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99mTc-DPD 3h pi
66 y M, diepebvnon
pAdpnc otnv AP
KVAUN

Cardiac amyloidosis (CA)
Tuxaio eUpnpa ge scan ooTWy...TaAaidBev!

‘Evrovn mpdoAnyn py oTo
HUOKApPOI10
XWpPic waTdoo va €xel
TautoToINBEi 0 UTTOTUTIOC HEXP!
TIPIV TIEPITTOV HIA EIKOOAETIA

99mTc-HMDP 3h pi
94 y M, diepelvnon
TPSA emti x/0évTo¢
Ca mpooTdTn
O0TIKEG HETAOTAOEIG
22



Cardiac amyloidosis (CA)
or "stiff heart syndrome"

Epidemiology

v more common in men > women

(CA) although known since 1867 [1], has recently drawn a revived interest in medical
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TTpoodeuTikn diaTtapaxn mwou
mpoKaAeiTal and evawoOEoeig
piac diarapaypévng
e§wkuTTapIac TPWTEIVNG,
ATol vidiwv apuAoeidouc,
OTOV HUOKAPdIAKO 10TO,
odnywvTac oc mpwipn
karaAnén Adyw KA &
appuOpiIwyv

amorphous and hyaline change in tissue

the iodine-staining reaction of this material that resembles that of starch-

v' rare in people < 40 yrs

Cerebral hemorrage
Stroke
Dementia

Macroglossia
Xerostomia
Carpal tunnel syndrome Dysphagia
Amyloid arthropathy
; Spinal stenosis Heart fallure
Vo Arrhythmias
| | Conduction abnormalities
g8 Syncope
Hypotension

»

Dyspnoea
Respiratory failure

Amyloidosis

%

Anorexia i )
< 7,-4’;

Weight loss NS
Dismotility
Malabsorpion
Bleeding

Hyposplenism

MYOCARDIUM

Muscular layer of the heart &

Hepatomegaly
Liver failure

Amyloid polyneuropathy
(motor loss,
sensory symptoms,

Proteinuria  autonomic dysfunction)

Renal failure

Edsybulising Nephrotic syndrome

Nail dystrophy

H evaméBOean apuAoeidouc umopei va
ouppei oe ToAAaTAd 6pyava
TPOKAAWVTAG TToIKIAId KAIVIKWY
ekONAWoeWV

Transthyretin Amyloid Fibrils in Amyloidosis Research | StressMarq Saelices L. et al. J BlOIChem 2015




TTaB®oyuaioAoyikd uropabpo CA

% ATTR: fibrils consist of

monomers or dimers of the
normally tetrameric structure of

TTR

Transthyretin

~ TTR monomers
(TTR) protein misfold
/‘TTR.‘“'”,“‘"*: ATTR wild tym
mutation in the TTR unstable
TTR At with age
KUpiwg ’ '
veuponaOeia & Kupiwg Kkapdiakn
oUXVa Kapdiakn véoog & '
gupHETOXNA TO HOVaOIKO GNHAVTIKO
e§wkapdlako

o

XAPAKTNPOTIKO £lvatl

EVa OTOPLKO OU.

Kapmaiov owAnva, Tto
omolo ouxva
nponyeltat e KA
kata 3-5 xpovia

Primary (

v" Many different proteins may

form amyloid fibrils under

specific conditions
v' sporadic or hereditary

with different clinical course

& treatment

Amyloid Type Precursor

Protain

\  Monoclonal light
amyloidosig chain

Transthyretin amylidosis

ATTR (V30M) \ariant

transthyretin

ATTR (T60 A) Variant

transthyretin

Wild-type ATTR ~ Wild-type

transthyretin

Variant
transthyretin

ATTR lle 122

Variant
apolipoprotein

Apolipoprotein
Al (ApoA1)

Secondary (AA)
amyloidosis

Serum amyloid A
(SAA)

Atrial natriuretic ~ ANP
peptide (ANP)

Typical
Dacade of
Prasentation

6th or 7th decade
(but can be any)

3rd or 4th decade
(but

geographical
variation)

6th decade

70y (but remaing
a consideration
after 50 y)

6th decade or
older

6th decade or
older

Any

70y or older

40%to 50%

Uncommon (but can
oceur in older
patients)

Up to 90% by
diagnosis

Almost all cases

Almost all cases

Rare

Rare

All cases but
significance
uncertain

Renal, liver, soft
tissue, neuropathy

Peripheral arid
autonomic
neuropathy

Peripheral and
autonomic
neuropathy

Carpal tunnel
syndrome
Carpal tunnel
syndrome

Predominantly renal

Renal, liver

None reported

Treatment

Chemotherapy or
peripheral blood
stem cell
transplantation

Liver transplantation
(younger cases) not
proven in others

Liver transplantation
possible in
selected patients

Supportive

Supportive

Renal (+liver)
transplantation

Treat underlying
inflammatory
condition

Not needed

ﬁ Primary light chain (AL) CA:

Prognosis (Median
Sunvival)

48 mo but 8 mo for
advanced-stage
disease

Good with liver
transplantation for|
V30M progressive
disease

Variable with liver
transplantation

Tto8y

Tto8y

Usually slowly
progressive (y)

Good

fibrils consist of light chain Igs
produced by a clonal plasma cell
population in the bm

Kapdiakn ouppeToXn oto 507
TWV TEPUTTWOEWV & HEPIKEC
POPEC N Hovadikn ekdNAwon

Light chain (AL) amyloidosis

) Plasma cells

Light chain

Bone marrow : ;
proteins misfold

Kai Ta dUo €idn CA
poipalovral Koiva
XAPAKTNPIOTIKA WG
mpo¢ TNV nAikia & TIC
KAIVIKEGC EKONAWOEIC:
Kpioun n 80

Eur J Nucl Med Mol Imaging (2009) 36:702-714
Banypersad SM et al.
J Am Heart Association 2012



AUEnon Tnc avixveuoncg Tn¢ Kapdiakhe apulocidwang amo TpavoBupeTivn
(emikTnTNC & KAnpovouikhG) petd To ~2013

