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C

ardiac amyloidosis (CA) although known since 1867 [1], has recently drawn a revived interest in medical practice. It
constitutes a progressive disorder induced by autologous extracellular misfolded protein deposition, in terms of insoluble amyloid brils, in the myocardial tissue which causes arrhythmias and congestive heart failure, ultimately leading to precocious decease [2]. The name amyloid for this amorphous and hyaline change in tissue has been derived from
the iodine-staining reaction of this material that resembles that of starch- the Greek word for starch is amylon [3]. Cardiac involvement may a ect any anatomical site, including the atria and ventricles, perivascular space (most often of small vessels),
as well as the valves and the conducting system, and may occur either as a localized phenomenon or within the context of a
systemic disease [4]. There exist multiple pathophysiologic subtypes of myocardial amyloidosis, each with di erent clinical
course and treatment schedules. High risk precursor molecules of CA consist of: a) light chain immunoglobulins (AL amyloidosis). This is the commonest and most severe subtype constituting 85% of all types of amyloidosis and being most often associated with cardiac damage [5, 6]. The incidence of primary AL amyloidosis is up to 9 cases in million per year [6]. b) transthyretin particles: senile systemic amyloidosis/SSA or wild-type/ wt-ATTR, which a ects up to 25% of the senile population
and hereditary/mutant transthyretin-related (ATTRm) form which results from a hereditary mutation of TTR protein and can
a ect individuals of all ages. Mutation Val30Met accounts for over 60% of the cases while mutations Val122Ile, Thr60Ala,
Leu111Met, and Ile68Leu show predominantly in ltrative cardiomyopathy [4, 7]. c) serum amyloid A (secondary amyloidosis
associated with chronic in ammation or SAA), which occurs in 20% of patients with rheumatoid arthritis, with decreasing incidence as management of chronic in ammation is improved. The heart is a ected in 2% of the cases [2, 4]. d) atrial natriuretic peptide (isolated atrial amyloidosis or IAA) whose prevalence increases with age, reaching up to 95% in 81 to 90 yearold patients [8, 9] and impact involves disorders of the conduction system and atrial brillation rather than heart failure [10].
Less common precursors include mutant forms of apolipoprotein A1, brinogen and gelsolin [4].
We are herein focusing on two of the aforementioned subtypes, AL and ATTR, which represent the most frequent causes of
CA [11]. a) In AL, the amyloid brils in myocardium consist of monoclonal immunoglobulin light chains associated with plasma cell dyscrasias. The estimated minimum prevalence of systemic amyloidosis in the UK is 20 per million inhabitants [12]. In
most studies of patients with AL amyloidosis, the proportion of men is somewhat higher (about 1.1-1.3) than that of women [2].
part from the central nervous system, the toxic monoclonal light-chain proteins in AL can damage virtually all organs, most
frequently the kidneys and the heart [13]. The physical and chemical attributes of subtypes of light chain immunoglobulins
determine the target organ of accumulation, e.g. V VI light chains often accumulate in the kidneys while V II primarily in the
heart [4]. Cardiac dysfunction commonly manifests as heart failure and renal involvement as nephrotic syndrome with progressive worsening of renal function. b) In ATTR, whether ATTRm or wt-ATTR, the brils consist of monomers or dimers of the
physiologically tetrameric protein transthyretin. Familial ATTR is inherited in an autosomal dominant pattern and >100 mutations in the TTR protein have been identi ed so far, which result in amyloid deposition mainly in the heart and nervous
system [4]. Although the TTR mutation is congenital, the rst clinical manifestations of ATTRm appear between the 3rd and 6th
decade of life and depend on the speci c mutation in the TTR molecule. The accumulation of TTR amyloid in the myocardium is
slowly progressive and may cause hypertrophic cardiomyopathy and arrhythmia. Heart failure associated with wt-ATTR may
present with preserved ejection fraction [left ventricular (LV) ejection fraction (EF) ≥50% with LV hypertrophy ≥12mm] [14, 15].
In a Spanish study, wt-ATTR amyloidosis accounted for 13% of the patients above 60 years su ering from heart failure with
preserved EF [16]. In a recent British study, wt-ATTR was found to a ect a male:female ratio of 8:1 [17]. The heart is the only
clinically a ected organ in this subtype of amyloidosis, which usually manifests itself with perimalleolar edema or dyspnea
attributed to congestive heart failure. Interestingly, carpal tunnel syndrome induced by amyloid deposits may occur 3-5 years
prior to the onset of cardiac symptoms, with associated reports of tingling and hypoesthesia in the hands [4].
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Median survival of 11 and 75 months has been reported in
heart failure due to AL cardiac amyloid, or to wt-ATTR,
respectively [16]. The median survival of untreated patients
with ATTRm is almost 10 years, although some patients may
survive up to 15 years [2]. Regardless of the subtype, CA determines treatment decision-making due to its major clinical and prognostic inferences [17]. In ATTRm, cardiac involvement may limit short-term and long-term results of orthotopic liver transplantation (OLT) [18, 19] and in uence
decisions to perform combined heart-liver transplantation
[20]. Severe cardiac involvement in AL amyloidosis can limit
optimal hematologic treatments, including bone marrow
transplantation [21]. Moreover, the recent clinical introduction of drugs interfering with abnormal TTR production,
in particular gene silencing through RNA destruction, or
tetrameric TTR stabilization, like patisiran and tafamidis,
respectively, has completely altered the treatment and prognostic horizon, rendering early diagnosis of CA crucial.

