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SUMMARY

Extraosseous radiotracer uptake during bone scintigraphy must be carefully assessed and it offers the potential to
detect previously undiagnosed disease processes. A range of neoplastic, metabolic, traumatic, ischaemic and inflam-

matory disorders can cause soft tissue accumulation of bone avid radiopharmaceuticals. Accordingly, cardiac uptake
in bone scintigraphy has a broad differential diagnosis and is commonly attributed to ischaemia/infarction related to
coronary artery disease. However, there has been renewed focus on incidental cardiac uptake in recent years in light of
significant developments in the diagnosis and management of cardiac amyloidosis.

Cardiac amyloidosis is a form of restrictive cardiomyo-
pathy caused by the accumulation of misfolded proteins,
amyloid fibrils, within the myocardium. There are two
primary protein precursors in amyloidosis, amyloid im-
munoglobulin light chain (AL) which causes systemic AL
amyloidosis and transthyretin (TTR) which causes amy-
loid transthyretin (ATTR) amyloidosis. Cardiac uptake in
bone scintigraphy is highly sensitive and specific for the di-
agnosis of ATTR amyloidosis in the correct clinical setting
where AL amyloidosis has been excluded biochemically.
Dedicated cardiac scintigraphy with bone avid radiotrac-
ers now plays a key role in the non-invasive diagnostic al-
gorithm for ATTR amyloidosis and may help in its early
detection.

Concurrently, multiple promising targeted therapies have
emerged for ATTR amyloidosis, which previously carried
a significant burden of morbidity and mortality with
treatment options extremely limited. The availability of
potentially disease modifying treatments has placed great
emphasis on the early identification of ATTR amyloidosis.
Incidental cardiac uptake during bone scintigraphy must,
therefore, be accurately reported and carefully interpreted
in conjunction with patient history and clinical findings as
there is the potential to detect AT'TR myocardial infiltra-
tion before the disease manifests clinically, as demonstrated
in the cases presented here.

INTRODUCTION

Whole body bone scan is the most frequently performed
investigation in most nuclear medicine departments
worldwide and second only to myocardial perfusion in the
USA.' Unlike many nuclear medicine tests, bone scans are
not infrequently reported by general radiologists without
specific fellowship training in nuclear imaging. In bone
scintigraphy, radiotracer accumulates at sites of increased
blood flow and bone turnover and can help to diagnose
neoplastic, infectious, traumatic and other bone disor-
ders associated with local inflammation and increased
bone formation.” Multiple phosphate analogues may be
labelled with *™Tc (99mTc) for use as radiopharmaceuti-
cals in bone scintigraphy including 3,3-diphosphono-1,2-
propanodicarboxylic acid (DPD), methylene diphospho-
nate (MDP), pyrophosphate (PYP) and hydroxymethylene
diphosphonate (HDMP). The radiopharmaceutical is given
intravenously (IV) and the average activity administered in
adults is 500 Megabecquerel (300-740 MBgq, 8-20 mCi).
Images may be acquired in three phases — a vascular phase
during IV injection, an early phase (acquired between 1 and
10 min after injection with an acquisition time of 3-5min)
and a late phase (acquired between 2 and 5h after injection
with an acquisition time of 4-10 min).” Whole body images
are obtained using either multiple overlapping images or
continuous imaging in both anterior and posterior projec-
tions.” Bone scintigraphy radiopharmaceuticals have
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high skeletal uptake of approximately 50% with the remainder
normally cleared rapidly from soft tissues and renally excreted.”

Unexpected extraosseous radiotracer accumulation has been
reported since bone scans were first introduced in the 1970s.’
Extraosseous uptake must be carefully assessed and it may occur
due to a wide variety of factors such as benign or malignant
disease processes, artefactual causes (such as other recent nuclear
medicine investigations) or technical errors in the preparation or
administration of the radiopharmaceutical - although these are
rare with modern quality control measures.”” As extraosseous
uptake is relatively rare and planar imaging is less familiar to
current radiologists than in previous eras, an understanding of
the patterns of extraosseous uptake on planar imaging and the
associated causes is important for daily practice.’