Recognition of ATTR-CM
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2010

Ruberg FL, et al. J Am Coll Cardiol. 2019

Mia amé Tic wTikég e€eAifeic Tou odRynoav athv TTPoodo TNG
diaxeiptong Tng AT TR ATav n kaBiépwan Tou
oTIVONpoypa@AUATOC W Un-emeppartikn p€Bodocg didyvwaong,
10iw¢ oe ao® xwpic ouvurapxouoda HOVOKAWVIKNA
mapanpwTEivaipia



Nonbiopsy Diagnosis of Cardiac Transthyretin Amyloidosis

99mTc-PYP Multicentre study with direct clinical impact in detecting
ATTR

’ 5 ‘ 5
N= 857(/1217 suspected) pats with Myocardial radiotracer
histologically proven amyloid (374 with uptake on PYP
EMB, rest with extracardiac histology + scintigraphy was
ECHO= CMR) >99% sensitive &
& 360 pats subsequently confirmed to have non . -
amyloid CMP 86% specific for

cardiac ATTR amyloid

'false positives' almost
exclusively in cardiac
AL amyloidosis

99mTc- HMDP

Table 5. Combined Radionuclide ‘Bone’ Scintigraphy and Monoclonal Protein Studies Compared With Amyloid Histology

p 9. Grade 2 or 3 Radionuclide Scan+Absence of Gionie vs ATTR Amvloid Deposits on Histology From Any Organ (n=1217)
Grade 2/3 Scan+No Clone, n | Grade 0/ Scan or Clone, n | Sensitivity and Specificity (CI), % PPVand NPV (Cl), %

Cardiac ATTR amyloid 391 139 14 (70-77) sensitive* NPV, 83 (80-86)

\ [ |
R No cardiac ATTR amyloid 0 687 00 (99-100) specific PPV, 100 (99-100)

Gillmore JD et al. Circulation; 2016

Nuclear Medicine Communications 202



Emerging Treatment Options

X/

% NewTepioTikd

WEATTR-CM hATTR e ) ) . )
) . [ Inhibition of new fibril production ] Trefefhele!
europathy Cardiomyopathy ’
(+/- Cardiomyopathy) (+/- Neuropathy) GVGOTsAAOUV TnV
Tapaywyn A
T oTaBepoToiouv
ATTR amyloidosis

TRv TTR

Tetramer \‘
stabilizers “‘* Liver
«
v \’

&X § &Xy‘ TTR tetramers

Patisiran (iv 300ug/kg q3wk):
RNA interference
therapeutic agent

targets the common 3'

Bone marrow # 19 untranslated region of TTR
e \ messenger RNA in the liver
Gt i DFGaFGazg  Fibril to reduce circulating
v The recent ity it _— ibil /" <. formation transthyretin levels
L formation 2555555 .
availability of L

‘,{‘ {
f;\i / g 4
;5\1 \}' i /", {

new targeted

freatments for Tafamidis (po 20mg/d): }
has been a transthyretin stabilizer:

increasingly TTR monomers deopeveTal otnv TTR oTIg

HA .’/9*

evoking the Oéocic déopeuong TnG
interest among Bupotivnc & has been shown
many different a & to reduce
medical ole Cardiomyopathy
disciplines ¥. significantly
Hepatotoxici
g Y Nephropaty Neuropathy for

Eur J Nucl Med Mol Imaging (2009) 36:702-714



commonly suspected in pats with:

> unexplained symptoms of HF
(restrictive pattern)

>typical, yet non-
specific findings:

Biomarkers
1TnT
NT -proBNP

ECG
LBBB in 407% of wtATTR
vs 4% in AL
low QRS voltages in
40% wtATTR vs 60% in AL
ST-T abnormalities

2D TTEchocard
concentric LV

& RV thickening
(without history of HT)
normal/near-normal EF
diastolic dysfunction
speckled or granular
myocardial appearance

Cardiac MR T1-mapping

no dd ATTR vs AL

(late gadolinium enhancement)!

is esp. useful in patients with

other causes of LV hypertrophy
because it can differentiate
amyloidosis from HT,

which may not be possible by routine
Echo

Amyloid Deposits in the Heart

Cardiac AL stained as:
(A) Congo red only: (B) Apple-green
birefringence under polarized light

Falk et al. Circ Cardiovasc
Imaging. 2015

Banypersad et al. Circ Cardiovasc Img 2013
Fontana et al. JACC Cardiovasc Img 2014




Is there a gold standard for
the noninvasive diagnosis of CA?

Table | Diagnostic sensitivity of fat pad fine needle
aspiration in different cardiac amyloidoses

Amyloid type n Number Diagnostic
positive sensitivity
by Congo
red staining

Systemic AL amyloidosis

ATTRmM

Thré0Ala

ATTRwt

Systemic AL amyloidosis vs. ATTR amyloidosis, P < 0.001 (Chi square test). The
combination of absence of amyloid on FPFNA and absence of a TTR mutation on
neing, had a positive predictive value for ATTRwt in this series of 87%

(Cl 82-21%) and a negative predictive value of 81% (Cl 75-86%).

Quarta et al. Eur Heart J. 2017 Jun 21;38(24):1905-1908.

