PET studies, 1317 and 
49, respectively, were excluded. The remaining (466) studies were 
screened, not in the field of interest or insufficient data (348), case 
studies (45), meta-analysis (3), and abstract only (17) were also 

excluded. Fifty-three reports were set for retrieval, of which 19 
reports were not retrieved. Thus, 33 articles were selected and 
retrieved in full-text version.15-46 Twenty-five studies were ineligible 
for the following reasons: letters to editors, protocols, non-biopsy 
patient studies, studies biopsy-proven patient < n = 20, abstract only, 
and sensitivities or specificities were not defined. The eligible eight 
studies including 731 patients assessing the sensitivity and specificity 
with the reference of biopsy for HMDP,15,20,24 and DPD,20,30,33,34 
and PYP20,37,41 meeting the inclusion criteria were included in this 
meta-analysis. The following diagram2 illustrates the exclusion and 
inclusion process of the studies.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an updated guideline 
for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71 For more information, visit: http://www.prisma-statement.org/1

1PRISMA 2020 flow diagram for new systematic reviews, which included searches of databases and registers only
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Patient population

Studies were selected based on the pre-specified inclusion criteria. 
The biopsy-proven patients’ data were extracted from the eligible 
studies, including 868 patients were divided into four categories: 
ATTR biopsy positive, AL biopsy Positive, biopsy negative for 
amyloid deposition, but the bone scintigraphy was positive, and 
negative bone scintigraphy corresponding with biopsy negative for 
amyloid deposition. The subgroups for ATTR biopsy positive are 
ATTR biopsy positive and scan positive, ATTR biopsy positive with 
negative scan, and AL biopsy positive subgroup is biopsy and scan 
positive for AL. Also, these groups were classified as false positive 
scans when CA biopsy was negative or false positive for ATTR with 
AL positive biopsy and scintigraphy. Subjects in subgroups biopsy 
negative and scan negative for ATTR and AL were true negative and 
served as the control group; however, zeros indicate no control group 
was involved in the study. Table 5,6 summarises the number of the 
classified subjects in each subcategory. (Figure 3) (Table 4)

Table 4  Demonstrating number of male patients versus female patients in 
underwent bone scintigraphy with different tracers. The pie chart shows the 
percentage of men across all studies compare to woman. The unknown portion 
of that chart area is of unreported patients’ gender

  Male Female Undefined

HMDP (n=147) 94 40 13

PYP (n=229) 105 43 81

DPD (n=360) 122 29 209

Table 5  Demonstrating only biopsy proven patient who underwent bone 
scan for each tracer

CA (Arift+AL) Biopsy Proven Patients

HDP 147

PYP 229

DPD 360

Table 6  Demonstrating data of only biopsy proven patient either positive or negative, and whether the bone scintigraphy was positive for the amyloid specific 
type.

Study

CA (AM+ AL) 
Biopsy proven 
Positive Or 
Negative

ATTR 
Biopsy 
positive

Biopsy positive 
Scan positive 
for ATTR 
(True Positive)

ATTR Biopsy 
positive Scan 
negative (False 
negative)

AL 
Biopsy 
positive

Biopsy 
positive Scan 
positive For 
AL

Biopsy 
negative Scan 
positive (False 
positive)

Biopsy 
negative 
Scan negative 
(True 
negative)

Cappelli15 85 39 39 0 26 2 0 20
Gillmore20 21 14 14 0 4 0 0 3
Gala24 98 47 45 2 14 1 0 37
Hutt30 51 37 37 0 14 8 0 0
Rapezze33 94 45 45 0 34 11 0 15
Gillmore4 240 162 161 1 43 22 4 31
Moore34 21 13 13 0 8 2 0 0
Bokhari37 45 33 32 1 12 4 0 0
Poterucha41 104 69 68 1 13 5 0 22
Gillmore4 109 85 84 1 15 5 2 7
Total 868 544 538 6 183 60 6 135
  (100%) (62.6%)     (21.1%)   (0.69%) (15.6%)

Figure 3  Demonstrating number of patient participated in different studies, 
406 patient underwent DPD bone scintigraphy, 258 patients underwent PYP 
bone scintigraphy, and 204 patient underwent HMDP scintigraphy.

Figure 4  Demonstrating number of male patients versus female patients 
in underwent bone scintigraphy with different tracers. The pie chart shows 
the percentage of men across all studies compare to woman. The unknown 
portion of that chart area is of unreported patients’ gender.
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The eight selected studies with pre‐specified criteria for diagnosing 
CA are summarised in table 7 and displayed graphically in Figure 
4-6. Figure 5 displays the results of ATTR: 99mTc-HMDP has the 
mean sensitivity and specificity for ATTR of 98.33% and 98.12%, 

respectively, compared to DPD and PYP showed mean sensitivity for 
ATTR CA of 99.58% and 96.33%, and specificity of 87.55%, 91.57%, 
respectively. HMDP performed very well (outperforming specificity) 
compared to the standard DPD and PYP tracers.

Table 7  Demonstrating Bone scintigraphy for diagnosis of ATTR outcomes with the reference test of biopsy, sensitivity and specificity for amyloid in general is 
demonstrated in column 2 and 3, sensitivity and specificity for ATTR is demonstrated in column 4 and 5, sensitivity and specificity for AL

Study Tracer Sensitivity 
for amyloid

Specificity 
for amyloid

Sensitivity 
for ATTR

Specificity 
for ATTR

Sensitivity 
for AL

Specificity 
for AL Prevalence

Cappelli15 HMDP 61.90% 100.00% 100.00% 96.00% 7.69% 4.00% 76.47%
Gillmore20 HMDP 77.00% 100.00% 100.00% 100.00% 0.00% 0.00% 85.70%
Gala24 HMDP 77.50% 100.00% 95.00% 98.36% 7.14% 2.00% 62.20%
Hutt30 DPD 86.00% 100.00% 98.30% 89.30% 51.10% 10.70% 100.00%
Rapezze33 DPD 66.10% 100.00% 100.00% 84.30% 57.10% 15.70% 84.04%
Gillmore4 DPD 88.50% 88.50% 100.00% 86.10% 32.00% 13.90% 85.40%
Moore34 DPD 68.40% 100.00% 100.00% 90.50% 25.00% 9.50% 100.00%
Bokhari37 PYP 80.40% 100.00% 98.00% 95.00% 33.30% 5.00% 100.00%
Poterucha41 PYP 89.60% 100.00% 97.00% 91.00% 33.30% 9.00% 78.85%
Gillmore4 PYP 98.47% 77.80% 94.00% 89.00% 38.00% 11.00% 91.70%

