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Embryonic Stem Cell Derived, Cardiovasculatr

Progenitor Cells (FLK Positive Cells)

Adler, ZA Fayad, S Kattman, G Keller et al 2007(Subr
s
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.
) - PROMISING MOLECULAR IMAGING AGENTS IN (PARTIAL LIS

Agent Target Platf orm Clinically Tested?

erosclerosis

INPs (iron oxide) Cellular inflam (Max>SMC, EC) MRI Yes (40 pts)
FDG Gluc tranp-1, hexokinase PET FDA appr
MTc-annexin Apopt macroph hemorrh SPECT Yes (24 pts)
MTc-interleukin-2 Lymphocytes SPECT Yes (25 pts)
rosense Cysteine protease activity NIRF Plan
aramagnetic Angiog (integrin a,b,) MRI Plan
anoparticles

Oombosis

MTc-apcitide Plat GP llb/llla receptor SPECT FDA appr
P-2104R Fibrin MRI Yes (76 pts)
cardial infarction

MTc-NC1DD692 Angiog (integrin a,b,) SPECT Yes (10 pts)
INP, 1Indium-oxine Stem cells MRI, SPECT Yes (in cancer, 11 pts

Jaffer et al., Circ 2007; 116:1052

' a more complete list: FA  Jaffer et al., JAMA 2005; 293:855
JACC 2006; 47:1328

GG



—
Contrast Enhanced Molecular / Cellular MR

yudhury RP; Fuster V; Fayad ZA Nature Drug Disc. 2004;3:1



L
Vasa Vasorum and Gadofluorine- Enhanced MRI

Sirol M et al. Circulation. 2004:109:2890-2896
s



s
Neovessels In Atherosclerotic Plaques Of

Hypercholesterolemic Rabbits Using Paramagnetic Micelles
Targeted to Alphavbeta3-Integrins And CMRI

afil, F et. al J Cardiov. Magn Reson 2007;9:278 (abst 418).
nter, PM, et al. . Circulation. 2003:;108:2270-4.- Mouse



-
Correlation Between 18F FDG-PET/CT And Dynamic

Contrast Enhanced MRI Parameters In Human Patients

cagno,C et. al J Cardiov. Magn. Reson. 2007;9:158 (abst 173).
S
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Haptoglobin : Defense against Intra- Plague Hemorrhag

Macrophage
s I B

N2

Haptoglobin (Hp) Gene*
Two Alleles

Hp-2 Is an inferior protein when comparedto Hp-1

* Chromosome 16q22

Bowman BH, et al. Adv Hum Gen 1982:12:189 - Clin Chem 1996; 42:
Moreno PR, Levy AA, Fuster V.ATVB 2007 (In Press)
O



.
PLAQUE WITH INFLAMMATION & RUPTURED IEL

Moreno PR, Purushothaman K-R, O’'Connor WN, Fuster V, Circ. 2002:105:25(

Moreno PR, Purushothaman KR, Fuster V, et al. Circ2004110:2032
Moreno PR, Purushothaman KR, Levy AA, Fuster V. Circ 2007 (In Press)



MRI-LIPID LOWERING (SIMVASTATIN 20 or 80 mg/d)
AND REGRESSION OF ATHEROSCLEROSIS

Baseline 24 months follow up

orti, ZA Fayad, V Fuster, et al. Circ.2001,104:249-252
ortl, V Fuster, ZA Fayad, et al. Circ2002106:288

ortl, J J Wentzel, Z A Fayad, et al. JACC200546:106

_ Lima et al., Circ 2004 110:2336 (Hopkins, Baltimore)
O



BAD - Multi Slice Black Blood Imaging

apid Extended Coverage (REX)

urbo Spin Echo

—

Car+ \

Longitudinal View Mid heart Aorta- 12 slices

nemura A, Momiyama Y, Fayad ZA et al. JACC 2005;45: 733
D (Fayad ZA, Mani V, Fuster V et al.) 2007 —Predicts CAD
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—
PPAR, HDL-C: A New Potential Therapeutic Target
for the Prevention of Cardiovascular Disease

| "#$

Bryan Brewer, H Arterioscler Thromb Vasc BioR00424:387.
O



MRI - HDL-Cholesterol
abbit / IV HDL, Apo E / HDL,

10

J.X. Rong et al. Circ 2001,104:2447
dimon JJ, Badimon L, Fuster V, JCI 1990; 85:1234 |jApo Al in Rabk
ng JX et al Circ 2001;104:.244;

ser SE JAMA 2003290:2292 +
O



s
Detection of Macrophages in Aortic Atherosclerosis of
Hypercholesterolemic Rabbits with 64-Slice CT.

