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FFR and intravascular imaging,
which of which?
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Diagnostic assessment of ASCAD

Morphological assessment Functional assessment
X-ray Anglo
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Takagi et al. Circulation 1999
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Rioufol & Finet
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Why left main lesion is important?
* Supplying 75% of the LV cardiac mass with right dominant type or
balanced type and 100% in the case of left dominant type.

* Divided into three anatomic regions-ostium, a mid-portion, and the
distal portion.

Ostial and Body

Versus
Distal Bifurcation

» LMCA bifurcation, intimal atherosclerosis is accelerated primarily in
area of low shear stress in the lateral wall close to the LAD and LCx
bifurcation .. The carina was always spared
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2014 ESC/EACTS Guidelines on myocardial
revascularization

Level of Data derived from multiple randomized clinical trials
Evidence A or meta-analyses.

Level of Data derived from a single randomized clinical trial
Evidence B or large non-randomized studies.

Level of Consensus of opinion of the experts and/or small
Evidence C studies, retrospective studies, registries.

Favours CABG

Favours PCl

Toat

Left main fisolated or |VD, ostium/shaft)
Left main (isolated or [V, distal bifurcation]
Left main + 2VD or 3VD, SYNTAX score < 32
Left main + 2VD cr 3VD, SYNTAX score > 33
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Everolimus-Elurting Stents or Bypass Surgery
for Left Main Coronary Artery Discasce
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Accurate assessment of LMCA disease

is important to guide appropriate risk stratification and
treatment allocation.

Conventionally, an angiographic cut-off of = 50% diameter
stenosis (equivalent to = 75% area stenosis) has been
used to indicate hemodynamic significance,
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There ignore to a stenosis than just minimal lumen diamet

area which produce a reduction in coronary flow

Coronary stenosisas complex
anatomic featuresuch as
Flow entrance angle,
Length of narrowing,
Shape of the orifice,
Exit angle and
Region of turbulence,
which together form the resistance.

These anatomiactors are
unknowable from the angiogram
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Angiographic assessment of the LMCA has

the different limitations

» Short vessel segment,
» Lack of a reference vessel,
» Eccentricity, remodeling,

» Potential for missed ostial disease due to deep
catheter placement,

* Overlapping daughter branches, and
« Foreshortening on angiography
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Complementary use of FFR
or IVUS/OCT is needed
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Arguments for the morphological
approaches

IVUS / OCT
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View 1
View 2 (orthogonal to view 1)

Coronary angiography ‘

reference stenosis

Cross-sectionol imoges

IvUs ’

{50 wm & 30 im/sec)

Crass-sectional imoges

ocT

(13 um @ 5 isn/soc)

IVUS Criteria for a significant LMCA stenosis

Jasti V. et al, Circulatid2004
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Absolute lumen CSA <5.9 mm? (0r MLD < 2.8 mm).is the *
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Commonly proposed practice for IVUS cutoff

Role of intravascular ultrasound in unprotected
left main percutaneous coronary intervention

Paul Das & lan Meradith

$6 Downicad Otation B NIV 00k 0181 0.1 5861 7790725 1 B

suggest that a deferral strategy may be safe in the short- to medium-
term if the IVUSderived MCAMLA is 8mn?or MLD 2.8mm
this is a commonly proposed practice .

Identifying a cut-off with adequate accuracy when compared to FFR,
however, remains challenging.
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Different Cut off for [VUS
Intravascular Ultrasound-Derived
Minimal Lumen Area Criteria for
Functionally Significant Left Main
Coronary Artery Stenosis

Seung-Jung Park, MD, MD,* Jung-Min Ahn, MD,* Soo-Jin Kang, MD,* Sung-Han Yoon, MD,"
Bon-Kwon Koo, MD, | Jong-Young Lee, MD,” Won-Jang Kim, MD,* Duk-Woo Park, MD,*
Seung-Whan Lee, MD,* Young-Hak Kim, MD,* Cheol Whan Lee, MD,* Secng-Wook Park, MD, PuD*
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Clinle anrch
Intravascular Ultrasound-Derived Predictors for Fractional Flow
Reserve in Intermediate Left Main Disease

More recently, a smaller MLAs were reported in Asian
populations

MLA<4.8 mrhwas best correlateglith an FFRG<80
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(89% sensitivity and 83% specificity),

The accuracy of these small cut-offs has notbeen
determinedh other ethnic

groups
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IVUS POST-PCI

* There are no RCT data available. The principal data
comes from 2 registry cohorts:

* the Korean MAINCOMPARE regist(Revascularization for
Unprotected Left Main Coronary Stenosis: Comparison of PTCA Versus

Surgical Revascularization) &
* apooled Spanishregistry
* In the absence of RCT, these observational studies offer
some support for the routine use of IVUS to optimize
LMCA PCI

de la Torre Hernandez JM, et al. J Am Coll Cardiol Intv 2014;7:244-54.

Brugaletta SJ, et al. Am Coll Cardiol Img 2011;4:647-55.
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Impact of IVUS guidance on long term mortality in stenting
for UP-LMCA stenosis

Koplan-Meier incidences curves of outcomes following IVUS and angiogropic guidances

A - A -
oy —— i pe—
¥ oy sl o p—
: ;
A A
— I SN
; M |
v I *1 J
P o pesen - - ATnsang
k- =
-~ . - - - - — - % - - —
P— d e -
ey - - - v
N b - - - e -~ w - -
ey @ e — - Ll - -
in 201 propensity-matched pairs in 145 propensity-matched pairs
of the overall population of patients receiving DES

Park 5) et al. Circ Cardiovasc Intervent 2009; 2:167-177.
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2014 ESC/EACTS Guidelines on myocardial
revascularization

IVUS in selected patients to
optimize stent implantation.

