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Molecular Imaging In
Cardiovascular Diseases

= Evaluation of myocardial viability and
Ischemic memory

= Imaging of Cardiomyopathy

= Imaging of the cellular inflammatory
response

= Evaluation of stem therapy
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Imaging of Myocardial Viability

= PET
— MR' I'hflismattt:h
= Thallium

= Dobutamine Echo

(Scar)
18F.FDG

CSNim. Coi H Le Guludec D, Eur J Nucl Med Mol Imaging (2008) 35:1709-1724



Survival
Protc)jabilit

survival by Viability and Treatment

93 Patients with Ischemic Cardiomyopathy and severely depressed left ventricular
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Perfusion and Metabolism Mismatch
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Myocardial and Metabolism Match
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Myocardial PET/CT Imagin
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Myocardial Viability and Impact of Revascularisation in
Patients with CAD and LV Dysfunction: A Meta-Analysis

158%
p<0.001
Number of
-58.4% studies = 24
p<0.0001 N = 3,088

EF =32% %= 8%
FU 25 +10 Mths

Death Rate (%/Yr)

Viable Non-viable Viable Non-viable

REVASCULARISED MEDICAL THERAPY

REBFTLL)
CarNTL.COte. CiN Allman KC, Shaw LJ, Hachamovitch R, Udelson J, JACC, 2002
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Cardiac event free survival probability

Adjusted survival curves for PET and standard
arms in Ottawa-FIVE and rest of PARR 2
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Myocardial Viability and Outcomes

18F-FDG PET/CT

Medical Therapy

1.0

Log Hazard Ratio
Early revascularization versus Medical Therapy
0.5

O.IU

Revascularization

i e 528 e kD i %myocardium hibernating
AR SF g AL )

CSNIMM. CoOM. N Ling LF, et al. Circ Cardiovasc Imaging. 2013;6:363-372



|ldentification of Therapeutic Benefit from
Revascularization in Patients With LV Systolic
Dysfunction

= Among patients with ischemic
cardiomyopathy, hibernating, but not
Ischemic, myocardium identifies which
patients may accrue a survival benefit
with revascularization versus medical

therapy.

Lee Fong Ling et al. Circ Cardiovasc Imaging. 2013;6:363-372



Direct Imaging of Exercise-Induced Myocardial Ischemia
With F-18-FDG and Tc-99m-Sestamibi
In Coronary Artery Disease

Short Axis

He ZX, et al. Circulation 2003



Exercise 99mTc-Tetrofosmin SPECT and

Arun S. et al. J Nucl Cardiol 2015,22:98-110
Jain D, J Nlucl Cardiol 2015



Rest/Exercise FDG PET/CT

Exercise
perfusion

Rest
perfusion

Exercise
FDG

Rest
FDG

Angiography
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CSinirn. Corm. ¢n Dou et al. BMC Cardiovascular Disorders (2017) 17:120



FDG as a memory marker of
transient myocardial ischaemia

Visually positive regional uptake

EEE RS
=

Visually negative regional uptake

;;r'f
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Injection of FDG 60 min after exercise

ZL _} E? -.'.l{ fr’:-J Abhott BG, et al. Nucl Med Commun 2007:28:89-94



Imaging of Ischemic Memory With FDG

Short axis

Exercise perfusion

Rest perfusion

Exercise FDG

Rest FDG

71-y-old man with exertional angina, 90% stenosis of LAD and 80% stenosis of LCx

and RCA
Dou KF, Yang MF, et al. J Nucl Med 2008 ; 49:1986-1991



In unstable angina
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56-year-old woman with unstable angina but no history of diabetes.
Angiography: 90% stenosis of pLAD, 80% stenosis of LCx, total occlusion of pRCA.

Yang MF, et al. Curr Cardiovasc Imaging Rep, 2012
Dou KF, et al. Nucl Med Comm, 2015

PET/CT

Rest MTc-sestamibi perfusion and *FDG images
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Rest MTc-sestamibi perfusion and *FDG images
In unstable angina

SA HLA VLA
h ... . .

56-year-old woman with unstable angina and a history of diabetes.
Angiography: 90% stenosis of pLAD, 90% stenosis of dRCA

Perfusion

TN o

ZAT T RV Y] Yang MF, et al. Curr Cardiovasc Imaging Rep, 2012
Dou KF, et al. Nucl Med Comm, 2015
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Perfusion SPECT and FDG PET in DCM and HF

Study Date: 6/8/2012
REST [Reatiented], f@/201] SA

Sestamibi )

FDG
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Regional wall motion in DCM
by gated SPECT and cardiac MRI (n=36)

Gated Severe Akinesia or Total
SPECT hypokinesia| dyskinesia

Severe 555 9 564
hypokinesia

Akinesia or 24 24 48
dyskinesia

Total 579 33 612

Wang F, et al. Eur J Nucl Med Mol Imaging 2009; 36:1611-1621



Dilated Cardiomyopathy

TABLE 3. The Comparison of LCEs and Perfusion/Metabolism Pattems in 42 Patients With IDCM (714 Segments)

