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2,368 diabetic patientsassigned to
revascularization or medical tx and

followed for 5 years

2,287 individualswith angiographically
obstructive CADand ischemia assigned to PCI or

medical tx and followed for 4.6 years

COURAGETrial
(D/MI/CVA)

BARI 2DTrial
(D/MI/CVA)

Source: Boden et al. NEJM2007; BARI2DStudyGroup, NEJM2009

Decisionsof coronary revascularization should not be based
upon anatomic stenosisalone
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441 414 370 322 283 253 220 192 162 127 100 70 37MT

No. a t ris k

0 1 2 3 4 5 6 7 8 9 10 11 12
Months after randomization

MT vs . Regis try: HR 4.32 (1.75-10.7); p<0.001
PCI+MT vs . Regis try: HR 1.29 (0.49-3.39); p=0.61
PCI+MT vs . MT: HR 0.32 (0.19-0.53); p<0.001

All-cause dea th, MI, or urgent revascula riza tion

De Bruyne B et a l. NEJM 2012



Multiple Fe a ture s Be yond S te nos is
Contrbute to High-Ris k P la que

Ma urovich-Horvat. Na t Rev Car 2014.Slager CJ e t a l.) Na t Clin Pract Cardiovasc Med 2005;

Assessable by CCTA
• Plaque burden
• Lipid core
• Spotty

calcification
• Low endothelial

sheer stress(ESS)
• FFR
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Ris k-s tra tifica tion in CAD
S te nos is ha s be e n give n a ba d ra p



• Most MI’s a re caused by event in plaque with mild
s tenos is ; but,

– Mild s tenoses : fa r more numerous

• Occlus ive thrombos is : more like ly in severe ly
s tenosed arte ry

Ris k-s tra tifica tion in CAD
S te nos is ha s be e n give n a ba d ra p

Arbab-Zadeh, Fuster JACC2015

Alderman, et al: CASS; JACC1993



Stenos is a t Base line

• 5-49%

• 50-80%

• 81-95%

Occlus ion at Follow-up

• 2.3%

• 10.1%

• 23.6%

CAS S : Ra te of S e gme nt Occlus ion by
Ba s e line S te nos is S e ve rity

Follow-up angio (n=298):
42-66 months afte r randomiza tion
3049 non-bypassed segments

Alderman, e t a l: JACC 1993



Le ft Ma in Corona ry S te nos is

CTA CATH

BLUROB



Le ft Ma in Corona ry S te nos is

CTA CATH

BLUROB

• Left main CAD: excluded in COURAGE, BARI 2D, ISCHEMIA



Le ft Ma in Corona ry S te nos is

CTA CATH

BLUROB

• Left main CAD: excluded in COURAGE, BARI 2D, ISCHEMIA
• Frequency: 5-7%of invasive coronary angiograms(Fijedet EHJ2012)



Normal

Non-Obstructive
p<0.0001

1-Vessel
p<0.0001

2-Vessel
p<0.001
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Source: CONFIRMMin et al. J Am Coll Cardiol 2011

P rognos tic Va lue of CCTA CAD Exte nt / S e ve rity

23,854 patients w/o known CAD (57+13 years), 2.3 year f/u
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Source: CONFIRMMin et al. J Am Coll Cardiol 2011

P rognos tic Va lue of CCTA CAD Exte nt / S e ve rity

23,854 patients w/o known CAD (57+13 years), 2.3 year f/u

Consistent findings in all populations studied to date



CHD Death and MI in Scot Heart Tria l
Post-hoc 50-Day Landmark Analysis
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HR0.50 [0.28-0.90]
P=0.020

Impact of Alterations in

Therapy

- CTCAPerformed
- Result Reviewed
- Management Changed
- Invasive Angiography Arranged
- Prescription issued

Williams…Newby, et al JACC2016

4416 patients with stable CP

85%had exercise testing
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Source: MinJKet al. JCardiovasc Comput Tomogr 2011, MinJKet al.AmJCardiol 2012; MinJKet al. JCardiovasc Comput Tomogr.
2012; Grunau GLet al. Curr Cardiol Report; MinJKet al. JAMA2012; Kooet al. JAmColl Cardiol 2012

