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Over the last 5 years, nuclear cardiology has witnessed 
tremendous growth in the use of technetium 99m 

(99mTc) bone-avid tracer cardiac scintigraphy for clinical 
and research applications. Its substantial clinical value for 
evaluation of patients with heart failure with preserved 
ejection fraction (HFpEF) has motivated many hospitals 
to start cardiac amyloidosis imaging programs. How-
ever, experience with performance, interpretation, and 
reporting of 99mTc bone-avid tracer cardiac scintigraphy 
remains limited. High-quality scan acquisition, accurate 
interpretation, and definitive reporting are critical for re-
alization of the full potential of this modality. This review 
will provide an overview of cardiac amyloidosis, summa-
rize the emerging literature on bone-avid tracer cardiac 
scintigraphy, and illustrate a step-by-step approach to 
accurate interpretation and reporting of 99mTc bone-avid 
tracer cardiac scintigraphy findings.

Cardiac Amyloidosis
Amyloidoses are protein misfolding disorders characterized 
by extracellular deposition of insoluble amyloid fibrils in 
various organs, including the heart (1). Amyloid deposits 
in the myocardium expand the extracellular space, increase 
myocardial mass, impair diastolic and systolic function, 
and result in restrictive heart failure (2). The most common 
forms of cardiac amyloidosis result from misfolded immu-
noglobulin light chain (AL) or transthyretin (ATTR) pro-
teins and are thus referred to as AL cardiac amyloidosis and 
ATTR cardiac amyloidosis (ATTR-CA), respectively (1).

AL amyloidosis is caused by a plasma cell dyscrasia. 
Cardiac involvement, if untreated, is highly fatal, with 

a median survival of less than 12 months (3). With 
successful anti–plasma cell therapies, including dara-
tumumab (a monoclonal CD38-targeting antibody), 
superior survival and organ response have been re-
ported (4). Therefore, early and accurate diagnosis is 
crucial to improve outcomes in AL amyloidosis.

There are two forms of ATTR amyloidosis. One is a 
hereditary form caused by an autosomal dominant vari-
ant in the ATTR gene (hereditary ATTR [ATTRv] amy-
loidosis; v for variant ATTR). Patients with ATTRv 
amyloidosis typically present after 30 years of age (age 
of symptom onset is determined by the type of variant), 
with predominantly neuropathic, cardiomyopathic, or 
mixed manifestations (5). The other, more common form 
of ATTR amyloidosis, called wildtype ATTR cardiac 
amyloidosis (ATTRwt-CA), is related to aging and other 
yet unknown pathophysiologic insults (5). Patients with 
ATTRwt-CA are predominantly men over age 70 years 
and often present with heart failure. After the onset of 
heart failure, median survival of patients with ATTRwt-
CA is 4–5 years (6). Until recently, a biopsy was required 
to diagnose ATTR-CA; because of the low yield of fat pad 
biopsy (15% for wildtype ATTR and 45% for ATTRv) 
(7), endomyocardial biopsy was often performed. Advances 
in imaging have transformed the evaluation of patients 
with cardiac amyloidosis, and endomyocardial biopsy is 
now reserved for challenging cases.

Imaging Evaluation of HFpEF in Older Adults
Suspicion of cardiac amyloidosis in a patient with heart 
failure is based on typical echocardiographic and/or car-
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Noninvasive Diagnosis of ATTR-CA without Biopsy
Currently, the most established molecular imaging modality for 
diagnosis of ATTR-CA is scintigraphy with 99mTc-radiolabeled 
bone-seeking tracers that are bisphosphonate derivatives, namely 
99mTc pyrophosphate (PYP), 99mTc 3,3-diphosphono-1,2- 
propanodicarboxylic acid (DPD), and 99mTc hydroxymethylene  
diphosphonate (HMDP). Multiple single-center studies have 
shown high diagnostic accuracy of 99mTc-PYP/DPD/HMDP 
for ATTR-CA (11,13). A seminal publication by Gillmore et al 
(12), which included 1217 patients with suspected amyloido-
sis from five countries and seven major amyloidosis centers, 
confirmed the high diagnostic accuracy of 99mTc-PYP/DPD/
HMDP imaging: In patients with heart failure and typical 
imaging features of infiltrative pathologic abnormalities, after 
exclusion of AL amyloidosis, grade 2 or grade 3 myocardial 
uptake (see following section) on 99mTc-PYP/DPD/HMDP 
images was nearly 100% specific for ATTR-CA (12).

Mechanism of Myocardial Uptake of Bone-Avid 
Tracers in Amyloidosis
The mechanism of myocardial uptake of 99mTc-radiolabeled 
bone-seeking tracers in ATTR-CA is not fully understood. A 
probable mechanism is that these tracers bind to the calcium 
content within the myocardium affected by amyloidosis, akin 
to their affinity to the calcium in the bones at sites of ac-
tive bone formation. In the past, 99mTc-PYP was used as an 
imaging tool for diagnosis of myocardial infarct because it 
binds to the calcium deposits in infarcted myocardium, and 
the uptake correlates with calcium content in the injured and 
necrotic myocytes (14). Stats and Stone (15) reported greater 
microcalcification densities in endomyocardial biopsies from 
patients with ATTR-CA than those with AL cardiac amy-
loidosis, which might account for the observed preferential 
binding of these bone-seeking tracers to ATTR-CA compared 
with AL cardiac amyloidosis. However, fluorine 18 sodium 
fluoride, a tracer targeting microcalcification, had not shown 
consistent or significant myocardial uptake in AL amyloidosis 
or ATTR-CA (16–18). Interestingly, another commonly used 
99mTc bisphosphonate derivative for bone scintigraphy, 99mTc 
methyl diphosphate, was not avid for cardiac amyloidosis 
(19–21). Although case reports had described varying degree 
of myocardial uptake in ATTR-CA in a small number of pa-
tients (22,23), current recommendations do not advocate the 
use of 99mTc methyl diphosphate for cardiac amyloidosis due 
to its very low sensitivity.