Proposed underlying pathophysiological mechanisms for
abnormal soft tissue uptake include increased local vascularity,
extracellular fluid expansion and altered calcium metabolism and
a range of neoplastic, ischaemic, infectious, traumatic, hormonal
or inflammatory conditions may cause extraosseous radiotracer
accumulation.”” Examples include certain malignancies, such as
breast cancer or lymphoma, and metabolic disorders with altered
calcium metabolism, such as hyperparathyroidism. Ischaemic or
infarcted tissue may take up bone avid radiotracers, likely as a
result of an increase in intracellular calcium, and radiotracer
accumulation has been demonstrated at sites of infarction in the
brain, heart and liver."® Irreversibly damaged cells at the infarct
site require some residual blood flow to demonstrate increased
uptake and often after 7-10 days sites of acute infarction no
longer show radiotracer uptake.”"

Cardiac uptake in bone scintigraphy has a broad differential
diagnosis, which includes myocardial ischaemia (myocardial
infarction or unstable angina), metabolic disorders with hyper-
calcaemia, infiltrative diseases such as amyloidosis or sarcoid-
osis, inflammatory myocarditis or pericarditis, malignancy (e.g.,
pericardial metastasis from breast cancer) and prior sestamibi
imaging.””" Traditionally, cardiac uptake has most commonly
been attributed to coronary artery disease and myocardial isch-
aemia with bone scintigraphy even used in the investigation of
acute myocardial infarction in the past.” Relatively high rates of
incidental cardiac uptake have been reported in elderly patients
without cardiac symptoms or a known underlying cardiac
disorder for many years and the reason for this unexplained
cardiac radiotracer accumulation has long been a topic of interest
in the literature.'”'' Various aetiologies for this “benign” uptake,
such as an association with prostate cancer, were proposed but its
clinical significance had remained largely unclear.”*'*"!

However, there has been renewed focus on cardiac uptake in
recent years due to its association with cardiac amyloidosis.
Cardiac amyloidosis is a form of restrictive cardiomyopathy
caused by the accumulation of misfolded proteins, amyloid
fibrils, within the myocardium.'” There are two primary protein
precursors in amyloidosis, amyloid immunoglobulin light chain
(AL) which causes systemic AL amyloidosis and transthyretin
(T'TR) which causes amyloid transthyretin (ATTR) amyloidosis.
Cardiac involvement is the dominant clinical feature in ATTR
amyloidosis and is also common in systemic AL amyloidosis.

Cardiac uptake in bone scintigraphy has been demonstrated
to reliably detect ATTR myocardial infiltration and dedicated

Figure 1. Whole body bone scan in case 1. Whole body planar images were acquired 5min (left two images) and 3h (right two
images) after intravenous 99mTc-DPD radiotracer administration. Incidental significant cardiac uptake is seen, raising concern for
cardiac ATTR amyloidosis. Otherwise, there is expected radiotracer accumulation in the skeleton and urinary tract and additional
sites of focal uptake related to degenerative disease at multiple joints. Focal uptake at the injection site in the right arm is also

demonstrated.
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Figure 2. Cardiac scintigraphy in case 1. Anterior (upper
image) and posterior (lower image) planar thoracic images
were acquired 3h after 99mTc-DPD administration. Severe
myocardial uptake (Perugini 3 - uptake greater than rib
uptake), predominantly in the left ventricle, is demonstrated
compatible with the diagnosis of cardiac ATTR amyloidosis
in a patient with diastolic dysfunction and absence of AL
amyloidosis monoclonal gammopathy.