Novel Contrast Agent N1177 Fused 'V'F;]R Of(;
3efore injection During injection 2 hours after N1177 ar;]glograp y an
our acquisitio
Transmission EM Absorption spectrum on Scanning EM

afil F, Fuster V, Fayad ZA et. al. Nature Med. 2007;13:636
O
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I ——————————————————————————
FREEDOM 1 - 2 -3 ( NHLBI 2005-2010 )

FUTURE REVASCULARIZATION EVALUATION
N PATIENTS WITH DIABETES MELLITUS: OPTIMAL

MANAGEMENT OF MULTIVESSEL DISEASE

) EPC Markers
) Statins: Crestor 20

) Niacin 2000 IR,

Risk Factor Profile,

BAD/MRI —AoCo/MRI -CT /PET
| Clinical Events

_V Fuster (2002010 j
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1) ATHEROTHROMBOTIC EVOLUTION
IMAGING — VP, HRP,BAD

‘ @ ‘ FREEDOM 1

4*
HRP Treat the Inflammation FREEDOM 2
ninflammatory @ @ @
and ‘ ‘
Nonstenotic
Treat the Stenosis FREEDOM 3
v

_>®_.

uster (Modif. from GA Diamond, S Kaul. Am J Med 2007 In Press)




.
HIGH RISK PLAQUES - HRP

HIGH RISK BLOOD - HRB
BURDEN OF ATHEROTHROMBOSIS DISEASE - BAD

HRP — Abundant (Heterogeneous)
HRP AND HRB — Regionally Different

BAD - Systemic

ister V. Kim RJ, Circulation 2005112:135
les-Gonzalez J, Fuster V, Badimon JJ. Eur. Heart 2004 25:
Ister V et. al. J Am Coll Cardiol 200546:937.

XVASC (Rothwell, PM et. al.) Lancet2005366:1773.

In only 3 years, 16% othe event(9 in the same or other territor
O




Systemic — Clinical Regions 2, 25-30%; 3, 5-10%
Atherothrombotic Disease (CAPRI & TASC)

Ischemic stroke
i Transient ischemic attack

Myocardial infarction

Angina pectoris (stable, unstable)
Sudden death

Intermittent claudication
Critical imb iIschemia, gangrene

Es—GonzaIez J et al, EHR004 25:1-V Fuster et al, Nature CVIn F
O



PATIENTS WITH UNSTABLE CORONARY LESIONS HAVE
COMPLEX CAROTID PLAQUES

707

Bl No Carotid Plagues
607
507 Simple Carotid

Plaques

[] Complex Carotid
Plaques

Patients (%)

Unstable Stable
Angina (n=67)  Angina (n=25)

_ombardo et al., Circ 2004; 109:3158 (Rome)



.
Asian, 64 yrs, DM2, e-smokel

BAD, CT- FDG uptake ascending aorta

1 26 Pts. Inflammation: Inverse Colocalization with CCS
Colocalized with Lipid Rich Areas
More Predominent in Diabetics

- Rudd, ME Farkouh, V Fuster, ZA Fayad, JACC 2007 (In Pres
Tahara et al JACC 2006;48:1825 (Kurome) -Simvastatin



-
To Quantify Coronary Plague Burden (CPB)

ong Kim, W et. al. Circulation 2007;115:228 (Aarhus).
O



2) ATHEROTHROMBOTIC EVOLUTION
IMAGING — VP, HRP, BAD
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REQUENCY OF ADVANCED CORONARY LESIONS (AUTOPSY - N=
FOCAL DISEASE (% Length Coronary tree)

Ruptured plague 1.2%

Thin-Capped Fibroatheroma 1.5%
Medium-Capped Fibroatheroma 1.
Thick-Capped Fibroatheroma 9.4%