99mTc-PYP/DPD/HMDP Scintigraphy for Risk 
Assessment in ATTR-CA
Several studies have reported on the utility of 99mTc-PYP/
DPD/HMDP scintigraphy for risk stratification in ATTR-CA. 
Although abnormal myocardial uptake of 99mTc-PYP, 99mTc-
DPD, or 99mTc-HMDP, compared with no uptake, indicated 
worse prognosis (24,25), there was no difference in progno-
sis for visually assessed mildly, moderately, or severely ab-
normal scans (24). On planar images, semiquantitative met-
rics of heart-to–contralateral lung uptake ratio (H/CL ratio)   

diac MRI features (8): increased ventricular wall thickness, in-
creased myocardial mass, abnormal global longitudinal strain 
with apical sparing, characteristic alterations in gadolinium  
kinetics, diffuse late gadolinium enhancement, and expansion 
of the extracellular volume (2). However, cardiac MRI structural 
and functional imaging features are not specific for amyloidosis 
and cannot be used to identify amyloidosis at early stages or dis-
tinguish the AL and ATTR forms of cardiac amyloidosis (2). Al-
though cardiac uptake of bone-avid tracers has been known since 
the early 1980s to represent cardiac amyloidosis (9), multiple 
studies reported variable diagnostic sensitivity, probably because 
patients with both AL and ATTR forms of cardiac amyloidosis 
were included in these studies. More than a decade ago, research-
ers recognized that these tracers provide a highly sensitive signal 
for ATTR-CA but not for AL cardiac amyloidosis (10). With this 
new knowledge, subsequent studies focused on diagnosing ATTR-
CA. Multiple studies using bone-avid tracer cardiac scintigraphy 
have confirmed its very high specificity (nearly 100%), allowing 
noninvasive diagnosis without endomyocardial biopsy (11,12).

Abbreviations
AL = light chain, ATTR = transthyretin, ATTR-CA = ATTR cardiac 
amyloidosis, ATTRv = hereditary ATTR, ATTRwt-CA = wildtype 
ATTR cardiac amyloidosis, DPD = 3,3-diphosphono-1,2-propanodi-
carboxylic acid, H/CL ratio = heart-to–contralateral lung uptake ratio, 
HFpEF = heart failure with preserved ejection fraction, HMDP = hy-
droxymethylene diphosphonate, PYP = pyrophosphate, ROI = region of 
interest, 99mTc = technetium 99m 

Summary
This article provides a focused review of transthyretin cardiac amyloi-
dosis and a stepwise approach to accurately and definitively diagnosing 
it using technetium 99m pyrophosphate, 3,3-diphosphono-1,2-
propanodicarboxylic acid, or hydroxymethylene diphosphonate cardiac 
scintigraphy.

Essentials
 ■ Over the last 5 years, nuclear cardiology has witnessed tremendous 

growth in the use of technetium 99m (99mTc) bone-avid tracer car-
diac scintigraphy for clinical and research applications.

 ■ A seminal publication confirmed the high diagnostic accuracy of 
99mTc pyrophosphate (PYP), 3,3-diphosphono-1,2-propanodi-
carboxylic acid (DPD), and hydroxymethylene diphosphonate 
(HMDP) imaging: In patients with heart failure and typical im-
aging features of infiltrative heart disease, after exclusion of light 
chain (AL) amyloidosis, grade 2 or grade 3 myocardial uptake 
at 99mTc-PYP/DPD/HMDP imaging is nearly 100% specific for 
transthyretin cardiac amyloidosis (ATTR-CA).

 ■ A common error in the interpretation of 99mTc-PYP/DPD/
HMDP scans is mistaking tracer activity in the blood pool for 
tracer uptake by the myocardium, which can be avoided by  
using SPECT and SPECT/CT.

 ■ A missed or delayed diagnosis of AL amyloidosis is likely fatal; 
hence, a monoclonal process must be excluded with serum/urine 
immunofixation electrophoresis and serum free AL assay before 
a diagnosis of ATTR-CA can be made based on a positive 99mTc-
PYP/DPD/HMDP scan.

 ■ The planar heart-to–contralateral lung uptake (H/CL) ratio is 
prone to errors and should be used solely to diagnose ATTR-CA 
at bone-avid tracer cardiac scintigraphy. In our clinical practice, 
we omit the H/CL ratio and report the visual impression based on 
SPECT/CT images at 2–3 hours after tracer injection.
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greater than 1.6 (see section “How to Interpret 99mTc-PYP/
DPD/HMDP Images: A Systematic Approach”) (26) and 
heart-to–whole body ratio greater than 7.5 (25) were as-
sociated with worse major adverse event-free survival. Heart-
to–whole body ratio was obtained by dividing the counts in 
the heart by the counts in whole-body image at 3 hours after 
injection of 99mTc-DPD (25).

99mTc-PYP/DPD/HMDP Scintigraphy to Unravel the 
Prevalence of ATTR-CA in Select at-Risk Cohorts
Autopsy studies revealed that ATTR amyloid deposits are 
prevalent in older adults, with more than 20% of persons 
showing evidence of myocardial ATTR amyloid deposition 
after age 80 years. However, a clinical diagnosis is made in far 
fewer patients (27). Clinical diagnosis using bone-avid tracer 

Figure 1: Planar and SPECT/CT technetium 99m (99mTc) pyrophosphate (PYP) images obtained for suspected transthyretin cardiac amyloidosis 
(ATTR-CA). (A) A 77-year-old White man with new onset of symptoms of heart failure underwent 99mTc-PYP planar scanning. The scan was reported as 
showing grade 3 myocardial uptake suggestive of ATTR-CA, and the patient was referred to our institution for initiation of tafamidis therapy. A careful re-
view of the 99mTc-PYP planar images, which were reported to be acquired 1 hour after injection of radiotracer, suggested that tracer activity was concen-
trated in the blood pool and not in the myocardium because the typical appearance of a central clearing was not evident. Absence of rib uptake of tracer 
suggested that imaging was performed too early, making the images uninterpretable (see also Fig 2). H/CL = heart-to–contralateral lung uptake ratio, 
ROI = region of interest, 2D = two-dimensional. (B) SPECT/CT imaging at 3 hours is the preferred protocol at our institution, and it clearly demonstrates 
blood pool activity, with no myocardial 99mTc-PYP uptake in the rib. A definitive diagnosis of ATTR-CA based on interpretation of 99mTc-PYP planar images 
alone is not possible even for experienced readers.
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cardiac scintigraphy to screen at-risk populations (without 
endomyocardial biopsy) has provided new knowledge on 
the clinical epidemiology of ATTR-CA. In older adults 
(age >60 years) hospitalized with HFpEF and increased left 
ventricular wall thickness (>12 mm), ATTR-CA was found 
in 13%–21% of patients (28–30). ATTR-CA was also 
identified among patients with severe aortic valve stenosis: 
6%–9% of those undergoing surgical aortic valve replace-
ment (31,32), as many as 9%–13% of patients undergoing 
transcatheter aortic valve replacement (33–37), and nearly 
30% of patients with low-flow low-gradient aortic stenosis 
(35). Finally, in a large community-based screening study, 
6.3% of patients over 60 years of age with HFpEF and in-
creased wall thickness had ATTR-CA (38). 99mTc bone-avid  
tracer scintigraphy has revealed that ATTR-CA is likely un-
derdiagnosed and affects about 10% of older adults with 
HFpEF and increased left ventricular wall thickness.