Pooling and assessing data across all eight studies with the three 
tracers (99mTc‐HMDP, 99mTc‐DPD, or 99mTc‐PYP) evaluated their 
role in differentiating ATTR from AL despite high sensitivities and 
specificities for ATTR. Figure 6 displays the results for AL: 99mTc—
HMDP has the mean sensitivity and specificity for AL of 4.94% and 
2%, respectively, compared to DPD and PYP, which showed mean 
sensitivity for AL CA of 41.30% and 34.87% and specificity of 
12.75% and 8.33%, respectively. (Figure 6) (Table 7)

Figure 5  Demonstrating sensitivities and specificities of each study for the 
selected tracer that was utilized for bone scintigraphy for diagnosis of ATTR 
CA, mean sensitivity and specificity of each trace related studies are shown 
across the studies figures. Comparison of sensitivities and specificities is made 
for the tracers of interest.

Figure 6  Demonstrating sensitivities and specificities for AL CA of each study for 
the selected tracer that was utilized for bone scintigraphy for diagnosis of ATTR 
CA, mean sensitivity and specificity of each trace related studies are shown across 
the studies figures. Comparison of sensitivities and specificities is made for the 
tracers of interest.

Figure 7  Demonstrating DPD bone scan of a patient undergoing cardiac 
amyloid study showing no cardiac uptake and normal bone uptake. Kindly 
contributed by Dr Charlotte Fowler, Guy’s and St Thomas’ Hospital.

Case studies
The first case of a patient suspected of CA with a kidney transplant 

was referred to our nuclear medicine department at Guy’s and St 
Thomas’ Hospital. The DPD whole-body planar imaging shows 
normal bone uptake and absent cardiac uptake. (Figure 7)

The second case involved a suspected CA patient who was referred 
to our nuclear medicine department at Guy’s and St Thomas’ Hospital. 
The DPD whole-body planar imaging shows defused and attenuated 
bone uptake and Perugini Grade 2 cardiac uptake. (Figure 8)

This is an online published case report of a patient who underwent 
an MDP bone scan for metastatic workup. The scan was negative for 
the mother’s reason. However, mild cardiac uptake was incidentally 
detected. Later, a PYP scan was performed to confirm the diagnosis of 
CA, which resulted in intense cardiac uptake with the final diagnosis 
of ATTR CA. (Figure 9)
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Figure 8  Demonstrating DPD bone scan of a patient undergoing cardiac 
amyloid study showing intense cardiac uptake. Perugini Grade 2. Kindly 
contributed by Dr Hajira /lyas, Guy’s and St Thomas’ Hospital.

Figure 9  Demonstrating MDP bone scan of a patient undergoing metastatic 
work up, which was negative metastatic disease but raised suspicion of CA 
due to mild uptake in the cardiac, PYP was done after MDP bone scan to 
confirmed the diagnosis of CA. Published by Fathala, 202051

(A)	 MDP bone scan for metastatic work up, showing normal bone and mild 
uptake in cardiac.

(B)	 PYP bone scan for suspected cardiac amyloidosis, showing normal bone 
and intense cardiac uptake.

Discussion
Nuclear medicine bone scintigraphy is one of the most frequent 

tests done in nuclear medicine utilising different tracers. The 
incidence of cardiac amyloidosis has increased for the last few years, 
and the need to diagnose CA non-invasively has increased. 99mTc-
DPD and 99mTC-PYP have a well-established role in diagnosing CA, 
whereas 99mTc-HMDP is a more widely available tracer, and there has 
published guidelines for DPD and HMPD by EANM.36 However, it 
is underutilised for the diagnosis of ATTR- CA. Many studies have 
noted that MDP bone scintigraphy is not recommended for this 
purpose due to its low sensitivity to CA. Thus, HMDP is the tracer of 
interest in this study.

We conducted a systematic review and meta-analysis of eight 
studies on DPD, PYP, and HMDP bone scintigraphy to diagnose 
ATTR-CA findings in 868 biopsy-proven patients. Despite the small 
number of biopsy-proven patients evaluated by the HMDP tracer, we 

have found that it is susceptible and specific for detecting CA and 
differentiating ATTR from AL. Having tissue biopsy as a gold standard 
reference test for cardiac amyloidosis diagnosis, positive HMDP bone 
scintigraphy for cardiac uptake indicates the presence of the disease 
to a very great extent. Our analysis considered patients with visual 
scores of 1-3 of cardiac uptake as positive and any defused or absent 
tracer uptake in the myocardium was considered a negative scan. The 
pooled DPD and PYP sensitivities for ATTR CA of 99.58%, 96.33%, 
and specificity of 87.55% and 91.67%, respectively, were compared to 
HMDP sensitivity for ATTR CA of 98.33% and specificity of 98.12%.

The results of our meta-analysis indicate that HMDP can be used 
interchangeably with DPD and PYP with equivalent confidence. The 
presence of DPD, PYP, or HMDP myocardial uptake (grade 1, 2, or 3) 
was found to have a sensitivity and specificity for diagnosing ATTR 
CA. False-positive scans with biopsy negative or biopsy positive for 
AL CA reduce the specificity of any tracer of interest. Therefore, the 
noninvasive HMDP bone scintigraphy diagnostic tool of CA should 
be combined with serum/urine testing for the detectable clonal 
immunoglobulins to exclude AL cardiac amyloidosis.

Other recently published case studies demonstrate the sensitivity 
and specificity of HMDP bone scintigraphy. A recent case report 
shows HMDP was used to confirm the diagnosis of ATTR after an 
MRI showed abnormal anatomy of the cardiac wall with diffused 
asymmetric hypertrophy of the right and LV walls, and endomyocardial 
biopsy was positive for ATTR amyloidosis.47 

This study confirms the diagnostic utility of HMDP in this clinical 
context. Notably, our results are applicable to suspected CA patients 
having no other cardiac pathologies. Since most of the current studies 
address only those patients who have been referred from cardiology 
with suspicion of cardiac amyloid, this study cannot be used to 
establish sensitivity and specificity of incidentally identified cardiac 
uptake in patients undergoing HMDP scans for other reasons. Those 
patients undergoing bone scintigraphy for other indications will have 
a lower prevalence, and the sensitivity and specificity depend on the 
prevalence of any condition. In a larger population, the sensitivity 
may remain high. However, the specificity could be lower due to 
other conditions of LV hypertrophy that can show an accumulation 
of bone tracers in the heart (e.g., myocardial ischemia, metabolic 
disorders with hypercalcemia, infiltrative diseases such as sarcoidosis, 
or inflammatory myocarditis).48 Another meta-analysis has displayed 
similar results of bone-seeking tracers. The study concluded that bone 
scintigraphy is a practical tool in diagnosing cardiac amyloidosis.49

As PYP and DPD scans have suggested that they are able to 
distinguish ATTR from AL, our results show that HMDP follows 
the same concept. The advantages of identifying HMDP’s ability to 
detect CA and differentiate ATTR from AL can help us to recognise 
the early pathophysiological process of cardiac amyloidosis with the 
potential for monitoring treatment response without repeating another 
scintigraphy with different tracer, which reduces further radiation 
exposure to the patients.