Imaging modalities
Among various imaging modalities, echocardiography (ECHO) and cardiac magnetic resonance imaging (CMR) provide
non-speci c ndings of amyloid concentration and thus cannot distinguish the amyloid subtype. Electrocardiographic
(ECG) patterns indicating CA include low QRS voltages (56%,
especially in the presence of increased LV wall thickening on
ECHO, particularly in AL), pseudo-infarction (60%), supraventricular arrhythmias (mainly atrial brillation), atrio-ventricular
or intra- and inter- ventricular conduction defects and unusual
axis deviations [22, 23].
Echocardiography provides valuable information about
the initial evaluation, management, and follow-up of patients with known or suspected CA [23]. Typical ECHO features suggestive of CA include the characteristic granular/
sparkling appearance of the LV myocardium, increased LV
wall thickness (classic feature but in advanced CA), decreased LV end-diastolic volumes, typically preserved or mildly
reduced LVEF, high E/A ratio, shortened mitral E deceleration time (restrictive lling pattern), high E/e' ratio, increased left and right atrial volumes and reduced atrial function
(also imaged on CMR), impaired longitudinal strain (LS) in
the LV, being worse at the base and mid ventricular regions
compared to the apex, right ventricular (RV) thickening, reduced RV myocardial velocities on tissue Doppler imaging
and reduced RV LS (early indicators of cardiac involvement
in patients with systemic AL amyloidosis) [24, 25], valve thickening, pericardial e usion, atrial septal thickening (a characteristic feature of CA), and dynamic LV out ow tract obstruction [23]. Hence, unfortunately it is not only imperative
to be vigilant for the typical ECHO ndings that suggest CA
but also impossible to distinguish AL from ATTR.
Cardiac MR provides the characteristic morphological features of CA/restrictive cardiomyopathy as ECHO but with
better resolution images and no inherent limitation of di cult technique windows [23, 24-32]. Additional ndings of
CA on CMR imaging rely on tissue characterization: LV late
gadolinium enhancement (LGE) which may be an early feature of cardiac involvement compared to increased wall
thickness, other early features of CA, such as shortened sub-
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endocardial T1 relaxation time and an expansion of the extracellular volume as well as atrial LGE and function, a characteristic feature of CA.
Currently, de nitive diagnosis of CA is based on endomyocardial biopsy in conjunction with immunohistochemical parameters or, in ambiguous cases, on mass spectrometry [33]; these procedures are invasive, require specialized
expert centers and also do not provide information regarding the extent of the disease.
Technetium-99m-pyrophosphate (99mTc-PYP) was rst introduced in the diagnostics of CA back in 1983 [34]. Thenceforth several nuclear tracers have been tried for CA imaging by positron emission tomography (PET) as well as with
traditional -camera. Promising PET radiopharmaceuticals
are under investigation, speci cally uorine-18 ( 18 F)orbetapir and carbon-11 (11C)-PiB (Pittsburgh B compound) which image amyloid brils, with potential quanti cation of the amyloid burden and detection of early cardiac
involvement prior to structural changes [35].
Single-photon emission tomography (SPET) tracers such as
iodine-131-serum amyloid P component (131I-SAP) and pentavalent technetium-99m [99mTc(V)]-dimercaptosuccinic acid
(DMSA) have so far yielded disappointing results due to limited signal-to-noise ratio and prolonged blood pool, respectively [23, 36]. During the last few years, two bone-seeking radiopharmaceuticals, 99mTc-3,3-diphosphono-1,2-propanodicarboxylic acid (DPD) and 99mTc-PYP have been proven superior in the di erential diagnosis between ATTR and AL CA and
have been o cially introduced into clinical practice [17, 23,
36-38]. In particular, these agents image ATTR CA, while presenting no or just a borderline cardiac uptake in AL CA. The
use of 99mTc-PYP scintigraphy has been suggested for identifying ATTR, both familial and wild-type, since 99mTc-DPD is
available in only certain counties. One to three hours post-injection of 555-925MBq 99mTc-PYP myocardial uptake is assessed optically for grading 0-3 (0=no myocardial uptake, 1=less
than rib uptake, 2=equal to rib uptake, 3=more than rib uptake) and interpretation [17, 37]. Semi-quantitative evaluation involves drawing two regions of interest (ROI), one over
the heart (H) and another over the contralateral hemithorax
(CL) adjusting for background on the planar anterior projection, in order to estimate the corresponding count ratio of heart-to-contralateral (H/CL). Based on the international literature as well as on our experience, a ratio of H/CL ≥1.5 de nes
the threshold for ATTR diagnosis [36, 37]. Tomographic (SPET) imaging follows and co-evaluation of ndings establishes