Novel Targeted Therapies for ATTR-CA
Transthyretin protein normally exists in a homotetrameric 
form. Aging or ATTR gene variants can destabilize the trans-
thyretin tetramer, causing a dissociation into aggregation-
prone monomers that form ATTR amyloid fibrils (5). Until 
2018, ATTR amyloidosis was untreatable, but three highly 
effective therapies are now approved by the U.S. Food and 
Drug Administration. Inotersen (an antisense oligonucle-
otide inhibitor) (39) and patisiran (a double-stranded small 
interfering RNA gene-silencing therapy) (40) halt produc-
tion of variant ATTR protein and are approved for ATTRv 
neuropathy. Tafamidis (41), an ATTR-stabilizing agent that  
prevents the breakdown of ATTR, is approved for ATTR 
cardiomyopathy (wildtype ATTR or ATTRv). Tafamidis was 
found to be less effective in patients with advanced ATTR-CA 
(41). Next-generation gene silencers, and even a CRISPR/

Cas9 (42) in vivo gene-editing therapy for treatment of AT-
TRv amyloidosis, are currently under development. Most 
of the current ATTR-CA therapies focus on the precursor 
protein (43), and no approved therapies are directed against 
the amyloid fibril. One year after ATTR stabilization or si-
lencing therapy in ATTRv amyloidosis, minimal changes in 
cardiac structure and function were described at echocar-
diography (44) or cardiac MRI (45), but a 20% reduction 
in cardiac uptake of bone-avid tracers was described (45). 
Whether improvement in cardiac uptake of bone-avid trac-
ers represents improvement in myocardial amyloidosis is not 
known. This is because current treatments target the precur-
sor protein and improvements in cardiac structure and func-
tion are small, as they represent natural regression of amy-
loid. As the mechanism of tracer binding to amyloid is not 
known, the significance of decrease in myocardial radiotracer 
uptake after treatment with ATTR silencing therapy is not 
known. Newer therapies directed at the amyloid fibril are cur-
rently under investigation (43). Molecular amyloid imaging 
is likely to play an important role in identifying candidates 
for antifibril-based therapies as well as in the assessment of  
response to therapy.

In summary, we now have the capability for noninvasive, 
definitive diagnosis of ATTR-CA using widely available 99mTc 
bone-avid tracer cardiac scintigraphy. In combination with 
new and effective disease-modifying therapies, the use of 
99mTc-PYP/DPD/HMDP imaging has dramatically increased 
worldwide. In the following sections, we focus on interpreta-
tion of 99mTc-PYP/DPD/HMDP imaging, highlight impor-
tant diagnostic principles, and discuss common pitfalls that 
confound image interpretation. The images in this article are 
primarily 99mTc-PYP scans, but the principles of evaluation 
and diagnostic performance are similar for all three tracers 
(99mTc-PYP, 99mTc-DPD, and 99mTc-HMDP) (46).

Figure 2: Rib uptake as an indication of appropriate timing of scan acquisition in technetium 99m pyrophosphate cardiac scintigraphy. (A) In the early phase 
shortly after tracer injection, blood pool activity within the heart is expected, while the ribs and other skeletal structures are not clearly visible. The absence of tracer 
uptake by the ribs is a good indicator that it is too early to interpret the scan, as the tracer is still circulating in the blood pool and has not entered the myocardium or 
bound to the bones. (B) In contrast, late images acquired 3 hours after radiotracer injection clearly show tracer uptake in the ribs. Any tracer uptake in the heart on 
3-hour images should raise suspicion for myocardial uptake.
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Clinical Vignette
A 77-year-old man with HFpEF was referred to our hospital for 
management of newly diagnosed ATTR-CA. His echocardiogram 
showed normal left ventricular ejection fraction and increased 
left ventricular wall thickness with restrictive filling characteris-

tics. Global longitudinal strain was reduced at −14.8%. His tro-
ponin-T level was 28 ng/L (reference range: 0–14 ng/L), and his 
N-terminal pro–B-type natriuretic peptide level was 602 pg/mL 
(reference level: less than 450 pg/mL). He underwent 99mTc-PYP 
scintigraphy at an outside hospital, and the scan was interpreted as 

Table 1: Recommendations on Acquisition Parameters for 99mTc-PYP/DPD/HMDP Imaging for Cardiac Amyloidosis

Imaging Procedure Parameter Recommendation
Preparation No specific preparation; no fasting 

required
…

Scan Rest scan Required
Dose 370–740 MBq (10–20 mCi) 

 intravenously for 99mTc-PYP,  
99mTc-DPD, and 99mTc-HMDP 

Recommended

Time between injection and acquisition: 
99mTc-PYP/DPD/HMDP

2 or 3 hours Recommended

Time between injection and acquisition: 
99mTc-PYP only

1 hour Optional; if excess blood pool activity is 
noted on 1-hour images, 3-hour imaging is 
recommended (see below regarding image type)

General imaging parameters*
 Field of view Heart  

Chest
Required  

Optional for planar
 CT attenuation correction Heart Recommended (SPECT/CT fusion images 

helpful to localize tracer uptake in the 
myocardium)

 Image type: planar Chest Recommended (1-hour planar-only imaging is 
not recommended)