RT

LT

cardiac scintigraphy with bone avid radiotracers now plays a key
role in the non-invasive diagnostic algorithm for ATTR amyloi-
dosis and may help in its early detection.'”"” Uptake is typically
assessed using a 4-point visual grading scale (the Perugini grade)

Figure 3. Axial CT image in case 2. lll-defined sclerotic lesion
with the T10 vertebral body (red arrow) incidentally detected
on abdominal CT for an unrelated indication. Further investi-
gation with bone scintigraphy was arranged.

ranging from 0 to 3 based on myocardial uptake relative to the
ribs.'* Grade 2 or 3 myocardial uptake (uptake equal to/greater
than bone uptake) is highly sensitive and specific for the diag-
nosis of ATTR amyloidosis in the correct clinical setting where
AL amyloidosis has been excluded by demonstrating the absence
of monoclonal gammopathy on serum/urine analysis.'>"* Accu-
rate recognition and reporting of incidental cardiac uptake
during bone scintigraphy has, therefore, become increasingly
relevant and may potentially allow identification of subclinical
ATTR amyloidosis before severe functional impairment occurs.

CASE REPORT

Case 1 is a 66-year-old male who underwent whole body bone
scintigraphy with 99mTc-DPD for further investigation of a
region of sclerosis in the tibia on plain radiographs. Bone scan
demonstrated no significant focal radiotracer uptake related to
the tibia. Diffuse cardiac uptake was identified, however, and this
was included in the bone scan report and the potential associa-
tion with cardiac amyloidosis suggested (Figure 1). There was no
known underlying cardiac disorder at this time. Following clin-
ical assessment, which revealed heart failure symptoms (NYHA
Class 2), the patient proceeded to further evaluation with echo-
cardiography. This showed diastolic dysfunction with preserved
ejection fraction and a longitudinal strain pattern with apical
sparing considered typical of cardiac amyloidosis.'” Dedicated
cardiac scintigraphy with 99mTc-DPD was then performed, in
conjunction with serum/urine analysis for monoclonal gammop-
athy, to distinguish between ATTR and AL amyloidosis. Cardiac
DPD scintigraphy demonstrated severe cardiac uptake (Perugini
3) confirming the diagnosis of cardiac TTR amyloidosis as no
evidence of monoclonal gammopathy was identified (Figure 2).
The patient was commenced on novel TTR gene therapy.

Case 2 is a 64-year-old male who underwent whole body bone
scintigraphy for further investigation of a sclerotic vertebral
lesion identified on CT (Figure 3). No concerning focal uptake
related to the vertebral lesion was demonstrated. Significant
diffuse cardiac uptake was identified, however, and was reported
with the potential association with cardiac amyloidosis suggested
(Figure 4). There was no known underlying cardiac disorder at
this time as per retrospective review of hospital medical notes.
As in case 1, subsequent clinical assessment revealed symptoms
of heart failure (NHYA Class 3) and further investigation with
echocardiography, serum/urine analysis and dedicated cardiac
scintigraphy was performed. Echocardiography demonstrated
moderate/severe left ventricular hypertrophy, restrictive diastolic
dysfunction and a speckled appearance of the myocardium.
These findings are suggestive of cardiac amyloidosis. On cardiac
scintigraphy, there was severe myocardial DPD uptake (Perugini
3) and cardiac ATTR amyloidosis was diagnosed (Figure 5). The
diagnosis was confirmed on endomyocardial biopsy in this case.

Case 3 is a 77-year-old male who initially underwent whole body
bone scintigraphy in 2012 as part of prostate cancer staging. Mild
cardiac uptake was demonstrated on the bone scan and a differ-
ential diagnosis including ischaemia/infarction and myocarditis
was reported (Figure 6a). A repeat bone scan was performed
in 2016 also for prostate cancer staging (Figure 6b). Relatively
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Figure 4. Whole body bone scan in case 2. There is incidental significant cardiac uptake raising concern for cardiac ATTR amyloi-
dosis. Otherwise, there is expected radiotracer accumulation in the skeleton and urinary tract and additional sites of focal uptake
related to degenerative disease at multiple joints. Focal uptake at the injection site in the right hand is also demonstrated.
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unchanged cardiac uptake was reported and potential asso-
ciation with myocardial infarction suggested. A further bone
scan as part of prostate cancer restaging was done in 2017 with
similar cardiac uptake described and potential association with
myocardial infarction reported (Figure 6¢). The patient subse-
quently presented with heart failure symptoms (NYHA Class 3)
in 2020 and underwent echocardiography. This showed diastolic
dysfunction, global longitudinal strain with apical sparing
and a speckled appearance of the myocardium suggestive of
cardiac amyloidosis. Testing for AL amyloidosis monoclonal
gammopathy was negative. Cardiac scintigraphy demonstrated
severe myocardial DPD uptake (Perugini 3) and the diagnosis
of cardiac ATTR amyloidosis was made (Figure 7). TTR gene
therapy was commenced, however, this was not tolerated by the
patient requiring it to be discontinued.

