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Imaging Cardiac Sarcoidosis, 
Amyloidosis, and Cardiovascular 
Prosthetic Infections

Sharmila Dorbala and Rodney H. Falk

Advances in cardiovascular and molecular imaging have transformed the evaluation and management of patients with infiltrative 
and infectious heart diseases over the past 10 years. Today, an array of tracers are available for imaging: 2-[18F]fluoro-2-deoxy-
g1ucose (18F-FDG), a tracer of glucose metabolism to image inflammation or infection; 99mtechnetium (99mTc)-pyrophosphate, 
99mTc-3,3-diphosphono-1,2-propanodicarboxylicacid (99mTc-DPD), and 99mTc-hydroxy methylene diphosphonate (99mTc-HMDP), 
bone imaging tracers repurposed to image cardiac transthyretin amyloidosis (ATTR); and 18F-florbetapir, 18F-flutemetamol, and 
18F-florbetaben, targeted β-amyloid tracers to image cardiac transthyretin (ATTR) and light chain amyloidosis (AL). These 
advanced imaging methods are now providing substantial advantages over endomyocardial biopsy, the common reference 
method. Widely available, non-invasive, and immune to the challenges of sampling error, imaging improves our ability to quantify 
disease burden and to assess response to therapy. This chapter discusses the role of radionuclide imaging in the evaluation of 
cardiac sarcoidosis, cardiovascular prosthetic infection, and cardiac amyloidosis.
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�Cardiac Sarcoidosis

Cardiac sarcoidosis represents a major cause of mortality in patients with systemic sarcoidosis [1], a granulomatous disorder 
of unknown etiology characterized by focal noncaseating granulomas in the various organ systems [2]. Because of patchy 
involvement of the heart with sarcoid granulomas sampling error can limits the diagnostic yield of endomyocardial biopsy 
(Fig. 13.1).
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Fig. 13.1  Challenges of endomyocardial biopsy in cardiac sarcoidosis. 
Shown is a section of an explanted heart from a patient with advanced 
cardiac sarcoidosis who underwent cardiac transplantation. The left 
ventricle shows regions of normal myocardium as well as fibrosis and 
inflammation. A blind endomyocardial biopsy from the right side of the 
interventricular septum may reveal normal myocardium, nonspecific 
inflammation (a, b), typical noncaseating granuloma from sarcoidosis 

(c) or myocardial fibrosis (d). In sarcoidosis, these pathologies may 
coexist in different regions of the same heart, so it is challenging to 
make management decisions based on random endomyocardial biopsy 
results. In contrast, imaging with 18F-FDG PET/CT offers the ability to 
evaluate the whole-heart and whole-body burden of inflammation. 
(From Dorbala and Shaw [3]; with permission from Springer Nature)
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As shown in Table 13.1, the current diagnostic criteria for cardiac sarcoidosis use endomyocardial biopsy or a combination 
of extracardiac biopsy with typical clinical and imaging features in the heart [4]. Clinical manifestations (as listed on Table 13.1 
for the Heart Rhythm Society) are typically not specific to diagnose cardiac involvement. Echocardiography is not sensitive to 
diagnose cardiac sarcoidosis. Cardiovascular magnetic resonance (CMR), on the other hand, provides characteristic patterns of 
late gadolinium enhancement that are highly sensitive for the diagnosis of cardiac sarcoidosis [5]. However, neither echocar-
diography nor CMR can provide the necessary information on active myocardial inflammation to guide immunosuppressive 
therapy [5]. Moreover, CMR is contraindicated in individuals with devices not compatible with MRI. The available clinical tools 
to image myocardial inflammation comprise radionuclide imaging with 67Gallium-citrate [6] or 18F-FDG [7].