Radionuclide techniques with
specific binding

on amyloid constituents

can detect systemic amyloid
deposits



v' Several SPET & PET ers have been used ATTR or AL?
ATTR in imaging cclr'dicxcﬁc?:na;fmaﬁ)\> '

11C-PiB

Amyloid fibrils

9nTc-DPD 99mT ¢ - HMDP AITR &AL

/...o,q_-_-_-ﬁ\* ®)
[ o .
\ . £ Amyloid-targeting tracers:
) 4-pi
1\ 4 ' \

8 i Y\ G al e “F-florbetapi
’\ J | . A ‘ | orbetapir
X *F-florbetaben

“E-flutemetamol

Nuclear Medicine Communications 202

99mTc-PYP

Microcalcification

{ ] I nR> :!’}\l_)

) Hypothetical mechanism Bone-seeking tracers:
of increased rete:nfion: meTaorD

higher [Ca**] within compoundg
in ATTR hearts

P ITC " D P D
#mTe-HMDP

v'Cardiac scan with bone-seeking tracers is the

‘ q ﬂ ﬂ ﬂ ﬂ cornerstone of an imaging-based diagnostic
: pathway for accurate, non-invasive confirmation
; ﬂ ﬂ n ! “ : a * . of transthyretin CA (ATTR)

Matsumori A et al. Circulation 1980  Zhao et al.Biology 2022  Falk RH et al._Am J Cardiol. 1983



https://www.ncbi.nlm.nih.gov/pubmed/?term=Falk%20RH%5bAuthor%5d&cauthor=true&cauthor_uid=6299087
https://www.ncbi.nlm.nih.gov/pubmed/6299087
https://www.ncbi.nlm.nih.gov/pubmed/6299087
https://www.ncbi.nlm.nih.gov/pubmed/6299087

2 mivOnpoypayikn eppnveia Figure 2. Grading #™Tc-PYP Uptake on Planar and
TToloTikA Kal nUITOoOTIKA avaAuon SPECT Images

Absent cardiac uptake and normal bone uptake
Mild cardiac uptake, inferior to bone uptake

Moderate cardiac uptake with attenuated bone uptake

Strong cardiac uptake with mild/absent bone uptake
Perugini et al. ] Am Coll Cardiol. 2005 Sep 20;46(6):1076-84

Mean cts/pixe| A ’

Grade 1 Grade 2 Grade 3
Max cts

Semiquantitative Evaluation
Grade Myocardial #*™Tc-PYP Uptake 414,'1394 X ?2‘;‘.’275 9

6,717mm? 6,795mm? Area of ROI HCL = 1.2 (Equivocal) HCL = 1.7 (ATTR)
no uptake and normal bone uptake

Raw Image ct. | RO

Table 2. Semi-quantitative Visual Grading of
Myocardial *™Tc-PYP Uptake by Comparison to
Bone(rib) Uptake

uptake less than rib uptake

uptake equal fo rib uptake 13 i 26 Mean cts/pixe| B
Grade 3 uptake greater than rib uptake with mild/ % R %.¢
absent rib uptake A, et — =

Positive Uptake
®

¥

s
=

43 6.3 Std Dev ‘ ‘ -
34647 66,910 Total cts
) A - ASNC 6,23'4mmz 6,305mm? Area of ROI
Perugini modified by Dorbala ASNC@ PRACTICE POINTS R 2 R
Dorbala et al. J Nucl Cardiol 2019 Rather, the only independent variable associated with the H/

Bokhari S et al. Circ Cardiovasc Imaging PAORRE] C1L. ratio was ATTR versus AL amyloid (odds ratio, 9.8; 95%
confidence interval, 2.6-37.5).
(a) Not suggestive: A semi-quantitative visual Grade of O : .
(b) Equivocal: If diffuse myocardial uptake of 99MTc_PYP/DPD/HMDP is visually confirmed and ?Tcacnodrf,«lgg 19 [ AL A H/CL o h >13at3 110111'9
. TR . o . . : ratio 21.5at one hour , < Lo dlJ ‘
the ser}m quantltfatlve visual grade is 1 or there is interpretive uncertainty of grade 1 versus grade a cut-off H/CL value of 1.5
2 on visual grading

best discriminates vs ATTR

(c) Strongly suggestive: If diffuse myocardial uptake of **™Tc-PYP/DPD/HMDP is visually
confirmed, a semi-quantitative visual grade of 2 or 3



JAMA Cardiology | Original Investigation

Multicenter Study of Planar Technetium 99m Pyrophosphate

Cardiac Imaging
Predicting Survival for Patients With ATTR Cardiac Amyloidosis

v’ ZUuoxETion HE TPOYVWO

g

Nk .

T
e @

&
15 16

Visual score=3 H/CL ratio=2.67 gi
b

Visual score=0 H/CL ratio=1.07

121 Patients With ATTR
99mT¢-PYP

o
[=-]

Patients with H/CL ratio <1.6

f=
(=2}

o
N

Survival Probability

Patients with H/CL ratio 21.6

o
(]

Log-rank P=.02

2 3
Length of Follow-up, y

Prognostic utility of the Perugini grading of
""Tc-DPD scintigraphy in transthyretin (ATTR)
amyloidosis and its relationship with skeletal

muscle and soft tissue amyloid

e
99

"Te-DPD scintigraphy is exquisitely sensitive for identfication of cardiac ATTR amyloid, but stratfication by
Perugini grade of positivity at diagnosis has no prognostic significance.

here was no signifi cant difference in survival between
patients with a Perugini grade 1, 2, or 3 "™ Tc-DPD scan
(P=039for grade 1vs.2,
P=0.1%9for grade 1 vs. 3,

P=0.51for grade 2 vs. 3).

00

1

0
~
o
o
0
o
v
o~
o
o
o
o

0 20 40

Follow-up (months)
Number at risk

PeruginiGrade =0 28 22 12

PeruginiGrade =1 28 20 13

PeruginiGrade = 2 436 108

PeruginiGrade =3 110 74 40

PerugniGrade =0 PeruginiGrade =1
PeruginiGrade =2 PeruginiGrade =3

o UYnAOTEPN avaAoyia paAakwy 10TWV/pnpilaiou ooTov o¢
uynAoU Padpou 2-3 Adyw evamoBéoewv apuAogidous
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2 ivOnpoypad@ika mpwTOoKoAAd ]

9mTc-DPD

v ATteikovion:

Pharmacokinetics 3h (2,5h via /ATTR oe efwkapdiakoUg 10ToUG:
HMDP) TIVEUHOVEC, HUC, TEVOVTEC,
1h pi: very high % skeletal uptake Kapmiaio aUvdeopo, KoIAIAKO AiTToG:
Binhasic blood O1TTIKIY'1 tmtpéaAnyn DPD / HDP aveupiokeTai
|£ —_— agioAdynon OXETIKWC OUXVA - ETIKOUPIKO
clearance: (Perugini) \KpIThpI0
T1/2 15min
: Perugini et al.
(blood pool) E¢wkapdiakn mpooAnyn: Ri;?zl;: :t 2,.
1h pi: 40% in urine - oe 57 agb: aToug
okeAeTIKOUC pug (>>>PYP)

