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% Elcaywyn

Kapoiakn apuAocidowon
n "stiff heart syndrome” EmdnpioAoyia

UTIOEKTIPNUEVO KAl v/ GUXVOTEPN OTOUG AVOPEG> YUVAIKEG
uTod1ayVWOoHEVO aitio KA
v omavia o€ atopa < 40 etwv

TMPOOOEUTIKN Slatapaxn mou
TMPOKaAgital amo evamoO£celg
Hlag SlatTapaypevng
eEwKUTTAPIAG TPWTEIVNG, NTOL
IVidiwv apuAogidoug, 6Tov
HUOKapOIaKO 10T0, 00NywvTag
O€ MPWIKN KAatdAnén Adyw ZKA
& appubuiwyv

H evamdBeon apuAosidoug
pTopEi va cupBei og moAAamAd
opyava (m.x. yuokdapdlo, nmap,
ve@poug, OEpua, owbaApouc,
TVEUHOVEG, NX) MpoKaAwvtag
TOIKIAIO KAWVIKWV EKONAWOEWY

H kapdiakn €umAOKN PMOpEi
va oupBei ota mAaicia
OUOTNMATIKNG VOGOU N w¢
EVTOTTIIOHEVO (PALVOUEVO



% Kapdiakn apuAosgidwon
Aitia

>3 OlaWopETIKA TabBo@uoloAoyLka uTtoBabpa HUOKAPOIAKNG
gevamobeong apuAosldoug,

HE OLagOPETIKA KALVIKN TTOpEid

& avTIPETWITION

< 2TV npwtonaldn kapotakn apuAosiowon (CA) eAappwv aAvowv (light chain-AL):

lOla amoteAouvtal amo eAaPPES aAucoug Igs
TOU TTapAayovIdl amo Evav KAWVIKO TANBUGHO
AQOPATOKUTTAPWY oTOoV bm

% 2tnv CA nou oxetiletal ue tnv tpavoBupetivn (Transthyretin-related-ATTR):

olkoyevnc -familial amyloid cardiomyopathy (ATTRm)
YEPOVTIKN -senile systemic amyloidosis (ATTRwt):

mamts?\odvrm amo povopepn n OlEPn >
OLOAOYIKA TETPAPEPOUC TTPWTEIVNG TTR




Cardiac amyloidosis
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2AMEPA, N OPICTIKN) OY TNG KAPOIAKIG
auuAocidowoncg Baoilstal otnv
gvoopvokapotakn Biowia o€ cuvOUAGHO
HE AVOCOIOTOXNUIKEG MAPAPETPOUG I}, OF
AUPIBOAEC TEPIMTTWOEIG, HE
(paopatookomnia palacg

Evoopuokapdiakn Bloyia o€ aoBevi

(mass spectrometry) ug kapdiakn AL pe:
(A) Congo red only; (B) Apple-green
Ta wvidta apuAogidouc cUVAEOUY TN birefringence under polarized light

xpwon Congo red, amodidovtag tTnv
madoyvwpovikn OimAn oiabAaon
TMPACIVOU UNRAou uTio OIMAQ TTOAWHEVO
Pw¢ Mou mapapevel gold standard ya
TNV AVIXVEUON £VATTIO0£0EWYV
apuAog1doug

Amyloid Deposits in the Heart

EmmAoKEg, onwg diatpnon,
TAPAHEVOUV HIKPOG AAAA TPAYHATIKOG KivOUvOoG




Biomarkers ! ECHOCARDIOGRAPHY

Cardiac MRI




% JKOTIOG: Un emepBatikn Oy

Xe aocOeveic pe umoyia

KapOlaknG aguAoegidwonc,

OlEVEPYOUUE omvOnpoypawnua He

99mTc-PYP (PYP scan)

[i€ okomo TN, 0y TNnGATTR

0PACEWYV
2 PP POOO

& tn BeAtiotomoinon Twyv OgpameuTIKWY

Physiological mechanism

nnervation
Metabolism

/entricular funcuon

Eur J Mucl Med Mol Imaging (2009) 36:702

I'able 2 Nuclear imaging modalities for cardiac amyloidosis

T14

Nuclear imaging (SPECT) modality

'BIMIBG (7)
'Z.BMIPP (2)

9™ Te-sestamibi (2) and “'T1 (6)
9™ Te-aprotinin (3)
*""Te-(pyro)phosphate (27)
“Ga (4)

111 . . . .
In-antimyosin antibody (2)