Japanese Ministry of Health and Welfare
Histological diagnosis
Cardiac sarcoidosis confirmed by endomyocardial biopsy, and histological or clinical diagnosis of extracardiac sarcoidosis
Clinical diagnosis group
Histological or clinical diagnosis of extracardiac sarcoidosis and two or more major criteria or one major criterion and two or more minor criteria:
Major criteria
 � Advanced atrioventricular block
 � Basal thinning of the interventricular septum
 � 67Gallium uptake in the heart
 � LVEF <50%
Minor criteria
 � Electrocardiography: Ventricular tachycardia, PVCs, RBBB, abnormal axis, abnormal Q wave
 � Echocardiography: Structural or wall motion abnormality
 � Radionuclide imaging: Perfusion defect on 201thallium, 99mtechnetium-sestamibi-tetrofosmin
 � Cardiac MRI: late gadolinium enhancement
 � Endomyocardial biopsy: Moderate fibrosis or monocyte infiltration
Heart Rhythm Society
Histological diagnosis from myocardial tissue
Noncaseating granuloma on endomyocardial biopsy with no alternative cause identified
Clinical diagnosis
Probable diagnosis of cardiac sarcoidosis exists if there is histological diagnosis of extracardiac sarcoidosis and one or more of the following are present:
 � Cardiomyopathy or atrioventricular block responsive to immunosuppressive therapy
 � Unexplained reduced LVEF (<40%)
 � Unexplained ventricular tachycardia
 � Mobitz II second- or third-degree heart block
 � Patchy 18F-FDG uptake on cardiac PET consistent with cardiac sarcoidosis
 � Late gadolinium enhancement on CMR consistent with cardiac sarcoidosis
 � Cardiac 67gallium uptake
Exclusion of other causes of cardiac manifestations

CMR cardiac magnetic resonance imaging, LVEF left ventricular ejection fraction, PVCs premature ventricular complexes, RBBB right bundle 
branch block

Table 13.1  Diagnostic criteria for cardiac sarcoidosis
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Owing to its poor sensitivity, 67Gallium-citrate SPECT imaging has been largely replaced in clinical practice by 18F-FDG 
PET/CT imaging [5]. 18F-FDG PET/CT imaging tracks myocardial uptake of glucose, which is increased in sarcoid granulo-
mas because of the high glycolytic activity of the inflammatory cells. 18F-FDG PET/CT thus provides high accuracy to diag-
nose cardiac sarcoidosis, using a reference standard of Japanese Ministry Criteria or endomyocardial biopsy, with a pooled 
sensitivity of 89% (95% CI, 79–96%) and a pooled specificity of 78% (95% CI, 68–86%) [8]. When compared with echocar-
diography, CMR, and 67Gallium scintigraphy, 18F-FDG PET/CT is more accurate [5]. Myocardial 18F-FDG uptake, however, 
can be nonspecific; it cannot differentiate between normal myocardial glucose utilization, myocardial inflammation, ischemia, 
tumor, or infection. Hence, myocardial. 18F-FDG imaging of sarcoidosis is performed with a special dietary preparation to 
suppress physiological glucose utilization. As myocardial uptake of 18F-FDG can be physiological, interpretation of diffuse 
myocardial FDG uptake, as well as focal uptake in the basal lateral wall, can be challenging. For this and other reasons, 
although 18F-FDG PET/CT can be very valuable for the initial evaluation of patients with suspected cardiac sarcoidosis, 
CMR is the preferred first test. Once a diagnosis of cardiac sarcoidosis is suspected on CMR or confirmed by endomyocar-
dial biopsy, 18F-FDG imaging is often performed to assess the burden of myocardial inflammation at baseline and during 
followup, to assess changes in response to therapy [5, 9] (Fig. 13.2).
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Fig. 13.2  Imaging in a patient with suspected cardiac sarcoidosis. A 
44-year-old man with progressive dyspnea for 1 year underwent CT scan 
of the chest that revealed prominent hilar lymphadenopathy. Due to a 
concern for lymphoma, an 18F-FDG PET scan was performed, which 
revealed focal cardiac FDG uptake suggestive of cardiac sarcoidosis. A 
CMR confirmed late gadolinium enhancement (LGE, fibrosis) and 
increased T2 signal (edema) of the left and right ventricles, confirming 
cardiac sarcoidosis. The 18F-FDG scan was repeated (a–d) using the pro-
tocol for sarcoidosis. One day prior to the 18F-FDG PET/CT scan, a high-
fat, low-carbohydrate diet was provided for two large meals, followed by 
an overnight fast. On the day of the study, rest myocardial perfusion 
imaging (MPI) was performed with 10 mCi of 99mTc-sestamibi and gated 
attenuation-corrected SPECT/CT imaging (a). Following the perfusion 
scan, the patient received 8 mCi of 18F-FDG intravenously and cardiac 
(10-minute, b) and whole body 18F-FDG PET/CT images (3 minutes per 