PerfusionMetabolism
¢MRI Normal Mismatch Mild-to-Moderate Match Severe Match Total
Non-LGE 52 63 12 ) 610
Mid-wall LGE H \ ] b b
Transmural LGE 12 N 3 12 §2
Total 32 §3 2 2 T4
ST R VX Wang L, Clin Nucl Med 2012; 37: 1163-1169

WL N



Rest myocardial perfusion defect predicts
cardiac death in patients with DCM and HF
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Kaplan-Meler survival according to the
presence of Perfusion Metabolism Mismatch
In DCM and HF
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Septal Reverse Perfusion and Metabolism
Mismatch in DCM and LBBB

REST [Reorented], 1 205201

Sestamibi

FDG

Sestamibi |

FDG
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Wang JG, et al. Medicine 2015



Dilated Cardiomyopathy

B
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Before TX After Tx
LVEF = 11.4% LVEF = 46.8%
RVEF = 13.3% RVEF = 34.0%
cRVSUV =7.12 cRVSUV = 255
cR/L = 0.80 cR/L = 0.42

Wang L, J Nucl Cardiol 2015
Fang W, et al. Nucl Med Commun. 2010;31(11):981



Myocardial ischemia in patients
with DCM

= LV regional myocardial perfusion, wall
motion, and metabolism abnormalities
are often present in patients with DCM.

2 L s =g T
s g ) Fang W, et al. Nucl Med Commun. 2010;31(11):981



Sestamibi

FDG

Sestamibi

FDG

Sestamibi

FDG

Hypertrophic Cardiomyopathy
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Perfusion SPECT and FDG PET in HCM

N\
A
201T] SPECT _ .w — r\

Stress Redistribution

I3F-FDG PET

(under fasting conditions)

25 €3 <7 -.r- 'i‘ .'.‘f ye Isobe S, et al. J Nucl Med 2003; 44:1717-1724
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201-T1

['8FIFDG
Exercise

Exercise

Rest

Direct Imaging of Exercise-Induced Myocardial
Ischemia in HCM

Apex Base

*eP 9D
PP P00

Yamano M, Heart 2009:95:1051




57-year-old man with a history of HCM

*Atypical chest
pain and
dyspnoea In the
past 6 months
*Family history
of HCM

N 2 VPN
syl Li S, et al. Clin Nucl Med 2017
CAINTLCONTE.CIN



Perfusion and Metabolism Imaging in HCM
with MI but Normal Coronary Arteries

ET Cardiac Stalic (AC] [Reonanted], 41 U2016

EDV:173ml
ESV:95ml

Li SH, et al. Clin Nucl Med 2017



Isolated LV non-compaction
Female, 27-yrs-o|d, LVEF, 36%
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e Gao XJ, et al. J Nucl Cardiol. 2014 Jun;21(3):633-42
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Staging of cardiac sarcoidosis using resting
myocardial perfusion scintigraphy (MPS),
FDG-PET and LGE-CMR
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Increased F-18 FDG
uptake in myocardial infarction

Rischpler C, et al. J Nucl Med. 2013;54:402-15



BE-FDG PET/MRI of patient shortly after acute M
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Rischpler et al. Circ Cardiovasc Imaging. 2016;9:e004316.



Correlation between quantitative F-
18-FDG extent and area at risk
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CSNIM. CoIMm. Cn Rischpler et al. Circ Cardiovasc Imaging. 2016;9:e004316.



Atrial Uptake of FDG

A 63-year-old man, who had chest congestion for 6 months and a 10-year
history of rheumatic valvular heart disease

vaAEs S Y ;
e 2 Unpublished data



PET/CT of Asconding Aorta

Dertvation of TBR

Ay A 5LV e 7 6

TEF a3

Measuring methods

Figueroa AL et al. JACC Cardiovasc Imaging
2013;6:1250
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BE-fluoride PET for identification of ruptured
and high-risk coronary atherosclerotic plagues

Study design:

= patients with Ml (n=40) and stable angina
(n=40) underwent *¥F-NaF and 8F-FDG PET-CT,
and invasive coronary angiography.

= 8F-NaF uptake was compared with histology in
carotid endarterectomy specimens from
patients with symptomatic carotid disease, and
with intravascular ultrasound in patients with
stable angina.

= The primary endpoint was the comparison of
18E-fluoride tissue-to-background ratios of
culprit and non-culprit coronary plagues of
patients with acute MI.

Joshi NV, et al. Lancet. 2014 Feb 22;383(9918):705-13.




