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Cardiac scintigraphy-centered diagnostic process
in transthyretin cardiac amyloidosis

Transtiretin kardiyak amiloidozda kardiyak sintigrafi odaklı tanısal süreç
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Cardiac amyloidosis (CA) is an infiltrative car-
diomyopathy for which there is growing aware-

ness.[1] CA results from the myocardial deposition of 
misfolded endogenous proteins in the form of amy-
loid fibrils.[2] CA may be accompanied by amyloid de-
position in the kidneys, liver, or gastrointestinal tract. 
However, the diagnosis of CA is often overlooked or 
ignored in clinical practice, and the condition is fre-
quently confounded with hypertensive left ventricular 
hypertrophy (LVH) or hypertrophic cardiomyopathy.
[1,2] The diagnosis of amyloidosis is challenging. There-
fore, highly accurate, simple, and widely available di-
agnostic methods are needed. Recently, the value of 
cardiac scintigraphy with bone imaging agents has 
been recognized in the diagnosis transthyretin (TTR) 
CA. Radioactive bone scintigraphy is of central sig-

nificance in the diagnostic process of TTR-CA with a 
diagnostic performance of almost 100%, eliminating 
the need for a biopsy.[2] However, awareness among 
clinicians about the role of scintigraphy in the diag-
nosis of TTR-CA is inadequate. There is a remark-
able lack of experience with the nuclear isotopes to be 
used in bone scintigraphy, the scintigraphy protocols, 
and the interpretation of data obtained from the pro-
cedure. This review is a discussion of the role of bone 
scintigraphy in the diagnosis of TTR-CA, as well as 
protocols to be used in the performance and interpre-
tation of scintigraphy scans.

Cardiac Amyloidosis From the Clinical
Point of View 

To date, several types of amyloidosis (AA amyloi-
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INVITED REVIEW

Özet– Kardiyak amiloidoz (KA), ilerleyici infiltratif bir kar-
diyomiyopatidir. Katlanması bozulan endojen proteinlerin 
amiloid fibriller şeklinde kalpte ve bazen beraberinde böb-
rek ve karaciğerde birikimi ile ortaya çıkar. En sık gözlenen 
KA formları, transtiretin (TTR) ve immünglobulin hafif zin-
cir (AL) amiloidozudur. KA bugüne kadar nadir görülen bir 
hastalık olarak düşünülmüştür. Ancak yeni veriler korunmuş 
ejeksiyon fraksiyonlu kalp yetersizliği olgularının %13 ve 
yüksek riske sahip ciddi aort darlığı bulunan yaşlı olgula-
rın %16’sında TTR-KA bulunduğunu göstermektedir. TTR-
KA olguları kötü prognoza sahiptir. Bu hastaların ortalama 
sağ kalım süresi 2–4 yıl olarak bildirilmektedir. Erken tanı 
ve tedavi yaklaşımları ile prognozun anlamlı düzeltilebildiği 
gösterilmiştir. Kemik ajanları ile yapılan sintigrafi, TTR-KA 
tanısında oldukça güvenilir ve uygulaması kolay bir yöntem 
olarak gösterilmektedir. Bu belgede, TTR-KA tanısal süre-
cinde kemik ajanları ile yapılan sintigrafinin rolü ve uygula-
ma protokolleri gözden geçirilmiştir.

Summary– Cardiac amyloidosis (CA) is a progressive in-
filtrative cardiomyopathy. Amyloid fibrils in the form of mis-
folded endogenous proteins accumulate in the heart, as 
well as the kidneys, liver, and gastrointestinal tract. The 
most common forms of CA are transthyretin (TTR) and im-
munoglobulin light chain amyloidosis (AL). CA has long been 
thought to be a rare disease. However, recent reports have 
suggested that 13% of heart failure patients with a preserved 
ejection fraction and 16% of advanced-age patients with se-
vere aortic stenosis have TTR-CA. Patients with TTR-CA 
have a poor prognosis, with a median survival of 2–4 years; 
however, early diagnosis and novel therapeutic options have 
been shown to significantly improve the prognosis. Scintigra-
phy using bone isotopes is considered a highly reliable and 
easy-to-use method in the diagnosis of TTR-CA. This is a 
review of the role of scintigraphic imaging with technetium-
99m- labeled bisphosphonates in the diagnostic work-up 
process of TTR-CA and the applicable protocols. 
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dosis, familial amyloid polyneuropathy, atrial amy-
loidosis, etc.) have been found to involve the heart, 
but TTR-related CA and immunoglobulin light chain 
amyloidosis (AL)-CA are the most common types en-
countered in clinical practice.[2] There are 2 types of 
TTR–related CA: mutant transthyretin (mTTR)-CA 
and wild type transthyretin (wtTTR)-CA.

