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Agenda

* Perspectivas em tracadores de PET CT cardiaco

* Perspectivas em tracadores de SPECT CT cardiaco

* Perspectivas com novos equipamentos

* Panorama da medicina nuclear brasileira — foco cardiologia
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Distribuicao Regional

* Populacao da regiao (%)
« Fornecimento regional (%)

 Total fornecido em 2014
20.653.500 mCi

* Mais de 430 clinicas
« Uso per capita 2,5 vezes

menor gque na Argentinae 6
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Nacdes Unidas no Brasil

INCIO NOTICIAS DO BRASIL AGAO HUMANITARIA

Brasil precisa dobrar oferta de servigos de medicina nu-
clear para atender populagao
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AUMENTAR LETRA & DIMINUIR LETRA

Através de medicamentos e técnicas diagndsticas que usam radiagao, a medicina nuclear conse-
gue prevenir e tratar tipos de cancer e doencas cardiovasculares responsaveis por quase metade
de todas as mortes registradas na América Latina e Caribe. Agéncia Internacional de Energia
Atomica (AIEA) tem dado apoio ao Brasil e a paises da regido para ampliar atendimento a
populagao.

Tomografia pode identificar cancer e doengas do coragao. Foto: Ministério da Saude do Brasil
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+ NOTICIAS DO BRASIL

Governo e ONU langam concurso de melhores
receitas da merenda no Brasil

Rede hoteleira se une a alianga da ONU pela
saude sexual e reprodutiva no Brasil

ONU promove oficina em Sao Paulo para refu-
giados e migrantes LGBTI

ONU apresenta em Mildo projeto de produgao
sustentével do algodao

Laboratério de universidade do Rio de Janeiro
usa hidrogénio como fonte limpa de energia

3K RECENTES

Paises chegam a consenso na implementagao
do Acordo de Paris para o clima
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Dados

150 milhdes de usudrios dependem SUS
51 milhdes de usuadrios do Sistema Suplementar de Saude
Total de cintilografias miocardicas em 2013 no SUS: 228.713

Total de cintilografias miocardicas estresse em 2013 na Saude Suplementar:
858.757

Taxa de crescimento anual de cintilografias miocardicas no SUS = 4%

Fontes: Datasus e Relatério da Saude Suplementar



Assimetria do Uso de Medicina Nuclear

Taxa de uso de cintilografia miocardica Brasil usuarios Saude Suplementar = 1683
exames/100.000 habitantes/ano

Taxa de uso de cintilografia miocéardica Brasil usuarios SUS = 152 exames/100.000
habitantes/ano



Taxa de Utilizacao de Cintilografias
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Se nada for feito o SUS so alcancara a taxa de atendimento
de cintilografias miocardicas
da Salde Suplementar em 54 anos, ou seja em 2069
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Caso Clinico

RM, masc, 64 anos, natural Brescia, Italia.
QP: Assintomatico em avaliacao de teste ergométrico alterado.

HDA: Paciente com historia de SCA e PTCA com stent em ACDA em 2007. Faz
atividades fisicas moderadas sem queixas.

HPP: HAS, Dislipidemia grave, Tx renal em 2002. Passado de FA em uso de
propafenona. Em 2015: SPECT miocardico com dipiridamol normal.

Medicamentos: sotalol, losartan, aspirina, ezetimiba, atorvastatina, propafenona.
Exames recentes: creatinina 1,76 mg/dl, LDL 75 mg/dL.



Caso Clinico

Foi submetido a teste de esforco em cicloergdbmetro em uso de tratamento
cardioldgico (sotalol, aas, losartana) (Protocolo utilizado: 30 watts a cada dois
minutos) e este foi interrompido em FC submaxima(FC max 104, 65% da FC
orémica), sem sintomas. O ECG apresentou alteracdes durante o estresse:
depressao do segmento ST de 1mm de carater horizontal de V4-V6.