Incidental case reports

Since HMDP is one of the most frequent tracers used for bone 
scintigraphy, there is a high possibility of cardiac uptake appearing in 
random patients going under bone scintigraphy for other indications 
(e.g., prostate cancer workup), especially in male patients over 
60. Many cases of incidental findings on HMDP bone scans were 
published. For imaging results correlation and comparison, the degree 
of uptake in the cardiac and bone tracer accumulation (Perugini 
scoring system—Figure 10)23 is correlated with disease severity.50 
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Figure 10  Demonstrating visual scoring of 0- 3. (0) absent cardiac uptake and 
normal bone uptake, (1) mild cardiac uptake, inferior to bone uptake, (2) 
moderate cardiac uptake associated with attenuated bone uptake, and (3) 
high cardiac uptake with decreased or absent bone uptake. Published by 
Glaudemans, 2014.23

HMDP

We present a case report from our Nuclear Medicine department 
at Guy’s and St Thomas’ NHS Foundation Trust. A patient presented 
with a known history of malignant neoplasm of the prostate, type 2 
diabetes, hyperlipidemia NOS, chronic kidney disease, and no history 
of cardiac myopathies. The patient was scheduled for an HMDP 
bone scan as a prostate cancer patient complaining of hip bone pain. 
The scan was carried out as normal bone scintigraphy with three 
hours post-injection delayed phase of whole-body imaging. While 
reviewing and reporting the whole-body images, a note was made 
of the clear, intense uptake in the heart visually assed of a Perugini 
grade 2. The findings were highly associated with amyloidosis (Figure 
11). A recommendation for a referral to the cardiology was made for 
further investigation. However, no further investigation was done at 
six-week intervals by the time of publication. 

Figure 11  Demonstrating HMDP bone scan of a patient undergoing cardiac 
amyloid study showing Perugini Grade 2 cardiac uptake. Kindly contributed by 
Dr Dhruba Dasgupta, Guy’s and St Thomas’ Hospital.

The following published case of ATTR CA diagnosed due to 
incidental myocardial uptake during bone scintigraphy is similar to 
our case from Guy’s and St Thomas’ NHS.

Foundation Trust. In this case, an 83-year-old man underwent 
prostatectomy for prostate cancer with a known history of carpal tunnel 
syndrome. The patient underwent serial (99mTc-HMDP) scintigraphy 
to evaluate bone metastasis due to prostate cancer. Incidental finding 
of cardiac uptake (visual grade, 2; heart-to-contralateral (H/CL) ratio, 
1.70) was observed. However, no further investigation was made on 
suspected ATTR since the patient had no symptoms of heart failure. 
99mTc-HMDP Bone scan was repeated Six years later for re-elevation 
of prostate-specific antigen level. The cardiac uptake was found to 
be greater (visual grade 3, and H/CL ratio: 2.32), echocardiography 
showed the left ventricular thickness, and endomyocardial biopsy 
showed amyloid deposition in the cardiac. The presence of ATTR was 
confirmed by immunohistochemistry.51

A further report of a 76-year-old man with metastatic prostate 
cancer who underwent 99mTc-HMDP bone scintigraphy found an 
incidental diffuse left ventricular abnormal uptake suggesting ATTR 
cardiac amyloidosis. The patient also underwent an 18-F NaF PET/
CT bone scan, but no cardiac uptake was noted in the 18-F NaF PET/
CT imaging.2

When cardiac uptake was detected in the MDP bone scan, a PYP 
bone scan was done to confirm the CA’s presence and differentiate 
ATTR from AL CA. The presented case of HMDP (Guy’s and St 
Thomas’ Hospital). A patient with no history of cardiac pathologies 
presented with the question of prostate recurrence (see clinical history 
in study case 1), regarding incidental findings, the cardiac tracer uptake 
strongly correlated with suggestive ATTR positive; however, further 
clinical evaluation of incidental cardiac uptake on bone scintigraphy 
is warranted.52,53

Other radiopharmaceuticals MDP

Other traces of bone scintigraphy are still under investigation 
and have very low sensitivity for CA. 99m TC-MDP (99mTc-methylene 
diphosphonate) is also a very common bone scan tracer. However, the 
reported sensitivity of the tracer is very low.54 Other studies stated that 
The tracers 99mTc-MDP and 99mTc-aprotinin are not recommended for 
this purpose.55

The last case we present here is a recently published for 
incidentally detected cardiac amyloidosis on 99mTc-MDP bone 
scintigraphy. An 86-year-old man with prostate cancer treated several 
years ago presented with elevated prostate-specific antigen and back 
pain with a known history of hypertension, hyperlipidemia, and heart 
failure with preserved ejection fraction (HFpEF). A 99mTc-MDP scan 
was indicated to rule out bone metastasis. The scan findings were 
negative for metastatic disease. However, degenerative changes in 
multiple joints were noted, and the tracer’s unexpected mild, diffuse 
myocardial uptake was further investigated by performing 99mTc-
PYP for suspected CA. The PYP scintigraphy demonstrated intense 
myocardial uptake in both planar and SPECT. Histologically, by 
Serum immunofixation, AL was ruled out, confirming the uptake was 
consistent with ATTR CA. The patient was referred to the cardiology 
department for further treatment (Figure 9).56 In another small cohort 
study of 19 biopsy-proven patients who underwent DPD and MDP 
scans. In whom MDP showed a mild cardiac uptake 0-1by the Perugini 
method, DPD demonstrated positive for the patients diagnosed with 
ATTR.54 (Figure 12)

Lastly, not to be confused with 123I-labeled serum amyloid P 
imaging is performed for suspected systemic AL amyloidosis but not 
cardiac amyloidosis.1
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Figure 12  Demonstrating results of DPD and MDP bone scan in 19 patients 
undergoing cardiac amyloid study showing no cardiac uptake in MDP where as 
DPD is positive in most cases. Published by F. Javier, 2012.53

ABD, abdomen-peritoneum; BM, bone marrow; By, biventricular; CA-AL, light 
chain cardiac amyloidosis; CA-TTR: transthyretin-related cardiac amyloidosis 
(h: hereditary; s: senile); CR, colorectum; DIF, diffuse; EM, endomyocardium; 
Heart, explanted heart; MSG, minor salivary gland.