DISCUSSION

Cardiac ATTR amyloidosis is an under-recognized cause of
diastolic heart failure with preserved ejection fraction in elderly
patients."”'” While AL amyloidosis is relatively rare, ATTR
amyloidosis has been identified in up to 10-16% of elderly
heart failure patients and is also common in patients with
severe aortic stenosis.'”'”"'” Older autopsy studies have shown
cardiac ATTR amyloid deposits in up to 25% of people over 80
years.'®” The diagnosis of cardiac amyloidosis is often delayed
as clinical features are varied and overlap with other causes of
heart failure, findings on echocardiography and electrocardi-
ography are non-specific and awareness of the disorder is often
lacking.'* Endomyocardial biopsy was previously required for
definitive diagnosis and while this remains the gold standard
test, the ability to non-invasively diagnose ATTR amyloidosis
using a combination of imaging and serum/urine analysis has
been demonstrated in recent years.
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The association between myocardial bone avid radiotracer
uptake and cardiac amyloidosis has been recognised for nearly 40
years.”””' However, it has assumed far greater importance with
the discovery that it could provide a non-invasive means to differ-
entiate between AL and ATTR amyloidosis, initially described
by Perugini et al in 2005."”"* Diphosphonate radiotracers used
in bone scintigraphy - such as DPD, PYP and HDMP - reliably
show myocardial accumulation in ATTR amyloidosis, whereas
minimal or no myocardial uptake is seen in AL amyloidosis.'*"*
Interestingly, MDP does not demonstrate the same sensitivity as
other diphosphonate agents, for unknown reasons.”” This non-
invasive distinction between AL and ATTR cardiac amyloidosis
cannot be reliably achieved based on clinical, echocardiography
or cardiac magnetic resonance findings.

As a result, dedicated cardiac scintigraphy has emerged a key
investigation in the diagnosis of ATTR amyloidosis. As in
whole-body bone scintigraphy, 99mTc labelled diphospho-
nate radiotracers are used and a similar dose of 370-740 MBq
(10-20 mCi) is recommended.'? Unlike whole-body bone scans,
a single image acquisition Phase 1-3h after administration is
used and images are acquired of the thorax only in anterior and
posterior projections. Additionally, while SPECT is commonly
not performed as part of whole bone scintigraphy, it is recom-
mended in all cases where planar imaging is positive for cardiac
uptake.'” SPECT helps to distinguish myocardial uptake from
uptake in soft tissue or bone in the same two-dimensional plane
and increases the accuracy of quantification of myocardial
uptake using heart-contralateral lung ratios or other methods,
which may be important for follow-up.'* In addition, it has
been demonstrated that SPECT may identify low-grade (Grade
1) myocardial uptake, which is not visible on planar imaging
in some cases of ATTR amyloidosis.”” Cardiac scintigraphy,
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Figure 5. Cardiac scintigraphy in case 2. Anterior and poste-
rior planar thoracic images, acquired 3h after 99mTc-DPD
administration, demonstrate severe myocardial uptake
(Perugini 3 - uptake greater than rib uptake) predominantly
in the left ventricle, compatible with the diagnosis of cardiac
ATTR amyloidosis. Diagnosis was confirmed on endomyocar-
dial biopsy in this case.