bed position eyes to kidneys; c and d) were performed 90 minutes later in 
a 3D mode, using a non-gated acquisition. The images showed a pattern 
of focal-on-diffuse myocardial uptake of 18F-FDG in the left ventricle. A 
pattern of diffuse myocardial uptake can represent physiological glucose 
utilization, so CMR images were reviewed. They showed regions of LGE 
corresponding to the regions of focal 18F-FDG uptake in the lateral wall 
(c and d), confirming that 18F-FDG uptake in the lateral wall was patho-
logical. Also, extensive focal uptake was noted in the right ventricle, and 
in the mediastinal, hilar, and supraclavicular lymph nodes (c and d). The 
left ventricular ejection fraction was 64%. The patient was started on 
high-dose steroids (40 g PO QD, with a plan to taper) and methotrexate 
15 mg orally weekly. He received an implantable cardioverter-defibrilla-
tor (ICD), which over the next 6 months revealed frequent runs of ven-
tricular tachycardia terminated by antitachycardia pacing. CTAC–low 
dose CT obtained for attenuation correction

99mTc-sestamibi SPECT/CT rest MPI and 18F-FDG PET/CT
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c

d 18F-FDG PET CTAC PET/CT fusion

Fig. 13.2  (continued)
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A pattern of normal perfusion with focally increased 18F-FDG uptake, or a perfusion defect with focally increased 18F-FDG 
uptake, is characteristic of active sarcoidosis. A perfusion metabolism mismatch pattern is also a hallmark of hibernating myo-
cardium, hence it is imperative to exclude ischemic heart disease by stress imaging or coronary angiography before diagnosing 
cardiac sarcoidosis in this pattern [4, 5, 10]. In the absence of myocardial 18F-FDG uptake, the presence of myocardial perfusion 
defects on attenuation-corrected images can signify scarred myocardium.

In one study, 118 patients with suspected sarcoidosis who underwent 18F-FDG PET/CT with myocardial perfusion imag-
ing were followed up for a median of 1.5 years. A total of 31 adverse events (27 ventricular tachyarrhythmias and 8 deaths) 
were observed (Fig. 13.3). A normal myocardial perfusion and no cardiac 18F-FDG uptake portended the best survival free 
of ventricular tachyarrhythmias. If either 18F-FDG PET/CT or myocardial perfusion imaging was abnormal, the rate of event-
free survival was worse, and if both were abnormal, that pattern conferred the highest risk.
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Fig. 13.3  Prognostic value of 18F-FDG and myocardial perfusion imaging in cardiac sarcoidosis. (From Blankstein et al. [7]; with permission 
from Elsevier)
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18F-FDG PET/CT is also used to assess response to therapy (Fig. 13.4). 18F-FDG imaging is performed to assess the burden 
of myocardial inflammation at baseline and during followup to assess changes response to therapy [5, 9]. 18F-FDG PET/CT 
sarcoidosis imaging is a hot-spot imaging tracer. Hence, visual interpretation of the images can be limited in evaluating change. 
Myocardial radiotracer uptake is quantified for assessment of changes using standardized uptake value (SUV), volume of 
inflamed myocardium (using a threshold SUVmax value), or target-to-background ratio [9].

