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ABSTRACT

Objective: Transthyretin cardiac amyloidosis is a rapidly progressive disease, remains underdiagnosed, and
has long been considered a rare disease. Diagnosis decision making cannot be based on echography and
MRI findings alone because they lack accuracy. However, it requires invasive test of myocardial or fat pad
biopsies. Thus, the diagnosis is challenging, and the non-invasive scintigraphic technique using bone-
seeking radiopharmaceuticals has become a cornerstone in the workup revealing a myocardial uptake. Our
work consists of a single institution retrospective study aiming to estimate the bone scintigraphies, and the
prevalence of the transthyretin cardiac amyloidosis in our population.

Methods: We have carried out a census of the incidental cardiac uptake on routine bone scintigraphy in
2211 consecutive patients enrolled between 2009 and 2020, mostly performed for oncologic purposes. The
visual analysis of the scintigraphic images classifies the cardiac uptake into 3 levels of gradation and evokes
the diagnosis of the TTR cardiac amyloidosis in grades 2 and 3.

Results: Different grades of myocardial uptake were observed in 1.72 % of all patients. Prevalence of uptake
was 0.37% in the 50t increased dramatically at the 60t (2.49%), and reached 4% above the age of 80. The
diagnostic grades 2 and 3 cardiac uptakes were identified in 5 patients (0.23% of overall patients) ranging
between 56- and 91-y-old. Our results concord with the trend of disease increases with age.

Conclusion: The careful analysis of the bone scintigraphy of all incoming adult patients should allow to
make the diagnosis of the TTR cardiac amyloidosis at a preclinical stage and establish new effective
treatments. Our results provide an estimate of the number of patients that could be diagnosed and improve
the awareness of the corresponding prevalence in our population. In this way, multicentric studies should
be implemented by enrolling large cohorts of bone scintigraphy cases.

© 2022 Feras Chehade. Hosting by Science Repository.

Introduction

monomers [4-6]. Untreated CA is a rapidly progressive disorder with
median survival from diagnosis of less than 6 months for the AL form
and 3 to 5 years for the TTR form [7-9]. Patients with TTR CA, the focus

Cardiac amyloidosis (CA) occurs when amyloid molecules replace
normal cardiac myocytes [1]. It is one of the leading causes of restrictive
heart disease and can affect the electrical conduction system of the heart
[2, 3]. It is clinically divided into an amyloid light chain (AL),
transthyretin mutant (TTRm), and Transthyretin wild types (TTRwt) [4].
AL amyloid is the most common form, related to a plasma cell clone
producing light chains that will deposit in various organs [5]. The TTR
CA, is caused by the dissociation of the transthyretin tetramer into

of our study, most often have multiple medical visits as well as multiple
hospital admissions and long stays but remain underdiagnosed in most
cases [10]. The association of heart failure with other non-cardiac
features such as bilateral carpal tunnel syndrome, peripheral neuropathy,
and tendon rupture should raise the suspicion of CA [11-13]. It leads in
many cases, to postural hypotension and electrocardiogram (ECG)
changes, mainly low voltage [14, 15]. Echocardiography (ECHO) shows
bilateral atrial dilatation, left ventricular hypertrophy, and diastolic
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dysfunction [16-18]. There is a reduction of the global longitudinal
strain, and bull’s eye mapping demonstrates an apical sparing, which
does not exist in patients with hypertension or hypertrophic
cardiomyopathy [18].

Magnetic resonance imaging (MRI) is useful for visualizing high T1
signals and signs suggestive of diffuse fibrosis commonly seen in
amyloidosis [19]. Diagnosis of CA cannot be based on ECHO and MRI
findings alone because they lack accuracy, and invasive tests provide the
confirmation of diagnosis by performing myocardial or fat pad biopsies
[20]. Troponin and proBNP play arole in the prognosis of AL and TTR
CA and can suggest the development of heart failure [21]. Serum-free
light chains and urine immunofixation should be performed to rule out
the AL type of amyloidosis in all suspected patients [22]. Thus, the
diagnosis is challenging, and scintigraphy visualizing a myocardial
uptake of bone-seeking radiopharmaceuticals (BSR) has become a
cornerstone in the diagnosis of TTR CA, providing high sensitivity and
specificity [23]. Cardiac biopsies, which were the gold standard tests for
diagnosis, are now only used for extremely rare cases [24].