 Image type: SPECT Heart Required
 Position Supine  

Upright
Required  

Optional
 Energy window 140 keV, 15%–20% Required
 Collimators Low energy, high resolution Recommended
 Matrix: planar 256 × 256 Recommended
 Matrix: SPECT 128 × 128 (at least 64 × 64 is required) Recommended
 Pixel size 3.5–6.5 mm Recommended
Planar imaging–specific parameters*
 View† Anterior and lateral Required
 Detector configuration 90° Recommended
 Image duration (count-based) 750,000 counts Recommended
 Magnification ×1.46 for large–field of view systems 

×1.0 for small–field of view systems
Recommended  

Optional
SPECT imaging–specific parameters*
 Angular range 180°

360°
Required  

Optional
 Detector configuration 90°

180°
Recommended  

Optional
 Electrocardiogram gating Off; nongated imaging Recommended
 No. of views/detector 40/32 Recommended
 Time per stop 20 seconds/25 seconds Recommended
 Magnification ×1.46 (180° angular range) 

×1.0 (360° angular range)
Recommended

Note.—DPD = 3,3-diphosphono-1,2-propanodicarboxylic acid, HMDP = hydroxymethylene diphosphonate, PYP = pyrophosphate, 
99mTc = technetium 99m. Adapted, with permission, from reference 73.
* Parameters for sodium iodide SPECT scanners.
† Anterior and lateral views are obtained at the same time; lateral planar views or SPECT imaging may help separate sternal from 
myocardial uptake.
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showing grade 3 myocardial uptake (Fig 1A) that was suggestive of 
ATTR-CA. His serum free AL levels and serum and urine immu-
nofixation electrophoresis findings were normal. He was referred 
to our hospital for further management with a view to initiate 
pharmacologic treatment with an ATTR stabilizer.

A careful review of the 99mTc-PYP planar images, which were 
acquired 1 hour after radiotracer injection, suggested tracer 
activity was concentrated in the blood pool and not in the myo-
cardium. To confirm, we repeated the 99mTc-PYP scanning using 
SPECT/CT at 3 hours after tracer injection (Fig 1B). The images 
confirmed blood pool activity with no myocardial 99mTc-PYP 
uptake. Diagnostically, the onset of his heart failure symptoms 

coincided with the new diagnosis of atrial fibrillation, suggesting 
the primary cause of his symptoms was most likely atrial fibril-
lation superimposed on a stiff ventricle from a combination of 
diabetes, prior coronary artery disease, and hypertension.

How to Acquire 99mTc-PYP/DPD/HMDP Images
Guidelines on image acquisition and scan protocols for 
 99mTc-PYP/DPD/HMDP studies based on expert consensus are 
described in Table 1. We highlight that the recommended time of 
imaging is 2–3 hours after injection of 99mTc-PYP/DPD/HMDP; 
imaging at 1 hour is optional for laboratories with vast experience 
with both 1-hour and 3-hour 99mTc-PYP imaging. SPECT, or 

Figure 3: SPECT and SPECT/CT to distinguish myocardial technetium 99m pyrophosphate uptake from blood pool activity. (A) On SPECT  
and SPECT/CT images, tracer activity in the blood pool has an amorphous appearance that is not clearly separable from the mediastinum.  
(B) True-positive tracer uptake by the myocardium is characterized by a U shape or horseshoe shape on the axial and coronal planes and a donut  
shape on the sagittal plane.
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preferably SPECT/CT, is required, as it is the only definitive way 
to visualize 99mTc-PYP/DPD/HMDP uptake in the myocardium 
and differentiate it from blood pool activity (47).

How to Interpret 99mTc-PYP/DPD/HMDP Images: 
A Systematic Approach

Step 1: Perform Quality Control
As with any other radiopharmaceutical agent, strict compliance 
with quality control regulations for radiochemical purity is neces-
sary before intravenous administration of 99mTc-PYP/DPD/HDP. 
Dissociation of 99mTc-PYP can occur after prolonged standing 
(more than 6 hours) or a change in pH, where free dissociated 
99mTc pertechnetate is seen as unexpected activity in the thyroid 
and stomach (48). Interpretation of the planar images becomes 

challenging due to proximity of the stomach to the heart, but this 
may be overcome on SPECT images. Excessive free 99mTc pertech-
netate may result in false-negative scans. Laboratories that are new 
to radiolabeling 99mTc-PYP should be aware that the stannous PYP 
kit is not only used for bone and myocardial imaging but can also 
be used for gated blood pool imaging if reconstituted and admin-
istered differently. Both preparation methods are detailed in the 
product package insert, and confusing one for the other will result 
in a radiolabeled product that remains in the blood pool with no 
localization to the myocardium or bone.

Step 2: Confirm the Presence of Rib Uptake as a Check for 
Appropriate Timing of Scan Acquisition
An important concern is mistaking tracer activity in the blood 
pool for tracer uptake by the myocardium on planar images. A 

Figure 4: Visual grading of technetium 99m (99mTc) pyrophosphate (PYP) cardiac images. 99mTc-PYP axial SPECT images (left column) and SPECT/CT 
images (right column) demonstrate no myocardial uptake of PYP (grade 0) and myocardial tracer uptake less than rib uptake (grade 1), equal to rib uptake 
(grade 2), and greater than rib uptake (grade 3).
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common reason for this is performing the scan too early after 
injection of radiotracer. The absence of tracer uptake by the 
ribs, especially with 99mTc-PYP, is an indicator that images were 
obtained too early for an interpretable scan (Fig 2A). When 
scans from a later time point are obtained, they clearly demon-
strate symmetric tracer uptake in the bones (Fig 2B). Any tracer 
uptake in the region of the heart on planar images should raise 
suspicion for myocardial uptake and must be confirmed with 
use of SPECT. Substantial soft-tissue uptake of 99mTc-DPD, 
predominantly in skeletal muscles, has been reported in pa-
tients with ATTR-CA; this can sometimes attenuate visualiza-
tion of radiotracer uptake by the bone (49).

Step 3: Distinguish Myocardial 99mTc-PYP Uptake from Blood 
Pool Activity
A common misinterpretation of 99mTc-PYP cardiac images is 
mistaking tracer activity in the blood pool for tracer uptake by 
the myocardium, as illustrated in the case vignette. SPECT, and 
SPECT/CT if available, can be used to confirm 99mTc-PYP uptake 
in the myocardium and differentiate it from blood pool radioac-
tivity. It is important for imaging physicians to be familiar with 
the appearance of blood pool activity on SPECT images (Fig 3).