% 2KOTIOG: Un emepBatikn Oy

Serum amyloid P component (SAP) is a normal blood protein, present in everybody, which

is always present in amyloid deposits, in all types of amyloidosis because it binds strongly
to amyloid fibrils of all types.

and not further metabolized, enabling us to image cardiac sympathetic innervation. I-123
=

labeled SAP scans have been used in systemic amyloidosis to image non-cardiac organs='

but the technique is not of proven value for imaging cardiac amyloidosis due to limited

signal to noise ratio in the heart. Radionuclide scans (Figure 8 A) may be helpful to diagnose

SAP scanning does not provide adequate How to Image Cardiac Amyloidosis: A Focused Practical Review

¥ . Rodney H. Falk. MD, Candida C. Quarta, MD, and Sharmils Dorbala, MD
information about body organs that are s A e bndagn x ST
Noninvasive Cardiovascular Imaging Program , Depariments of Radiology and Medicne
f C the Division of Nuclear ne and Molecular Imaging (SD), Departm
moving. ind the Cardicvascutar Division (CQ, RF, SD) and the Cardiac Amyk
), Deparment of Medicine, Brigham and Women's Hospital, Harvard Medical School,

The heart is in constant maotion,
contracting and relaxing as it pumps blood
around the body. Therefore, SAP scanning
is not of use for assessment of amyloid
deposits in the heart.

HATIONAL AMYLOIDOSIS CENTRE
Centre for Amyloidosis & Acute Phase Proteins
Division of Medicine (Royal Free Campus)
University College London
Royal Free Hospital
Reowland Hill Street, London NW3 2PF




% 2KOTMOG: pNn €mMepBatikn 0y

Hhoge of Coedudogy
Bope of Cadbongy Postshabos

Cardiac Imaging

Noninvasive £ rmlogu Diagnosis of Cardiac
Amyloidosis Using 99m - 3,3-Diphosphono-

1, 7—] '()}).llltn]lg.lllu),\vllk A\Ill S tlL,l.l}'hV

Enrica Peruging, MDD Pier Luigi Guidalotti, MDD, Fabrizio Salvi, MILE Robin M. T. Cooke, MA*
Cinzia Pertnato, MDDt Letizia Riva, MD* Omella Leone, MD,§ .\‘1-)|‘-"l Farsad, ML),
1% serti, MD,* izia Bacchi-| i, MSc, MB1osTAT,* Fruncesco Fallani, MD,*

y Branazi, MIDL* Chaedio Rapezzi, MD*

CONCLUSIONS Etiology is a third major cause—in addition to type of organ-involved (soft-tissue/heart) and
tracer type—of scintigraphic variability in cardiac amyloidosis. This is a highly relevant
consideration for future studies. We conclude that ™ Te-DPD sc inli}‘nlwh\ is a useful step

in the workup of the differential diagnosis of TTR versus AL etiology in patients with
documented cardiac amyleoidosi (J Am Coll Cardiol 2005;46:1076-84) © 2005 by the

American College of C;lrdinlng_\f IFoundation

Bokhari, Circ Cardiovasc Imaging. 2013;6:195-201



ZmvOnpoypa@nua pe
% 99mTc-pyrophosphate (PYP scan)

EXEL XpnolpomolnOei oto mapeAbov wg
OlaYVWOTIKO €pYyaAcio otnv afloAoynon
TWV acBevwy pe
paBoopuoAucn

o€U EM

Tpalpd HaAAKWY 1OTWV
TTOAUpUOGITIOA
depparopuooitioa Q

O1 unxaviouoi auénpévng mpOcANYNG T
OTOUG (PAEYUAIVOVTEG UG CUMTTEPIAAHBAVE
moavov tnv cUvOEon ToU OF:
uPnAEg [Ca++] o€ VEKpWTIKA KUTTApA §
o€ KpuoTaAAoug udpouarmartitn &
PWOPOPLIKOU acBecTiou
SXAIPIKOUC 10TOUC

Sensitivi echnetium-99m-pyrophosphate
intigraphy in diagnosing cardiac amyloidosis.

Thus, myocardial technetium-99m-pyrophosphate scanning
enSItlve and specific test for the diagnosis of cardiac

amyloi ients with CGF of obscure origi
Falk RH et al. Am J Cardiol.