Relatively often:

- g€ JUG, wyo, Bwpaka,
extracardiac uptake 99mTc-HMDP KOIAIOKO Toixwpa:
99mTc-DPD, ATTR pp/pnpiaio: score 0—3
9mTc- 3,3-diphosphone- (id10 yia 2-3)
1,2-propan-dicarboxylic acid oe 563 aod

HMDP:
EEwkapdiakh TpdoAnyn

(10min) oc 247 ao6: 29%:
330/0 ATTRwt

20% ATTRv

40% AL (Amap & omARvag poévo

99mTc-HMDP,
29mTc-hydroxymethylene
diphosphonate

oe AL)
Kapeli et al ZuxvOTEPN TIPOOANYN: OF
Maika et al. 2020 TIVEUHOVEG:

oe 82 aoB: 60% ATTR
6% AL

Mattana et al. Vessel
Plus 2022

Banypersad SM et al.
J Am H Association 2012




2 ivOnpoypa@ika mpwToKoAAd

TARETIEHRAIQ N UNIMERSTIY
CHRRATRDE I OFF TR

Tc-99m-pyrophosphate (PYP) SPECT
9mTc-PYP SPECT l
Ph kineti S8 (AP -se) g
armacokineTiIcs AT 2 3 N 2 i ] i » 3 a A i .
awpoo000poio AATRAm
1-2 h pi: 306158"/52$:’}(¢/2|e1'al UPSCHIEEE s o 2 =0 o = 8 W o G =@ o i Higher optical sens (95%
.01-0.02%/gr b <% - vs 58% uptake
Acute MI: 24h-1wk/ max ¢ | ) * |heart/bone at 3h)
48-72h XapunAdtepn edwdtnta: 79%
b (Aéyw blood-pool)
1h P" 10-11% blood POOI LA (NP ANT) e s H/CL 215 @ 1 h with

| = , Peruaini ar 22
N R =0 i e
24h pi: 2-3% blood pool = T , . ' paraproteinemia:

40% in urine Sens 97% Spec 100%
for ATTR

Rare: extracardiac uptake ;

LA (SEPLAT) o
ANT g [

[,4 I 8, il I @ 1 ) 7 p

[ (
== NP D222
s s - ¢ ‘ ¢

Tahara et al.. ESC Heart Failure 2022
Wehbe et al. T Nucl Cardiol 2021
Castano et al.. JAMA Cardiol. 2016

Falk et al. Circ Cardiovasc Imaging 2015



99mT¢-DPD

TMPOoAnYn og TveUUOVEG,
HUC Wyov, 1oXiwv &
KoIAIaKOU TOIXWHATOG, HE
log ooTd. Xwpic SPECT-
CT, avé@IKTOC O
TPOCdI0PIOHOC KAPOIAKAG
TPOCANYNG: Pitfall: false (-)

Wechalekar et al. Nuclear <
Medicine Communications 2024

Mattana et al. Vessel Plus 2022
Hanna M et al. JACC 2020

Q Visuwal grlé

Pitfalls

| 9mTc-PYP |

corresponding
SPECT-CT:
blood pool

SPECT m

Reéhmbobcs s

bIOOd pOOI M 25 %6 n n Fil

19-23% ; '

false (+) — A 4
1h : I

llllllll

o At 3h
Spec 100%
(lblood pool)
Xpovopopa-
duoxepng
ouvepyaoia

LGB BB g Non Amyloid LVH

k&‘&&&mnnnﬂi | I

HLA (INF-+ANT) s
) \“ ” » ” :“ “\ ) |

Castano et al.. JAMA Cardiol. 2016
Falk et al. Circ Cardiovasc
Imaging 2015

VLA (SEP—LAT) s



[Pi‘rfalls: false (+) ]

99mTc-DPD 3h pi

Red flags
AL Abn Ser/Ur Prot ToTtoAoyikh
Electroph, Ser FLCr
Blood pool TTiBavh kapdiakh SPECT/
duaAeiToupyia SPECT-CT
YmeptpopikA MKTT
To€ikoTNTA Iotopikd (PA, Sjogren
Y3pofuxAwpokivne K.d.)
AApoAT & TT NegpomdOeia lFovidiakog
EAeyxog
ApoAIV NegpomdOeia IoTtoAoyikh
Ab2M NegppomdOeia IoTtoAoyikn
(aipokdBapaon >9xp)
TTpéopaTto OEM (<4w) Totopiko SPECT/
SPECT-CT
Evéoeic Fe Totopiko
Padioxnuikh kaBapotnta | Texviké apdApa Repeat sc
Katdypata mAsupwy, ToTopiké SPECT/
ETTAOPEOTWHEVEC SPECT-CT
PaApidec
TTAcupITIKA oUAAOYH/ ToTopiké SPECT/
Taxvoapkia SPECT-CT

60y M, urtepTpopikn
MKTT -tepkapdiaki
oUAAovn

99mTc-HMDP 3h pi
89y M, px
kaBapoTnta

99mTc-HMDP 3h pi
82y F, evéoeig Fe



AVIEIRET @ERT
TANET IVERSITY
CYRVETRDE B OF TRIRATE

Congo-Red (-)
TTR

99mTc-HMDP, gr 3,
89y M, Yrreptpopikn MKTT

immunostaining () TTiBavoi umrokeipevol

[ Pitfalls: false (+)