Step 4: Interpret Myocardial Uptake: Visual Assessment and 
Grading of 99mTc-PYP Images
99mTc-PYP/DPD/HMDP chest images are optimally reviewed 
in transaxial, sagittal, and coronal projections. Reorientation of 
the images into cardiac projections can be challenging in nega-
tive scans, and in positive scans, myocardial activity may be 
scaled higher when using the cardiac projections alone. When 

99mTc-PYP accumulates in the myocardium, the scan appear-
ance should be similar to a normal myocardial perfusion scan, 
with high signal intensity in the myocardium and minimal, 
if any, activity in the blood pool. An inverse gray scale or any 
linear color scale can be used for SPECT interpretation. For 
SPECT/CT fusion images, CT is displayed in gray scale and 
SPECT in color scale.

Once tracer uptake is ascertained to be in the myocardium, 
the degree of uptake can be categorized using a four-point 
visual scoring system, which is widely known as the Peru-
gini score (Fig 4). Myocardial uptake of 99mTc-PYP at 3-hour 
imaging is graded as follows: grade 0, no myocardial uptake; 
grade 1, myocardial uptake less than bone uptake; grade 2, 
myocardial uptake comparable with bone uptake; and grade 
3, myocardial uptake more than bone uptake, where bone 
uptake is defined by tracer uptake by the ribs (11).

In patients with heart failure and typical imaging find-
ings on echocardiographic or cardiac MRI scans, a finding 
of grade 2 or 3 myocardial uptake in the absence of a mono-
clonal protein in the serum or urine is nearly 100% specific 
for ATTR-CA, obviating endomyocardial biopsy (12). A vi-
sual score of 0 is not suggestive of ATTR-CA, while a visual 
score of 1 is equivocal for ATTR-CA (and may represent early 
ATTR-CA). A visual score of 0–3 can be present in patients 
with AL cardiac amyloidosis.

Optional Step for Interpretation: Semiquantitative Method of 
H/CL Ratio at Planar Imaging
The H/CL ratio is defined as the ratio of mean counts obtained 
in the region of interest (ROI) drawn over the entire cardiac sil-
houette to the counts within a similar-sized ROI mirrored over 

Figure 5:  Semiquantitative method of heart-to–contralateral lung uptake ratio (H/CL ratio) uptake ratio on planar imaging at 1 
hour after tracer injection. Anterior planar images acquired 1 hour after injection of technetium 99m pyrophosphate show grade 3 
myocardial tracer uptake. Correct placement of regions of interest (ROIs) for the derivation of H/CL ratio is shown: The “heart” ROI 
should be drawn over the entire myocardium, and the “contralateral chest” ROI should be of the same size and mirrored over the 
contralateral chest on planar imaging at 1 hour. The ROI should be positioned to minimize overlap with sternal or focal rib uptake 
and maximize coverage of the heart without including adjacent lung. The H/CL ratio is optional and should only be reported if myo-
cardial activity is noted on SPECT images.
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the contralateral lung on planar images (Fig 5). The H/CL ratio 
is usually concordant with the visual grading at SPECT and is 
an optional adjunct to support decision-making. An H/CL ra-
tio at 1-hour imaging greater than 1.5 was associated with worse 
survival (26) and was able to help distinguish ATTR-CA from 
AL amyloidosis (50). However, scanning 1 hour after injection 
of 99mTc-PYP/DPD/HMDP frequently produces images show-
ing high blood pool activity and is not recommended (47). In 
the presence of high blood pool activity or low contralateral lung 
activity, as in pleural effusions, the H/CL ratio may be falsely el-
evated. Care should be taken during the placement of the ROI to 
avoid overlap with sternal and focal rib uptake as well as the adja-
cent lung. Common errors include drawing an ROI of a different 
size, wrong positioning of the ROI over the contralateral lung, or 

inclusion of focal rib uptake in the ROI. In some instances, it is 
acceptable to derive the H/CL ratio by placing an ROI of a dif-
ferent size or at a different site in the contralateral hemithorax to 
avoid the overlapping tracer uptake. Due to the many limitations, 
there is no clear added value of the planar H/CL ratio, and in our 
clinical practice, we omit the H/CL ratio and report solely the 
visual impression based on the SPECT/CT images at 2–3 hours 
after tracer injection.

Step 5: Exclude a Monoclonal Process with Serum/Urine 
Immunofixation Electrophoresis and a Serum Free AL Assay 
in All Patients with Suspected Cardiac Amyloidosis
Although 99mTc-PYP/DPD/HMDP scans are less sensitive for 
AL amyloidosis, with grade 0 uptake seen in nearly 60% of pa-

Figure 6: Negative technetium 99m (99mTc) pyrophosphate (PYP) scan in light chain (AL) amyloidosis. A 56-year-old African American man was evalu-
ated with cardiac MRI for symptoms of heart failure. The cardiac MRI findings (not shown) were suggestive of amyloidosis, but (A) the 99mTc-PYP SPECT/CT 
images show grade 0 uptake. Further evaluation with serum and urine studies as well as bone marrow biopsy confirmed a diagnosis of systemic AL amyloidosis. 
(B) Fluorine 18 (18F) florbetapir PET/CT images acquired as a part of a research study demonstrate diffuse intense myocardial uptake consistent with AL amy-
loidosis. Amyloid PET tracers may be helpful to identify AL amyloidosis but are currently investigational.
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tients (Fig 6), more than 40% of patients with AL amyloidosis 
can demonstrate myocardial uptake of these tracers (Fig 7), with 
intense uptake (grade 2 or 3) in 20%–30% (12). If untreated, 
AL amyloidosis is a highly fatal disease with a median survival 
of less than 12 months, but outcomes are much better when it 
is diagnosed early and treated without delay (3). For these rea-
sons, serum/urine immunofixation electrophoresis and serum 
free AL assay are recommended in all patients with suspected 
amyloidosis. Immunofixation is essential because the level of 
paraprotein in AL amyloidosis is often very low and is detectable 
with use of routine electrophoresis in only 50% of patients with 
AL amyloidosis (51). Therefore, a monoclonal process must be 
excluded with serum/urine immunofixation electrophoresis and 
serum free light chain assay before the confirmation or exclu-
sion of a diagnosis of ATTR-CA based on a 99mTc-PYP/DPD/
HMDP scan. In practice, patients referred for 99mTc-PYP/DPD/
HMDP scans often have not had a complete evaluation for AL 
amyloidosis. If a patient has had any positive evaluation for AL 
amyloidosis (ie, serum/urine immunofixation electrophoresis or 

serum free AL assay), then involved organ biopsy, cardiac MRI, 
or an endomyocardial biopsy may be preferred over 99mTc-PYP/
DPD/HMDP scintigraphy. Coexistent monoclonal gammopa-
thy can be found in up to 40% of patients with ATTRwt-CA 
(52), and such patients require expert evaluation.