Mnxaviouocg
au€nMEVNG Katakpatnong:
Bswpouvral ta vwnAotepa
enineda Ca mov
EUMEPIEXOVTAl

EVTOG EVWOEWV

ATTR pUOKAPSIC

2tnVv Kapolakn apuAosidwon:
EVTOC TWV OLAPOPETIKWY UTTOTUTIWV
apuAosldouc:

O1apopeTIKEC [Ca++]



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

2mvOnpoypagnua ye **"Tc-PYP

Emimedn Kal TOHOYPA@IKN AMEIKOVION TOU
Huokapoiou dievepyeital 60-180 min peta amo
iv xopnynon 740 (555-925) MBq °°™Tc-PYP

2ta ATTR puokapodia to ??"Tc-PYP scintiscan avadelkvuel:

HUOKapOIaKn KATakpdatn
mou emBeBalwvetal Kat
HE NMITTOCOTIKN avaAuocn

H dy: emBeBawwvetal pe
Bloyia + KALVIKOEpYAOTNPLAKA+
ATTEIKOVIOTIKA gupnpata
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samTe-Pyrophosphate scintigraphy for differentiating light-chain

cardiac amyloidosis from the transthyretin-related familial and
senile cardiac amyloidoses

Sabahat Bokhari, MD', Adam Castafio, MD”. Ted Pozniakoff' Susan Deslisle, MS?,
Farhana Latif, MD?, and Mathew S. Maurer, MD?

'"Nuclear Cardiology Laboratory, Columbla College of Physicians & Surgeons, New York, NY,
USA

“Center for Advanced Cardiac Care, Division of Cardiclogy, Columbia College of Physicians &
Surgeons, New York, NY, USA

H puokapdlakn mpocAnywn Tou 1xvnoetn afloAoyeital
OTITIKA KAl HEGW NULTTOCOTIKNG peBodous:

2 circular/rectangular regions of interest (ROIs) were drawn:

over the heart over the contralateral
hemithorax (CL)

to calculate the corresponding
heart-to-contralateral (H/CL) count ratio

curves demonstrated an area of 0.992. p<0.001 for distinguishing ATTR and AL cardiac
amyloidosis with a ratio of H/CL= 1.5 consistent with intensely diffuse myocardial tracer

retention having a 97% sensitivity and 100% specificity for identifying ATTR cardiac

amyloidosis (Figure 2). When analyzing heart total counts per ROI, measurements were also

significantly greater in ATTR subjects as compared with AL subjects (p7=0.001). Heart
maximum counts per pixel were also significantly higher in the ATTRm group than in the
AL group (p=0.01).




2mvonpoypawnua pye *°"Tc-PYP

Negative Uptake

Mean cts/pixel

34 Max cts
43 4.3 Std Dev
41,794 40,934 Total cts
6,717mm? 6,795mm? Area of ROI
Raw Image CcL | ROI

Positive Uptake

Mean cts/pixel

Sl
-

e

Max cts
6.3 Std Dev
34,647 66,910 Total cts
6,234mm? 6,305mm? Area of ROI
Raw Image cL ] ROI

Figure 1. (A-B). Semi-quantitative method of calculating the distribution of 99mr. pyp uptake

Raw images of a representative negative (A) and positive subject (B) are shown 1 hour after
For the primary analysis. which was based ¢ rocardial tracer uptake, two methods were
used: (1) semi-quantitative visual scoring of ca retention (0=absent cardiac uptake.
I=mild uptake less than bone. 2=moderate uptake equal to bone. 3=high uptake greater than
bone). and (2) quantitative analysis of heart retention was calculated by drawing a ROI over
the heart in the standard manner (Figure 1). A circular ROI was drawn over the heart. copied
and mirrored over the contralateral chest to normalize for the spillover from the ribs. Mean

NIH Public Access

¥ Awtbor Mansncripe

wTe-Pyrophoaphate scintigrapty for dfferermtatng hight<hain
cardlac avryleidosis from the ranstiyretn.selated famidial and
sente carda: amyiodoves

Pocress vt Smes Devioke W3
total and absolute counts were measured correcting for background counts, and the fraction
of mean counts in the heart ROI-to-contralateral chest ROI was calculated as the H/CL ratio.




i

N=1217 patients with suspected cardiac amyloidosis

Awayvwon ATTR apuAosidwong xwpicg Bowia;

N= 857 patients with histologically proven amyloid (374 with endomyocardial biopsies)
& 360 patients subsequently confirmed to have non amyloid CMP)

Myocardial radiotracer uptake on PYP scintigraphy was
>99% sensitive &
86% specific for cardiac ATTR amyloid

false positives almost exclusively in patients with cardiac AL amyloidosis

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

Grade 2 or 3 Radionuclide Scan+Absence of Clone vs ATTR Amyloid Deposits on Histology From Any Organ (n=1217)

Grade 2/3 Scan+No Clone, n Grade 0/1 Scan or Clone, n Sensitivity and Specificity (Cl), % PPV and NPV (Cl), %
Cardiac ATTR amyloid 391 39 74 (70-77) sensitive* NPV, 83 (80-86)
No cardiac ATTR amyloid 0 68 100 (99-100) specific PPV, 100 (99-100)

Nonbiopsy Diagnosis of Cardiac Transthyretin
Amyloidosis.