EMB: YmtepTpoyia
KUTTApWYV, HE oTOoIXEid
ivwonc

29mTc-PYP, gr 3,
70y F, pe PA umé
Ydpo&uxAwpokivn

E/M: ATodiopydvwo
puoividiwy, dpBova
KEVOTOTIIA,
KAuTUAGYpappa
KUTTApOTTAdOHATIKA
owpdaria
(pathognomonic)

pnxavioyoi:

o fT[Ca++] Aoyw
£0TIAKAG KUTTAPIKAG
vékpwaong (aouppwvia
¢hTnong/mapoxnhg O,)
o Noéoog¢ pikpwv

ayyeiwv
\o ®Aeypovn /|

Chimenti et al. ESC Heart
Failure 2021

Layoun er al. ESC Eur H J
2020



[Pi-rfqlls: false ("')} 99mTc-PYP, gr 3,
66y M B

H/CL: 1.8

Typical Scan, Echo & CMR
findings of CA

(EF: 55% mLV:16mm, reduced
6L S:-11% with apical sparing)

HLA Limits

Serum Protein
Electrophoresis: no
monoclonal protein

Fat aspirate & bm: (-) for
amyloid

Genetic testing revealed no
TTR mutation

S VLA 680 mm | > HLA 680 mm Ao SA 680 mm

Initial dg: ATTRwt, tafamidis treatment

* In order to exclude AL, serum & urine IFE and
serum free light chain (FLC) assay are required

* Subsequent: “End dial bi firmed

serum k FLC of 2.83 mg/dl (0.33-1.94 mg/dl), n ,°TngC°'” .'g. '°P§Y f\°” Itz

lambda FLC of 41.8 mg/dl (0.57-2.63 mg/dl), & ng ota. 6503' b'°“/ w I'C g’f o

k/I ratio of 0.07 (0.25-1.65) etermined to be AL (lambda) by mass
spectrometry

« Serum & urine protein IFE: an IgG lambda
monoclonal protein

Mattana et al. Vessel
Plus 2022
Hanna M et al. JACC 2020

22% of patients showing Grade 2 or 3 uptakes on *"Tc-DPD or ™ Tc-PYP scans have AL-CM



potential. mATTR 1is considered a rare disease, with

Mutations & currently estimated prevalence of 50,000 affected

individuals worldwide [13]. It has a worldwide distribution

Red flags

ATTRv: NeupomdBeia, lFovidiakocg

Phe84Leu (89%) | Oikoyeveiako €Aeyxog - | ’ —
Val30Met I0TOPIKO Predommant Less significam Wlan autosomal-dominant manner with variable penetrance.

Ser97Tyr Neuro Over 120 mutations of TTR gene have been described
Thr59Lvs Mer” " ﬁ:ﬁg gi;g:g with varying phenotypic expression depending on the
'Hmia véooc ToToAoyiKA Neuro Vitreous mutation; not all mutations are amyloidogenic. Most

(HIKPhH TTOCOTNTA g:ﬁg %ﬁ:ﬁ:&s common phenotypes are dominant neuropathic, dominant

auuhocidol) Igeuiﬂ cardiomyopathic, or mixed. The most common mutation
aralo . . . . . .

Neuro worldwide is V1221, which is detected in approximately

Neuro

Neuro . . . )

Neuro predominantly cardiac manifestations [15, 16]; other

KGGU’GTsanIJSVH . ﬁ:m_ﬂ cardiomyopathic TTR mutations are L111M and I68L.
n Tpwipn Anyn Ay

Table 1 TTR mutations Br Hmr!} 1993;70:111-115 but it is endemic in areas of Portugal, northern Italy,
- Japan, Sweden and Cyprus [14]. mATTR is inherited in

Clinical features

3-4% of African-Americans and is associated with

I(‘:J:rudrit;-ct A possible influence of the TTR genetic profile and ATTR

Neuro amyloid fibril composition on scintigraphic findings has been
Vitreous

Neuro-ct e .
N:um have been identified (type A and type B). Type B fibrils have

Neuro been found predominantly in patients with early-onset

{qhm ATTRm amyloidasis with V30M mutation and in patients

Cardio carryingthe Y 114C mutation, whereas type A fibrils are noted [

Cardio in patients with all other mutations currently examined as well
""""""""" ﬁ?ﬂ? as in ATTRwt [29]. As demonstrated in some studies, bone

Cardio (black population) scintigraphy can often be negative in patients with type B
amyloid fibrils and usually positive in patients with type A
amyloid fibrils [23, 29].

Treglia et al. ETNMMI 2018

hypothesized [23, 29]. Two different types of amyloid fibnils

________________

Neuro, neurological symptoms; Cardio, cardiac symptoms; ct, carpal tunnel syndrome;

vitreous, ocular symptoms.

Mean heart to contralateral ratio (H/CL)

AL ATTRwt ATTRm

n=16 n=17 Musumeci et al.
Eur J Nucl Med Mol Imaging (2009) 36:702-714



[Pi‘rfalls: false (-)} b

TANENEHRAG N UNMVERSIY
CHRRATRDE I OFF TR

AT: OEM (PCI LAD)

emdeivwon KA

1Trop & BNP

Echo: apgikoiAiakh
uTtEPTPOYia

CMR: Ymteptp. LV, pe oyiun
gvioxuon pe Gadolinium
findings suspicious for CA

AL amokAciotnke (U & SPE
& IFE)

Bioyia: Congo red (-) aAAd
Immunoelectron
microscopy vid K, A Kai
TTR: vidia TTR
apuAoeidoUgc 9mm oTov
eEWKUTTApPI0 XWpo

Fovidiakog éAeyxoc (-)

29mTc-DPD, gr O,
67y M

AVETTAPKAC TTOCOTNTA
dapuAogidoUg

Martini et al. Cardio Disord 2020



Diagnostic accuracy of bone scintigraphy in the assessment of cardiac
transthyretin-related amyloidosis: a bivariate meta-analysis

Bivariate meta-analysis

Bone tracers in Planar scintigraphy
and/or SPECT

Ca rd. lac : ATTR more detectable
Amyloidosis than AL

=Tc.PYP
Used in United States

Images are acquired at 60 and 80/180 minutes after adminlstration,
according to a specific protocol

Pooled Sensitivity: 92.2% (95%Cl: 89%-95%)
Pooled Specificity: 95.4% (95%Cl: 77%-99%)