Fig. 13.4  18F-FDG PET/CT to assess response to therapy. When the 
patient in Fig.  13.2 returned for a follow-up 18F-FDG PET/CT scan 
6 months later with myocardial perfusion imaging (a and b), it revealed 
near-complete resolution of inflammation in the heart and in the medi-

astinal nodes (c and d). Myocardial perfusion was normal (a), except 
for the basal inferoseptal region, which showed a small scar (best seen 
on the short axis images in row 3 of a). His left ventricular ejection frac-
tion was 60%

99mTc-sestamibi SPECT/CT rest MPI  and 18FDG PET/CT 
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d 18F-FDG PET CTAC PET/CT fusion

c

Fig. 13.4  (continued)
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CMR 
preferred

Suspected CS 
Extracardiac sarcoidosis and 

palpitations/syncope or abnormal 
ECG/Holter or abnormal echo

FDG PET/
CT & MPI

Normal

Clinical 
follow-up*

Abnormal/unavailable/ 
contraindicated FDG (+)†

Immunosuppressive Rx‡ 
Consider ICD

FDG (-) & MPI (+) 
CMR LGE (+)

Consider ICD

Fig. 13.5  An approach to evaluation of cardiac sarcoidosis (CS) using 
18F-FDG PET/CT and CMR. Patients with suspected cardiac sarcoid-
osis, symptoms, and imaging findings can be evaluated with either a 
gadolinium-enhanced CMR or 18F-FDG PET/CT with myocardial per-
fusion imaging (MPI). Imaging findings can guide immunosuppressive 
therapy and ICD implantation in patients with cardiac sarcoidosis. *If 

clinical suspicion is high or symptoms persist, FDG-PET/CT and MPI 
may be considered in patients with normal CMR; †Identify coexistent 
inflammation; ‡Immunosuppressive therapy may be considered taking 
into account the amount of inflammation. (From Slart et al. [11] with 
permission from Springer Nature)

Figure 13.5 outlines an approach to evaluation of cardiac sarcoidosis.
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�Cardiovascular Prosthetic Infection

Imaging with 18F-FDG PET has transformed the evaluation and management of patients with infection involving cardiovas-
cular prosthetics (Fig. 13.6) [13, 14] and devices [15, 16], including left ventricular assist devices [17].

a 18F-FDG PET CTAC PET/CT fusion

b PET CTAC PET/CT fusion

Fig. 13.6  Utility of 18F-FDG PET/CT in identifying infected prosthetic 
material. An 88-year-old man with three prior aortic valve replacements 
and aortic root repair presented with fevers and blood cultures positive for 
Escherichia coli. A transesophageal echocardiogram was unrevealing. (a) 
Because of persistent fevers, an 18F-FDG PET scan was performed, which 
showed focal intense 18F-FDG uptake in the region of the ascending aorta 
(red arrows). The corresponding region on the non-contrast CT scan 

revealed a lucency that was suspicious for a pseudoaneurysm. Iodinated 
contrast could not be used, owing to renal insufficiency. The patient was 
deemed too high-risk for a fourth aortic surgery and was managed medi-
cally. (b) The same patient was rehospitalized 18  months later with 
altered mental status, fevers, and a pneumonia on chest x-ray. Persistent 
bacteremia led to concern for recurrent endocarditis. 18F-FDG imaging 
was repeated and it revealed no uptake in the region of the aortic root
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Pizzi et al. [14] showed that the addition of cardiac CT angiography with contrast to 18F-FDG PET improved diagnostic 
accuracy for the detection of infective endocarditis (Fig. 13.7).