TTR is a plasma transport protein synthesized in the 
liver that transports the thyroid hormone and retinol. 
mTTR-amyloidosis may result from any of more than 
130 mutations defined in the gene-encoding TTR pro-
tein, and may present with cardiac involvement and/or 
neuropathy, based on the mutation underlying the dis-
ease.[3] Genetic analysis does not reveal any mutation 
in wtTTR-amyloidosis, which predominantly occurs in 
the cardiac phenotype. However, both types of TTR-re-
lated amyloidosis are characterized by TTR deposition.

TTR-CA may not be as rare as previously believed. In 
a recently published study, wtTTR amyloidosis was 
detected in 13.3% of patients aged 60 years or older 
who presented with heart failure with preserved ejec-
tion fraction (HFpEF) and LVH (≥12 mm).[4] Autopsy 
findings support indications that amyloid deposition 
may be found in 32% of individuals aged >75 years 
and 8% of individuals aged <75 years, and the inci-
dence of wtTTR may increase with age.[5,6] wtTTR-
CA has been reported in 16% of elderly patients with 
calcific aortic stenosis. Indeed, wtTTR-CA typically 
occurs in the elderly (>60 years of age).

Although mTTR amyloidosis is quite a rare condition, 
a relatively higher prevalence of several mutations has 
been reported for certain geographic regions, societies, 
and races.[7] For instance, the prevalence of a Val30Met 
mutation has been reported at 1:538 in Northern Por-
tugal and 4% in Northern Sweden. The prevalence of 
a Thr60AlaTTR mutation has been reported at 1.1% 
in Northern Ireland, and the prevalence of a Val122Ile 
mutation has been reported to vary between 3% and 
4% in African-Americans. However, the age of onset 
and the appearance of the clinical manifestations of 
CA may vary among people with mutated TTR.

As with mTTR amyloidosis, AL-CA is a rare type of 
amyloidosis. The prevalence of AL-CA has been esti-
mated at 3 to 5 per million in the USA, 10 per million 
in the UK, and 3.2 per million in Sweden.[8–10] Symp-
tomatic cardiac involvement occurs in 30% to 50% of 
patients with AL amyloidosis. 

AL-CA has the poor-
est prognosis among 
all of the types of 
amyloidosis.[11] The 
mean overall survival 
is about 6 months, 
whereas the mean 
overall survival in 
patients with TTR-
related amyloidosis 
is estimated at 27 
months. In addition, 
mTTR-CA is asso-
ciated with a poorer 
survival compared 
with wtTTR-CA. One 
study has reported 
a mean overall sur-
vival of 43 months 
for wtTTR-CA and 
26 months for mTTR-
CA.[12] However, early detection and specific treat-
ment may prolong survival by many years. Amyloid 
subtyping is of great importance in determining spe-
cific treatments. Once a diagnosis of AL-CA is made, 
hematologic/oncologic therapies (such as chemother-
apy, stem cell therapies, etc.) addressing the underly-
ing etiology should be initiated immediately, whereas 
specific therapies (tafamidis, etc.) preventing amyloid 
protein deposition should be considered once a diag-
nosis of wtTTR/mTTR-CA is made.