Extromaty litthe extra cardiac binding

Myocardial uplake in cardiotexicity from hydroxychioroguing

#"Tc-HMDP

Used in France
Images are acquined at 150/180 minutes after adminlstration
Bind also skeletal musche, lung and soft tissue

V ‘ Y _ ()

pAppearance of lower myocardial uptake in ATTRwt compared to

WnTe.DPD
Used in I::ﬂy and England

Country

Study design

[ype of cardiac
;lll)}'lniu|nxi>

Iype of

cardiac ATTR

2017

2017

2016

2016

2015

2015

2014

2013

2012

2011

2005

2002

Italy

Australia

USA

Several

France
Gr
UK

USA
Spain
[taly

[taly

(ermany

Retrospective two-centre
Prospective single-centre

Retrospective multicentre

Retrospective multicentre

Prospective single-centre

Retrospective two-centre

Retrospective single-centre 2

Prospective single-centre

Retrospective single-centre
Retrospective single-centre
Retrospective single-centre

Retrospective single-centre

39 ATTR, 26 AL
13 ATTR, 8 AL
121 ATTR, 34 AL

261 ATTR, 80 Other

amyloidosis
47 ATTR, 14 AL

6 ATTR. 6 AL

178 ATTR, 58 Other

amyloidosis

33ATTR, 12 AL
SATTR, 1T AL
45 ATTR, 34 AL
15 ATTR, 10 AL

16 ATTRm, 23 ATTRwt
3 ATTRm, § ATTRwt

37 ATTRm, 72 ATTRwt,
12 ATTRunknown

NR

26 ATTRm, 21 ATTRwt
NR
46 ATTRm, 132 ATTRw

17 ATTRm, 16 ATTRwt
3 ATTRm, 5 ATTRwt
28 ATTRm, 17 ATTRwt
10 ATTRm, 5 ATTRwt
8 AI'TRm

#Tc-MDP

Not been validated in cardiac amyloldosis due to low
sensitivity

Bind also skeletad muscle, lung and soft tissue
ATTRY [Ser?TTyr) showed reduced uplake

Papantoniou, Valsamaki et al. Imaging of cardiac
i Hell J Nucl Med Suppl, September-December 2015

Treglia et al. ETNMMI 2018 Per'ugml et al. 2005



123T. 123T. .
I-MIBG & I-SAP: The specific amyloid tracer 123I-SAP:

non-invasive dg of neither available
cardiac ATTR? nor useful in imaging CA due to
- blood-pool & |signal-to-noise ratio
Planarimages ~ MIBG SPECT I

Metaiodobenzylguanidine: |[ETe SA (APEX—BASE)

XNHIKG avdAoyo Tng — T T ] ] :
T\EﬂTgé ./ b 1_0 \o '\) \) J

NorEpi, onote ugpioTarai

EVEPYNTIKN HETAWoOopd & ‘ ; : : ——
Late - _
MIBG . ‘ b o 3 1 / ’

HLA (INF—ANT) VLA (SEP-LAT)

amoOnkeuon oTIC
TpooUVATNTIKEC amoAnEeIC
TWV ouUPTaBNTIKWY & _
veUpwy, R : e —
heart to mediasTir;;m ratio Ear1y " ' ’ ' ' " ‘ { ) - e ‘ | ‘
OTIOU Kal KAONAWVETA!, EEaERallE MIBG | © & |- (oS
KaBwg dev peTaPoAileTar e

SR __ — == _ e

e =

, Late f " .' | \"‘ r‘ [
TEPAITEPW MIBG " ' ' " ‘ | ) D [0l | ‘
Tyrosine Eafly MIBG Late MIBG
1 . . o .
wbei || Serum amyloid P component (SAP) is a normal blood roten, present n everybody, which
Dopamine

Is always present in amyloid deposts, in all types of amyloidosis because it binds strongly

to amyloid fibrils of al types.

N epinleph ine
{A.
T Nmmm o \SYNAPTIC
LB HEMCLEFT

% éKTTAUGNC TOU padiopapudkou

(washout) amé Tnv kapdid oTic 4h NATIONAL AMYLOIDOSIS CENTRE

Centre for Amyloidosis & Acute Phase Proteins 0
Division of Medicine (Royal Free Campus) FC(lk e1' C(l. CIf'C .
Delahaye N et al. Eur J Nucl Med. 1999 University College London Cardiovasc Imagmg.
H Royal Free Hospital
Tana.ka M et Cll. J Am CO" C'Gr'dIOL 1997 Rowland Hill Street, London NW3 2PF 2014
Coutinho MC et al. Circ Cardiovasc Imaging. 2013

Sharp et al. radiographics.rsna.org 2016




123T-MIBG via peAéTn adpevepyikhG veUpwaong

v Myocardial sympathetic
denervation:

~early feature of cardiac
involvement,

especially in individuals with ' .
TTR familial amyloid | 20 min
polyneuropathy:

AD with single-point mutations
in the TTR gene who present with
neuropathy/sensorimotor &
autonomous, V30M with or without
cardiac involvement or

V122T solitary cardiac
involvemant

heart to mediastinum rate -HMR
HMPZOmin=1/27 HMR4de€g:1118

v' Inastudy of 142 individuals
with the FAP V30M variant:
a H-to-mediastinal uptake
ratio < 1.6 vs > 1.6 on 123I-MIBG
detected patients with high
risk of mortality (HR 7.9, 95% (T,
3.38-15.2) ....prognostic
indicator...but careful
interpretationl... may be affected by comorbidities,
e.g., DM & neurodegenerative
processes

% €kTAUONC Tou padiopapudkou (washout) amd
Tnv Kapdid oTi¢ 4 wpeg > 35%

ANT 1008K POST 834K
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INonbiops)
using bone-seeking tracers: Standards and Pitfalls

Quantification and Response to Treatment

PET amyloid-tracers

Recommendations




Absolute Quantitation of Cardiac **™Tc-pyrophosphate Using Cadmium Zinc Telluride-based