The cardiac uptake of BSR can be observed in a variety of conditions
and is not only limited to TTR CA. Patients with prostate cancer, end-
stage renal disease on hemodialysis, myocarditis, and restrictive
cardiomyopathies have an increased probability of heart uptake as
compared to individuals with normal conditions [25-28]. The
hydroxychloroquine long-term treatment in rheumatology could be
associated with an increase in heart uptake [29, 30]. The presence of
myocardial tracer uptake on bone scintigraphy should suggest several
differential diagnoses next to the TTR CA [28].

CA is considered a rare disease, with a prevalence of 5.5 per 10000
persons in the United States and 1 per 6000 persons in Sweden [4, 31].
In a large retrospective study made on a national scale in Japan between
2010 and 2018, the prevalence of CA subtypes of TTRwt, TTRm, and
AL was 191.1, 5.1, and 21.2 per million respectively [32]. Considering
only those patients who were also diagnosed with heart failure, CA turns
out to be more frequent in men in all sub-types, being 55.2%, 59%, and
59.4%, respectively [5, 6]. The low prevalence of CA begins to be
unmasked, concerning the TTRw type, notably, by the recent adoption
of non-invasive diagnostic modalities of radionuclide imaging [23].

Our work consists of a single institution (Mount Lebanon teaching
hospital) retrospective study aiming to estimate, in the Lebanese

population, the prevalence of the TTR CA. It is based on the incidental
cases revealed on routine bone scintigraphy, with the major clinical
indication being the diagnosis of bone metastasis. This helps to reduce
the risk of underdiagnosis or misdiagnosis of this entity because newer
treatments and targeted therapies are being developed and have high
hopes of stopping the disease progression.

Methods

This study enrolls the results of the retrospective interpretation of bone
scintigraphy examinations, using 8MBgq/Kg of Technetium 99m labeling
hydroxyl methyl diphosphonate (99mTc-HMDP), performed in our
department between 2009 and 2020. The study has conducted according
to the principles outlined in the Declaration of Helsinki. We used the
Interpretation criteria based on the visual evaluation of the myocardial
uptake of radiopharmaceuticals by comparison to costal bone uptake
according to the Perugini scale, which is divided into 4 grades: in grade
0 myocardial uptake is absent, in grade 1 myocardial uptake is lower
than bone one, in grade 2 myocardial and bone uptakes are equivalent,
and in grade 3 myocardial uptake is higher than bone one [33, 34].
Grades 2 and 3 are diagnostic of TTR CA, while grade 1 corresponds to
possible CA if additional features are met. Bone scintigraphy images
were interpreted by an experienced nuclear medicine specialist blinded
to patient information.

The medical records of the positive patients were reviewed to exclude
pathologies other than TTR CA, which could be a cause of myocardial
fixation. True positive cases underwent echocardiography to
demonstrate restrictive cardiomyopathy. The Microsoft Office Excel
2007 software was used in the statistical analysis. The continuous
variables are expressed as mean + SD. The categorical variables are
expressed as percentages.

Results

A total of 2211 consecutive cases of bone scintigraphy realized in
patients ranging between 31- and 95-y-old (mean age = 61.40 + 15.42)
were included in this study, 1261 are females (57%) and 950 are males
(43%). Figure 2 histogram represents the age range distribution of
patients, with the majority being aged between 41 and 80-y-old. The
indication to perform bone scintigraphy was bone metastasis workup in
the majority of patients (81.58%), while bone pain and rheumatologic
diseases were evaluated in the remaining minority of patients (18.42%).

Table 1: Illustrates the demographic data of positive cases with cardiac uptake, arranged gender (females first) in ascending grade.