Clinical Characteristics of Potential Candidates 
for Cardiac Amyloidosis 

Within the scope of cardiology, patients with HFpEF 
along with ventricular wall thickening and elderly pa-
tients with nonrheumatic severe aortic stenosis are con-
sidered potential candidates for TTR-CA.[1–3] These pa-
tients typically present with symptoms associated with 
HFpEF. Normotension/hypotension in a previously 
hypertensive patient or intolerance to beta-blockers/
angiotensin-converting enzyme inhibitors/angiotensin 
II receptor blockers should suggest CA. Paresthesia in 
the extremities, orthostatic hypotension, a history of 
carpal tunnel syndrome, and syncope are also among 
the manifestations suggesting CA. CA should be inves-
tigated in patients with unexplained LVH, and partic-
ularly in elderly patients with new-onset hypertrophic 
cardiomyopathy.[1,2] CA should be taken into consider-

Abbreviations:

AL	 Immunoglobulin light chain
	 amyloidosis	
CA	 Cardiac amyloidosis 
DPD 	 3,3-diphosphono-1,2-
	 propanodicarboxilic acid 
ECG	 Electrocardiogram
ECHO	 Echocardiography
EMB	 Endomyocardial biopsy
H/L	 Heart to contralateral lung ratio
HMDP	 Hydroxymethylene diphosphonate
HFpEF	 Heart failure with preserved 	
	 ejection fraction
I-123	 Iodine-123
LGE	 Late gadolinium enhancement
LVH	 Left ventricular hypertrophy
MDP	 Methylene diphosphonate
MIBG	 I-123 metaiodobenzylguanidine
mTTR	 Mutant transthyretin
PET	 Positron emission tomography
PYP	 Pyrophosphonate
SPECT	 Single-photon emission
	 computerized tomography 
Tc99m	 Technetium-99m
TTR	 Transthyretin
wtTTR	 Wild type transthyretin

Cardiac scintigraphy in TTR amyloidosis 515



ation in conduction abnormalities leading to syncope 
in the elderly. Although a low voltage electrocardio-
gram (ECG) is typical for CA, a lack of agreement be-
tween the voltage of the ECG and the wall thickness 
observed with echocardiography (ECHO) should also 
suggest amyloidosis.[1–3] Patients with LVH accompa-
nied by valve thickness or pericardial effusion should 
be considered candidates for amyloidosis. 

Diagnostic Work-up in Cardiac Amyloidosis 

ECHO is the most widely used method in the diagnos-
tic workup of CA. Characteristic ECHO findings for 
CA include ventricular, interatrial septal, and valvular 
thickening; pericardial effusion; and biatrial dilata-
tion.[13] A “sparkling” appearance of the thickened 
wall, which is specific to amyloidosis, can be identi-
fied by an experienced echocardiographer. Abnormal 
diastolic parameters are among the early findings. 
The global longitudinal strain is reduced. Apical spar-
ing accompanied by a decreased global longitudinal 
strain is considered specific to CA and differentiates 
CA from other causes of hypertrophy.[14] Yet while 
ECHO may reveal many important findings of CA, 
none of these findings is diagnostic.

When compared with ECHO, cardiac magnetic res-
onance imaging (MRI) may provide more valuable 
diagnostic information for CA.[15,16] Cardiac MRI has 
an important role in the noninvasive diagnosis of CA 
because it can provide information about tissue char-
acteristics in addition to high-resolution morpholog-
ical and functional assessment of the heart. In cases 
of wall thickening, MRI may help differentiate CA 
from other causes of cardiomyopathy. In addition to 
findings that are identifiable using ECHO, the most 
important diagnostic findings for CA that may be pro-
vided by MRI include global subendocardial fibrosis 
at the initial stage and transmural fibrosis at advanced 
stages as revealed with late gadolinium enhancement 
(LGE)-imaging and increased extracellular volume 
as revealed using T1 mapping. As with ECHO, MRI 
alone cannot serve to make a diagnosis of CA, even 
though the diagnostic sensitivity and specificity of 
LGE imaging for CA is 80% and 94%, respectively, 
when compared with an endomyocardial biopsy 
(EMB). MRI is particularly useful when ECHO find-
ings are inconclusive or indefinite. However, MRI 
cannot differentiate AL-CA from TTR-CA. Kidney 
impairment, which is very common among patients 

with amyloidosis, can also limit the use of contrast 
agents. Furthermore, cardiac MRI may not be avail-
able in every healthcare center, and when available, 
an experienced MRI team is needed.