Max Prox Third

- Cheruvu, R Virmani, E Moller et al., JACC 2007; 50:940 (Boston)



OCT, CAS, AND IVUS IN AMI
FINDINGS FOR CORRESPONDING IMAGES

OCT CAS IVUS
Finding (n=30) (=%]0)) (=%]0)) p Valu

rous cap disruption 22 (73)*T 14 (47) 12 (40) 0.021
rous cap erosion 7 (23)*T 1(3) N(0) 0.003
‘ombus 30 (100)f 30(100)x 10(33) <0.00

©0.05, tp<0.01, tp<0.01

_T: Optical Coherence Tomography, CAS: Coronary  Angioscopy

bo T et al JACC 2007;50: 933 (Wakayama, Japan)
GG



Images of Typical Fibrous Cap Disruption

Ibo, T et. al.J Am Coll Cardiol 200/50:933 (Wakayama, Japan)



Images of Typical Fibrous Cap Erosion

o, T et. al. J Am Coll Cardiol . 2007;50:933 (Wakayama, Japan)



Images of Typical Intraluminal Thromb

)0, T et. al.J Am Coll Cardiol 200/50:933 (Wakayama, Japan)



FUNCTIONALLY NON SIGNIFICANT STENOSIS
BY QUANTITATIVE CORONARY ANGIOGRAPHY — ROLE OF PC
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“ER STUDY (NHJ Pijls et al) JACC 2007:49:2105 (Neth ., Belgium)
e



.
FUNCTIONALLY NON SIGNIFICANT STENOSIS

3Y QUANTITATIVE CORONARY ANGIOGRAPHY — ROLE OF PCI
Cardiac Death and Acute MI after 5 Years

P=0.002
20 7 % P=0.003 |

DEFER PERFORM REFERENCE

FFR2 0.75 FFR <0.75

rtality < 1% per year and was not decreased by  stenting.

FER STUDY (NHJ Pijls et al.) JACC 2007; 49:2105 (Neth ., Belgiur
e



.
'TA (64 ROW) FOR THE DIAGNOSIS OF CHEST PAIN (STENOSIS #

IN THE EMERGENCY DEPARTMENT

thor

n Reference Sens Spec PPV NP

mann et al., (2006)

mann et al., (2006)

agher et al., (2007)

1son et al., (2007)

40 Expert panel 100%

103 Expert panel 100%

85 Cath & 30-day major 88%
Cardiac event rate

55 Cardiac cath & Clinical 94%
Follow-ups

4% 38% 100

82% 47% 100

92% 50% 999

7% 84% 919

sibbons et al., JACC 2007; 50:988
GG
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.
A) MRI DELAYED ENHANCEMENT (DE) TO PREDICT OUTCOMES

thor Population n MRI Predictor Outcomes FU
et al. MI (25% acute, 58% 144 % of MI with < 1. All-Mortality. 29 mo
6) chron., 17% ?age) intense DE 2. CV Mortality
(peri-infarct )
rmull Dilated Cardiom. 101 Mid-wall DE 1. All-Mort./Hp 22 + 12 mo
.,(2006) 2. SCD or sust. VT
lay etal AMI s/p lysis 19 Transm ext. DE Improved in wall 8 weeks
6) thickening
ntini AMI s/p PCI 76 Transm. DE, Centr. Change LVE DV | 6+1mo
. (2006) NE (Microv Obst) or LVEF
e et al. CHF with 28 % DE Clin. Resp. CRT 3 mo
6) CRT
burg Isch cardiom. 34 Segments for DE 1. LV vol./LVEF 6 mo
. (2007) with CRT 2. Clin Resp. CRT
1dorp AMI AY) % DE D End-diast vol 9 mo
. (2007)

sibbons et al., JACC 2007: 50:988



DILATED CARDIOMYOPATHY - PROGNOSTIC VALUE
OF MRI DELAYED ENHANCEMENT

1.0 = ——————

S\

No Late gadolinium |

c_>5 0.87 enhancement
>
-
%) B Late gadolinium
g enhancement
LL
L 0.4+
(-
O
>
L]

0.2 P=0.03

0.0 | | |

0 200 400 600 800

Follow Up Duration (Days)