CASES AGE (Years) SEX INDICATION GRADE
1 38 female Breast cancer 1
2 49 female Bone pain 1
3 58 female Breast cancer 1
4 62 female Breast cancer 1
5 66 female Unknown primary cancer 1
6 67 female Bone pain 1
7 67 female Breast cancer 1
8 70 female Prosthesis 1
9 76 female Breast cancer 1
10 76 female Breast cancer 1
11 78 female Colon cancer 1
12 79 female Breast cancer 1
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13 79 female Breast cancer 1
14 80 female Lung cancer 1
15 82 female Breast cancer 1
16 82 female Breast cancer 1
17 41 male Bone pain 1
18 61 male Prostate cancer 1
19 62 male Prostate cancer 1
20 67 male Prostate cancer 1
21 68 male Prostate cancer 1
22 72 male Prostate cancer 1
23 74 male Prostate cancer 1
24 74 male Prostate cancer 1
25 75 male Lung cancer 1
26 76 male Prostate cancer 1
27 77 male Bone pain 1
28 79 male Bladder cancer 1
29 80 male Prostate cancer 1
30 83 male Prostate cancer 1
31 84 male Bone pain 1
32 84 male Prostate cancer 1
33 85 male Prostate cancer 1
34 40 female Breast cancer 2 (FP*, cardiac infarct)
35 56 female Breast cancer 2
36 61 female Breast cancer 2
37 66 male Prostate cancer 2
38 74 male Prostate cancer 2 (FP*, blood pool activity)
39 84 male Bone pain 3
40 91 male Prostate cancer 3

*FP: false positive

# 3

Figure 1: Represents images of whole skeleton *™Tc-HMDP scintigraphy performed in three different patients, in whom A) grade 1, B) grade 2, and C)
grade 3 myocardial uptakes are identified; the red arrow in each image indicates the myocardial activity.
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Figure 2: Histogram representing the age ranges distribution of the 2211 patients, with the majority being aged between 41 and 80-y-old.

Table 1 illustrates the demographic characteristics of patients with
myocardial uptake, which is observed in 40 patients (1.8% of the total
population), 19 females (48% of patients with uptake), and 21 males
(52% of patients with uptake). Cardiac uptake is found in 2.11% of males
and 1.43% of females in the total population. Different grades of cardiac
uptake were detected (Tables 1 & 2): grade 1 in 33 patients (Figure 1A;
86.4% of the positive cases and 1.49% of the total population); grade 2
in 5 patients, while 3 are interpreted as true positive (TP) for TTR CA
(Figure 1B; 7.89% of the positive cases and 0.14% of the total
population) and 2 as false positive (FP) being cardiac infarct (40 y old

female) and blood pool activity (74 y old male with renal failure); grade
3 in 2 patients (Figure 1C; 5.26% of the positive cases and 0.09% of the
total population). Patients with grade 0 uptake had a mean age lower than
patients with positive uptake of all grades, 61.24 y + 15.36 and 69.89 y
+ 12.75, respectively. The mean age of patients with grade 3 is much
higher than grade 2, being 87.5-y and 61-y old, respectively. The ages of
grade 1 patients are dispersed in a wide range (38 y-91 y), as compared
to the narrow age ranges of grade 2 (56-66 y) and grade 3 patients (84 y-
91y) (Tables 2 & 3).

Table 2: Illustrates the number, percentage, age range, and mean age of negative cases as well as of positive cases according to the grade of cardiac uptake.

Grade Patients Number Population % Cases % Age Range Mean Age
Negative Cases 0 2171 98.19 100 30-91 61.24

1 33 1.49 86.4 38-85 71.24
Positive Cases 2 0.14 7.89 56 - 66 61.00

3 0.09 5.26 84-91 87.50

All positive 38 1.72 100 38-91 69.89

Table 3: lllustrates according to the age ranges, the number and percentage of patients with all positive grades, low grade 1, and high grades 2 and 3.