Step 6: Review for Physiologic Tracer Distribution and 
Extracardiac Tracer Activity
As with all imaging modalities, physicians must exercise due 
diligence during interpretation and look beyond the organ of 
interest to examine the entire imaged volume for incidental,  
potentially actionable findings. Physiologic distribution of 99mTc-
PYP/DPD/HMDP includes symmetric bone uptake, with activity 
in the bladder, kidney, and soft tissues (53). Asymmetric or focal 
increased bony tracer uptake is usually attributed to benign causes, 
such as rib fractures and degenerative changes, but may warrant 
further evaluation if a sinister pathologic origin is suspected, such 
as bone metastasis, metabolic bone disease, or Paget disease (Fig 
8) (48). Extracardiac 99mTc-PYP activity has been reported, most 

Figure 7: Technetium 99m (99mTc) pyrophosphate (PYP) scan positive for light chain (AL) amyloidosis. 99mTc-PYP planar images 
in a 67-year-old White man with suspected amyloidosis were strongly positive, with grade 3 uptake and an elevated heart-to–con-
tralateral lung uptake ratio of 1.54. Myocardial uptake was confirmed on axial, sagittal, and coronal SPECT images. However, 
subsequent investigations confirmed the diagnosis of AL amyloidosis. Intense myocardial 99mTc-PYP uptake can be seen in more than 
20%–30% of patients with AL amyloidosis; therefore, a monoclonal process must be excluded by means of serum/urine immunofixa-
tion electrophoresis and a serum free AL assay before a diagnosis of transthyretin cardiac amyloidosis is made based on a positive 
99mTc-PYP scan. ROI = region of interest, 2D = two-dimensional.



Khor et al

Radiology: Volume 306: Number 2—February 2023  ■  radiology.rsna.org 11

commonly in the kidney (due to physiologic excretion), followed 
by the bone and breast (53).

Challenges with 99mTc-PYP/DPD/HMDP Image 
Interpretation

False-Positive 99mTc-PYP/DPD/HMDP Scans

High blood pool activity.—By far the most common pitfall in 
the clinical interpretation of 99mTc-PYP/DPD/HMDP scin-
tigraphy for suspected ATTR-CA is mistaking tracer activity 
in the blood pool for tracer uptake by the myocardium, re-
sulting in a false-positive scan. 99mTc-PYP/DPD/HMDP ac-
tivity in the blood pool is a frequent finding on whole-body 
or chest planar images, especially with 1-hour imaging. Im-
mediately after intravenous injection, 99mTc-PYP circulates in 
the blood pool and is cleared from the blood by bone uptake 
and urinary excretion. In patients with intact renal clearance, 
10% of tracer activity remains in the vascular system after 
1 hour, and approximately 40%–50% of the injected dose 
will be taken up by the skeletal system after 1–2 hours (54). 
Therefore, images acquired shortly after tracer injection will 
show expected blood pool activity within the heart, with no 

visible uptake in skeletal structures (Fig 2A). The absence of 
tracer uptake by the ribs is an indicator that it is too early to 
interpret the scan, as the tracer is still predominantly in the 
vascular system and has not entered and bound to the bones. 
The most reliable method to distinguish between blood pool 
activity and myocardial uptake is to repeat imaging after a de-
lay (3 hours after injection of radiotracer), which should show 
clearance of blood pool activity, with clear demonstration of 
tracer uptake in the bones (Fig 2B). Occasionally, 99mTc-PYP 
activity in the blood pool may persist on the 3-hour image. 
The predictors of high blood pool activity are not well under-
stood, but we encounter this more commonly in older adults 
or patients with renal failure. The use of SPECT and, if avail-
able, SPECT/CT imaging helps distinguish myocardial from 
blood pool 99mTc-PYP activity.

On planar images, 99mTc-PYP activity in the blood pool 
typically manifests as diffuse and amorphous uptake in the  
region of the heart that can be mild, moderate, or intense. 
True myocardial 99mTc-PYP uptake demonstrates a central 
clearing, best visualized on the left anterior oblique pro-
jection. The latter may be challenging to ascertain in small 
hearts. At SPECT imaging, positive 99mTc-PYP uptake by the 

Figure 8: Review of technetium 99m (99mTc) pyrophosphate (PYP) images for extracardiac tracer activity. (A) 99mTc-PYP 
SPECT chest images in a 76-year-old White man with suspected cardiac amyloidosis show grade 2 uptake (ie, a positive find-
ing). (B) Review of the entire image volume revealed an incidental focus of extracardiac intense tracer uptake (arrow) in the  
thoracic spine. (C) Sagittal and (D) axial CT images, which were obtained from the recommended CT examination, show 
cortical thickening and sclerosis of the T6 vertebral body (arrow), with coarse trabecular thickening. A bone biopsy was 
 performed, as there was concern for bone metastasis, and final histologic results coupled with serum biochemistry findings were 
compatible with Paget disease.
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myocardial wall has an unmistakable U shape, or horseshoe 
shape, on axial and coronal images and a donut shape on sag-
ittal images, with an appearance similar to myocardial perfu-
sion images (Fig 3B), whereas 99mTc-PYP activity in the blood 
pool lacks a definite shape and is inseparable from the medi-
astinal activity (Fig 3A). In selected cases where blood pool 
activity persists on the 3-hour image and clinical suspicion 
remains high, further evaluation can be considered, including 
cardiac MRI or endomyocardial biopsy if clinically indicated.