Em 3 de margo de 2018 foi encaminhado para realizar SPECT miocardico de
estresse.
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ISQUEMIA LATERAL de 5% do MIOCARDIO

Alle immagini dopo Regadenoson: ventricolo sinistro di normali dimensioni,
pareti ipertrofiche. Area di lieve ipocaptazione del radiofarmaco in sede laterale
ed infero laterale. Ipocaptazione di possibile natura artefattuale da attenuazione
in sede inferiore medio-prossimale. Omogenea captazione a livello di tutti i
restanti segmenti esplorati.

Alle immagini basali: Normalizzazione della captazione laterale. Invariati i
rimanenti reperti.

La valutazione funzionale del ventricolo sinistro, in condizioni di riposo, ottenuta
mediante acquisizione Gated-Spect, ha permesso di determinare:

FE%: >65 EDV: 100 ml TID: 0.90 MASSA: 130g

CINETICA REGIONALE: normale cinetica segmentaria.

CONCLUSIONI

In condizioni basali ed regime di abolita riserva coronarica da vasodilatazione
massimale evidenza scintigrafica di lieve ipoperfusione miocardica in sede
laterale.

Area di persistente ipoperfusione miocardica in sede inferiore
medio-prossimale ai limiti della significativita scintigrafica in presenza di attivita
extracardiaca da verosimile attenuazione diaframmatica, per la quale risulta
meritevole un approfondimento diagnostico.






Producao da Amonia-N13 no ciclotron
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PET — Amobnio-N13 SPECT — TETROFOSMIN-Tc99m
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RESERVA DE FLUXO CORONARIANO - MFR

Global Results
Mean Flow {ml/min/g)
Region MC Str MC Rst MC Str MC Rst Reserve
LAD 28 % 79 % 1.69 0.78 Z2.18
LCX 68 %o 287 %o 1.21 0.91 1.45
RCA 82 %o 72 % 1.66 0,70 2.36
TOT 21 %o 79 %o 1.57 0.79 Z.00

Algorithm (MC 5tr): INVIA N-12 ROI11:1
Algorithm (MC Rst): INVIA N-12 ROl 1:1



Why study the CFR?

An analysis of the relationship between MFR and cardiac mortality suggests an excellent
prognosis for a CFR of more than 2 and a steady increase in cardiac mortality for a
CFR of less than 2

Murthy VL, Lee BC, Sitek A, et al. Comparison and prognostic validation of
multiple methods of quantification of myocardial blood flow with ¥2Rb PET.
J Nucl Med. 2014:55:1952-1958.

Many studies have demonstrated that as many as half of intermediate-risk subjects may
be reclassified on the basis of CFR, even after accounting for clinical characteristics,

relative MPI interpretation, and left ventricular ejection fraction.

Di Carli MF, Murthy VL. Cardiac PET/CT for the evaluation of known or
suspected coronary artery disease. Radiographics. 2011:31:1239-1254.



Myocardial Blood Flow & Coronary Flow Reserve

MBF @ Stress

MBF @ Rest

Gould revisited: 30 years later

HYPEREMIC FLOW 7 Gould KL, Am J Cardiol, 1974

20 40 60 80
‘ % stenosis
= non significant stenosis (<40%); CFR >2.5 (normal)

N = moderate stenosis (40-70%); CFR 2-2.5 (borderline normal)

B - scocre stenosis (70-90%); CFR <2 (abnormal)
% = very severe stenosis (>90%); CFR <1 (very abnormal)

Fig 2

MBFE — How much blood
flows into the
myocardium?

Units: ml (blood) / min / gr
(gram of myocardium)

CER — Ratio between
Stress (hyperemic)
and Rest (basal)
flows.

No Units

)




Relationship between CFR and risk of cardiac
death using different kinetic model

; Murthy VL, Lee BC. Sitek A, et al. Comparison and prognostic validation of
30% = multiple methods of quantification of myocardial blood flow with 32Rb PET.
J Nucl Med. 2014:55:1952-1958.
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Relationship between MFR and risk of cardiac death. Regardless of which 82Rb
tracer kinetic model is used, similar pattern of rising risk with MFR << 2 is seen. 1:1 indicates

fictitious 100% extraction (MBF = K;), which approximates assumptions for myocardial perfu-
sion reserve index.