PET tracers

On the other hand, Positron Emission Tomography (PET) has a 
well-established role in detecting amyloid deposition in many body 
organs, including the brain. Many tracers, including 18F- NaF and 
18F-florbetaben, are limited in diagnosing cardiac amyloidosis. Few 
studies concluded that differentiating CA subtypes is practicable and 
might be useful with 18F-florbetaben, but 18F—NaF is significantly 
inferior to single-photon imaging tracers.50,58,59 Other amyloid-binding 
PET tracers, C-11–PiB, F-18—florbetapir, and F-18–flutemetamol, 
have been successful in imaging ATTR and AL cardiac amyloidosis.

Study limitations
This comprehensive database search did not identify studies 

directly comparing HMDP and PYP or HMDP and DPD in the same 
cohort of patients. Finally, the general population’s sensitivities and 
specificities differ from incidental findings, which have not been 
published in much literature (knowledge gap).

Future work
There is a need to have a study comparing incidental findings 

in HMDP bone scans with myocardial left ventricle hypertrophy. 
Second, Figure11 shows an example of such patients undergoing 
oncological bone scintigraphy, and with incidental findings, they 
were recommended for cardiac workup. Occasionally, the referrers 
neglected cardiac uptake, raising suspicion of CA due to more 
common cardiac uptakes for other reasons, such as LV infractions. 
Further work is required to establish the significance of incidental 
cardiac uptake on HMDP. Therefore, further work and education of 
oncologists, urologists, and orthopaedic surgeons as frequent bone 
scan referrers and cardiologists are recommended.

Conclusion
We conducted a systematic review and meta-analysis of eight 

studies on DPD, PYP, and HMDP bone scintigraphy to diagnose 
ATTR-CA findings in 868 biopsy-proven patients. Despite the small 
number of biopsy-proven patients evaluated by HMDP tracer, we 
have found that it is highly sensitive and specific for detecting CA and 

differentiating ATTR from AL. We concluded that HMDP is decent 
for use and equivalent to current guidelines that mandate the role of 
DPD or PYP. HMDP CA positive bone scan with myocardium uptake 
can be reported as ATTR CA with the absence of monoclonal protein 
without performing any further invasive procedures, especially in 
subjects in whom EMB is unethical.

Acknowledgments
I wish to extend my special appreciation to Dr. Charlotte Fowler. 

Many thanks to Dr. Dhruba Dasgupta and Dr. Hajira Ilyas at Guy’s 
and St Thomas’ Hospital for contributing study cases.

References
1.	 Dorbala S, Cuddy S, Falk RH. How to image cardiac amyloidosis. JACC 

Cardiovasc Imaging. 2020;13(6):1368–1383.

2.	 Ng QKT, Sethi P, Saunders TA, et al. Discordant findings on 18F- NaF 
and 99mTc-HDP bone scans in a patient with ATTR cardiac amyloidosis. 
Clin Nucl Med. 2018;43(3):e89–e92.

3.	 Kapoor P, Thenappan T, Singh E, et al. Cardiac amyloidosis: A practical 
approach to diagnosis and management. Am J Med. 2011;124(11):1006–
1015.

4.	 Gillmore JD, Maurer MS, Falk RH, et al. Nonbiopsy diagnosis of cardiac 
transthyretin amyloidosis. Circulation. 2016;133(24):2404–2412.

5.	 Singh V, Falk R, Di Carli MF, et al. State-of-the-art radionuclide imaging 
in cardiac transthyretin amyloidosis. J Nucl Cardiol Off Publ Am Soc 
Nucl Cardiol. 2019;26(1):158–173.

6.	 Ali AMD, Turner DAMD, Rosenbush SWMD, et al. Bone scintigram in 
cardiac amyloidosis: a case report. Clin Nucl Med. 1981;6(3):105–108.

7.	 Kula RW, Engel WK, Line BR. Scanning for soft-tissue amyloid. The 
Lancet. 1977;309(8002):92–93.

8.	 Valsamaki PN, Zissimopoulos A. Cardiac amyloidosis. Two main 
subtypes and diagnoses by nuclear medicine are SPET tracer revival. J 
Nucl Med. 2019;22(3):161–164.

9.	 Masri A, Bukhari S, Eisele YS, et al. Molecular imaging of cardiac 
amyloidosis. J Nucl Med. 2020;61(7):965–970.

10.	 Stats MA, Stone JR. Varying levels of small microcalcifications and 
macrophages in ATTR and AL cardiac amyloidosis: implications for 
utilizing nuclear medicine studies to subtype amyloidosis. Cardiovasc 
Pathol. 2016;25(5):413–417.

11.	 Massalha S, Ruddy TD. Emerging role of echocardiography, cardiac 
magnetic resonance imaging and 99mTc-labeled bone tracer scintigraphy 
for the diagnosis of cardiac amyloidosis. J Nucl Cardiol. 2018;25(6):2080–
2083.

12.	 McInnes MDF, Moher D, Thombs BD, et al. Preferred reporting items for 
a systematic review and meta-analysis of diagnostic test accuracy studies: 
The PRISMA-DTA Statement. JAMA. 2018;319(4):388–396.

13.	 https://www.eanm.org/content-eanm/uploads/2019/10/19110-ASNC-
AND-EANM-Amyloidosis-Practice-Points-WEB.pdf

14.	 Perugini E, Guidalotti PL, Salvi F, et al. Noninvasive etiologic 
diagnosis of cardiac amyloidosis using 99mTc-3,3-Diphosphono-1,2- 
Propanodicarboxylic acid scintigraphy. J Am Coll Cardiol. 
2005;46(6):1076–1084.

15.	 Cappelli F, Gallini C, Di Mario C, et al. Accuracy of 99mTc-
Hydroxymethylene diphosphonate scintigraphy for diagnosis of 
transthyretin cardiac amyloidosis. J Nucl Cardiol. 2019;26(2):497–504. 