therefore, has the advantages of a smaller field of view, which
improves image quality and of the routine addition of SPECT
in comparison with whole body scanning for assessment of
myocardial uptake. With increased awareness of the potential
importance of incidental cardiac uptake, a dedicated cardiac
view and SPECT may be performed immediately after the
conventional bone scan if myocardial uptake is observed to avoid
the need for a repeat scintigraphy study. Grade 2 or 3 myocardial
uptake (uptake equal to/greater than bone uptake) on cardiac
scintigraphy is highly suggestive of ATTR amyloidosis and can
diagnose cardiac ATTR amyloidosis with a specificity and posi-
tive predictive value of 100% where monoclonal gammopathy of
AL amyloid has been excluded."”** Accordingly, cardiac scin-
tigraphy plays a central role in the recent consensus algorithm
for the non-invasive diagnosis of ATTR amyloidosis.'>"" It is
based on this new non-invasive diagnostic approach that the
high prevalence of ATTR amyloidosis in clinical settings such as
heart failure with preserved ejection fraction has been shown.'”
Furthermore, cardiac scintigraphy may identify amyloid deposi-
tion before abnormalities manifest clinically or on echocardiog-
raphy or MRI facilitating earlier diagnosis.””*

BJR|case reports

Figure 6. Serial whole-body bone scans in case 3. The initial
scan (a), performed 8 years prior to cardiac ATTR amyloidosis
diagnosis as part of prostate cancer staging, demonstrates
mild/moderate cardiac uptake (Perugini 2). Subsequent bone
scintigraphy performed 4 years (b) and 3 years (c) prior to
cardiac ATTR amyloidosis diagnosis shows severe cardiac
uptake (Perugini 3). A significant increase in the extent of
DPD uptake is seen when compared to the initial bone scan.
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In addition to the assessment of cardiac uptake in comparison
with the ribs, analysis of cardiac uptake relative to other bone and
surrounding skeletal muscle uptake has also been described.”’
In patients with Grade 2 or 3 cardiac uptake in ATTR amyloi-
dosis, loss of the normal peak on the line count profile associ-
ated with uptake in the femur when a region of interest is drawn
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Figure 7. Cardiac scintigraphy in case 3. Anterior and poste-
rior planar thoracic images, acquired 3h after 99mTc-DPD
administration, demonstrate severe myocardial uptake
(Perugini 3 - uptake greater than rib uptake) predominantly
in the left ventricle, compatible with the diagnosis of cardiac
ATTR amyloidosis. This study was performed 8 years after
initial whole-body bone scan and 3/4 years after
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across the thigh on anterior planar imaging has been shown due
to the increase in surrounding skeletal muscle uptake.”’ Thus,
the apparent decrease in bone uptake in the setting of significant
myocardial accumulation may be related primarily to increasing
generalised soft tissue uptake.

In the past, ATTR amyloidosis could only be successfully
treated by cardiac transplantation as conventional heart failure
medications are ineffective.”” Novel gene therapies that stabi-
lise or suppress TTR expression have been developed, however,
offering potential treatments for this morbid and previously fatal
disease.”””" As new treatments emerge, accurate and timely diag-
nosis is imperative to facilitate initiation of therapy at the early
stages of the disease before severe functional impairment occurs.
Indeed, cardiac scintigraphy has been suggested as a potential
screening tool for identification of subclinical ATTR amyloidosis
in this regard.”’

The importance of cardiac scintigraphy in the diagnosis of
ATTR amyloidosis has led to significant interest in re-evaluating