• From typically acquired CCTA
• Computational fluid dynamics

• Stenosis
• Vessel volume after lesion
• Myocardial mass distal to

lesion
• No additional acquisition, radiation
• No modification to imaging

protocols
• No administration ofmedications



FFR 0.65
= Lesion-specific ischemia

FFRCT 0.62
= Lesion-specific ischemiaLADstenosis

FFRCT 0.87
= No ischemiaRCAstenosis

FFR0.86
= No ischemia

FFRCT for Lesion-Specific Ischemia
C

as
e

1
C

as
e

2

CT ICAand FFR FFRCT

CT FFRCTICAand FFR



FFRCT: Three (3) Prospective Multicenter Trials

DISCOVER-FLOW DeFACTO NXT
Primary end point Per pt. diag accuracy Per pt. diag accuracy;

lower limit 95%CI0.7
Per pt. AUC

Study sites/ countries 4 / 3 17 / 5 10 / 8

Site expertise qualification FFR CTor FFR CTplus FFR

CTtraining of site Yes No Yes

FFRtraining of site No No Yes

CTquality check No No Yes

CTresults reading Core lab Core lab Site

FFRresults report Site Site Site with core lab
overview

Vessel size for inclusion ≥ 2.0 mm ≥ 1.5 mm ≥ 2.0 mm

Use of NTG with CT ? 75% 99.6%

Software version* V1.0 manual V1.2 partialautomation
approx6 hours (this is

specified in manuscript)

V1.4 increased
automation
<4 hours

Koo et al JACC2111 Min et al JAMA2013 Norgaard et al JACC2014



FFRCT<.80

CT>50

NXTPer-Vessel: FFRCT vs. FFR and ICA

N=484

FFRCT diagnostic accuracy superior to both CTand ICAstenosis
Norgaard et al JACC2014

ICA≥50



FFRCT<.80

CT>50

NXTPer-Vessel: FFRCT vs. FFR and ICA

N=484

FFRCT diagnostic accuracy superior to both CTand ICAstenosis
Norgaard et al JACC2014

ICA≥50



The FFRct RIP CORD Study

• 200 consecutive pa tients with s table ches t pa in undergoing
CCTA then FFR by ICA) (from NXT)

• Management plans : consensus of 3 inte rventiona lis ts

• Assumed tha t pa tients were suitable for any trea tment:

– OMT, PCI, CABG, more information needed

• Plan 1: based on CCTA

• Plan 2: based on CCTA + FFRct

Curzen…Rajani: JACCCV Imaging 2016



200 patients from NXT: All had subsequent ICA

Curzen…Rajani: JACCCV Imaging 2016The FFRct RIPCORD study

Re comme nde d Ma na ge me nt P la n on the Ba s is
of CCTA with a nd without FFRct
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Curzen…Rajani: JACCCV Imaging 2016The FFRct RIPCORD study

Re comme nde d Ma na ge me nt P la n on the Ba s is
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200 patients from NXT: All had subsequent ICA
Re comme nde d ma na ge me nt pla n: cha nge d in 36% of ca s e s

Curzen…Rajani: JACCCV Imaging 2016The FFRct RIPCORD study

Re comme nde d Ma na ge me nt P la n on the Ba s is
of CCTA with a nd without FFRct

%



FFRct a t Ce da rs -S ina i: P ilot Expe rie nce

• 1550 pa tients : CCTA from 2/19/16 to 11/4/16

• Research/hospita l funding: No charge to pa tient or insurance

• 393 CCTA sent for FFRct (>25% stenos is )

Maximal CT s tenos is grade N of Pa tien ts , %

Grade 1: 1-24% 3 1%

Grade 2: 25-49% 193 49%

Grade 3: 50-69% 109 28%

Grade 4: 70-89% 28 7%

Grade 5: 90-99% 14 4%

Grade 6 : 100% 13 3%

Uneva luable 33 8%

Unpublished 2016



FFR 0.71

BRADER (79M): Recent onse t exertiona l CP/SOB
Sta tin, ASA, ARB, BB



BAUSTE (59M) Non-exertiona l CP/SOB
DM/Insulin; Hypertens ion

Normal SPECT-MPI
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Ma xim a l CT s te n o s is g ra d e810 ve s s e ls (393 pa tie nts )