16.	 Van Der Gucht A, Cottereau AS, Abulizi M, et al. Apical sparing 
pattern of left ventricularmyocardial 99mTc-HMDP uptake in patients 
with transthyretin-related cardiac amyloidosis. J Nucl Cardiol. 
2018;25(6):2072–2079.

https://doi.org/10.15406/ijrrt.2024.11.00403
https://pubmed.ncbi.nlm.nih.gov/31607664/
https://pubmed.ncbi.nlm.nih.gov/31607664/
https://pubmed.ncbi.nlm.nih.gov/29261619/
https://pubmed.ncbi.nlm.nih.gov/29261619/
https://pubmed.ncbi.nlm.nih.gov/29261619/
https://pubmed.ncbi.nlm.nih.gov/22017778/
https://pubmed.ncbi.nlm.nih.gov/22017778/
https://pubmed.ncbi.nlm.nih.gov/22017778/
https://pubmed.ncbi.nlm.nih.gov/27143678/
https://pubmed.ncbi.nlm.nih.gov/27143678/
https://pubmed.ncbi.nlm.nih.gov/30569412/
https://pubmed.ncbi.nlm.nih.gov/30569412/
https://pubmed.ncbi.nlm.nih.gov/30569412/
https://pubmed.ncbi.nlm.nih.gov/6257442/
https://pubmed.ncbi.nlm.nih.gov/6257442/
https://pubmed.ncbi.nlm.nih.gov/63730/
https://pubmed.ncbi.nlm.nih.gov/63730/
https://pubmed.ncbi.nlm.nih.gov/31587024/
https://pubmed.ncbi.nlm.nih.gov/31587024/
https://pubmed.ncbi.nlm.nih.gov/31587024/
https://pubmed.ncbi.nlm.nih.gov/32482792/
https://pubmed.ncbi.nlm.nih.gov/32482792/
https://pubmed.ncbi.nlm.nih.gov/27469499/
https://pubmed.ncbi.nlm.nih.gov/27469499/
https://pubmed.ncbi.nlm.nih.gov/27469499/
https://pubmed.ncbi.nlm.nih.gov/27469499/
https://pubmed.ncbi.nlm.nih.gov/28585032/
https://pubmed.ncbi.nlm.nih.gov/28585032/
https://pubmed.ncbi.nlm.nih.gov/28585032/
https://pubmed.ncbi.nlm.nih.gov/28585032/
https://pubmed.ncbi.nlm.nih.gov/29362800/
https://pubmed.ncbi.nlm.nih.gov/29362800/
https://pubmed.ncbi.nlm.nih.gov/29362800/
https://www.eanm.org/content-eanm/uploads/2019/10/19110-ASNC-AND-EANM-Amyloidosis-Practice-Points-WEB.pdf
https://www.eanm.org/content-eanm/uploads/2019/10/19110-ASNC-AND-EANM-Amyloidosis-Practice-Points-WEB.pdf
https://pubmed.ncbi.nlm.nih.gov/16168294/
https://pubmed.ncbi.nlm.nih.gov/16168294/
https://pubmed.ncbi.nlm.nih.gov/16168294/
https://pubmed.ncbi.nlm.nih.gov/16168294/
https://pubmed.ncbi.nlm.nih.gov/28537040/
https://pubmed.ncbi.nlm.nih.gov/28537040/
https://pubmed.ncbi.nlm.nih.gov/28537040/
https://pubmed.ncbi.nlm.nih.gov/28447284/
https://pubmed.ncbi.nlm.nih.gov/28447284/
https://pubmed.ncbi.nlm.nih.gov/28447284/
https://pubmed.ncbi.nlm.nih.gov/28447284/


A meta-analysis of bone tracer scintigraphy in the diagnosis of cardiac amyloid ATTR and AL, comparing 
HMDP with DPD and PYP sensitivity and specificity in biopsy-proven cases

155
Copyright:

©2024 Aldehlaui et al.

Citation: Aldehlaui AM, Fowler C, Alzahrani A. A meta-analysis of bone tracer scintigraphy in the diagnosis of cardiac amyloid ATTR and AL, comparing HMDP 
with DPD and PYP sensitivity and specificity in biopsy-proven cases. Int J Radiol Radiat Ther. 2024;11(5):145‒156. DOI: 10.15406/ijrrt.2024.11.00403

17.	 Galat A, Van der Gucht A, Guellich A, et al. Early phase 99Tc-HMDP 
scintigraphy for the diagnosis and typing of cardiac amyloidosis. JACC 
Cardiovasc Imaging. 2017;10(5):601–603.

18.	 Abulizi M, Cottereau AS, Guellich A, et al. Early-phase myocardial 
uptake intensity of 99mTc-HMDP vs 99mTc-DPD in patients with 
hereditary transthyretin-related cardiac amyloidosis. J Nucl Cardiol. 
2018;25(1):217–222.

19.	 Costache II, Buburuz AM, Crisu D, et al. The role of echocardiography 
and 99mTc-HDP scintigraphy in non-invasive diagnosis of cardiac 
amyloidosis. Medicine (Baltimore). 2019;98(38):e17256.

20.	 Gillmore JD, Maurer MS, Falk RH, et al. Nonbiopsy diagnosis of cardiac 
transthyretin amyloidosis. Circulation. 2016;133(24):2404–2412.

21.	 Pradel S, Brun S, Victor G, et al. Pattern of myocardial 99mTc-HMDP 
uptake and impact on myocardial function in patients with transthyretin 
cardiac amyloidosis. J Nucl Cardiol. 2020;27(1):96–105.

22.	 Ramsay SC, Lindsay K, Fong W, et al. Tc-HDP quantitative SPECT/
CT in transthyretin cardiac amyloid and the development of a reference 
interval for myocardial uptake in the non-affected population. Eur J 
Hybrid Imaging. 2018;2(1):17.

23.	 Glaudemans AWJM, van Rheenen RWJ, van den Berg MP, et al. Bone 
scintigraphy with (99m)technetium-hydroxymethylene diphosphonate 
allows early diagnosis of cardiac involvement in patients with 
transthyretin-derived systemic amyloidosis. Amyloid. 2014;21(1):35–44.

24.	 Galat A, Rosso J, Guellich A, et al. Usefulness of (99m)Tc-HMDP 
scintigraphy for the etiologic diagnosis and prognosis of cardiac 
amyloidosis. Amyloid. 2015;22(4):210–220. 

25.	 Longhi S, Guidalotti PL, Quarta CC, et al. Identification of TTR-related 
subclinical amyloidosis with 99mTc-DPD scintigraphy. JACC Cardiovasc 
Imaging. 2014;7(5):531–532.