% AmoteAéopata

To omvOnpoypdapnua pe *?MTc-PYP pmopei va amoKaAUWEL:

EVTOVN HUOKAPOLAKN TPOCANYN
ue H/CL > 1.5 ATTR

amouocia puokapOlakng mpocAnYng AamOKAEloPOC ATTR

oplakn puokapdiakn mpooAnyn pe H/CL< 1.5 apeiBoAn oy
..ATTRm; AL; aAAng
attioAoylac;



Imaging of cardiac amyloidosis by ~“"Tc-PYP scintigraphy

Vasileios F‘apantc:-nmu MD, PhD, Pipitsa ‘u’alsamakl MD, PhD, Stathis Kastritis®, MD, Spyrrlds:m Tsiouris®, MD,
Zisis Dellchas MD, Ylannls F'apantnnmu MD, Mana Tsmuma MD, Thendnms Athanasnulls MD, Andreas

Futupculos MD PhD, Meletios Athanasios Dlnmpuulﬂs MD, F'hD

1. Nuclear Medicine Department, 2. Department of Clinical Therapeutics, '-?c.haﬂf of Medicine, National and
Kapodisirian Uriiversity of Athens, Alexandra General Hospital, Athens, Greece, 3. Nuclear Medicine Department,
University Hospital of loannina, loannina, Greece

Figure 1. A71 years old male with NYHA class Il heart failure demonstrates intense ™ Tc-PYP myocardial uptake in both planar
1a) and SPET imaging (1b). HICL ratio=2.34. The echocardiographic findings were consistent with cardiac amyloidosis, without
discriminating the specific subtype. Endomyacardial biopsy in conjunction with immunohistochemistry revealed ATTR.

Hell J Nucl Med Suppl, September-December 2015
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Hell J Nucl Med Suppl, September-December 2015



74y M
H/CL: 1.74






85y F
H/CL: 1.61






% Case Presentation
75y F

o referred to Dpt of Clinical Therapeutics due to symptoms of CHF and
possible diagnosis of amyloidosis

D was initially regarded as suffering from AL amyloidosis
based on:
» Presence of Monoclonal gammopathy (IgA k)

bm: 6-8% monoclonal plasma cell infiltration: CIgA(k)
» Focal amyloid deposits in fat aspirate



% Sl A i Case Presentation

Height: 160cm BW: 59kg

Smoking, alcohol, allergies: (-)

Cardiac insufficiency: since 12/2015

Carpal tunnel sy: bilat surgery: 2005

Cavernous hemangioma: since 2013
Osteoporosis: since 09/2012
Total thyroidectomy due to multinodular goiter: 2011
Diaphragmatocele: since 2006
Dyslipidaemia: since 2003
Radical vaginal hysterectomy due to leiomyomatosis: 1980
Appendicectomy: during childhood
Present state

Superficial thrombophlebitis



Case Presentation
ECG

low QRS voltages

Clue suggestive of invasive myocardial disease

Diagnosis?
ambiguous:
AL vs ATTR




% Case Presentation

Imaging methods =P

Cardiac Doppler U/S:

1. concentric LV wall
thickening, with
sparkling myocardial
texture, & grade 2
dia dysfunction with
increased filling P

findings

2. free RV wall thickening

3. moderate mitral

insufficiency
4. mild aortic
insufficiency 4
5. mild LA dilatation 761 HR
6. imaging consistent with invasive myocardial disease Dlagposw?
ambiguous:

AL vs ATTR



% Case Presentation

Cardiac MRI

1. mildly dilated LV, with
mildly increased wall
thickness & mildly influenced :
sys performance , -~
2. LA dilatation _-—

3. normal RV size, with normal
free wall thickness & normal
sys performance

4. moderate mitral
insufficiency

5. fibrosis, of non-ischemic

etiology, diffusely in the LV
& RV walls, probably Diagnosis?