Recent acute myocardial infarct and other myocardial 
injuries.—99mTc-PYP cardiac imaging was used in the 1970s 
for imaging acute myocardial injury from infarction (55) be-
fore it was replaced by serum cardiac biomarkers. Cell death 
during myocardial infarction is followed by an influx of cal-
cium and leads to deposition of intramyocardial calcium com-
plexes, which have high affinity for bone-avid tracers, such as 
99mTc-PYP. Generally, tracer uptake in infarction is focal and 
localizes to an infarcted area following a typical coronary artery 

Figure 9: False-positive 99m technetium pyrophosphate (99mTc-PYP) scan in a recent myocardial infarct. A 72-year-old White man underwent 99mTc-PYP SPECT/
CT for evaluation of suspected transthyretin cardiac amyloidosis due to increased left ventricular wall thickening at echocardiography. His medical history was notable 
for an acute myocardial infarct from a thrombotic occlusion of the left anterior descending coronary artery 10 days before 99mTc-PYP SPECT/CT. The scan shows focal 
intense tracer uptake, most pronounced in the septum as a sequela of the recent myocardial infarction. 99mTc-PYP myocardial uptake is less specific for amyloidosis in 
the setting of an acute myocardial infarction and may remain positive for 6 months after infarct. ANT = anterior, HLA = horizontal long axis, INF = inferior, LAT = lateral, 
SA = short axis, SEP = septal, VLA = vertical long axis.
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distribution. Lack of awareness of this obsolete use of 99mTc-
PYP cardiac scintigraphy may lead to inappropriate timing in 
ordering and interpretation of the test in patients who experi-
enced a recent acute myocardial infarction (Fig 9). Following 
a myocardial infarction, myocardial 99mTc-PYP uptake usually 
begins to diminish after 14 days as the infarcted area heals, 
but rarely, it may remain persistently positive beyond 6 months 
(56). Other instances of myocardial insult, such as myocardi-
tis (57,58), postradiation injury (59), doxorubicin-induced 
cardiomyopathy (60), and hydroxychloroquine cardiotoxicity 
(61), have been shown in case reports to lead to diffusely in-
creased myocardial uptake of 99mTc-PYP. Hence, it is important 
to note any relevant medical history that may otherwise give 
rise to a false-positive test result.

False-Negative 99mTc-PYP/DPD/HMDP Scans
The specificity of grade 2 or 3 uptake on 99mTc-PYP/DPD/
HMDP scans combined with absence of clone is 100% for 
ATTR-CA, with 100% positive predictive value. This obvi-
ates endomyocardial biopsy in this group of patients. The 
sensitivity of a grade 2 or 3 scan for ATTR-CA is 71%, and 
this finding implies that almost 29% of patients with ATTR-
CA have false-negative scans (12). Scans may be falsely  
negative in early-stage ATTR-CA disease, where amyloid 
 infiltration is minimal (and perhaps clinically insignificant) 
or in patients with ATTRv amyloidosis with certain patho-
genic ATTR variants, such as Phe64Leu (p.Phe84Leu) (62) 
and Glu61Ala (p.Glu81Ala) (63) variations. False-negative 
99mTc-DPD scans are common in patients carrying Val-
30Met (p.Val50Met) variations with type B full-length 
amyloid fibrils (64), but rarely, in patients with Val122Ile 
(p.Val142Ile) variant, 99mTc-PYP scans can be negative (Fig 
10). Therefore, in patients with high clinical suspicion of 
ATTR-CA but negative 99mTc-PYP/DPD/HMDP scans, 

further evaluation should be considered (see section “When 
to Refer for Further Evaluation Including Endomyocardial 
Biopsy”). Note that 99mTc methyl diphosphate, a commonly 
used 99mTc bisphosphonate derivative for bone scintigraphy, 
is not recommended for imaging of cardiac amyloidosis. 
99mTc methyl diphosphate has poor sensitivity for detection 
of ATTR-CA (11) (Fig 11).

Clinical Reporting of 99mTc-PYP/DPD/HMDP 
Studies
Standardized reporting of 99mTc-PYP/DPD/HMDP scans for 
ATTR-CA should include patient demographic character-
istics and image acquisition method, documenting the type 
of radiotracer used, dose activity, time interval between ra-
diotracer injection and scan acquisition, and scan technique 
(planar, SPECT, or SPECT/CT). Reporting of scan findings 
should describe visual interpretation and semiquantitative 
interpretation in relation to rib uptake, while reporting of  
H/CL ratio is optional (8). Incidental positive ancillary find-
ings should be included as well. The conclusion should pro-
vide an overall interpretation of the findings into categories 
of (a) not suggestive of ATTR-CA, (b) strongly suggestive of 
ATTR-CA, or (c) equivocal for ATTR-CA. The report should 
state that evaluation for AL amyloidosis with use of serum 
free AL assay and serum and urine immunofixation electro-
phoresis is recommended in all patients undergoing 99mTc-
PYP/DPD/HMDP scintigraphy for cardiac amyloidosis.

When to Refer for Further Evaluation Including 
Endomyocardial Biopsy
There are several reasons for further evaluation after bone-
avid tracer cardiac scintigraphy. In patients with monoclonal  
gammopathy, the specificity of 99mTc-PYP/DPD/HMDP is 