incidental cardiac uptake on bone scintigraphy and multiple
retrospective studies of bone scans performed for rheumato-
logical or oncological indications in patients without known
or suspected cardiac disease have been performed.”” ' These
aim to establish the prevalence of ATTR amyloidosis as indi-
cated by significant myocardial radiotracer accumulation, to
evaluate the potential for early identification of the disease and
assess the association with heart failure. A review of 12,400 bone
scans, reported by Longhi et al, identified incidental myocar-
dial uptake in 45 cases (0.36%) with prevalence increasing with
age.”” Another study, described by Mohamed-Salem et al, which
included only patients over 75 years of age showed incidental
myocardial uptake in 31 of 1114 patients (2.78%) with prev-
alence also increasing with age.”’ Mohamed-Salem et al also
demonstrated an association between myocardial uptake and an
increased risk of hospitalisation due to heart failure, supporting
the link between ATTR amyloidosis and heart failure in elderly
patients. Kim et al, in a retrospective analysis of bone scans with
99mTc-DPD, reported incidental cardiac uptake only 6 of 9581
cases (0.06%), although all were over 70 years giving a prevalence
in this older cohort of 0.4%.” These studies highlight that inci-
dental myocardial uptake during bone scintigraphy is not that
uncommon, particularly with increasing age.

Our case series demonstrates the potential to identify subclinical
ATTR amyloidosis based on incidental cardiac uptake during
bone scintigraphy. In case 1 and case 2, the accurate identifica-
tion of significant myocardial radiotracer accumulation led to
the diagnosis of cardiac ATTR amyloidosis following further
investigation. In both cases, symptoms of heart failure were
present but were not yet of sufficient severity to prompt specialist
evaluation. Early identification of ATTR amyloidosis in these
cases allowed TTR gene therapy to be initiated at an early clin-
ical stage of disease. In contrast, incidental cardiac uptake during
serial bone scintigraphy studies for prostate cancer staging was
identified in case 3 but did not lead to further investigation for
cardiac amyloidosis. The patient later presented, 8 years after the
initial bone scan, with significant heart failure symptoms and
failed to tolerate the TTR gene therapy. The diagnosis may poten-
tially have been made at an earlier stage based on the incidental
bone scan findings, highlighting the need for careful correlation
of incidental myocardial uptake with the clinical history and
consideration of further investigation if an obvious cause such as
recent myocardial infarction or unstable angina are not present.
Accurate reporting of the pattern of incidental myocardial uptake
may also be of benefit as focal uptake is suggestive of ischaemia/
infarction, whereas more diffuse uptake should prompt investi-
gation for other causes.’

CONCLUSION

Cardiac scintigraphy using bone avid radiotracers has emerged
as a key investigation in the diagnosis of ATTR cardiac amyloi-
dosis and may also help in the early detection of the disease.
Novel TTR gene therapies now offer potential disease modifying
treatment for ATTR amyloidosis if initiated early in the disease
process before severe functional impairment occurs. Incidental
cardiac uptake in whole-body bone scintigraphy must, there-
fore, be carefully assessed and accurately reported as there is the
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potential to diagnose subclinical ATTR amyloidosis and facili-
tate early treatment. Recent studies have shown that incidental
cardiac uptake on bone scintigraphy in elderly patients is not
overly uncommon and an awareness of this potential relation-
ship with ATTR cardiac amyloidosis is important for all radiolo-
gists who may be involved in the reporting of whole-body bone
scans either directly or indirectly, such as during oncological
multidisciplinary meeting preparation.

Cardiac ATTR amyloidosis is a previously under-recognised
cause of heart failure with preserved ejection fraction in
elderly patients.

 Novel targeted gene therapies for cardiac ATTR amyloidosis
have emerged in recent years offering promising treatment
options for a previously highly morbid disease and placing
great emphasis its early identification

Incidental cardiac uptake during bone scintigraphy must be

LEARNING POINTS

Incidental cardiac uptake in bone scintigraphy has taken on

carefully assessed in conjunction with the clinical history as
there is the potential to detect ATTR myocardial infiltration

develop.

increased importance as a result of recent advances in the
diagnosis and management of cardiac amyloidosis.

Dedicated cardiac scintigraphy using bone avid radiotracers
now plays a key role in the non-invasive diagnosis of cardiac

transthyretin (ATTR) amyloidosis.

CONSENT

before the clinical manifestations of cardiac amyloidosis

Written informed consent was obtained from the patients for

publication of this case series including images.
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