Growth of Myocardial Perfusion Imaging
with Rubinium-82 PET in USA
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GE-BRESCIA DYNAMIC SPECT

PROTOCOL
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MC Str
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Mean
Region MC Str
LAD 88 %
LCX 68 %
RCA 82 %
TOT 81 %

PET — MFR

Global Results
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" 18F-Fluoride PET-CT and the

progression of coronary
calcification
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18F-Fluoride

Macrocalcification

— ol
Imaging
Inflammation Microcalcification /

Rupture and thrombosis
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18F-Fluoride Identifies High Risk
Coronary Plaque

Culprit plaque in acute
myocardial infarction

High risk plaque in
clinically stable CAD

ESC Congress World Congress
Paris 2019  of Cardiology Joshi et al. Lancet 2014:383:705-713




Aims and hypotheses

» To investigate if coronary '8F-fluoride activity will

— ldentify plagues more likely to demonstrate
progressive calcification

— Predict progression of total coronary calcium
burden

ESC Congress World Congress
Paris 2019 of Cardiology



Image Analysis

BASELINE

| 12 MONTH | |

ESC Congress World Congress
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18F-FLUORIDE NEGATIVE




18F-Fluoride PET activity at baseline

Proportion of PET-positive participants

PET-positive participants had a higher increased with increasing baseline calcium
total calcium score, volume and mass score

at baseline

1.004

PET PET
POSITIVE NEGATIVE P value

(n=116) (N=67) 0.751
Total
Agatston 524 [242-1091] | 136 [55-361] p<0.001
Score (AU) "
Calcium
Volume 491 [247-984] 131 [64-343] p<0.001
(mm3) 0.251
Calcium
Mass (mg) 99 [46-212] 24 [11-69] p<0.001 -

Below 100 101 - 401 - 1000 Over 1000
Agatlton Score (AU)

ESC Congress World Congress
Paris 2019 of Cardiology
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Calcium score at baseline vs follow-up

Segmental Calcium Score (AU) Calcium Score Ratio (12months:Baseline)
Calcium scan timepoint = Baseline 12 months
_ p<0.001
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Relationship between baseline PET
activity and calcification progression

BASELINE 12 MONTHS

Change in Change in
total calcium total calcium

Change in total

calcium mass
burden volume

(AUlyear) (mm?3/year) (mglyear)
Correlation
S rem Coefficient 0.37 0.38 0.46
P-value <0.001 <0.001 <0.001
N 183 183 183

ESC Congress ‘i';'ﬁrid Congress
Paris 2019 of Cardiology




Conclusions

In patients with clinically stable, multivessel coronary artery disease,
18F-fluoride PET-CT uptake:

* |s associated with more advanced coronary calcification at baseline

 |dentifies plaques with more rapid progression of coronary
calcification at one year

* Provides new insights into disease activity and progression of
coronary atherosclerosis.

ESC Congress World Congress o ®
Paris 2019 of Cardiology '



Table 1. Characteristics of an ideal PET perfusion
tracer

Available as unit dose from a regional cyclotron
('°F-labeled)

High-extraction fraction

Ideal PET resolution (low positron range)

Possibility of rest-exercise imaging

Possibility of absolute quantification of myocardial
blood flow

PET, Positron emission tomography.



¢ Flurpindaz r 18
A 2077 (n=3)

1 99mTc-Sestamibi (n=3)

Figure 1. Chemical structure of flurpiridaz F 18. CAS name
for flurpiridaz F 18 is: 2-fers-butyl-4-chloro-5-[4-(2-fluoro-
ethoxymethyl)-benzyloxy]-2H-pyridazin-3-one. Other common
name is BMS-747158-02.

4
Coronary perfusion flow (ml/min/qg)




10 min 30 min 50 min 120 min 150 min 210 min 270 min

Time after injection = Normalized to maximum

Figure 4. Sequential whole-body images acquired at specified times following injection of
flurpiridaz F 18. Used with permission of the Journal of Nuclear Medicine.
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Caso Clinico 2

O.R.F 75a, masculino, branco

Admitido neste hospital devido a insuficiéncia cardiaca congestiva descompensada
por provavel sindrome infecciosa em CF IV ( NYHA).