5 Assomull et al., JACC 2006; 48:1977
GG



IRlI PREDICTION - RESPONSE TO RESYNCHRONIZATIC

20 A

%o

R=0.480
P=0.02

1S

104

Change In EF (%)

-10

-15 . . . .
0 20 40 60 80
% Total Scar

White et al., JACC 2006; 48:1953
O



[UDIES OF SPATIAL EXTENT OF INFARCTS USING MRI DEL AYE
ENHANCEMENT IMAGING

\uthor Patients n MRI Infarct Imaging
rtoetal., >30-mm Stent 52 New small Ml after PCI
2006)

10 etal., Remote STEMI 48 Standard to test ECG
2006) localization of M

leti etal., HOCM, septal alcohol 48 Size, extent, loc. defect
2007) ablat. or myectomy

rris etal., Congen. heartdiseas . 73 Localize fibrosis

2007)

sibbons et al., JACC 2007; 50:988
GG



.
) TRIALS OF CELL THERAPY OR G -CSF - MRI END POll

hor/Acronym Patients n FU Reference Result
de STEMI 47 6 Mo LVEF, inf. size NoXolji
06)

a (STEMMI) STEMI 33 6 mo LVEF, Inf. mass No diff.
06)

g (MAGIC) M 25 acute 6 mo LVEF NoXoljj
06) 16 old

ndrilox M 10 4 mo LVEF NoXoljj
06)

jleman STEMI 19 3 mo LVEF, Inf. area No diff.
_SF STEMI

06)

sibbons et al., JACC 2007; 50:988
GG



D) NON-INVASIVE IMAGING TESTS IN CAD AND

LIKELY / PREDICTED EXPANSION

Current

Year 2010

Personnel required
Estimated no. (x mill)

p

Personnel required
Predicted no (x mill)

Medical Non-medical no. Tests edical Non- medical no.T
erfus . 40000 §]0 180 3600 108 5
ssecho 165 8 8 2000 100 1
4000 10 10 400 20
50 ) 5 400 20
Year 2020
7200 216 Z
4000 200
2000 100
2000 100

SWG, Heart 2007 (In Press) — M Garcia, Heart 2007; 93:413



Training iIn Advanced Cardiovascular Imaging
Computed Tomography
MJ Budoff et al., JACC 2006 47:915

Training In Advanced Cardiovascular Imaging
Cardiovascular Magnetic Resonance [CMR]
GM Pohost et al., JACC 2006; 47:910

A Proposal for an Advanced Cardiovascular
Imaging Training Track
GA Beller. JACC 2006;48:1299

suidelines for Training in Cardiovascular CMR
Soclety SCMR
RJ Kim et al., J Cardiovasc Mag Res2007, 9:3



Role of Non-Invasive Imaging In

the Management of Coronary Artery Disease
British Cardiovascular Society Working Group

AH Gershlick et al., Heart 2007 (In Press)

ACCF / AHA Clinical Competence Statement
on Cardiac Imaging with CT and MR

Budoff MJ et al. JACC 200749 (In Press)

ACCF / AHA Clinical Competence Statement
on Vascular Imagingf with CT and MR
C Kramer et al 2008(In preparation)
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RISK FACTORS, GENETIC MARKERS,
SERUM MARKERS , BIOIMAGING

*| Major risk factors ‘*

Genetic maging
Markers
Markers | *
Serum
Markers

Sanz, V Fuster, JF Viles-Gonzalez, P Moreno 2007 (In Pres:
O



Imaging Data Handling: Overview

US Upload to secure eRoom

3T MR

CT

PET/CT




.
HRP — BIOIMAGING - BASELINE EVALUATION AND FOLLOW- Ul

andomization- Imaging No Imaging
Imagingvs ™ N=6000 FranTngham
imingham Only l N=1300

l

Imaging Risk

I/ CT, US, AAA, ABI ‘I

Imaging Risk
High
(CIEOIESS
FRS)

Imaging Risk
Not High

v

| Event Monitoring
| and g6 month
blood sampling

CE-CTA followed

by Non CE MRI CE MRI (Carotid, PET-CT
(Carotid, Aortic, |~ No ™ Coronary) N=200
Coronary) N=1000
N=1000