diagnosis with high accuracy. Di use intense myocardial uptake (grade 3) veri ed semi-quantitatively (H/CL ≥1.5) in the
absence of monoclonal paraproteinemia is consistent with
ATTR without the need for histological con rmation and allows for genotyping [38]. No myocardial tracer uptake (grade
0) contributes to AL diagnosis, especially in the context of abnormal results on serum free light chain assay or serum/urine
immuno xation, and con rmation by biopsy with immunohistochemistry is warranted [39]. Faint myocardial uptake
(grade 1 or 2) with H/CL ratio <1.5 may suggest a diagnosis of
AL or, in a small number of cases, the ATTRm subtype, keeping in mind that certain ATTR mutations speci cally in patients with early-onset bearing the V30M mutation and in patients carrying the Y114C mutation, have been linked with
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amyloid bril type B expression [40]. Patients with all other
mutations or wt-ATTR express the type A amyloid brils [40,
41]. Thus, in case of faint uptake with H/CL <1.5, exclusion of
other possible causes of cardiac uptake (myocardial infarction, hypercalcemia etc) coupled with measurement of free
light chains and abdominal fat biopsy should establish the
diagnosis [42].
Taking into account international reports along with our
own experience, myocardial 99mTc-PYP scan constitutes an
economic and widely available modality that enables noninvasive diagnosis of ATTR with prognostic and therapeutic,
including novel agents, implications as well as genetic guidance. Prognosis and genotyping have already herein been
mentioned. Regarding therapeutic choices, tafamidis and
patisiran, the two recently developed drugs o er alternatives to transplantation. Tafamidis binds to transthyretin,
preventing tetramer dissociation and amyloidogenesis. In a
recent study, tafamidis was associated with reductions in allcause mortality and cardiovascular-related hospitalizations
in ATTR patients and reduced the decline in functional capacity and quality of life as compared with placebo [43]. Patisiran targets and silences speci c messenger RNA, blocking
the production of transthyretin protein, enabling the clearance of transthyretin amyloid deposits in the tissues and organs and potentially can restore function [44].
Furhermore, PYP/DPD scan has been proved valuable in
the setting of elderly patients with monoclonal gammopathy (MGUS), who represent a 5% of this age group and
may appear with a positive biopsy for amyloid and an abnormal free light chain ratio, thus misleading the diagnosis
towards AL and receiving inappropriate chemotherapy [23].
Overall, PYP scan allows for biopsy avoidance and changes
patient management. Further potential applications include
screening, follow-up, and evaluation of response to treatment. Introducing 99mTc-PYP/DPD scan in the guidelines for
the diagnostic algorithm of ATTR detection has been accomplished. An ambiguous issue worth mentioning is the
possibility to use other bone-seeking radiotracers considering that they might supply equal diagnostic accuracy. Several case reports and small studies mention lower sensitivity
of 99mTc-MDP compared to 99mTc-PYP for the diagnosis of cardiac amyloidosis [45-47]. In addition, hitherto only 99mTc-DPD
and 99mTc-PYP have been extensively studied and most
importantly the underlying mechanism of uptake remains
unclear [39]. Ever since the utility of 99mTc-PYP in cardiac disorders was rst reported in 1975, the mechanism of its uptake has provoked substantial ongoing research and debate.
Increased calcium concentrations are still hypothetically
considered and predilection for amyloid bril type A of ATTR
hearts has been recently established [40, 48-51]. Nevertheless, it has long been underlined that apart from CA, 99mTcPYP uptake also occurs in conditions in which calcium phosphate is present in minor amounts such as in ammatory diseases, unstable angina, cardioversion, and after radiation
therapy [48, 51]. The postulation that the binding of 99mTcPYP in the soluble muscle proteins and enzymes in di erent
cardiac abnormalities plays a major role coupled with a minor role of calcium phosphate has been questioned. Specically, the uptake of 99mTc-PYP and related phosphates in infarcted myocardium and other tissues has been long attri-
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buted to a multifactoral phenomenon resulting from complexing with various soluble and insoluble forms of tissue
calcium stores, including amorphous calcium phosphate,
crystalline hydroxyapatite, and calcium complexed with organic macromolecules, possibly supplemented by calciumindependent complexing with tissue constituents [48-50].
Till the mechanism of DPD/PYP cardiac uptake is elucidated,
in case other bone-seeking tracers are applied, ndings
should be cautiously interpreted.