Nega HAS, DM, dislipidemia.
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Ecocardiograma

28/06/2004 11:20:28




Ecocardlo N C

EF Biplane 12.62 %
LVEDY MOD BP 85.45 ml
LVESY MODBP 74.66 ml
LVEF MOD A2C 29.26 %
SV MOD A2C 20.38 ml
LVLs A2C 8.15 cm|
LVESY MOD A2C 49.2¢9 m|

LVLd A2C 8.79 cm
LVEDY MOD A2C 69.68 ml




Ventrlculografla Radionuclidica

ltem Value| OAE-Gated [Functional] 291:/2004 _ =
Harmonics 3 o0 100 100
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Cintilografia com Pirofosfato - SPECT
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Heart failure, syncope, or bradyarrhythmia, with echocardiogram and/or cardiac
magnetic resonance imaging (CMR) suggesting/indicatingcardiacamyloid

Bone scintigraphy with ™ Tc-DPD/HMDP/PYP
T T A - S

Grade O ] |’G‘rade 1 1

Serum immunofixation +Urine immunofixation +serum free light chain assay (Freelite)
Monoclonal protein present?

\ )

(

Cardiac - Need specialized assessment Cardiac ATTR
AL/ATTR | BUCHENZUERTESS for Diagnosis: amyloidosis
amyloidosis CMR | Histological confirmation T
unlikely and typing of amyloid TR
] genotyping
]
,_J. I I
Cardiac amyloidosis Variant ATTR Wild-Type ATTR
(AL/AApoAI/ATTR/other) - amyloidosis amyloidosis

Circulation

June 14, 2016



Heart Failure

Nonbiopsy Diagnosis of Cardiac Transthyretin Amyloidosis

Piro 28/6/2004 Bl y|0ld°S|s 1 PYP

Nce of 3 o lon;

I ; abnorm; ality

PYPY, ('M‘h( PP ('-mlhr Grade2/3 PYP, (mulrlll PYP,-
Amyloidosis ATIR Cardiac ATTR  Clowe, Cardiac
ATIR

Giimoro JO, ol o Crculaton 2016
o |

Conclusions—Bone scintigraphy enables the diagnosis of cardiac ATTR amyloidosis to be made reliably without the need for
histology in patients who do not have a monoclonal gammopathy. We propose noninvasive diagnostic criteria for cardiac
ATTR amyloidosis that are applicable to the majority of patients with this disease. (Circulation. 2016:133:2404-2412,

DOI: 10.1161/CIRCULATIONAHA.116.021612.)
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Table 1. Red Flags and Caveats in Cardiac Amyloidosis

A high index of suspicion is mandatory for the recognition of CA (ie, if you don’t think of it, you won't diagnose it).

Cardiac amyloid should be suspected in any patient with heart failure, unexplained increased LV wall thickness, and a nondilated LV.

In a patient with a suspicion for HCM, look for the infiltrative features that suggest amyloid such as pericardial effusion, AV block, interatrial septal and
valvular thickening, and apical sparring.

A distinctive sign of CA is the abnormal ratio between LV thickness and QRS voltages rather than low QRS voltages alone. The absence of low QRS
voltages does not rule out a CA and up to 20% of subjects with CA can have electrocardiographic evidence of LV hypertrophy.

In an elderly man with unexplained symmetrical LV hypertrophy, especially in the absence of hypertension, always consider the possibility of ATTRwt-CA.

CA in an elderly patient with a monoclonal gammopathy is not necessarily attributable to AL: consider the possibility of ATTRwt and MGUS.

Longitudinal LV function can be severely depressed despite a normal LVEF, and the myocardial contraction fraction is often low, suggesting reduced
global myocardial shortening.

Myocardial deformation is reduced in cardiac amyloidosis, but the apex is generally spared.

On cardiac MRI, both T1 signal abnormalities and marked extracellular volume expansion in patients with LV hypertrophy are strongly suggestive of
CA. LGE distribution is heterogeneous, and subendocardial enhancement is not the only pattern.