SPECT/CT

be quantified?
Grade 1 Grade 2 Grade 3

. ™o
o

’
s )
’
»
’
\ »
= R
. ’ : ,‘ J/ -~
’ 'l J ’ .; ‘1 ¢ 1 ﬂ 0 N
SUVmax=1.7 SUVmax= 2.86 SUVmax=5.29 SUVmax= 4.47
SUVmean=0.98 SUVmean=1.54 SUVmean=2.24 SUVmean= 2.95

CAA=378 CAA=535.4 CAA=1054 CAA= 1258
%ID=0.59 %ID=0.82 %ID=1.17 %ID=1.44

<=

SUV max and mean, CAA (cardiac amyloid activity= IMPLICATIONS FOR PATIENT CARE: Quantitative *"Tc-PYP SPECT/CT offers the potential for

SUVmean*LV volume), & 7%ID early detection, risk stratification, and monitoring of response to therapy in patients with
were moderately correlated with LV mass indexed o body

surface area (echo-LVMI) and

cardiac amyloidosis.
strongly correlated with extracellular volume (CMR-ECV) Dorbala et al. Journal of Nuclear Medicine 2020



Reviw Monitoring tafamidis treatment with

Nuclear Molecular Imaging of Disease Burden and Response to quantitative SPECT/CT in transthyretin amyloid
Treatment for Cardiac Amyloidosis cardiomyopathy

40 ATTRwt: median

ATTRwt: 6 mo on 9 mo on tafamidis

Pre-therapy | uiuit Post-therapy

C
4 . \
U . ’
\ | /
|- p
SUV,a 11.95 : g
mex 99mTc-DPD SUVinax 9. Serial quantitative
SUVRy g 7.04 - 99mTc-DPD SPECT/CT
Q}Jc;\nt‘rlt;rahve SP'ESC'T/fTI SUVR, s = SUVimax for ;Dmagmgl'v(;u;rh ls'LrN may
:cnlg +h egspgzml '?9 foo myocardial/ background © a;/-cfu & 00 .?
or the assessment o (blood pool) quantity & monitor
therapeutic response and response to tafamidis
for managing the treatment
treatment of ATTR Zhao et al.Biology 2022 Rettl et al. Eur Heart J - Cardiovasc

Imag 2023



ATTRwt: 1y on
tafamidis

Pre treatment Post treatment

~
M . d&a
0
6.99 and 4.87
SUVpeak
Myocardial SUVpeak may

H/CL ratio and be useful for monitoring
SUVmax/SUVpeak useful changes in cardiac uptake
for diagnosing cardiac after tafamidis

ATTR
Egi et al.Nucl Med Communications 2025

X
@
£
>
-
()

Single-center analysis of cardiac amyloidosis using **"Tc-HMDP

imaging for diagnosis and evaluation after tafamidis treatment

P =0.0547

There is also an ongoing clinical trial
(REMOD-TTR, NCT04535349)
designed to evaluate the effect

of 6 mo of tafamidis on quantitative
and semi-quantitative SPECT/CT
assessment of bone-seeking tracers



“ASSUMER” on PYP Scan for Cardiac
Amyloid Typing and Origin: Case-

- Specific Corroborating Clinical 79y M

% Cardiac insufficiency: Background and Genetic Analysis

18mo /
' v" Meticulous inves'rigam
FUER LD L ) el for underlying plasma cell

dyscrasia/primary (AL)
amyloidosis: (-)

Carpal tunnel sy: bilat
surgery: 6 y earlier
Vertebral canal stenosis
dg 12 mo earlier

Senile cataract surg 6 mo
earlier

Developmental dysplasia
of the left hip

Measurement in

Serum Cardiac Biomarker g/l NormalLimits | Urine EP & IF: (-)

Specifically:

Serum electrophoresis &
immunofixation: (-) for
monoclonal paraprotein

Diffuse intense biventricular
myocardial fracer retention (grade 3)
with Apical Sparing,

Septal Uptake more marked and an
associated myocardial Equivalent
Retention,

particularly H/CL ratio from 1 h

to 3 h pi ("fASSUMER") could be

troponin-T

NT-proBNP Serum Igs: wnl

> bm biopsy: wnl ?o?f‘r‘f\;m with a hallmark of the
i 24 amyloid fibril subtype and origin
> Fat (abd) aspirate: :
(_) for GmY|O|d H/CLéomin' 1,64 Vs 1,86
deposn-s H/CLISOmin' 1,41 ) 1,88
v' Serum FLCs: wnl o o
KFLC: 10 mg/L (3.3-19.4) Q Genetic investigation for

possible mutations in the

TTR gene: (-) Pipitsa Valsamaki'*, Konstantinos Liapis?, Vasileios Tsalkanis?, Georgios

AFLC: 11 mg/L (5.71-26.3)
Chalikias? and Athanassios Zissimopoulos!

K/A ratio: 0.91 (0.25-1.65)
\\ / Ig‘ CLINICAL CARDIOLOGY




TABLE 1 Summary of Quantitative >°™Tc-PYP/DPD/HMDP SPECT Metrics for Transthyretin Cardiac Amyloidosis

Definition

Units

Notes

Retention index*

Target to background ratio

Cardiac amyloid activity

Volume of amyloid

Tracer uptake in the VOI/(injected activity/patient
weight)
Mean value in the VOI

Tracer uptake in the VOI/(injected activity/patient
weight)
Maximal value in the VOI

Highest average SUV in a Tem® sphere or average

SUV of Tem? centered on the voxel defined by
SWVrnax

Product of mean activity concentration in the VOI
and its volume normalized to injected dose

Ratio of average tissue activity within time range to
integral of plasma activity from time of injection
to midpoint of time range

Heart to contralateral lung/whole-body activity
ratio;
Myocardium-to-blood pool activity or SUV ratio