Bibliography
1. Weber, H. Mollities ossium, doubtful whether carcinomatous or syphilitic. Transactions of the Pathological Society of London 1867; 18: 20610.
2. Banypersad SM, Moon JC, Whelan C et al. Updates in cardiac amyloidosis: a review. J Amer Hear Assoc 2012; 1: e000364.
3. Nienhuis HLA, Bijzet J, Hazenberg BPC. The Prevalence and Management of Systemic Amyloidosis in Western Countries. Kidney Dis
2016; 2: 10-9.
4. Mladosievicova B, Poljak Z, El-Hassoun O et al. Cardiac amyloidosis: a
hidden cause of cardiovascular complications in oncology practice.
OncoReview 2014; 4: 137-43.
5. Falk RH. Cardiac amyloidosis: a treatable disease, often overlooked.
Circulation 2011; 124(9): 1079-85.
6. Gertz MA, Dispenzieri A, Sher T. Pathophysiology and treatment of
cardiac amyloidosis. Nat Rev Cardiol 2014; [online: doi: 10.1038/nrcardio 2014.165].
7. Rapezzi C, Quarta CC, Obici L et al. Disease pro le and di erential diagnosis of hereditary transthyretin-related amyloidosis with exclusively
cardiac phenotype: an Italian perspective. Eur Heart J 2013; 34: 520-8.
8. Steiner I. The prevalence of isolated atrial amyloid. J Pathol 1987; 153
(4): 395-8.
9. Goette A, Rocken C. Atrial amyloidosis and atrial brillation: a genderdependent arrhythmogenic substrate ? Eur Heart J 2004; 25(14):
1185-6.
10. Fikrle M, Pale ek T, Kuchynka P et al. Cardiac amyloidosis: A comprehensive review. Cor et Vasa 2013; 55: e60-e75.
11. Falk RH, Comenzo RL, Skinner M. The systemic amyloidoses. N Engl J
Med 1997; 337: 898-909.
12. Pinney JH, Smith CJ, Taube JB et al. Systemic amyloidosis in England:
an epidemiological study. Br J Haematol 2013; 161: 525-32.
13. Quock T, Yan T, Chang E et al. Epidemiology of AL amyloidosis: a realworld study using US claims data. The American Society of Hematology 2018; 2(10): 1046-53.
14. Bokhari S, Shahzad R, Castaño A, Maurer MS. Nuclear imaging modalities for cardiac amyloidosis. J Nucl Cardiol 2014; 21(1): 175-84.
15. Gonzalez-Lopez E, Gallego-Delgado M, Guzzo-Merello G et al. Wild-type transthyretin amyloidosis as a cause of heart failure with preserved ejection fraction. Europ Heart J 2015; 36: 2585-94.
16. Ng B, Connors LH, Davido R et al. Senile systemic amyloidosis presenting with heart failure: A comparison with light chain-associated
amyloidosis. Arch Intern Med 2005; 165: 1425-9.
17. Perugini E, Guidalotti PL, Salvi F et al. Noninvasive etiologic diagnosis
99m
of cardiac amyloidosis using Tc-3,3-diphosphono-1,2-propanodicarboxylic acid scintigraphy. J Am Coll Cardiol 2005; 46(6): 1076-84.
18. Gillmore JD, Lovat LB, Hawkins PN. Amyloidosis and the liver. J Hepatol
1999; 30: 17-33.
19. Sharma P, Perri RE, Sirven JE et al. Outcome of liver transplantation for
familial amyloidotic polyneuropathy. Liver Transpl 2003; 9: 1273-80.
20. Arpesella G, Chiappini B, Marinelli G et al. Combined heart and liver
transplantation for familial amyloidotic polyneuropathy. J Thorac
Cardiovasc Surg 2003; 125: 1165-6.
21. The UK Myeloma Forum AL Amyloidosis Guidelines Working Group.
Guidelines on the diagnosis and management of AL amyloidosis. Br J
Haematol 2004; 125: 681-700.
22. Rahman JE, Helou EF, Gelzer-Bell R et al. Noninvasive diagnosis of
biopsy-proven cardiac amyloidosis. J Am Coll Cardiol 2004; 43: 410-5.