EMB is a very sensitive and specific method (about 
100% for each) and has been considered the gold stan-
dard in the diagnosis of CA.[17] However, considering 
the invasive nature of the procedure, EMB should be 
performed only if there is a strong suspicion of CA. 
Furthermore, the procedure is associated with a risk of 
complications, and a specific specialty is required to 
interpret the histological examination. Furthermore, 
a negative EMB cannot exclude amyloidosis. Due to 
the risk of complications associated with EMB, other 
tissue/organ (e.g., subdermal fat tissue, labial, rectal, 
renal tissue, etc.) biopsies are often performed to di-
agnose amyloidosis. However, the lack of adequate 
amyloid deposition in corresponding tissues/organs 
may yield a negative result, and it must be remem-
bered that negative results cannot exclude CA.[18] 

Genetic analysis is usually performed for amyloid 
typing and family scanning once a diagnosis of amy-
loidosis has been made. Serum and urine protein elec-
trophoresis, immunofixation, and serum and urine 
light chain testing should be done to diagnose or rule 
out AL-CA.[1,2] ECG and N-terminal pro B-type natri-
uretic peptide/B-type natriuretic peptide and cardiac 
troponin measurements may provide additional evi-
dence to support the diagnosis of amyloidosis.

Radionuclide Imaging

Three main groups of radioisotope-labeled agents 
are used to identify amyloid deposition noninva-
sively with conventional radionuclide techniques: 
iodine-123 (I-123)-labeled serum amyloid P compo-
nent, technetium-99m (Tc-99m)-labeled aprotinin, 
and Tc-99m-labeled bone agents. The use of I-123-
labeled serum amyloid P component and Tc-99m-
labeled aprotinin is limited by low cardiac image 
quality.[20] Bone imaging agents, such as Tc-99m-la-
beled pyrophosphonate (PYP), 3,3-diphosphono-1,2-
propanodicarboxilic acid (DPD), and hydroxymethy-
lene diphosphonate (HMDP) are widely accepted 
radioactive agents to be used in radionuclide imaging 
and the noninvasive diagnosis of CA.[21] 

It has long been known that myocardial uptake of Tc-
99m-labeled PYP derivatives occurs in patients with 
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CA.[22–25] In the early 1980s, increased myocardial 
uptake of bone imaging agents and ECHO findings 
suggestive of CA were reported for the first time in 
patients with biopsy-confirmed extracardiac amyloi-
dosis.[24] Intense activity was incidentally detected in 
the cardiac region during bone scanning in a patient 
with CA at our center, and this case report was pub-
lished in 2000.[26] Bone imaging agents show a high 
affinity for calcium. The underlying mechanism of in-
creased uptake of diphosphonates in amyloidosis may 
be associated with an increased calcium concentration 
in tissues where amyloid deposition occurs.[26] The 
amyloid P component is a calcium-dependent protein 
that binds amyloid fibrils together.[27] 

The P component is found in all forms of amyloid 
and may be associated with diphosphonate binding 
to calcium in amyloid fibrils. Cardiac scintigraphy 
with bone agents, such as Tc-99m PYP, Tc-99m DPD, 
and Tc-99m HMDP, is an essential tool in the man-
agement of patients with CA.[28–30] All 3 agents have 
proven valuable in studies of cardiac involvement in 
amyloidosis. However, Tc-99m PYP has US Food and 
Drug Administration approval and has become prom-
inent in studies demonstrating precise diagnostic ac-
curacy for TTR-CA. Although methylene diphospho-
nate (MDP) is a commonly used radionuclide for bone 
scanning in practice, this agent has a low sensitivity in 
cardiac imaging. This may be the result of the higher 
bone mineral affinity of bisphosphonates that contain 
a hydroxyl group, such as DPD or HMDP. Therefore, 
the diagnostic performance of MDP is lower in the 
detection of patients with grade 1 or even grade 2 
amyloidosis due to the low calcium deposit content 
and the use of MDP is not recommended in cardiac 
imaging. In fact, there are case reports in the litera-
ture regarding intense myocardial uptake with PYP in 
cases missed using Tc-99m MDP scintigraphy.[31] In 
our center, we have also had cases showing significant 
myocardial uptake of PYP but not Tc-99m MDP. The 
other 2 agents (DPD, HMDP) have been approved for 
use in Europe. Although the molecular structures of 
Tc-99m DPD and Tc-99m PYP are similar, these 2 
isotopes differ in pharmacokinetics.[32] The imaging 
protocols for Tc-99m DPD/HMDP include images 
obtained 3 hours after radiotracer injections. On the 
other hand, only 10% of the injected dose remains 
in the heart at 1 hour after a Tc-99m PYP injection. 
Therefore, images should be obtained within 1 hour 
of the Tc-99m PYP injection to diagnose CA.