AGE Ranges Patients All Positive Grades Grade 1 Grade2and 3
No. No. and % No. and % No. and %
31-40 144 2 and 1.39% 1 and 0.69% 0 and 0% (1 FP*)
41-50 373 2 and 0.54% 2 and 0.54% 0 and 0%
51-60 536 2 and 0.37% 1 and 0.19% 1and 0.19%
61-70 441 11 and 2.49% 9 and 2.04% 2 and 0.45%
71-80 517 15 and 2.9% 14 and 2.71% 0 and 0% (1 FP*)
81-91 200 8 and 4% 6 and 3% 2 and 1%

*FP: false positive.

Figure 3 histogram illustrates the percentage of cumulative cases of all
grades (blue column), separated low grade 1 cases (green column), and
separated high grades 2 and 3 cases (red column), according to the
different age ranges. It demonstrates that the incidence of all grades of
cardiac uptake increases with age, being minimal in 50" (0.37%),
dramatically increases in 60" (2.49%), to become approximately 10
folds superior above 81 y (4%). In a paradoxical and most likely

J Integr Cardiol Open Access doi: 10.31487/j.JICOA.2022.02.01

hazardous sense, the percentage in the 30™ age range is mildly higher
than in the 40" and 50™. In all ranges, the histogram pattern depends
essentially on the number of grade 1 patients, in whom the pathological
significance of the cardiac uptake is difficult to be evaluated without
further clinical, biological, and radiological investigations. Incidence of
high grades 2 and 3 that are diagnostic for TTR CA commences in the
50th age range and increases with age.
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Figure 3: Histogram illustrating the percentage of cumulated all positive grade cases (blue column), separated low grade 1 cases (green column), and
separated high grades 2 and 3 cases (red column), according to the different age ranges; the profile of positive cases depends essentially on the percentage
of grade 1 patients; incidence of high grades 2 and 3 that are diagnostic for TTR CA commences in 50th age range and increases with age.

Discussion

The establishment of a correct diagnosis of TTR CA requires multiple
exploratory modalities. ECG can help by detecting pseudo infarct
patterns and discordant left ventricular hypertrophy [15]. ECHO
classically shows signs of left ventricular hypertrophy and apical sparing
detected on the global longitudinal strain and valvular anomalies with
thickening of the valves and interatrial septum [4, 17, 18]. MRI also has
arole in completing the diagnostic study of a patient with suspected CA;
it is, however, a sophisticated imaging technique, not usually practiced
in many hospitals, and of long duration, as machine occupation time,
limiting the number of studies that can be performed per day [19].
Likewise, increasing the number of MRI sequences further prolongs the
examination time, which hinders accessibility. Another drawback is that
MRI does not provide instant information as with the trans-thoracic
echography and requires post-processing by an experienced radiologist
to complete the entire test. The gold standard diagnostic test is still the
myocardial biopsy, which is an extremely invasive procedure, but the
diagnostic methodology of TTR CA is changing in the last decade in
favour of the **™Tc-PYP scintigraphy [24, 35].

In TTR CA, the sensitivity and specificity of scintigraphy using BSR, as
compared to ECHO and MRI, are much higher, evaluated at 92.2% and
95.4%, respectively [22, 36]. Multiple radio-tracers are used to diagnose
TTR CA, such as ®"Tc-DPD, *™Tc-PYP, and *™Tc-HMDP, which have
high affinity to TTR amyloid fibrils in the cardiac myocytes and rarely
to AL amyloidal fibrils and can also differentiate CA from other
infiltrative diseases such as sarcoidosis [37]. The hypothesis of binding
of BSR to the myocardium was linked to the presence of calcium in
amyloidal fibrils [38]. In doubt amyloidosis cases, additional laboratory
tests are performed to eliminate the possibility of AL amyloid subtype
[25]. This relatively new radionuclide methodology is revolutionary and
will have positive effects on diagnosis, prognosis, and early treatment
leading to a reduction in mortality [39]. The ®™Tc labeling PYP or

J Integr Cardiol Open Access doi: 10.31487/j.JICOA.2022.02.01

HMDRP is readily available in any nuclear medicine facility, with simple
radiopharmacy preparation. The scintigraphic imaging protocol is
straightforward, including planar anterior, left anterior oblique, and left
lateral views, performed 1 hour and 3 hours after intravenous injection
of the tracer [37]. Single-photon emission computed tomography
(SPECT) is made 1 hour after injection [37]. SPECT reconstruction is
important to confirm the localization of the radiotracer in the
myocardium [40].