Hellenic Journal of Nuclear Medicine • September-December 2019

www.nuclmed.gr

Editorial

23. Falk RH, Quarta CC, Dorbala S. How to image cardiac amyloidosis: a
focused practical review. Circ Cardiovasc Imaging 2014; 7(3): 552-62.
24. Cappelli F, Porciani MC, Bergesio F et al. Right ventricular function in
al amyloidosis: Characteristics and prognostic implication. Eur Heart
J Cardiovasc Imaging 2012; 13: 416-22.
25. Bellavia D, Pellikka PA, Dispenzieri A et al. Comparison of right ventricular longitudinal strain imaging, tricuspid annular plane systolic excursion, and cardiac biomarkers for early diagnosis of cardiac involvement and riskstrati cation in primary systematic (al) amyloidosis:
A 5-year cohort study. Eur Heart J Cardiovasc Imaging 2012; 13: 680-9.
26. Austin BA, Tang WH, Rodriguez ER et al. Delayed hyper-enhancement
magnetic resonance imaging provides incremental diagnostic and
prognostic utility in suspected cardiac amyloidosis. JACC Cardiovasc
Imaging 2009; 2: 1369-77.
27. Banypersad SM, Sado DM, Flett AS et al. Quanti cation of myocardial
extracellular volume fraction in systemic al amyloidosis: An equilibrium contrast cardiovascular magnetic resonance study. Circ Cardiovasc Imaging 2013; 6: 34-9.
28. Maceira AM, Prasad SK, Hawkins PN et al. Cardiovascular magnetic
resonance and prognosis in cardiac amyloidosis. J Cardiovasc Magn
Reson 2008; 10: 54.
29. Mongeon FP, Jerosch-Herold M, Coelho-Filho OR et al. Quanti cation
of extracellular matrix expansion by cmr in in ltrative heart disease.
JACC Cardiovasc Imaging 2012; 5: 897-907.
30. Syed IS, Glockner JF, Feng D et al. Role of cardiac magnetic resonance
imaging in the detection of cardiac amyloidosis. JACC Cardiovasc
Imaging 2010; 3: 155-64.
31. Vogelsberg H, Mahrholdt H, Deluigi CC et al. Cardiovascular magnetic resonance in clinically suspected cardiac amyloidosis: Noninvasive imaging compared to endomyocardial biopsy. J Am Coll Cardiol
2008; 51:1022-30.
32. Wassmuth R, Abdel-Aty H, Bohl S, Schulz-Menger J. Prognostic impact of t2-weighted cmr imaging for cardiac amyloidosis. Eur Radiol
2011; 21: 1643-50.
33. Pinney JH, Whelan CJ, Petrie A et al. Senile systemic amyloidosis: clinical features at presentation and outcome. J Am Heart Assoc 2013; 2:
e000098.
34. Falk RH, Lee VW, Rubinow A et al. Sensitivity of technetium-99m-pyrophosphate scintigraphy in diagnosing cardiac amyloidosis. Am J
Cardiol 1983; 51(5): 826-30.
35. Park MA, Padera RF, Belanger A et al. 18F-Florbetapir Binds Speci cally
to Myocardial Light Chain and Transthyretin Amyloid Deposits: Autoradiography Study. Circ Cardiovasc Imaging 2015; 8(8): pii: e002954.
36. Papantoniou V, Valsamaki P, Kastritis S et al. Imaging of cardiac amy99m
loidosis by Tc-PYP scintigraphy. Hell J Nucl Med 2015; 18(Suppl 1):
42-50.
99m
37. Bokhari S, Castaño A, Pozniako T et al. Tc-pyrophosphate scinti-