Product of SUV 4, and volume

Volume of myocardium above defined threshold
value

Unitless

1-6
Insensitive to early disease which may start focally

1-6
Represents a single voxel value
Can be contaminated by spillover from bone

1-6
Affected by region selected
Can be contaminated by spillover from bone

b
Independent of patient weight
Considers myocardial volume

Need early and dynamic images to quantify this measure

Challenging with later imaging tracers

Simple to use
Affected by activity in the background

3,6
Incorporates volume

6
May be insensitive to early disease

Harmonization of imaging
protocols,
such as the uptake period for a

given tracer, and calibration are

crucial for clinical
adoption of quantitative SPECT
metrics

Developing quantitative
SPECT tracer-based
measurements of amyloid
burden is a crucial first step
toward early diagnosis

and cost-effective management

of HFpEF from ATTR-CA
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under investigation

Pitfalls: Differential diagnosis of the subtype of »1°F -florbetapir
>11Cc-PiB
cardiac amyloidosis is NOT effectuated by PET amyloid tracers...or? >18F_f|lor.be-|-aben

> 18F - flutermetamol
>124T-evuzamitide

ANT 2 13 4 15 16 17 18 19 20 b 2 pi] A 25 2%

SEP AT .OOOOOOOOOQO

23 2 30 )| 2 i M 35 36 n 1) 39 40 4 42

0/0/0[0/0/9,7,°

Mean Standardized Uptake Value

= e e e

25 30 35 HLA (INF—ANT) el
Time (Min) Apr 71 10 6 6 6 6 6 6 6 6 6l 6 ) 58 5
e WA A o8
- » . . *
, p . o Base

VLA (SEP—LAT) "eeffeme
ANT % 3

4800929222222 2255

Rest 18F -florbetapir in ATTR

> direct imaging of amyloid fibrils
> potential quantification of the
amyloid burden

> detection of early cardiac Antoni et al. J Nucl Med. 2013
involvement, prior to structural Falk et al. Circ Cardiovasc Imaging.
alterations 2015

Genovesi et al. JACC Cardiovasc
Imaging 2021




Non-invasive dg of
oo cardiac ATTR: is FDG PET useful?

PYP scan
CHRRATRDE I OFF TR H/ CL 1.9
on 3-h
imaging

> PET tracers: 18F-FDG/!3N-ammonia:

- is frequently utilized to evaluate
cardiac sarcoidosis (CS) but findings can
reflect other forms of myocardial
inflammation or altered myocardial
metabolic activity

5 cases where cardiac PET findings
suggested CS, but RV endomyocardial

biopsy samples revealed ATTR-type LV global longitudinal
cardiac amyloidosis strain on TTE: abn at Representative EMB pathology sample
- 12% (normal = more with Congo red stain demonstrating
negative than -18%) with green birefringence under cross-
77-y-o man with apical sparing, a pattern polarized light (100x original
history of bilateral carpal consistent with cardiac magnification).
tunnel syndrome & spinal amyloidosis

stenosis who presented with

progressivedysprea on s 000000,

ECG sinus rhythm with , o s N

1st degree AV block @@ 'ﬁf\
multiple PVC, & g-waves in the @‘,:. 'm.ﬁl %
inferior leads consistent with Do = —

prior inferior MI Young KA, et al. T Nucl Cardiol. 2023

16
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Nonbiopsy diagnosis of Cardiac ATlNIR with cardiac sciniig
using bone-seeking tracers: Standards and Pitfalls

Quantification and Response to Treatment

loid-tracers
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P
Practical recommendations for the diagnosis and management Clinical suspicion

of transthyretin cardiac amyloidosis r v
Tools Physicians and settings

Cardiac and extracardiac clinical clues Field physicians (Cardiology, Internal
Cardiac imaging (echocardiography, cardiac Medicine, GP, Radiology)

HQihtCﬂEd Index of SUSiCion MRI) High prevalence populations

Increased wall thickness without obvious cause Cardiac biomarkers
HFpEF with concomitant right heart failure (+JVP, hepatomegaly, edema)

Discordance of wall thickness and electrocardiographic voltage

History of carpal tunnel syndrome, lumbar spinal stenosis, or spontaneous biceps tendon
rupture

Low flow, low gradient aortic stenosis

Diffuse late gadolinium enhancement or increased extracellular volume of cardiac MR
Apical longitudinal strain preservation

Natriuretic peptides elevated out of proportion to clinical syndrome

Persistently positive troponin in the absence of acute coronary syndrome

Fig.2 Proposed integrated 5 e .
diagnostic management strategy DlagnOSIS and Typlng
of patients with cardiac amy-
loidosis

Heart Failure Reviews  Springer Nature 2021 =3

\/

Vasiliki Bistola' - John Parissis' - Emmanouil Foukarakis? - Pipitsa N. Valsamaki® - Aris Anastasakis*
Georgios Koutsis® - Georgios Efthimiadis® - Efstathios Kastritis’ Treatment



Take home messages

99mT ¢ -PYP/DPD/HMDP scan

the non-invasive dg of
the need for biopsy

-Reference Centers:
multidisciplinary approach

..with valuable implications in:

prognosis

treatment- incl. novel
therapeutic choices:
tafamidis (stabilizes TTR)
patisiran (inhibits TTR
synthesis)

genetic guidance

> XPACIHO O ACUUTITWHATIKOUG

ATTRv pe (-) ECHO/MRT:

Ww¢ screening test: grade 1 umodeikvuel
apxopevn kapdiakn dinBnon 7/

Fig. 3 Proposed algorithm for the diagnostic workup of patients with suspected cardiac amyloidosis

has been incorporated in ASNC/AHA/ASE/EANM/HFSA/
multisocietal guidelines for SA SCM SNMM] expet consensls

cardiac ATTR thus avoiding Journal of Nuclear Cardiology® i P"“f"ve”

July/August 2021

Negative: grade 0
orindeterminate: grade 1

< Positive: o Ui
it e ad AND suspicion of CA remains high

« Positive ., Negative |




AT S

WSS Potential Recommenda’rion@

(D Further uses

regarding disease progression/arrest:
follow-up
assessment of response to treatment

o incorporate scan indices (H/CL or SUV
retention index) as part of a routine annual
exam

o investigate relationship between therapy-
induced reduction in scan indices and
outcome

Could *°"Tc-PYP/DPD/HMDP scan be
utilized in the elderly as noninvasive
screening test for cardiac ATTR disease?

i
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