A history of bilateral carpal tunnel syndrome in a man with HCM-like phenotype on echocardiography is highly suggestive of AT TRwt-CA.

Circulation. 2017;135:1357-1377. DOI: 10.1161/CIRCULATIONAHA.116.024438



Table 2. Semi-quantitative Visual Grading of Figure 2. Grading *"Tc-PYP Uptake on Planar and
Myocardial ¥Tc-PYP Uptake by Comparison to SPECT Images
Bone(rib) Uptake

Grade Myocardial “"Tc-PYP Uptake

Grade 0 no uptake and normal bone uptake

Grade 1 uptake less than rib uptake

Grade 2 uptake equal to rib uptake

Grade 3 uptake greater than rib uptake with mild/
absent rib uptake

Figure 1. Quantitation of Cardiac ¥"Tc-PYP Uptake
Using Heart to Contralateral Lung (H/CL) Ratio
' | 0 X STTRETEIR
Positive Uptake MeaftS g per Pixel

rotz. 13 27 ROI1
“Bkg" i '

circlel]

£ Max CT's
33 per Pixel 51

4.2 Std. Dev 3.8

32,709 . TowlCT's 66 546
in ROI

5,906.8 mm? 9,974.8 mm?2
Area of ROI

Biopsy proven ATTR with H/CL = 2.08




State-of-the-art radionuclide imaging in cardiac N -

transthyretin amyloidosis

Vasvi Singh, MD,* Rodney Falk, MD,b Marcelo F. Di Carli, MD,* Marie Kijewski, =
PhD,? Claudio Rapezzi, MD, and Sharmila Dorbala, MD#?¢

—o— Hean
»—Bone

% in ROI

Softtissue

Table 1. Accuracy of Tc-pyrophosphate scan for detecting ATTR Cardiac amyloidosis based on

semiquantitative and quantitative assessments

Sensitivity (%)

Specificity (%)

AUC (95% ClI)

Semiquantitative visual Score

1-hour delay positive scan = 2 95

3-hour delay positive scan = 2 58

Combined analysis 88
Quantitative H/CL ratio

1-hour delay positive scan = 1.5 92

3-hour delay positive scan = 1.3 88

Combined analysis o1

79
100
88

97
86
92

0.938 (0.873-0.984)
0.980 (0.932-1.000)
0.945 (0.901-0.977)

0.971 (0.949-0.992)
0.935 (0.848-0.988)
0.960 (0.930-0.981)

Te-PYP, Tc pyrophosphate; ATITR, transthyretin amyloidosis; AUC, area under the curve; Cl, confidence interval; H/CL,

ratio = heart-to-contralateral lung ratio. Adapted from Castano et al.”®

05

1 15 2 25 3 35
Hours Post Injection

Journal of Nuclear Cardiology®
Volume 26, Number 1:158-73



Diagnosis of TTR cardiac amyloidosis
PMTc-PYP & EMB
120 -

B Sensitivity B Specificity N=1498 N

=109
100 - N=378 with EMB

80 -
60 -
40

20 -

] : 2/3PYP, Grade2/3PYP,-

diac  PYP#, Cardiac Grade

PYP+, Ca “ % Cardiac ATTR  Clone, Cardiac
Amyloidoss IR ATTR

Maurer pAS, Falk RH, et al. Circulation. 2016
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Tablke 1
Demography and imaging indings in subjects studied.