www.nuclmed.gr

graphy for di erentiating light chain cardiac amyloidosis from the
transthyretin-related familial and senile cardiac amyloidoses. Circ Cardiovasc Imag 2013; 2: 195-201.
38. Gillmore JD, Maurer MS, Falk RH et al. Nonbiopsy diagnosis of cardiac
transthyretin amyloidosis. Circulation 2016; 14; 133(24): 2404-12.
39. Treglia G, Glaudemans AWJ, Bertagna F et al. Diagnostic accuracy of
bone scintigraphy in the assessment of cardiac transthyretin-related
amyloidosis: a bivariate meta-analysis. Eur J Nucl Med Mol Imaging
2018; 45(11): 1945-55.
40. Pilebro B, Suhr OB, Näslund U et al. 99mTc-DPD uptake re ects amyloid
bril composition in hereditary transthyretin amyloidosis. Ups J Med
Sci 2016; 121(1): 17-24.
41. Pilebro B, Arvidsson S, Lindqvist P et al. Positron emission tomography (PET) utilizing Pittsburgh compound B (PIB) for detection of
amyloid heart deposits in hereditary transthyretin amyloidosis
(ATTR). J Nucl Cardiol 2018; 25(1): 240-8.
42. Donnelly JP, Hanna M. Cardiac amyloidosis: an update on diagnosis
and treatment. Cleve Clin J Med 2017; 84(12 Suppl 3): 12-26.
43. Mathew S, Maurer MS, Schwartz JH et al. Tafamidis Treatment for Patients with Transthyretin Amyloid Cardiomyopathy. N Engl J Med
2018; 379: 1007-16.
44. FDA approves rst treatment for hereditary ATTR amyloidosis.
https://www.arci.org/fda-approves- rst-treatment-for-hereditaryattr-amyloidosis/.
45. Quarta CC, Guidalotti PL, Longhi S et al. De ning the diagnosis in
echocardiographically suspected senile systemic amyloidosis. JACC
Cardiovasc Imaging 2012; 5: 755-8.
46. Kristen AV, Haufe S, Schonland SO et al. Skeletal scintigraphy indicates disease severity of cardiac involvement in patients with senile
systemic amyloidosis. Int J Cardiol 2011; 43: 1862-7.
47. Ak I, Vardareli E, Erdinc O et al. Myocardial Tc-99m MDP uptake on a
bone scan in senile systemic amyloidosis with cardiac involvement.
Clin Nucl Med 2000; 25: 826-7.
48. Buja LM, Parkey RW, Dees JH et al. Morphologic correlates of technetium-99m stannous pyrophosphate imaging of acute infarcts in dogs.
Circulation 1975; 52: 596.
49. Buja LM, Poliner LR, Parkey RW et al. Clinicopathologic study of persistently positive technetium-99m stannous pyrophosphate myocardial scintigrams and myocytolytic degeneration after myocardial
infarction. Circulation 1977; 56: 1016.
50. Dewanjee MK. Technetium-99m pyrophosphate uptake. Circulation
1978; 58: 186-7.
51. De Geeter F. A scintillating black hole: new indications for an old tecth
hnique. Lecture in: 30 Meeting of the Hellenic Society of Nuclear
Medicine with International Participation, Under the Auspices of the
Ministry of Health, 2019; May 18th, Thessaloniki, Greece. Archives 2019:
p.p: 62-72.

Hellenic Journal of Nuclear Medicine • September-December 2019

93
164