PET/CT imaging of 18Ffluoride and 8F-FDG
uptake in a patient with acute Ml

) Oshi N.V,, et al. Lancet. 2014:383:705-713.
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18F-Fluoride PET
in Human
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Bluparraa
L CEpEE Pl e

“F-fuende positive “F-fluoride negative  p
plagues (n=15) plaques (n=24)
L
Area (mm') 9.0({57-135) &7 (47-97) o078
Mirvimal disrmseter (mm) 2.6(17-31) 1-9{17-26) D165
Wi s diamaeter [rem) 49(41-513) 316(33-46) 0006
Viessd
Area fmmd) 241(17-2-271) 145 (11.9-181) 0.002
Minimal durrstar (mm) 44(34512) 36(30-4-1) 0057
Mod e d Lsmset s [roam | 65 (60=7.1) §-2 (&4 7-59) (-0
Placue
Length {mm) 142(62-235) 15.2 (6:7-250) 0941
Volume (mm”) 152.9(99 6-2857) 910 (458-158-2) 0032
Burden ()" 556148 6-644) 542 (45 3-57-3) 0174
Bemodalling index 1.12({109-119) 1-01(094-106) 00004
Plague composition
Fibrous tssue (%) C10{463-566) £8-1(51-6-65.5) 0015
Fibro- fatty () 109(60-138) 12-6(93-17-8) 0092
Necrotic core (%) 24.6(20-5-23-8) 18-0 (140-224) 0001
Maod e frame necnotic come (%) 1 1IEE(34 2-405) 19-2(1239-421) 0000
Dense caldum (%) 126(31-181) 10:2 {4 0-149) 0042
Microcaldfication, n (%) 11 F3n) S(21%) 0002
Plague classification, n (%)
Thirrcop fibrcatheroma 7 (47%) 4(16%) 0068
Thick-cap fibrcathesoma S(3ix) 9(38%) 10
Pathalagical intimal thideerdng 0 7(29%) 0003
Fibrasalemfie placue J (0% 4({16%) 10

Joshi et al. Lancet 2014:383:705



BE-fluoride PET for identification of ruptured
and high-risk coronary atherosclerotic plagues

Interpretations:

= 18F-NaF PET-CT is the first non-invasive
Imaging method to identify and localise
ruptured and high-risk coronary plaque.
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CSNiNM. CoMm.Cn Joshi NV, et al. Lancet. 2014 Feb 22;383(9918):705-13.




CENTRAL ILLUSTRATION: Comparison Between *®Ga-DOTATATE and ['®F]
FDG Coronary PET Inflammation Imaging

Tarkin, J.M. et al. J Am Coll Cardiol. 2017;69(14):1774-91.




BE-FDG-PET studies show increased 8F-FDG uptake along the large vessel walls before, but not after,
corticosteroid treatment. Pretreatment images with coronal, sagittal, and transaxial slices are shown in A, B,
and C, respectively, and anterior view and right posterior oblique position are shown in D and E. F,

Posttreatment control with anterior view. L ’
Wenger, Circulation 2003,107:923



CENTRAL ILLUSTRATION Overview of Strategies to Overcome the Roadblocks in Cardiac Cell Therapy

Callular
Cardiomyopathy

Injection of Cells

Implantation of
cardiac patch

Tissue Engineering

Challenges to be Overcome
= Open-chest surgery

= Large graft associated
arrhythmia risk?

Yanamandala, M. et al. J Am Coll Cardiol. 2017;70(6): 766-75.




Multimodality imaging in stem cell
clinical trials

S

- Rk of tamponade - Immune activation - Arrhythmias
- Risk of coranary - Cell migration to - Teratoma formation from cell impurity
obstruction or embali  anatomically sensitive - Tumorigenesis
areas Complications from ‘
'.'1 a0 0n 0 ﬂ immunosuppression if used ?

|I J {
T i : Short-Term N, Long-Term
l }‘ Stability Integration

iy

Clinical Trials - 'mplantation - Acute donor cell death - Electrical integration Routine Clinical Use
near infarct 2one Cell differentiation - Mechanical coupling
Cell retention if CMs not injected
= Cell engraftment - Cell proliferation
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CSNIMM. CoOMm.CnN Vo and Nguyen Journal of Nuclear Cardiology 2017




Intramyocardial localization of F-18-FDG-
labeled MINCs

Horizontal

Frontal

Sagittal

Nim. Corm. <n Qian HY, et al. Journal of Cellular Biochemistry 102:64—74 (2007)



FDG PET-CT images at week 1 and 4 in infarcted
hearts receiving PBS versus MSCs

Control MSCs

PET

PETICT &

o’

Week 1 Week 4 Week 1 Shlegk 4
# = 7M. Treatment with autologous bone marrow-derived MSCs can
also promote cardiomyocyte survival by regulating glucose metabolism via the
mechanistic target of Rapamycin pathway following MI (Bartczak et al. Curr
Opin Organ Transplant 2017, 22:86-96)

Cai M, et al. Sci. Rep. 6, 28250; doi: 10.1038/srep28250 (2016)
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