Duke criteria PET/NECT PET/CTA DC + PET/NECT DC + PET/CTA

p < 0.001
p < 0.001

1

8 8

10
(13%)

41
(54%)

25
(33%)

18
(24%)

15
(20%)

43
(56%)

26
(34%)

6
(8%)

44
(58%)

44
(58%)

44
(58%)

15
(20%)

17
(22%) 9

(12%)

23
(30%)

Rejected
Possible
Definitive

Fig. 13.7  Incremental value of 18F-FDG PET/CT and contrast-
enhanced cardiac CT angiography (CTA) in the diagnosis of infective 
endocarditis. The addition of CTA to 18F-FDG PET has been shown to 
improve diagnostic accuracy for the detection of infective endocarditis 
(sensitivity, specificity, positive and negative predictive values of 91%, 
90.6%, 92.8%, and 88.3% for 18F-FDG PET/CT with CTA, versus 
86.4%, 87.5%, 90.2%, and 82.9%, respectively, for 18F-FDG PET/CT 
without contrast [NECT]), and significantly improved the detection of 

anatomic lesions. With the addition of CTA, the rate of infective endo-
carditis cases designated “possible” decreased from 20% to 8% 
(p  <  0.001). Duke criteria (DC) combined with 18F-FDG PET/CTA 
reclassified 47% of cases when compared with Duke criteria combined 
with non-contrast attenuation-correction CT, and a confirmed diagnosis 
of definite or rejected infective endocarditis was established in 88% of 
cases. (From Pizzi et al. [14]; with permission from Wolters Kluwer)
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Prosthetic valve infective endocarditis is associated with high in-hospital mortality of 20–40% [18]. A multimodal 
imaging approach that includes echocardiography, 18F-FDG PET, cardiac CT, and sometimes MRI is frequently necessary 
in dealing with these complex diagnostic challenges. Imaging with transesophageal echocardiography remains the first-
line test in most cases of suspected endocarditis [19], but echocardiography frequently may be limited in detecting endo-
carditis because of shadowing from the prosthetic valves and devices. Contrast-enhanced cardiac CT plays an important 
role in excluding epicardial CAD prior to surgery and in diagnosing valve abscess, fistula, pseudoaneurysm, and embolic 
phenomenon (cerebral or abdominal CT in select cases) [19]. MRI has a limited role in prosthetic valve endocarditis. It is 
primarily used for brain imaging to detect cerebral lesions (found in 82%), subclinical cerebral events (found in 30–40%), 
and clinical or subclinical cerebral embolic events (ischemic or hemorrhagic stroke, mycotic aneurysm, or abscess) [19]. 
Emerging literature suggests a central role for whole-body and cardiac 18F-FDG PET [13], and 111Indium-labeled white 
blood cell scintigraphy [20, 21] is also accurate for the evaluation of prosthetic device infection, particularly when echo-
cardiography is unrevealing or limited. Excellent systematic reviews and meta-analyses have summarized the utility and 
high diagnostic accuracy of 18F-FDG PET/CT for infective endocarditis [22, 23] and for cardiac implantable electronic 
devices (pooled sensitivity 93% and pooled specificity 98%) [16]. One of the major advantages of radionuclide scintigra-
phy for endocarditis is the ability to perform whole-body imaging to detect septic emboli [20]. 18F-FDG PET/CT imaging 
is useful not only to diagnose infection but also to evaluate response to therapy (see Fig.  13.6.B) and to predict prognosis 
(Fig. 13.8).

Based on the emerging literature on radionuclide imaging in infective endocarditis, The European Society of Cardiology in 
2015 recommended expanding to the Duke criteria to include (1) definite vegetations on echocardiography, (2) abnormal activ-
ity detected by 18F-FDG PET/CT (only if the prosthesis has been in place >3 months) or radiolabeled leukocyte SPECT/CT 
around the site of prosthetic valve implantation, and (3) a definite paravalvular lesion on cardiac CT [19].
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Fig. 13.8  18F-FDG for early detection and management of infections 
involving a left ventricular assist device (LVAD). Kim et al. [17] evalu-
ated 35 patients with LVAD who underwent 18F-FDG PET/CT and 
found that 50% of the patients with infection died during a mean fol-

lowup of 23 months. Patients with central infection (red line) had much 
worse survival than patients with peripheral infection (blue line) or no 
infection (green line). (From Kim et  al. [17]; with permission from 
Elsevier)
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�Cardiac Amyloidosis