Figure 10: False-negative technetium 99m (99mTc) pyrophosphate (PYP) scan in hereditary transthyretin (ATTRv) amyloidosis. An 82-year-
old African American man presented with symptoms of heart failure. Investigations revealed typical echocardiographic features of an infiltrative 
pathologic abnormality, and he was found to carry the Val122Ile (p.Val142Ile) transthyretin (ATTR) gene variant. His 99mTc-PYP SPECT/CT scan 
was, however, surprisingly, negative. The diagnosis of ATTRv cardiomyopathy was confirmed approximately 6 months later postmortem when the 
autopsy revealed extensive ATTR amyloid fibril deposition in the myocardium. Rarely, in patients with the Val122Ile (p.Val142Ile) variant, 99mTc-PYP 
scans can be negative. False-negative scans are more commonly encountered in patients with ATTRv with certain pathogenic ATTR variants, such as 
Phe64Leu (p.Phe84Leu) and Val30Met (p.Val50Met).
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lower, and histologic typing with mass spectrometry–based 
proteomic analysis of the amyloid fibrils may be necessary 
(12). Per data from Gillmore et al (12), grade 2 or 3 99mTc-
PYP/DPD/HMDP activity has modest sensitivity and nega-
tive predictive value for ATTR-CA. If clinical suspicio n is 
high (eg, a gene-positive patient with typical phenotype but 
a 99mTc-PYP scan showing grade 0 or 1 activity), there is dis-
cordance of the imaging result. In such cases, the imaging 
finding may represent early ATTR-CA (if AL amyloidosis is 

excluded). Management of these patients with possible early 
ATTR-CA is not well established and may include watchful 
waiting, interval 99mTc-PYP/DPD/HMDP imaging after sev-
eral months, and, in select cases, endomyocardial biopsy to 
confirm the diagnosis (2) or initiation of targeted ATTR-CA 
therapy. It is advisable to refer patients with equivocal 99mTc-
PYP/DPD/HMDP studies or difficult-to-interpret AL assay 
results to dedicated centers with high volume and multidisci-
plinary expertise in cardiac amyloidosis.

Figure 11: Negative technetium 99m (99mTc) methylene diphosphonate (MDP) bone scan in transthyretin 
cardiac amyloidosis (ATTR-CA). (A) 99mTc methylene diphosphonate planar whole-body bone scan for the 
evaluation of bone metastasis in a 79-year-old White man with newly diagnosed malignant neoplasm reveals 
no abnormal focal tracer uptake suspicious for bone metastasis and no appreciable tracer uptake in the heart. 
(B) 99mTc pyrophosphate planar scan and (C) SPECT/CT scan obtained 30 days later for the evaluation of 
ATTR-CA were strongly positive.
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Future: Quantification of Cardiac Amyloidosis with 
Use of SPECT and SPECT/CT
While the current methods of interpretation using visual grad-
ing are adequate for diagnosis, they are not able to fully address 
pertinent clinical matters, such as reliable detection of early 
disease, evaluation of treatment response, assessment of dis-
ease progression (65), and prognostication (24). Several groups 
have successfully explored the feasibility of deriving target-to-
background ratios on SPECT images (66) as well as absolute 
quantification of cardiac technetium 99m pyrophosphate, 
3,3-diphosphono-1,2-propanodicarboxylic acid, or hydroxy-
methylene diphosphonate uptake with use of SPECT/CT to 
reflect the amyloid burden in the myocardium (Table 2) (67–
72). Advances in SPECT instrumentation, notably CT-based 
attenuation correction, scatter correction, improved recon-

struction algorithms, advanced software, as well as cadmium 
zinc telluride crystals, make it possible to determine standard-
ized uptake value–based and other advanced quantitative met-
rics (Fig 12, Table 3) (74). Quantitative bone-avid tracer car-
diac scintigraphy may have the added advantages of excellent 
test-retest repeatability and less interobserver variability and 
paves the way for application of radiomics in the evaluation of 
cardiac amyloidosis. Further studies are underway to validate 
and harmonize the process of quantification using SPECT/CT 
to advance it from the realm of research to clinical application.
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Table 2: Summary of the Literature on Quantitative 99mTc-PYP/DPD/HMDP SPECT and SPECT/CT Imaging

Study Year No. of Patients Radiotracer
Modality and 
Software Quantitative Metric Results

Ramsay et al (67) 2018 6 with suspected  
ATTR-CA and 23 
without ATTR-CA

99mTc-HMDP SPECT/CT, 
xQUANT 
software

SUVmax of the heart, 
ascending aorta 
blood pool, and 
bone

SUVmax of 1.2 
differentiates ATTR-
CA from non– 
ATTR-CA

Caobelli et al (68) 2019 8 with clinically 
confirmed  
ATTR-CA and 5 
controls

99mTc-DPD SPECT/CT, 
xQUANT 
software

SUVmax and SUVpeak 
of the heart and 
bone

Myocardial SUVmax 
and SUVpeak showed 
a fairly strong 
correlation with 
Perugini score

Scully et al (69) 2020 100 with suspected 
ATTR-CA

99mTc-DPD SPECT/CT, 
Hermes 
software

SUVpeak of the 
heart, vertebrae, 
paraspinal 
muscle, and liver; 
SUV retention 
index*

AUCs for cardiac SUVpeak 
and SUV retention 
index of 0.999

Wollenweber  
et al (70)

2020 32 with biopsy-proven 
or suspected  
ATTR-CA

99mTc-DPD SPECT/CT, 
xQUANT 
software

SUVpeak of the heart, 
vertebra, and soft 
tissue; SUVpeak 
of the heart 
normalized to 
bone activity

SUVpeak of 3.1 has 
100% sensitivity 
and specificity for 
differentiating Perugini 
grades 0 and 1 from  
2 and 3

Dorbala et al (72) 2020 72 with biopsy-proven 
or suspected ATTR-
CA

99mTc-PYP SPECT/
CT, MIM 
software

SUVmax, SUVmean, 
CAA†, %ID

AUCs for all 4 metrics 
>0.96

Miller et al (66) 2021 43 with biopsy- 
or clinically 
confirmed  
ATTR- CA and 81 
without ATTR-CA

99mTc-PYP SPECT, 
FusionQuant 
software

CPA‡ AUC of 0.996; higher 
CPA was associated 
with poorer clinical 
outcome

Note.—99mTc = technetium 99m, ATTR-CA = transthyretin cardiac amyloidosis, AUC = area under the receiver operating characteristic 
curve, CAA = cardiac amyloid activity, CPA = cardiac PYP activity, DPD = 3,3-diphosphono-1,2-propanodicarboxylic acid,  
HMDP = hydroxymethylene diphosphonate, %ID = percentage injected dose, PYP = pyrophosphate, SUV = standardized uptake value, 
SUVmax = maximum SUV, VOI = volume of interest.
* SUV retention index = (cardiac SUVpeak/vertebral SUVpeak) × paraspinal muscle SUVpeak.
† CAA = SUVmean × left ventricular volume.
‡ CPA = VOI × (mean radiotracer counts of regions with abnormal myocardial activity/maximal left ventricular blood pool radiotracer 
activity).
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