Patent  Sex  Age  Echo Mutation  Score Score
s itive TNTe_pMDP P DPD
1 F 41 M vallZ2lle © (1]
2 F 64 LvH val3omet 1 3
3 M an M vali0met O (1]
4 F 33 LvH val30met O (1]
5 M 54 AST val3omet 1 2
(] F ]| M val30met O 1]
7 M 60 M val30met O (1]
8 F 56 M MA 1] (1]
9 F 21 M MA 1] (1]
10 M 38 M val30met O 1]
11 F 36 M val30met O (1]
12 M 39 AST val30met O (1]
13 M 45 M val30met O (1]
14 F 22 M val30met O 1]
15 F 59 AST val3omet - (1]
16 M 52 AST MA 1] (1]
17 F 25 M MA (] (1]
18 F an M vali0met O (1]
19 M as M val30met O (1]

Uptake intensity was graded according to a visual scale ranging from 0 to 3 points, in
which the absence of uptake was assigned a value of O points: uptake less than that ob-
served in bone (referred to as the adjpcent rib), 1 point; uptake similar to that of bone 2
points: and uptake greater than that of bone, 3 points.

hitp:/dx doinrg10.1016jijeard 20151 1LOG2

Fig. 1. Comparison of ™™T¢-DPD and ®™Tc-MDP sdntigraphy in a cardiac amyloidosis confirmed patient. There is abnormal uptake in cardiac region more intense in DPD image.



* Echocardiography suggestive of cardiac amyloidosis

* Suspicion of ATTR cardiac amyloidosis by clinical features (clinically isolated
cardiac manifestation in an elderly man, African american of either sex, orin a
patient with a family history of TTR gene mutation)

e Planar + SPECT cardiac imaging with bone avid tracers: #™Tc-PYP / #*™Tc-DPD /
9mMTc-HMDP

e Positive scan: Semiquantitive Grade > 2 with confirmation of myocardial h

uptake on SPECT
* Equivocal scan: Semiquantitative Grade 1 with H/CL ratio between 1-1.5
¢ Negative scan: Semiquantitative Grade 0 with H/CLratio < 1

J

* *Positive scan: Genotyping of TTR to identify hereditary TTR. Normal genotype

is found in wild type ATTR amyloidosis. Journal of Nuclear Cardiology®
* **Equivocal or Negative scan: Endomyocardial biopsy for continued clinical Volume 26, Number 1;158-73

concerns or discordant findings




Amiloidose TTR - mutacao genética

* A proteina transtiretina, sintetizada primariamente no figado, quando sofre mutacao, resulta em
depositos fibrilares proteicos

* Doenca autossomica dominante é que uma proteina mutante (a transtirretina) produz fibrilas
amiloides, a partir da vida adulta. — valina na posicao 30 Met ¢ a mais comum

* ATTR varia de apresentacao dependendo da mutagao
* Dc renal é menos frequente e nao cursa com macroglossia.

Amyloidogenic TTR Cascade

TTR Tetramer TTR Monomer Misfolded State Amyloid Fibril

e Suppression of Amyloidogenic TTR
© TR stabilization
o Fibril Degradation

* Diastolic dysfunction
* Restrictive cardiomyopathy

*« Heart failure
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Tafamidis Treatment for Patients
with Transthyretin Amyloid Cardiomyopathy

Mathew S. Maurer, M.D., Jeffrey H. Schwartz, Ph.D.,
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Figure 2. Primary Analysis and Components.

Panel A shows the results of the primary analysis as determined with the use of the Finkelstein—Schoenfeld method.
Panel B shows an analysis of all-cause mortality for pooled tafamidis and for placebo, a secondary end point. Panel
C shows the frequency of cardiovascular-related hospitalizations, also a secondary end point.

B Analysis of All-Cause Mortality
1.0+

0.9

0.8+
Pooled tafamidis
0.74
0.6
0.5 Placebo

0.4

Probability of Survival

0.3+

0.2+

0.1 Hazard ratio, 0.70 (95% CI, 0.51-0.96)

0.0 T I T I I I I I I T 1
0 3 6 9 12 15 18 21 24 27 30 33

Months since First Dose

No. at Risk (cumulative no. of events)
Dooled tafamidis 264 (0) 259 (5) 252 (12) 244 (20) 235 (29) 222 (42) 216 (48) 209 (55) 200 (64) 193 (71) 99 (78) O (78)
Placebo 177 (0) 173 (4) 171 (6) 163 (14) 161 (16) 150 (27) 141 (36) 131 (46) 118 (59) 113 (64) 51 (75) O (76)




Intelligence is the ability to
adapt to change.

- Stephen Hawking
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