N=132N=381N= 238 N=42 N=17

9.9% of ve s s e ls with 25-89% ha d FFRct ≤0.80

Unpublished 2016



Tamarappoo, Berman e t a l JNC 2010

Frequency of Abnormal SPECT
by CCTA Stenos is Ca tegory

Ne a rly Ide ntica l to FFRct Findings



Stenos is

• <25%

• 25-49%

• 50-69%

• 70-89%

• ≥90%

FFRct

• No

• Consider if close r to 50%
and/or high risk plaque fea tures

• FFRct

• Cons ider if closer to 50% and
no high risk plaque fea tures

• No

Use of FFRct at Cedars-Sinai
Algorithm According to %Stenosisand Plaque Features
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ACS

LAD

Positive remodeling (+ ), Soft plaque (+ ),
Fibrous plaque (+ ), Calcification (-)

Motoya ma e t a l. J ACC 2007;50:319-26



ACS

LAD

Positive remodeling (+ ), Soft plaque (+ ),
Fibrous plaque (+ ), Calcification (-)

Motoyama et al. JACC 2007;50:319-26

Adverse Plaque Fea tures : pos itive remodeling,
low attenua tion plaque , spotty ca lcifica tion



81% s tenos is 70% s tenos is

Shmilovich, Cheng, et al., Atherosclerosis 2011

High risk plaque Features : Predict Ischemia



FFR 0.50

Nakazato, et al JACC 2013

Aggre ga te P la que Volume : P re dicts FFR Is che mia

In P a tie nts with Inte rme dia te S te nos is

58 pts with intermediate stenosis on CCTA



Dey et al JCCT2009, Dey et al JCCT2014,

Automa te d qua ntita tive pla que cha ra cte riza tion*

• %Diameter Stenosis

• %Area Stenosis

• Total plaque volume/burden (CP, NCP)

• Low-density NCPplaque volume/burden

• %NCP/Total plaque Volume

• %Aggregate plaque volume

• Remodeling index

• Contrast density difference

• Minimum luminal area, lesion length

*Autoplaq
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Quantita tive Plaque Assessment on CCTA
Predicts PET Ischemia

Dey, e t a l Circ CV Imaging 2015
Autoplaq vsN-13 AmmoniaPET



Gaur…Norgard EHJ 2016

Stenos is , Low-dens ity Plaque , and FFRct
Predict of FFR-Ischemia

N=484 vessels/254 pts(NXT); Autoplaque



% of Patients Subsequently Having ACS
Adverse P laque Fea tures on CCTA

1,059 pts with CCTA followed up for 27 ± 10 months
ACS developed in 15 patients.
None had >75% stenosis in the culprit lesion at time of CCTA

s (F):
deling
on plaque

Motoyama et al. JACC 2009;54:49-57



Motoyama, e t a l JACC 2015

N=3,158; 88 ACS in me a n f/u 3.9 ± 2.1 ye a rs

HRP : pos itive re mode ling or low a tte nua tion pla que ; S S : ≥70% s te nos is

High risk plaque (HRP) Fea tures : Predict ACS
HRP and Significant S tenos is : Complementa ry



• Re producible , qua ntita tive a s s e s s me nts of globa l
pla que burde n a nd pla que fe a ture s

• P ote ntia l importa nt tool for s e ria l a s s e s s me nt

• Clinica l tria ls

• Clinica l management

• Could extend applica tion of CCTA to
asymptomatic pa tients

S e ria l Qua ntita tive Corona ry P la que As s e s s me nt
As s e s s ing the Effe cts of The ra py



Asakura and Karino. Circ Res1990

Endothe lia l Shear Stress (ESS) in Human
Coronary Arte ries

Left Main, Proximal LAD, and Proximal Circumflex

Undisturbed laminar flow

P͞hysiologic ESS͟

Low and oscillatory

disturbed laminar flow

L͞ow ESS͟

vasculoprotective

pro-inflammatory

and atherogenic

Low Flow and Reversed Flow:
- outer waist of a bifurcation
- inner aspect of a curve,
- downstream from an obstruction

Courtesy: Peter Stone





• Stenos is : Definitive when severe

• FFRct

– Provides les ion specific ischemia

– Reduces need for s tress imaging afte r CCTA

– Decreases the ra te of ICA afte r CCTA

• Quantifica tion of plaque :

– Adds to prognos tic assessment

– Potentia l to guide revascula riza tion in asymptomatic
pa tients

– Valuable tool for assessment of the rapy

• Assessments of s tenos is , plaque , and ischemia :

– Complementa ry

Stenos is , Ischemia , and Plaque in CCTA





Thank you very much


