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@ European Heart Journal (2013) 34, 29493003 ESC GUIDELINES

EURCPEAN doi:10.1093/eurheartj/eht296

2013 ESC guidelines on the management

of stable coronary artery disease (SCAD)

The traditional understanding of SCAD is that of a disease causing
exercise- and stress-related chest symptoms




55 year-old woman

‘new, typical angina

*CCS class lI-Ill severity despite nitrates
*no beta-blocker due to lung disease




@ European Heart Journal (2013) 34, 29493003 ESC GUIDELINES

ROPEAN doi:10.1093/eurheartj/eht296

2013 ESC guidelines on the management

of stable coronary artery disease

The traditional understanding of SCAD is that of a disease causing
exercise- and stress-related chest symptoms due to narrowings of
>50% in the left main coronary artery and = 70% in one or several
of the major coronary arteries.
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Anatomic predictions

ambiguous Imprecise
(often unclear (uncertain for an
If causal) iIndividual)




Cause and effect?

55 year-old
woman with new,




Cause and effect?

“chest pain unrelated
to activity, unrelieved
by nitroglycerin and
apparently non-
cardiac In origin”
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<30 30-39 40-49 50-59 60-69 270
Age(yrs.)

1,282 men from

15 US centers

Sl Chaitman BR, Circulation. 1981 Aug, 64(2):360-7 (Figure 3, modified excerpt)




Cause and effect?

Obstructive Subgroup of obstructive CAD
1VD 2VD 3VD/LM

CACS<100 1017 (42.5%) 204 (8.5%) | 147 (6.1%) 39 (1.6%) |18 (0.8%)
CACS>100 716 (86.8%) |342 (41.5%) 185 (22.4%) 96 (11.6%) 61 (7.4%)

CONFIRM reqistry

17% had 250%DS  S:217 patients
206 with 3VD/LM . 2oymplomaltic

from 12 centers
In 6 countries

SRl Cho |, Eur Heart J. 2015 Feb 21;36(8):501-8 (excerpt from Figure 1)



Cause and effect?

ECA survey Lifetime prevalence
13,538 subjects  *Chest pain = 25%
community-based eFatigue = 24%
from 5 USA centers e¢Palpitations = 18%
*Dyspnea = 14%

SRR <rocnke K, Arch Intern Med. 1993 Nov 8;153(21):2474-80 (data from Table 1)



Cause and effect?

=2007:DS:  Symptoms
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Cause and effect?

“It has been shown that in a randomly selected
group of asymptomatic 60-year old men, the
prevalence of apparently significant coronary
stenoses is 20%. Therefore, one must assume
that iIn a number of such patients, the presence
of a lesion may be coincidental and that a
direct relation between the angiographic lesion
and the chest pain is unclear.”

-Bech GJ, De Bruyne B, ..., Pijls NH
JACC. 1998 Mar 15,31(4)841-7 (my color and emphasis added)




Anatomic predictions

ambiguous Imprecise
(often unclear (uncertain for an
If causal) iIndividual)




Individual imprecision

“Left main” stenosis

4.4mm j S50%DS 2.2mm

— N A

<€ >

AP

Poiseuille law: AP « 1 / radius?




Individual imprecision

“Left main” stenosis

4.4mm j S50%DS 2.2mm
<€ >

AP

Poiseuille law: AP « 1 / radius®
(physiology « anatomy)




Individual imprecision

“Left main” stenosis

4.4mm 50%DS 2.2mm

— N A

<€ >

AP
Relative error AP/P = 4 * Aradius / radius
(error In physiology « error in anatomy)




Individual imprecision

“Left main” stenosis

4.4mm 50%DS 2.2mm

— N A

<€ >

AP
Relative error AP/P = 4 * Aradius / radius
(error In physiology « error in anatomy)

e Invasive = 4*0.2mm/1.1mm = 73% AP/P




Individual imprecision

“Left main” stenosis

4.4mm 50%DS 2.2mm

— N A

<€ >

AP
Relative error AP/P = 4 * Aradius / radius

e« CTA=4*0.6/1.1 = 218% error in AP/P
e |nvasive = 4*0.2/1.1 = /3%
e VUS =4*0.1/1.1 = 36%

e OCT =4*0.02/1.1 = 7%




CT-modeled FFR

+=0.6mm imaging _ -~
resolution, -~

reference vessel
3.5mm diameter

™
(9}
<4
LL
=
>
£
Q.
©
5
(o)}
2
(<))
c
©
=
o
>
e
[+
L.
Ll

Fractional flow reserve (FFR)
Johnson NP, Circ Cardiovasc Imaging 6(5):817, 2013, Figure 4A
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CT-modeled FFR
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Johnson NP, Circ Cardiovasc Imaging 6(5):817, 2013, Figure 4A




CT-modeled FFR

scatter dominated by

.

imaaqging resolution
CTA=0.6mm
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Fractional flow reserve (FFR)
Johnson NP, Circ Cardiovasc Imaging 6(5):817, 2013, Figure 5A