Bone Scintigraphy Imaging and Interpretation
in Cardiac Amyloidosis 

Depending on the radiotracer used in scintigraphy 
for CA, planar and single-photon emission comput-
erized tomography (SPECT) images are obtained at 1 
hour and 3 hours after a Tc-99m PYP injection. The 
first step of the analysis includes a visual assessment 
of cardiac uptake on the planar and SPECT images. 
Once cardiac uptake is confirmed, 2 approaches may 
be adopted. The first approach includes quantitative 
analysis by calculating the heart to contralateral lung 
(H/L) uptake ratio at 1 hour post injection. A ratio of 
≥1.5 is considered positive for TTR-CA, and an H/L 
ratio of <1.5 is deemed negative. The second approach 

Table 2. Cardiac Tc-99m PYP uptake analysis 

Quantitative	 The heart (H) to contralateral lung
assessment	 (L) ratio on planar or single-photon 	
	 emission computed tomography 		
	 (SPECT) images at 1 hour post
	 injection: An H/L ratio of ≥1.5 is 		
	 deemed positive for transthyretin
	 (TTR)-cardiac amyloidosis (CA), and
	 an H/L ratio of <1.5 is regarded as 	

	 negative for TTR-CA.

Semi-quantitative	 Grade 2 to 3 uptake on planar or 	
assessment	 SPECT images at 3 hours post 		
	 injection is considered positive for 	
	 TTR-CA, and Grade 0–1 uptake at
	 3 hours post injection is deemed 		

	 negative for TTR-CA.

Although grade 2 to 3 or an H/L uptake ratio >1.5 suggests TTR amy-
loidosis, protein electrophoresis, or serum light chain testing should be 
performed to exclude immunoglobulin light-chain amyloidosis (AL), as any 
grade of myocardial uptake of 99mTc-PYP may occur in AL-CA. PYP: Py-
rophosphonate; Tc99m: Technetium-99m.

Table 1. Semi-quantitative visual grading; cardiac 
uptake scoring at hour 3

Grade	 Tc-99m PYP cardiac uptake

Grade 0	 No cardiac uptake

Grade 1	 Cardiac uptake less intense than the sternum

Grade 2	 Cardiac uptake intensity similar to the sternum

Grade 3	 Cardiac uptake intensity greater than the 		

	 sternum

PYP: Pyrophosphonate; Tc99m: Technetium-99m.



is a semi-quantitative visual scoring system based on 
comparisons between cardiac uptake and bone up-
take (usually in the sternum, or on the rib) on images 
obtained at 3 hours post injection. A scoring system 
has been defined as grade 0 as no cardiac uptake (ex-
cludes TTR-CA), grade 1 reveals cardiac uptake that 
is less intense than that seen in the sternum, grade 2 
uptake is signified by a cardiac uptake intensity simi-
lar to that of the sternum, and grade 3 is defined by a 
cardiac uptake intensity that is greater than that of the 
sternum (Table 1). A grade 2 or 3 uptake and an H/L 
ratio of >1.5 strongly suggest TTR-CA (Table 2). A 
grade 1 uptake and an H/L ratio of 1-1.5 raise suspi-
cion of TTR-CA (Fig. 1). If DPD or HMDP is used in 
the scintigraphy, the intensity of the uptake is graded 
using a semi-quantitative visual scoring system. 

Diagnostic Value of Bone Scintigraphy
in Cardiac Amyloidosis

Perugini et al.[33] reported that a visual grade of ≥2 for 
myocardial uptake of Tc-99m DPD uptake had a sensi-
tivity of 100% for TTR-CA and a specificity of 100% 
in the differentiation of TTR- from AL-CA and control 
subjects. In a meta-analysis of 529 patients with TTR-
CA,[34] the sensitivity and specificity of Tc-99m-labeled 
bone agents was reported to be 92.2% and 94.5%, re-
spectively, though different agents were used in the in-
cluded studies. In another study that evaluated 857 pa-
tients with histologically confirmed amyloidosis (EMB 
in 374 patients) and 360 patients with non-amyloid car-
diomyopathy (1217 in total), the sensitivity and speci-
ficity of cardiac scintigraphy for TTR-CA was found to 
be 99% and 98%, respectively.[35] Furthermore, in the 
absence of monoclonal protein in the serum and urine, 
grade 2 and grade 3 myocardial uptake on scintigra-
phy had a sensitivity and a positive predictive value of 