26.	 Quarta CC, Zheng J, Hutt D, et al. 99mTc- DPD scintigraphy in 
immunoglobulin light chain (AL) cardiac amyloidosis. Eur Heart J 
Cardiovasc Imaging. 2021;22(11):1304–1311.

27.	 Hutt D, Mcphillips H, Mcknight S, et al. DPD Scintigraphy for diagnosis 
of amyloidosis in 1191 patients– a single centre experience. Orphanet J 
Rare Dis. 2015;10(1):O16.

28.	 Rapezzi C, Quarta CC, Guidalotti PL, et al. Role of (99m)Tc-DPD 
scintigraphy in diagnosis and prognosis of hereditary transthyretin-related 
cardiac amyloidosis. JACC Cardiovasc Imaging. 2011;4(6):659–670.

29.	 de Miguel C, Llorente L, de Haro-del Moral FJ, et al. Myocardial uptake of 
99mTc-DPD in patients with AL amyloidosis. Amyloid. 2017;24(sup1):48–
49.

30.	 Hutt DF, Quigley AM, Page J, et al. Utility and limitations of 
3,3-diphosphono-1,2-propanodicarboxylic acid scintigraphy in systemic 
amyloidosis. Eur Heart J Cardiovasc Imaging. 2014;15(11):1289–1298.

31.	 https://www.practiceupdate.com/content/3-3-diphosphono-1-2-
propanodicarboxylic-acid-scintigraphy-in-systemic-amyloidosis/9088

32.	 Lee J, Kim K, Choi J-O, et al. 99mTc-DPD scintigraphy and SPECT/CT 
in patients with AL and ATTR type amyloidosis. Medicine (Baltimore). 
2020;99(4):e18905.

33.	 Rapezzi C, Cristina Quarta C, Guidalotti PL, et al. Usefulness and 
limitations of 99mTc-3, 3- diphosphono-1, 2-propanodicarboxylic acid 
scintigraphy in the aetiological diagnosis of amyloidotic cardiomyopathy. 
J Nucl Med Mol Imaging. 2011;38(3):470-478.

34.	 Moore PT, Burrage MK, Mackenzie E, et al. The utility of 99mTc-
DPD scintigraphy in the diagnosis of cardiac amyloidosis: an australian 
experience. Heart Lung Circ. 2017;26(11):1183–1190.

35.	 Sperry BW, Vranian MN, Tower-Rader A, et al. Regional variation in 
technetium pyrophosphate uptake in transthyretin cardiac amyloidosis 
and impact on mortality. JACC Cardiovasc Imaging. 2018;11(2 Pt 
1):234–242. 

36.	 https://www.asnc.org/wp-content/uploads/2024/05/ASNC-Practice-
Point-99mTechnetium-Pyrophosphate.2016.pdf

37.	 Bokhari S, Castaño A, Pozniakoff T, et al. 99mTc- Pyrophosphate 
scintigraphy for differentiating light-chain cardiac amyloidosis from 
the transthyretin-related familial and senile cardiac amyloidoses. Circ 
Cardiovasc Imaging. 2013;6(2):195–201.

38.	 Sperry BW, Burgett E, Bybee KA, et al. Technetium pyrophosphate 
nuclear scintigraphy for cardiac amyloidosis: Imaging at 1 vs 3 hours and 
planar vs SPECT/CT. J Nucl Cardiol. 2020;27(5):1802–1807.

39.	 Hongo M, Hirayama J, Fujii T, et al. Early identification of amyloid heart 
disease by technetium-99m-pyrophosphate scintigraphy: A study with 
familial amyloid polyneuropathy. Am Heart J. 1987;113(3):654–662.

40.	 Wizenberg TA, Muz J, Sohn YH, et al. Value of positive myocardial 
technetium-99m-pyrophosphate scintigraphy in the noninvasive diagnosis 
of cardiac amyloidosis. Am Heart J. 1982;103(4 Part 1):468–473.

41.	 Poterucha TJ, Elias P, Bokhari S, et al. Diagnosing transthyretin cardiac 
amyloidosis by technetium tc 99m pyrophosphate: a test in evolution. 
JACC Cardiovasc Imaging. 2021;14(6):1221–1231.

42.	 Ochi Y, Kubo T, Baba Y, et al. Validation of the Kumamoto criteria for 
prediction of 99m technetium pyrophosphate scintigraphy positivity as a 
strategy for diagnosis of transthyretin cardiac amyloidosis: A retrospective 
cohort study in Kochi. J Cardiol. 2021;77(2):124–1230.

43.	 Bokhari S, Morgenstern R, Weinberg R, et al. Standardization of 
99mTechnetium pyrophosphate imaging methodology to diagnose TTR 
cardiac amyloidosis. J Nucl Cardiol. 2018;25(1):181–190.

44.	 Singh V, Cuddy S, Kijewski MF, et al. Inter-observer reproducibility and 
intra-observer repeatability in (99m)Tc-pyrophosphate scan interpretation 
for diagnosis of transthyretin cardiac amyloidosis. J Nucl Cardiol. 
2022;29(2):440-446.

45.	 Papantoniou V, Valsamaki P, Kastritis S, et al. Imaging of cardiac 
amyloidosis by (99m)Tc-PYP scintigraphy. Hell J Nucl Med. 2015;18 
Suppl 1:42–50.

46.	 Castaño A, DeLuca A, Weinberg R, et al. Serial scanning with technetium 
pyrophosphate (99mTc-PYP) in advanced ATTR cardiac amyloidosis. J 
Nucl Cardiol. 2016;23(6):1355–1363. 

47.	 Noordzij W, Glaudemans AWJM, Slart RHJA, et al. Cardiac 
diphosphonate uptake. Heart. 2014;100(15):1192, 1217.

48.	 Delaney FT, Dempsey P, Welaratne I, et al. Incidental cardiac uptake in 
bone scintigraphy: increased importance and association with cardiac 
amyloidosis. BJR Case Rep. 2021;7(3):20200161.

49.	 Treglia G, Glaudemans AWJM, Bertagna F, et al. Diagnostic accuracy 
of bone scintigraphy in the assessment of cardiac transthyretin-related 
amyloidosis: a bivariate meta-analysis. Eur J Nucl Med Mol Imaging. 
2018;45(11):1945–1955.

50.	 Zhang LX, Martineau P, Finnerty V, et al. Comparison of 18F-sodium 
fluoride positron emission tomography imaging and 99mTc-
pyrophosphate in cardiac amyloidosis. J Nucl Cardiol. 2022;29(3):1132-
1140.