In some patients (renal failure), significant blood pool activity can be
noted in cardiac cavities, and imaging is repeated at a later time point to
allow adequate blood pool clearance [40]. The key step is to distinguish
between the blood pool in the left ventricle and true myocardial uptake
[41]. A quantitative heart-to-contralateral lung ratio has been proposed
for 99mTc-pyrophosphate, with values greater than 1.5 being highly
specific for TTR [41]. In the absence of histology, some studies have
provided proof of very high reliability of the scintigraphy to diagnose
TTR CA, with a specificity of 99% when: 1) ECHO and MRI show signs
of heart failure, left ventricular hypertrophy, or atrial dilatation; 2)
myocardial uptake of BSR is classified in 2 or 3 grade; 3) AL
amyloidosis is excluded by laboratory tests consisting of a serum-free
light chain and urine immunofixation [11, 16, 17, 22, 33, 34, 42]. Tissue
sampling is required in highly suspicious TTR CA if ECG, ECHO, MRI,
and SPECT are negative [24].

18F-NaF PET tracer of skeleton targets microcalcifications in amyloidal
fibers and is able to differentiate TTR from AL cardiac amyloidosis [43].
However, this radionuclide imaging of the skeleton is not used in the
routine workup of bone metastases and cannot serve in screening studies.
18F-florbetapir and 18F-florbetaben are PET tracers considered for
evolving nuclear imaging techniques that have been used to study brain
amyloidosis in the case of Alzheimer's disease [44]. Though, 18F-
florbetapir has a non-specific affinity for normal myocardium and
reveals no difference in the intensity of uptake in at-risk patients for TTR
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CA and controls [45]. Moreover, these PET radiotracers cannot
differentiate AL from TTR CA [46]. The 1231-SAP SPECT tracer, a
circulating serum amyloid P component, is capable of binding to
amyloid fibers of all types but is unable to be conclusive because of the
high background of blood pooling [42]. Even though CA is considered a
senile systemic disease of aged individuals with more severity at the ages
of 80 and above, several publications reported cases, in young and
middle-aged adults, at the 30™, 40", 50", and 60" of age [47-50]. The
youngest published case is a 34-y-old male from Indiawith TTR CA and
a 38-y-old female from China with AL CA [48-50]. This fact has
stimulated us to investigate TTR CA not only in the elderly but in young
adults starting from the 30,

Most of our patients with positive cardiac uptake are non-specific grade
1, as shown in (Table 2) and histogram of (Figure 3) (33 patients of 38,
86.84%), in whom TTR CA could not be confirmed or excluded by the
clinical exam, the ECG, or radiologic imaging of the heart. Only 5
among 38 positive patients are high grade 2 or 3 cardiac uptake (7.89%
and 5.26% respectively), a diagnostic finding of TTR CA supported by
the clinical and ECHO examinations of the heart.

In our cohort, the mean age of patients with cardiac uptake (69.5-y-old)
is higher than the mean age of all populations (61.4-y-old). The
incidence of myocardial uptake increases with age, being 1.72% in all
our cohorts. It starts from 0.69% in the 30" age range, dramatically
increases to 2.04% in the 60, and reaches 4% above the age of 80. Our
data confirms once more the trend of increasing TTR CA with age. High
grades 2 and 3 cardiac uptakes associated with higher age (Figure 3) is
demonstrated by a Spanish study enrolling 1114 patients aged above 75
y, with a percentage being more significant corresponding to 2.7% of
cases [51]. The limited number of 5 cases of high-grade uptake disclosed
in our cohort of 2211 patients (0.23%) ranging between 56- and 91-y-
old (0.29% of patients in this age range with a mean age of 71.6-y-old)
is explained by the low mean age of our population. A recently published
Italian study enrolling 4228 cases of bone scintigraphy, predominantly
indicated for oncologic purposes, shows high grades of cardiac uptake
in 0.54% of patients with a mean age of 83 £ 5y, a percentage closer to
our result than that of Spanish one [52].