100% for TTR-CA. Cardiac scintigraphy provides crit-
ical information about CA, whereas ECHO and MRI 
offer additional structural and functional characteriza-
tion. Scintigraphy detects cardiac involvement in amy-
loidosis earlier and with greater accuracy compared 
with ECHO and MRI.[36] It also provides information 
about the intensity of myocardial amyloid deposition 
and prognosis. The presenting symptoms of CA are 
rarely specific, and early diagnosis may be challeng-
ing. However, early detection and treatment of CA are 
among the principles for improving the prognosis. Car-
diac Tc-99m PYP/DPD/HMDP scintigraphy should be 
considered for the early detection of TTR-CA in pa-
tients with specific features for TTR-CA, such as un-
explained LVH, HFpEF, advanced age, degenerative 
severe aortic stenosis, family history of amyloidosis, or 
bilateral carpal tunnel syndrome (Fig. 2).

Cardiac scintigraphy with Tc-99m PYP/DPD/HMDP 
has a very low diagnostic value in AL-CA. There is 
little (grade 1 uptake) or no myocardial uptake in AL-
CA. This difference may be explained by a longer 
course of the disease and a greater amount of amyloid 
fibril and calcium deposition in TTR-CA compared 
with AL-CA. However, a negative Tc-99m PYP/
DPD/HMDP scintigraphy cannot exclude AL amyloi-
dosis. Therefore, if ECHO/MRI findings suggest CA 
despite a negative or suspicious Tc-99m PYP/DPD/
HMDP scintigraphy result, AL-CA should be inves-
tigated and excluded with protein electrophoresis as 
well as urine and serum light chain testing with im-
munofixation (Fig. 2). If both tests are negative, the 
available evidence suggests that CA is unlikely. In the 
event of positive Tc-99m PYP/DPD/HMDP scintigra-
phy findings along with abnormal laboratory results 
suggesting AL amyloidosis, the patient should be re-
ferred to a hematology/oncology clinic.

Figure 1. Grade 0 (on the left), Grade 1 (in the middle) and Grade 2 (on the right) cardiac 
uptake in Tc-99m PYP scintigraphy images
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Novel Radionuclide Techniques in
Cardiac Amyloidosis 

Advances in imaging techniques focus on the dif-
ferentiation of CA from other hypertrophic pheno-
types and the potency of differentiation as well as 
earlier and accurate diagnosis. The role of F-18 flu-
orodeoxyglucose, which is the most commonly used 
agent in positron emission tomography (PET) scan-
ning, remains unclear.[37] In pilot studies of PET scan-
ning using several amyloid-binding imaging agents, a 
higher myocardial uptake of the radiotracer has been 
reported in patients with CA compared with controls.
[38–42] C-11 Pittsburgh Compound B is one of the first 
PET radiotracers developed for beta-amyloid imag-
ing; however, it requires an on-site cyclotron due to 
its short half-life.[41,42] Subsequently, other amyloid-

binding radiotracers, including F-18 florbetapir, F-18 
florbetaben, and F-18 flutemetamol, have been de-
veloped and used to visualize amyloid deposition in 
patients with dementia; these agents have US Food 
and Drug Administration approval and are commer-
cially available. A target to background (left ventri-
cular myocardium/blood pool) ratio of >1.5 and a re-
tention index of >0,025 min-1 have been the cutoff 
values determined to differentiate patients with CA 
from controls without CA.[38–40] These findings sug-
gest that amyloid PET imaging may help to diagnose 
CA, assess treatment response, and differentiate TTR-
CA from AL-CA in the future. Another critical benefit 
of amyloid PET imaging is that unlike ECHO or MRI, 
it has the potential to show systemic amyloid deposits 
in several organs and to measure the amyloid load in 
the whole body due to its ability to scan the whole 

Figure 2. Nuclear scintigraphy-based diagnostic approach. ACE: Angiotensin-converting enzyme; AL-CA: Amyloid light-chain 
amyloidosis; CA: Cardiac amyloidosis; CM: Cardiomyopathy; ECG: Electrocardiogram; ECHO: Echocardiography; GLS: Global 
longitudinal strain; HFpEF: Heart failure with preserved ejection fraction; IVS: Interventricular sepum; LV: Left ventricle; LVH: 
Left ventricular hypertrophy; MRI: Magnetic resonance imaging; mTTR: Mutant transthyretin; TTR: Transthyretin; wtTTR: Wild 
type transthyretin.