: ambiguous:
also in the LA & RA walls
‘ i AL vs ATTR

Findings indicate cardiac amyloidosis, or other invasive myocardial disease



% Case Presentation

Coronary angiography: MPS: 1 year ago: normal

Absence of CAD in the bg of
moderate mitral insufficiency

Biomarkers

Thrombophilia tests: (-)
PT, aPTT, INR
Protein C, prSC free fraction, fibrinogen
antithrombin lll, homocysteine
Lupus anticoagulant- LAC-1, LAC-2
TropT: <0.03 ng/mL

Detection of mutations, i.e. DNA-PCR, related to
thrombophilia predesposition or CVD: (-)

Factor V (Leiden), homocysteine, prothronbin, fibrinogen
ApoE, Apo B, ACE, factor XIII, GPllla, PAI-1



Case Presentation

Biomarkers

Proteinuria: (-)
NT-proBNP: 844 pg/mL (75 yrs old: >1800 pg/mL
50-75 yrs: >900 pg/mL - HF likely)

TropT: <0.03 ng/mL
Tryptase: 4 ng/mL (<10.9)

serum FLCs:
KFLC: 21.7 mg/L (3.3-19.4)
AFLC: 16.9 mg/L (5.71-26.3)
K/A ratio: 1.28 (0.25-1.65)

Diagnosis?
ambiguous:
AL vs ATTR



Case Presentation

¥

o
Cardiac MRI

Diagnosis?

ambiguous: ‘ _
AL vs ATTR Possible dg: ATTR

Y
Scintigraphy
with °"Tc-PYP



Case Presentation

tatic Image K [t

75y F
H/CL: 1.67



Case Presentation




% Case Presentation

Blowia Aimoug: (+) for amyloid

Mpwteivwpatikn avaAuon (proteomic analysis):

the amyloid deposits were TTR &
not light-chain derived

Diagnosis:

was first correctly typed as ATTR
by ?°™Tc-PYP




% AmoteAéopata

To omvOnpoypdapnua pe *?MTc-PYP pmopei va amoKaAUWEL:

EVTOVN HUOKAPOLAKN TPOCANYN
ue H/CL > 1.5 » ATTR

@ompdmmﬁg TPOCANYNC AamOKAEloPOC ATTR

oplakn puokapdiakn mpooAnyn pe H/CL< 1.5 apeiBoAn oy
..ATTRm; AL; aAAng
attioAoylac;




99mTc-PYP

99mTc(V)-DMSA

Figure 3. A case of a 60 years old female with biop en AL shows absent **"Tc-PYP myocardial uptake in anterior and left
anterior oblique planar images (upper row). Persistent ™ Tc(V)-DMSA blood pool, especially in the 2-hour planar images
(middle row) prevents the differentiation between ATTR and AL, but the delayed circumscribed 24h-activity warrants further

investigation. Hell J Nucl Med Suppl, September-December 2015



% AmoteAéopata

To omvOnpoypdapnua pe *?MTc-PYP pmopei va amoKaAUWEL:

EVTOVN HUOKAPOLAKN TPOCANYN
ue H/CL > 1.5 ATTR

amoucia HUoKapdlakNG mMPAcANNG — > amOKAEIopOG ATTR

apeiBoAn oy
..ATTRm; AL; aAAnC
attioAoylag;

oplakn puokapdiakn mpooAnyn pe H/CL< 1.5
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Comparison of 0 Te-PYP mean H/'CL ratio between patients with AL, ATTRwt. and
ATTERm cardiac muyloddosis. AL and transtliyretin-related amyloidoses are differentiated by
mean H'CL ratio of 1.5, The outlier with H'CL 1.3 15 an ATTRm patient with the unusual
Thr39Lys mtation. AL = amyloid light-chain; ATTEwt = wild-rype transtlryrenin
amyvlotdosis; ATTRm = mutant transthnvretin amyvloidosis.



% JUMTIEpACHATA

H eqpappoyn tou **™Tc-PYP-scan puokapdiou
amodEeIKVUEL OTI Kafiotatal EQIKTN
n pn-emepBatikn 0y tng ATTR kapdiakng apuAogidwaong

...lJE AVTIKTUTO:
TPOYVWOoN
AVTIPETWTIION
YEVETIKN KaBodnynon

Mepaitepw OUVNTIKEG XPNOELG TNG pEBAdou, mou xpnlouv
OlEpevvnong:

mapakoAouOnon

EKTIUNON TNG AvTtamoKkplong otn Oepameia



99mTc-PYP scintiscan: givai

pia anAn, yn-eneuBatikn, @Onvn Kai
EUPEWCG Olabseoun uebodog

& Baosl Twv 0s00UEVWY Paivetal mMoAUTIUN

nv avixvevon twv acOsvwyv pe tov ATTR vnotun

amo@evyovTag tnv avaykn yia Bioyia
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