Anatomy versus physiology

r<0.78
SEE=0.13
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Coronary 3.0
Reactive
Hyperemia 2.4
Peak/Resting
Velocity Ratio 1.8

1.2
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5 6 7 20 30 40 S50 60 70 80 90 100
% Diameter Stenosis
MLA by IVUS {LAD Single Lesions Only)
SFR (angiography) = Bartinek J, JACC. 1995 Aug;26(2):328-34 (Figure 3, bottom)
FFRc (CT angiography) = Koo BK, JACC. 2011 Nov 1;58(19):1989-97 (Figure 4)
MLA (IVUS) = Waksman R, JACC. 2013 Mar 5;61(9):917-23 (Figure 1A)
%DS (angiography) = White CW, NEJM. 1984 Mar 29;310(13):819-24 (Figure 2)
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Anatomy versus physiology

“anatomy

73

(QCA)

“physiology”

' Toth G, Eur Heart J 2014 Oct 21;35(40):2831-8 (Figure 1A)




Anatomy versus physiology

Mild anatomy, severe physiology
= How to treat?

RIPCORD

%DS

0-30 % 31-50 %

FFR

< RIPCORD = Cruzen N, Circ Cardiovasc Interv. 2014 Apr;7(2):248-55 (part of Figure 2)



Anatomy versus physlology

58%DS

9% DS

Toth G, Eur Heart J 2014 Oct 21;35(40):2831-8 (Figure 1A)



The New England
Journal of Medicine

©Copyright, 1979, by the Massachusetts Medical Society

Volume 301 JULY 12, 1979 Number 2

NONOPERATIVE DILATATION OF CORONARY-ARTERY STENOSIS
Percutaneous Transluminal Coronary Angioplasty

ANDREAS R. GRUNTZIG, M.D., AKE SENNING, M.D., AND WALTER E. SIEGENTHALER, M.D.
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Bl Griintzig AR, NEJM 1979 Jul 12;301(2):61-8 (modified Figure 3)
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PER CENT

58 = 14 mmHg
(before)

Pd/Pa = (100-58)/100
<<0.75 (even at rest!)

20 40 60 80 mmHg
MEAN PRESSURE GRADIENT

“physioclogy”

Griintzig AR, NEJM 1979 Jul 12;301(2):61-8 (modified Figure 3)




PTCA 58 = 14 mmHg
n=234 (before)
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Griintzig AR, NEJM 1979 Jul 12;301(2):61-8 (modified Figure 3)
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Fractional Flow Reserve
versus

FAME Angiography for
@ M ultivessel

Evaluation




Anatomy

physiology

1.0- anatomy
S\
L 094 T <~ _Medical therapy
Pl PCI ™ .
- Y Balt s,
() femae
—
52BE 71
gsg °
E3E
= 3 0.6
% ﬁi 5 Hazard ratio, 1.05; 95% Cl (0.87-1.27); P=0.62
.9
a < 1
0 DO T T VO PO Y VL COE Y WL O S LSS O O O S L |
0 1 2 3 4 5 6 7
Years
No. at Risk
Medical therapy 1138 1017 959 834 638 408 192 30
PCI 1149 1013 952 833 637 417 200 35

COURAGE

Survival Free from Major Adverse Cardiac

Events (%)
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FFR-guided PCI

Angiography-guided PClI

Relative risk, 0.72; 95% CI (0.54-0.96); P=0.02

T T T T 1
120 180 240 300 360

Days since Randomization

60

Johnson NP, Circ Cardiovasc Imaging. 2013 Sep;6(5):817-32 (Figure 6)
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INTERNATIONAL
E SURVEY ON &

INTERVENTIONAL ./

STRATEGY :

Case #1 (page 77

6\ Pleas

NOT!

El Stenosis #1

B Click here to add stenosis #2

L__F1_Click hara ta add stanacic #3

dl Toth GG, Circ Cardiovasc Interv. 2014 Dec;7(6):751-9 (Figure 1)

?

“Participants were
asked to make their
decisions assuming

B ideal world conditions,

without considering any
financial restrictions or
local regulations, but
only after the best
clinical practice
achievable in this virtual
catheterization
laboratory.”
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[ FFR requested

e 34% of all

: 38% of all
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Toth GG, Circ Cardiovasc Interv. 2014 Dec;7(6):751-9 (Figure 4 with

21% [ Angiogram-based decision

3 Discordant with functional metric*
= Concordant with functional metric*

* considering FFR<0.80 as significant

almost a
50%/50%
split vs FFR
(coin toss!)
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Playback Time 200
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CATHOLIC UNIVERSITY OF LOUVAIN
MEDICAL SCHOOL

Coronary Pressure

From a Physiological Index to a Clinical Tool

"Albelt often statistically
significant, the correlations
between angiographic and
functional indices ... are too
weak to be clinically relevant”