CLINICAL FINDINGS SUSPICIOUS OF AMYLOIDOSIS
HFpEF+LVH, degenerative aortic stenosis in the elderly, new diagnosis of hypertrophic CM in the elderly,
orthostatic hypotension, syncope, peripheral neuropathy, history of carpal tunnel syndrome, family history
of amyloidosis, intolerance to beta blockers/ACE inhibitors, normotension/hypotension in a hypertensive
patient, pseudoinfarct pattern on ECG, low- voltage on ECG, conduction abnormalities in the elderly with
a history of syncope, LVH with valvular thickening on ECHO (IVS >12 mm) + low-voltage ECG, sparkling

pattern, LVH + pericardial effusion, decreased LV GLS with apical sparing on strain ECHO.

Diagnostic workup of suspected cardiac amyloidosis

Cardiac scintigraphy with Tc-99m PYP, Tc-99m DPD or Tc-99m HMDP
Serum and urine protein electrophoresis+ immunofixation + serum free light chain testing

Cardiac MRI
(+)

(–)

(–)(+)

CA (–)Genetik analiz

CA is unlikely (in the 
presence of high clinical 
suspicion, biopsy, and/or 

MRI to investigate
potential rare types of 

amyloid and close
monitoring are
recommended)

Possibly AL-CA

Biopsy

Monoclonal protein negative

Grade 0–1 uptake Grade 0–1 uptakeGrade 2–3 uptake

TTR-CA

Grade 2–3 uptake

AL-CAmTTR wtTTR

Monoclonal protein positive
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body in a single session.[42] However, further studies 
are needed to confirm these results.

Patients with amyloidosis are likely to develop au-
tonomic dysfunction because of amyloid infiltration 
of myocardial and nerve conduction tissues and may 
develop rhythm disorders. Although amyloid infil-
tration of the cardiac autonomic system cannot be 
shown directly, autonomic myocardial denervation 
may be visualized using norepinephrine analogs such 
as I-123 metaiodobenzylguanidine (MIBG), I-124 
MIBG, N-[3-bromo-4-3-[F-18] fluoro-propoxy)-ben-
zyl]-guanidine LM1195, C-11 hydroxy-ephedrine, 
and I-123 MIBG, which accumulate at presynaptic 
sympathetic nerve terminals. MIBG scintigraphy can 
indirectly illustrate amyloid infiltration of the cardiac 
sympathetic system with a comparison of cardiac 
and mediastinal uptake ratios[43] and can identify in-
nervation changes before the appearance of ECHO 
findings of the disease. Although there are limited 
available data, positive I-123 MIBG scintigraphy 
findings suggest that the risk for fatal arrhythmias 
may increase in CA. 

Conclusion

Contrary to what was previously believed, TTR-CA is 
not a rare cardiomyopathy and there is an increasing 
awareness about the condition. A diagnostic work-up 
for CA should be performed in individuals with clini-
cal high-risk characteristics such as HFpEF, advanced 
age, degenerative severe aortic stenosis, or ventricular 
hypertrophy. Cardiac scintigraphy is a widely used, 
cost-effective, and noninvasive modality that is of cen-
tral importance in the diagnostic workup of CA. When 
performed and interpreted in line with recommended 
protocols and using appropriate bone imaging agents, 
it has a high diagnostic performance without a need of 
EMB. A holistic approach that includes the use of mul-
timodal diagnostic tools may ensure high diagnostic 
sensitivity and specificity. However, large, prospective 
studies are needed to demonstrate the clinical bene-
fit of cardiac scintigraphy in evaluating treatment re-
sponse and predicting clinical outcomes.
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