1) CAD, CT-Ca 2)Carotid IM Thicker

ster V, Kim RJ, Circ 2005112:135
-SA (Fernandes VRS, Lima JAC et. al. JACC 200647:24
s



1) INITIAL CALCIUM SCORE CATEGORIES (ADJUSTED AGE,S E>
PROSPECTIVE SURVIVAL FREE FROM NEW CAD (n=1795)

CAD Events Ca CVD Events (@F:]
Score

0-100
98
- 101-400
401-1000 =
94 - =
92 S
>1000 S
90- 2
@)
38 =
36 S
(@)
34 o
82_/ ' L
= =
0+ | | | | 0 | | | |
0] 1 2 3 Ys FU 0] 1 2 3

liegenthart , Circ 2005;112:572 — AJ Taylor, JACC 2005; 46:807
rad, JACC 2005;46:158 — MJ LaMonte, Am J Epid 2005;162:421



Effect of Simvastatin (80 mg) on Coronary and Abdomin
Aortic Arterial Calcium

ytal CAC and AAC were measured with  multidetector
wrdiac computed tomography. Inclusion criteria wer ea
AC score of 2 50 Agatston units, high- density lipoprotein

IDL) cholesterol level £ 50 mg/dl. Low- density lipoprotel
DL) cholesterol level between 100 and 160 mg/dl, and=
her risk factors. Diabetes and history of vascul ar disea:

ere exclusion criteria. Participants were randomi zed to
celve 80 mg simvastatin (n=40) or matching placebo
=40) for 12 months. Simvastatin treatment does not
duce progression of CAC or AAC compared with plac el

CATZ (JG Terry etal.,) AJC 2007; 99:1714 (Winston-Salem, NC)



2) INDEPENDENT PROGNOSTIC VALUE OF CAROTID IMT
A MEASURE OF BURDEN OF ATHEROTHROMBOTIC DISEASE (BA

NoO. FU Events Progn. Increm
urce Type Patients Y  Recorded Value Progn. Val
1C 1997 Prosp. 13841  4-7 M, Death, Yes ?

Revasc.
1S 1999 Prosp. 4476 6.2 MI, Stroke Yes ?
tt. 1997 Prosp. 7983 2.7  MI, Death Yes No

raggi. Arch Int Med 2006; 166:1069
O



.
CAROTID-IMT HAVE A HIGH PROBABILITY TO BE IVUS ) DESPITE
RONARY ANGIOGRAPHY DIAGNOSIS OF CORONARY NORMALITY

=
~

ECU (-)| ECU (+)

O Group A (% OB |, <40
® Group B (% OB |, 40-7

=
v

[EEN
1

o
o))

IVUS (+)
IVUS (=)

(false negative)

o
i

Coronary -IMT (Max)

o

IVUS (=)
IVUS (=)

(true negative)
|

IVUS (+)
IVUS (+)
(true positive)

IVUS (+

IVUS (-)
IVUS (+)
(false positive)

o

Carotid-IMT (Mean)

2.5

IVUS (—

Amato et al., EHJ 2007: 28:2094



.
) CUMULATIVE ABDOMINAL AORTIC ANEURYSM (AAA) -RELATE

MORTALITY (AGE 65-74)

Cumulative AAA-Related Mortality

0.006-

0.004 -

0.002-

2

(n = 33887)
— Control
Invited / Managed
(n = 33883)
///
2 3 4 5 6 7 8

Years since Randomization

SS (LG Kim et al.) Ann Int Med 2007; 146:703 (UK)
GG



4) ANKLE-BRACHIAL INDEX - POPULATION-BASED STUDIES
(META-ANALYSIS)

Sensitivity of
Low ABI
ome (95% Cl)

Specificity of
Low ABI
(95% CI)

Positive
Likelihood
Ratio (95% CI)

> 16.5 (12.8-20.2)

Ke 16.0 (12.9-19.1)
ause mortality 37.2 (27.8-34.6)
liovascular mortality 41.0 (33.8-48.2)

92.7 (92.1-93.3)

92.2 (91.9-92.5)

88.9 (88.2-59.6)

87.9 (87.2-88.6)