Cardiac amyloidosis is one of the most fatal forms of heart failure, with a median survival of less than 6 months for untreated AL 
amyloidosis [24] and about 4 years for ATTR amyloidosis [25, 26]. Amyloid fibrils are formed in the heart, most commonly from 
misfolded immunoglobulin light chains (produced by an abnormal plasma cell clone) or from wild-type or mutant transthyretin 
protein (produced by the liver). AL cardiac amyloidosis is treated very differently from ATTR cardiac amyloidosis, so identifica-
tion of the type of amyloidosis is just as important as the diagnosis. Cardiac uptake of bone radiotracers has long been recognized 
to be increased in cardiac amyloidosis. In the early 2000s, investigators recognized that bone tracers are highly accurate for imag-
ing the ATTR form of cardiac amyloidosis [27] but are unreliable in diagnosing the AL form [28]. This finding led to an explosion 
of clinical studies validating the utility of bone tracer cardiac scintigraphy to diagnose ATTR cardiac amyloidosis [27, 29], dif-
ferentiate it from AL cardiac amyloidosis [30], and stratify risk in these patients [31, 32]. Cardiac scintigraphy with bone tracers 
is typically started 1 to 3 hours after injection of radiotracer (1 hour for 99mTc-PYP and 3 hours for 99mTc-DPD/HMDP); images 
are acquired as a planar chest study followed by a chest or cardiac SPECT study when planar imaging shows increased cardiac 
uptake [33]. These images are interpreted visually (positive and negative) and quantified using a visual score on the 3-hour images 
(Fig. 13.9) and/or a heart-to-contralateral-lung ratio on 1-hour or 3-hour planar images (Fig. 13.10) [33].

HCL = 1.0 (Normal) HCL = 1.2 (Equivocal) HCL = 1.7 (ATTR)

Fig. 13.10  99mTc-PYP planar images showing the heart-to-
contralateral-lung (HCL) ratio. An elliptical region of interest (ROI) is 
placed on the heart and mirrored on the right chest on the planar images. 

A ratio greater than 1.5 of the mean counts in the ROI heart compared 
with the contralateral chest is highly specific in distinguishing ATTR 
from AL cardiac amyloidosis

Grade 0 Grade 1 Grade 2 Grade 3

99m Tc-PYP

Fig. 13.9  99mTc-pyrophosphate (99mTc-PYP) planar and SPECT chest 
images for the diagnosis of ATTR cardiac amyloidosis. From left to 
right, the images show grade 0 (no myocardial uptake), grade 1 (myo-
cardial uptake < rib uptake), grade 2 (myocardial uptake = rib uptake) 

and grade 3 (myocardial uptake > rib uptake) uptake of 99mTc-
PYP. Grades 2 and 3 uptake of 99mTc-PYP are highly accurate in diag-
nosing ATTR cardiac amyloidosis in patients without a plasma cell 
clonal abnormality
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In a large multicenter study, grade 2 or 3 uptake of 99mTc-PYP, 99mTc-DPD, or 99mTc-HMDP in the context of typical 
symptoms and echocardiographic or CMR features demonstrated a high sensitivity (>91%) and (in the absence of a clonal 
abnormality) 100% specificity in diagnosing ATTR cardiac amyloidosis [34]. Heart-to-contralateral-lung ratio greater 
than 1.5 on 1-hour planar chest images is highly specific to distinguish AL from ATTR cardiac amyloidosis [30] and has 
been shown to be a marker for worse survival [31]. 99mTc-PYP imaging is typically performed when patients present with 
thick ventricles and heart failure, which are features of advanced amyloidosis, and bone tracer cardiac scintigraphy can 
diagnose ATTR cardiac amyloidosis early, particularly in gene-positive patients with hereditary TTR amyloidosis [35]. 
Bone tracer cardiac scintigraphy for amyloidosis has certain limitations, however. One small study showed that 99mTc-
MDP, a commonly used bone scan agent, has a lower sensitivity than 99mTc-PYP to detect ATTR cardiac amyloidosis [36]. 
The bone tracers are also unreliable to diagnose AL cardiac amyloidosis, so if cardiac imaging shows typical features of 
amyloidosis and the 99mTc-PYP scan is negative, patients should be evaluated for AL cardiac amyloidosis (Fig. 13.11).