51.	 Ikebe S, Takashio S, Nishi M, et al. Transthyretin amyloid cardiomyopathy 
diagnosed on incidental myocardial uptake during bone scintigraphy. Circ 
J. 2020;84(4):679.

52.	 Suomalainen O, Pilv J, Loimaala A, et al. Prognostic significance 
of incidental suspected transthyretin amyloidosis on routine bone 
scintigraphy. J Nucl Cardiol. 2020;29(3):1021–1029.

53.	 Longhi S, Guidalotti PL, Quarta CC, et al. Identification of TTR-
related subclinical amyloidosis with 99mTc-DPD Scintigraphy. JACC 
Cardiovasc Imaging. 2014;7(5):531-532.

54.	 de Haro-del Moral FJ, Sanchez-Lajusticia A, Gomez-Bueno M, et al. 
Role of cardiac scintigraphy with 99mTc-DPD in the differentiation of 
cardiac amyloidosis subtype. Rev Esp Cardiol. 2012;65(5):440–446.

https://doi.org/10.15406/ijrrt.2024.11.00403
https://pubmed.ncbi.nlm.nih.gov/27424245/
https://pubmed.ncbi.nlm.nih.gov/27424245/
https://pubmed.ncbi.nlm.nih.gov/27424245/
https://pubmed.ncbi.nlm.nih.gov/27804073/
https://pubmed.ncbi.nlm.nih.gov/27804073/
https://pubmed.ncbi.nlm.nih.gov/27804073/
https://pubmed.ncbi.nlm.nih.gov/27804073/
https://pubmed.ncbi.nlm.nih.gov/31567998/
https://pubmed.ncbi.nlm.nih.gov/31567998/
https://pubmed.ncbi.nlm.nih.gov/31567998/
https://pubmed.ncbi.nlm.nih.gov/27143678/
https://pubmed.ncbi.nlm.nih.gov/27143678/
https://pubmed.ncbi.nlm.nih.gov/29881913/
https://pubmed.ncbi.nlm.nih.gov/29881913/
https://pubmed.ncbi.nlm.nih.gov/29881913/
https://pubmed.ncbi.nlm.nih.gov/30175320/
https://pubmed.ncbi.nlm.nih.gov/30175320/
https://pubmed.ncbi.nlm.nih.gov/30175320/
https://pubmed.ncbi.nlm.nih.gov/30175320/
https://pubmed.ncbi.nlm.nih.gov/24455993/
https://pubmed.ncbi.nlm.nih.gov/24455993/
https://pubmed.ncbi.nlm.nih.gov/24455993/
https://pubmed.ncbi.nlm.nih.gov/24455993/
https://pubmed.ncbi.nlm.nih.gov/26465835/
https://pubmed.ncbi.nlm.nih.gov/26465835/
https://pubmed.ncbi.nlm.nih.gov/26465835/
https://pubmed.ncbi.nlm.nih.gov/24831216/
https://pubmed.ncbi.nlm.nih.gov/24831216/
https://pubmed.ncbi.nlm.nih.gov/24831216/
https://pubmed.ncbi.nlm.nih.gov/34254119/
https://pubmed.ncbi.nlm.nih.gov/34254119/
https://pubmed.ncbi.nlm.nih.gov/34254119/
https://ojrd.biomedcentral.com/articles/10.1186/1750-1172-10-S1-O16
https://ojrd.biomedcentral.com/articles/10.1186/1750-1172-10-S1-O16
https://ojrd.biomedcentral.com/articles/10.1186/1750-1172-10-S1-O16
https://pubmed.ncbi.nlm.nih.gov/21679902/
https://pubmed.ncbi.nlm.nih.gov/21679902/
https://pubmed.ncbi.nlm.nih.gov/21679902/
https://pubmed.ncbi.nlm.nih.gov/28434306/
https://pubmed.ncbi.nlm.nih.gov/28434306/
https://pubmed.ncbi.nlm.nih.gov/28434306/
https://pubmed.ncbi.nlm.nih.gov/24939945/
https://pubmed.ncbi.nlm.nih.gov/24939945/
https://pubmed.ncbi.nlm.nih.gov/24939945/
https://www.practiceupdate.com/content/3-3-diphosphono-1-2-propanodicarboxylic-acid-scintigraphy-in-systemic-amyloidosis/9088
https://www.practiceupdate.com/content/3-3-diphosphono-1-2-propanodicarboxylic-acid-scintigraphy-in-systemic-amyloidosis/9088
https://pubmed.ncbi.nlm.nih.gov/31977903/
https://pubmed.ncbi.nlm.nih.gov/31977903/
https://pubmed.ncbi.nlm.nih.gov/31977903/
https://pubmed.ncbi.nlm.nih.gov/21069320/
https://pubmed.ncbi.nlm.nih.gov/21069320/
https://pubmed.ncbi.nlm.nih.gov/21069320/
https://pubmed.ncbi.nlm.nih.gov/21069320/
https://pubmed.ncbi.nlm.nih.gov/28256403/
https://pubmed.ncbi.nlm.nih.gov/28256403/
https://pubmed.ncbi.nlm.nih.gov/28256403/
https://pubmed.ncbi.nlm.nih.gov/28917675/
https://pubmed.ncbi.nlm.nih.gov/28917675/
https://pubmed.ncbi.nlm.nih.gov/28917675/
https://pubmed.ncbi.nlm.nih.gov/28917675/
https://www.asnc.org/wp-content/uploads/2024/05/ASNC-Practice-Point-99mTechnetium-Pyrophosphate.2016.pdf
https://www.asnc.org/wp-content/uploads/2024/05/ASNC-Practice-Point-99mTechnetium-Pyrophosphate.2016.pdf
https://pubmed.ncbi.nlm.nih.gov/23400849/
https://pubmed.ncbi.nlm.nih.gov/23400849/
https://pubmed.ncbi.nlm.nih.gov/23400849/
https://pubmed.ncbi.nlm.nih.gov/23400849/
https://pubmed.ncbi.nlm.nih.gov/32415627/
https://pubmed.ncbi.nlm.nih.gov/32415627/
https://pubmed.ncbi.nlm.nih.gov/32415627/
https://pubmed.ncbi.nlm.nih.gov/3030086/
https://pubmed.ncbi.nlm.nih.gov/3030086/
https://pubmed.ncbi.nlm.nih.gov/3030086/
https://pubmed.ncbi.nlm.nih.gov/6278906/
https://pubmed.ncbi.nlm.nih.gov/6278906/
https://pubmed.ncbi.nlm.nih.gov/6278906/
https://pubmed.ncbi.nlm.nih.gov/33221204/
https://pubmed.ncbi.nlm.nih.gov/33221204/
https://pubmed.ncbi.nlm.nih.gov/33221204/
https://pubmed.ncbi.nlm.nih.gov/33132078/
https://pubmed.ncbi.nlm.nih.gov/33132078/
https://pubmed.ncbi.nlm.nih.gov/33132078/
https://pubmed.ncbi.nlm.nih.gov/33132078/
https://pubmed.ncbi.nlm.nih.gov/27580616/
https://pubmed.ncbi.nlm.nih.gov/27580616/
https://pubmed.ncbi.nlm.nih.gov/27580616/
https://pubmed.ncbi.nlm.nih.gov/32918247/
https://pubmed.ncbi.nlm.nih.gov/32918247/
https://pubmed.ncbi.nlm.nih.gov/32918247/
https://pubmed.ncbi.nlm.nih.gov/32918247/
https://pubmed.ncbi.nlm.nih.gov/26665211/
https://pubmed.ncbi.nlm.nih.gov/26665211/
https://pubmed.ncbi.nlm.nih.gov/26665211/
https://pubmed.ncbi.nlm.nih.gov/26453570/
https://pubmed.ncbi.nlm.nih.gov/26453570/
https://pubmed.ncbi.nlm.nih.gov/26453570/
https://pubmed.ncbi.nlm.nih.gov/24548918/
https://pubmed.ncbi.nlm.nih.gov/24548918/
https://pubmed.ncbi.nlm.nih.gov/34131495/
https://pubmed.ncbi.nlm.nih.gov/34131495/
https://pubmed.ncbi.nlm.nih.gov/34131495/
https://pubmed.ncbi.nlm.nih.gov/29687207/
https://pubmed.ncbi.nlm.nih.gov/29687207/
https://pubmed.ncbi.nlm.nih.gov/29687207/
https://pubmed.ncbi.nlm.nih.gov/29687207/
https://pubmed.ncbi.nlm.nih.gov/33146862/
https://pubmed.ncbi.nlm.nih.gov/33146862/
https://pubmed.ncbi.nlm.nih.gov/33146862/
https://pubmed.ncbi.nlm.nih.gov/33146862/
https://pubmed.ncbi.nlm.nih.gov/32132309/
https://pubmed.ncbi.nlm.nih.gov/32132309/
https://pubmed.ncbi.nlm.nih.gov/32132309/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9163012/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9163012/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9163012/
https://pubmed.ncbi.nlm.nih.gov/24831216/
https://pubmed.ncbi.nlm.nih.gov/24831216/
https://pubmed.ncbi.nlm.nih.gov/24831216/
https://pubmed.ncbi.nlm.nih.gov/22464102/
https://pubmed.ncbi.nlm.nih.gov/22464102/
https://pubmed.ncbi.nlm.nih.gov/22464102/