2.53 (1.45-4.4C

2.45 (1.76-3.41

3.97 (3.17-4.9€

5.61 (3.45-9.17

50-0.90 -8 50% Stenosis - 90% Sensitivity, 96% Specificity

Dooby, SS Anand. ATVB 2005; 25:1463 (Mc Master Univ)
enhagen Study (N Eldrup et al) EHJ 2006; 27:316



4) CARDIOVASCULAR EVENTS (INCLUDED NONFATAL MI AND
STROKE, DEATH )AMONG LEVELS OF ABI AND RISK FRS

30+

)
2

Positive predictive value (95% CI)
2
e

[EEN
o

0.8 0.9 Yes No Yes No High NI Yes No Yes No

Ankle  smoking  Hypert Chol Diabetes CVD
brachial

iIndex

nburgh Study (AJ Lee etal.,) Circ 2004; 110:3075
GG
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HRP — BIOIMAGING - BASELINE EVALUATION AND FOLLOW- Ul

andomization- Imaging No Imaging
Imagingvs ™ N=6000 FrarTngham
imingham Only l N=1300

l

Imaging Risk

I/ CT, US, AAA, ABI ‘I

Imaging Risk
High
(CIEOIESS
FRS)

Imaging Risk
Not High

v

| Event Monitoring
| and g6 month
blood sampling

CE-CTA followed

by Non CE MRI CE MRI (Carotid, PET-CT
(Carotid, Aortic, |~ No ™ Coronary) N=200
Coronary) N=1000
N=1000



5) CT- Angio 6) MRA

Fuster V, Kim RJ, Circ 2005112:135

Robin Roberts — Good Morning America — Jan 312006
s



s
)
Reliable High-Speed Dual Source CCT

IN Symptomatic Patients

Highly sensitive, Variable Heart Rate.
AC Weustink et al., JACC 2007; 50:786 (Rotterdam)

Use of Automatic Exposure Control

INn MSCT CTA
Significant Dose-Reduction Potential (42.8%)
A Deetjen et al., Heart2007, 93:1040 (Stuttgar




5) EXTRACARDIAC FINDINGS ON
CORONARY COMPUTED TOMOGRAPHY

Author n Total Major 1 Notes

uma et al. (2006) 503 58% 23% 2 lung and 2 breast cancer

char et al. (2007) 258 NA 56% 4 aortic aneury & 3 lung Ca

lleretal. (2006) 166 25% 5% 1 PE and 2 lung cancer

wey et al. (2007) 108 15% 5% 1 PE and lung nodule

>finition: Required FU
Gibbons et al., JACC 2007; 50:988
TGS



6) Detection of Coronary Artery Stenosis With
Whole-Heart Coronary MRA

'hole -heart 3D- Coronary MR angiography allows
I noninvasive detection of significant narrowing
 coronary arterial segments with a diameter of >
m with moderate sensitivity (82%) and high
vecificity (86%).

| Sakuma et al., J Am Coll Cardiol 2006; 48:1946
eeeTTETETETELL—L————————



/) BAD - Multi Slice Black Blood Imaging

apid Extended Coverage (REX)

urbo Spin Echo

ol

—

Car+ \

Longitudinal View Mid heart Aorta- 12 slices

nemura A, Momiyama Y, Fayad ZA et al. JACC 2005;45: 733
D (Fayad ZA, Mani V, Fuster V et al.) 2007 —Predicts CAD




-
8) MRl — R Amaurosis Fugax (RICA & RVA Stenoses)

Heavy FDG Uptake Vertebral Artery

HRMRI [18F]FDG-PET FUSED
#
HRMRI [18F]FDG-PET FUSED
—> R —>

Davies JR, Rudd JHF et al Stroke200536:;2642-7
O



8) FREEDOM, Asian, 64 yrs, DM2, ex-smoker
BAD, CT - FDG Uptake Aortic Arch

HF Rudd, ME Farkouh, V Fuster, ZA Fayad, JACC 2007 50:8¢
O



o
Interdisciplinary Background: Future Focus

Biological Era. Promoting Health
Minimally Invasive Era. Catheter-based

Mechanical Era. Cardiac Surgery

Yesterday Today Tomorrow
ary Cardiac Care Specialist Bioimaging
ute Cardiac Care Interventionalist Genetic Screening
~ardiac Surgery EPS

Outcomes / Econom

irce: MS Analxsis 240]0)
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