TTR cardiac amyloidosis is well known to affect the older population,
and it was proven by examining myocardial cells in deceased patients
from other conditions [53, 54]. The cases of amyloidosis remain
underdiagnosed due to minor awareness of this complex tissue disorder
that overlaps with other conditions such as heart failure and ischaemic
heart diseases [55]. It is estimated that patients above 60 y experiencing
left ventricular hypertrophy and heart failure with preserved ejection
fraction, have underlying TTR CA in 13% to 18% of cases [56].
Coincidently, our results reveal a dramatic increase in cardiac uptake of
mTc-HMDP (Figure 3) from this age of 60-y-old, which could be a
threshold drawing attention to a non-negligible probability of having
early TTR CA and justifying close clinical follow-up. Moreover, the
mean age of patients with grade 2 cardiac uptake (61-y-old) is lower than
grade 3 (87.5-y-old), with possible collinearity between the intensity of
the tracer uptake and the progression of the disease over time. The
youngest case presenting diagnostic cardiac uptake corresponds to a 56-
y-old female with grade 2, a fact indicating that the disease occurs in
middle-aged adults. Subsequently, we recommend screening the TTR
CA on routine bone scintigraphy well before the ages of 70 or 75-y-old
as generally adopted by other studies [51, 52].

J Integr Cardiol Open Access doi: 10.31487/j.JICOA.2022.02.01

In our study, the incidence of myocardial uptake was 2.11% in males and
1.43% in females. Moreover, cases of cardiac uptake are more males
than females (52% and 48% respectively), despite enrolling more cases
of female patients. This finding is in concordance with the literature data
indicating a mildly higher prevalence of TTR CA in older males than in
females [7, 52]. This study has limitations from being monocentric,
enrolling cases of cancer patients mainly, and identifying a small number
of high-grade diagnostic cardiac uptake. The reliable assessment of the
prevalence of TTR CA in our population, and the extrapolation of our
recommendation to communities other than ours should engage in
multicentric clinical trials that involve large cohorts of patients, not
specifically focused on cancer patients.

Conclusion

Cardiac amyloidosis is a rare disease but most often remains
underdiagnosed. The scintigraphic technique using BSR, allows
visualization of myocardial uptake, makes the diagnosis easier, avoids
invasive approach, and goes beyond sophisticated medical imaging
techniques, such the MRI.

Our work shows that the incidence of myocardial uptake increases with
age in the same manner as the TTR CA. To diagnose the TTR CA at a
preclinical stage, the results of our study, combined with those of
literature data, teach us to analyse the myocardial uptake of bone
scintigraphy of all incoming patients minutely, starting from 30-y-old.
Scintigraphic Screening for TTR CA in young patients is most likely not
cost-effective due to the low likelihood of having specific myocardial
uptake. It would be better to reserve this technique for middle-aged and
older adults, suspected of having cardiac amyloidosis for diagnosis
making and differentiating between TTR and AL CA. The setting of non-
specific grade 1 cardiac uptake, whose frequency is high from the age of
60-y-old, requires continuous follow-up by a research team, and repeated
scintigraphy in order to determine the fraction of patients with early TTR
CA.

Data of our work provide an estimate of the number of patients that could
be diagnosed with TTR CA, assessed in a mono-centric database of the
department of nuclear medicine of Mount Lebanon Hospital over a
period of 11'y. Improving awareness about the prevalence of this disease
should improve diagnosis and treatment. In this way, multicentric studies
should be implemented by enrolling large cohorts of bone scintigraphy
cases.
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