99mTc-PYP 

18F-florbetapir PET

Echocardiogram
V

Fig. 13.11  99mTc-PYP images in a patient with AL cardiac amyloido-
sis. In this 62-year-old African American man with a V122I TTR muta-
tion, the echocardiographic (top left panel) and CMR imaging was 
consistent with cardiac amyloidosis, but the 99mTc-PYP scan (top left 
panel) was negative (grade 1), excluding ATTR cardiac amyloidosis. A 
complete hematological evaluation (serum free light chain levels, serum 

and urine immunofixation, and bone marrow biopsy) confirmed AL 
amyloidosis. 18F-florbetapir PET/CT (bottom) showed diffuse myocar-
dial uptake, confirming cardiac amyloidosis. When echocardiogram 
and CMR are highly suggestive of cardiac amyloidosis and the 99mTc-
PYP scan is negative or shows grade 1 uptake, it is important to evaluate 
for AL cardiac amyloidosis
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Fig. 13.12  18F-florbetapir PET/CT images and retention index in sub-
jects with and without cardiac amyloidosis. This figure shows no myo-
cardial 18F-florbetapir uptake in the control patient (top row) and diffuse 
uptake in ATTR (middle row) and AL (bottom row) cardiac amyloido-

sis. The graph on the right shows that the 18F-florbetapir myocardial 
retention index is significantly higher in the amyloid group (red line) 
than in the non-amyloid control group (green line)

Amyloid-directed PET tracers, developed originally for imaging β-amyloid in the brain, including 18F-florbetapir [12, 37], 
florbetaben [38], and flutemetamol, can image AL cardiac amyloidosis in the heart. These clinical PET tracers are not widely 
available and are expensive, but they offer the advantages of imaging both AL and ATTR amyloid deposits [12, 37] 
(Fig. 13.12), as well as extracardiac deposits in patients with systemic AL amyloidosis [39]; they also have been shown to 
detect early amyloid deposits in the heart [40].
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Figure 13.13 presents a proposed approach to the evaluation of cardiac ATTR amyloidosis using bone tracer scintigraphy [34].

Heart failure, syncope, or bradyarrhythmia, with echocardiogram and/or cardiac
magnetic resonance imaging (CMR) suggesting/indicating cardiac amyloid

Bone scintigraphy with 99mTc-DPD/HMDP/PYP

Serum immunofixation + Urine immunofixation + serum free light chain assay (Freelite)
Monoclonal protein present?

Review/request
CMR

TTR
genotyping

No

Cardiac
AL/ATTR

amyloidosis
unlikely

Need specialized assessment
for Diagnosis :

Histological confirmation
and typing of amyloid

Cardiac ATTR
amyloidosis

Cardiac amyloidosis
(AL/AApoAI/ATTR/other)

Variant ATTR
amyloidosis

Wild-Type ATTR
amyloidosis

No NoYesYesYes

Grade 0 Grade 1 Grade 2 to 3

Fig. 13.13  A proposed approach to evaluation of cardiac ATTR amy-
loidosis using bone tracer scintigraphy. A grade 2 or 3 99mTc-PYP myo-
cardial uptake in the absence of evidence of plasma cell dyscrasia is 
nearly 100% specific for a diagnosis of ATTR cardiac amyloidosis. 

Endomyocardial biopsy may be considered when the 99mTc-PYP results 
are equivocal and the diagnosis is not clear after imaging-based evalua-
tion. (From Gillmore et al. [34]; with permission from Wolters Kluwer)
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