A meta-analysis of bone tracer scintigraphy in the diagnosis of cardiac amyloid ATTR and AL, comparing 
HMDP with DPD and PYP sensitivity and specificity in biopsy-proven cases

156
Copyright:

©2024 Aldehlaui et al.

Citation: Aldehlaui AM, Fowler C, Alzahrani A. A meta-analysis of bone tracer scintigraphy in the diagnosis of cardiac amyloid ATTR and AL, comparing HMDP 
with DPD and PYP sensitivity and specificity in biopsy-proven cases. Int J Radiol Radiat Ther. 2024;11(5):145‒156. DOI: 10.15406/ijrrt.2024.11.00403

55.	 Maurer MS, Bokhari S, Damy T, Dorbala S, Drachman BM, Fontana 
M, et al. Expert Consensus Recommendations for the Suspicion and 
Diagnosis of Transthyretin Cardiac Amyloidosis. Circ Heart Fail. 
2019;12(9):e006075.

56.	 Fathala A. Incidentally detected cardiac amyloidosis on 99mTc-MDP 
bone scintigraphy. Radiol Case Rep. 2020;15(6):705–708.

57.	 Kircher M, Ihne S, Brumberg J, et al. Detection of cardiac amyloidosis 
with (18)F-Florbetaben-PET/CT in comparison to echocardiography, 
cardiac MRI and DPD-scintigraphy. Eur J Nucl Med Mol Imaging. 
2019;46(7):1407–1416.

58.	 Martineau P, Finnerty V, Giraldeau G, et al. Examining the sensitivity of 
18F-NaF PET for the imaging of cardiac amyloidosis. J Nucl Cardiol. 
2021;28(1):209–218.

https://doi.org/10.15406/ijrrt.2024.11.00403
https://pubmed.ncbi.nlm.nih.gov/31480867/
https://pubmed.ncbi.nlm.nih.gov/31480867/
https://pubmed.ncbi.nlm.nih.gov/31480867/
https://pubmed.ncbi.nlm.nih.gov/31480867/
https://pubmed.ncbi.nlm.nih.gov/32280403/
https://pubmed.ncbi.nlm.nih.gov/32280403/
https://pubmed.ncbi.nlm.nih.gov/30798427/
https://pubmed.ncbi.nlm.nih.gov/30798427/
https://pubmed.ncbi.nlm.nih.gov/30798427/
https://pubmed.ncbi.nlm.nih.gov/30798427/
https://pubmed.ncbi.nlm.nih.gov/30834499/
https://pubmed.ncbi.nlm.nih.gov/30834499/
https://pubmed.ncbi.nlm.nih.gov/30834499/

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Purpose
	Background
	Method (Search strategies and data collection) 
	Inclusion and exclusion criteria 
	Data extraction and Quality assessment 
	Statistical analysis 

	Procedure and Protocols 
	Standard DPD and HMDP protocol scintigraphy by ASNC and EANM 

	Results
	Patient population 

	Case studies 
	Discussion
	Incidental case reports 
	HMDP
	Other radiopharmaceuticals MDP 
	PET tracers 

	Study limitations 
	Future work 
	Conclusion 
	Acknowledgments
	References
	Figure 1
	Figure 2
	Figure 3 
	Figure 4  
	Figure 5  
	Figure 6 
	Figure 7 
	Figure 8
	Figure 9 
	Figure 10
	Figure 11 
	Figure 12
	Table 1 
	Table 2
	Table 3
	Table 4 
	Table 5
	Table 6 
	Table 7 