702,703,706

IVUS to assess severity and
optimize treatment of
unprotected left main
lesions.

IVUS or OCT to assess
mechanisms of stent failure.

AA !. OCIETY OF
G CARDIOLOGY
W CardioEgype2017

 The main disadvantage with OCTis
shallow depth of penetration, which limits
assessment of plaque burden (an
important consideration in LMCA
treatment).

* |n addition,is the need to flush the lumen
to achieve a blood-free field. This renders
adequate assessment of ostial LMCA
lesions more difficult.

* Arecent analysis of 15 studies confirmed
the correlation between IVUS MLA and
FFR in LMCA disease but no data to
support the role of OCT in this setting .

 D'AscenzoF, etal.. Am Heart J 2015;169:663-73 |
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Arguments for the functional

approach
FFR determination by pressure g

NO ISCHEMA
>
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ISCHEMA AT REST
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Pijls NHI. Hears 1998, 80:539.542.

Pijls NHI. Circulation 1995:92:3183-3193.
‘# ;-:‘-'G'l‘_f'. \ SOCIETY Of Matswo H. Clrrulation 2002 105: 1060-1065.
CARDIOLOGY Bech GIW. Circulation 2001;:103:2928-2934

& CardioEgype2017 Bech GIW. 2 Am Coll Cardiol 1998, 31:841-847
Pijls NHI. N Engl J Med 1996:334:1703-1708.
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Europea Meart journal (2015) 38, 1182-3188 CLINICAL RESEARCH
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Deferral vs. performance of percutaneous
coronary intervention of functionally

non-significant coronary stenosis: 15-year
follow-up of the DEFER trial

Frederik M. Zimmermann', Angela Ferrara?, Nils P. Johnson?, Lokien X. van Nunen',
Javier Escaned®, Per Albertsson®, Raimund Erbel’, Victor Legrand®,

Hyeong-Cheol Gwon’, Wouter S. Remkes'?, Pieter R. Stella'!,

Pepijn van Schaardenburgh'?, G. Jan Willem Bech'*'%, Bernard De Bruyne?,

and Nico H.). Pi]ls"“

# Givioloor

V' CurdioEgyp2017

DEFERi15Years

— A 25
VDl
M Parform
~IFRefarance
20 -

= g
8 2
&
Myocardial nfarztion %]
2 3
1 1
E

5 o
Unkrowe J 0,065
Moncrdac o 08
.................. T T A T -
M Numbers at risk Years
A Defer of £ 0 <5 0044

Target vesse S " . o1

RBeference 142 113 102 20

CARDIOLOGY
CardioEgype2017

2/27/2017

12



2/27/2017

Jowrtal of e Asrican Colege of Casbbogy
0 2000 by the Anverion Culbege of Canbiobogy Foundaion
Purichad by Elcrise e

CUINICAL RESEARCH Interventional Cardlology

Fractional Flow Reserve Versus Angiography
for Guiding Percutaneous Coronary Intervention

in Patients With Multivessel Coronary Artery Disease
2-Year Follow-Up of the FAME (Fractional Flow Rescrve

Versus Angiography for Multivessel Evaluation) Study

Nico H. . Pigls, MD, PuD,” William F. Fearon, MD,t Pim A. L. Tonino, MD,*

Uwe Sieberr, MD), MS, MPH, ScD 1§ Fumiaks lkeno, MDD+ Bernhard Bormechein, MD, MPH
Marced van't Veer, MS, PuD,” Volker Klauss, MD, PuD) Ganesh Manoharan, MD,§

Thomas Engstrem, MD, PuD# Keith G, Oldroyd, MD,™ Peter N. Ver Leoe, MD, 1

Phifip A. MacCarthy, MD,3% Bernard De Bruyne, MD, PuD,§§ for the FAME Study Investigators
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LMCA assessment with FFR

Although the principles
determining FFR apply equally

to the LMCA as to other points in CARDIOLOGY TRlALS v ORG

Explaining the most important trials in cardiology

the coronary tree,
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interestingly, the presence of
LMCA disease was an {
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Role of FFR in intermediate LMCA stenosis

47 yr M with Stable angina 50yr M with Stable angina

Ostial LM 60% MLA = 4.4min? Ostial LM 20% MLA 6.1mm?

Visualdfunctional mismatch in LMCA stenosis
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Role of FFR in intermediate LMCA stenosis

* FFR measurement for intermediate LMCA
evaluation should be required, especially in cases
of ostial and shaft LMCA disease.

* FFR measurement could avoid unnecessary
LMCA stenting or bypass surgery.

‘ Morton J. Kern. Trends in cardiovascular medicine (2016)
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Limitation of LMCA FFR

An important limitation of LMCA FFR is the confounding
effect of downstream stenoses, which are present in the
majority of patients with LMCA disease.

Serial stenoses will each blunt hyperemic flow, thereby
causing LMCA FFR to be falsely elevated in the
presence of downstream disease.

¢ apullbackgradient from LAD & L@Xften warranted to
determine the location of greatest functional flow limitation and the relative
contribution of each lesion to the total ischemic burden.

* Intravenous adenosiadlows for careful pullbacks and
longer steady state that is often favorable.,

« Guide cathetatisengagementould be ensured to avoid the
potential for a false negative FFR due to guide catheter damping at an ostial LMCA
lesion

¢ When in doubt, an IVUS/o©OCTmay be desirable.
Morton J. Kern. Trends in cardiovascular medicine (2016)
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LM-FFR in the setting of down stream

LAD (or dominant LCX) disease

* Fortunately, the LAD lesion must be very
severe (FFR <0.6) to influence the left main
FFR.

* In the case of the leftmain/LAD FFR <0.6, with
aquestion of the true left main FFR, use IVUS
to measure the distal left main CSA.

o If the left main CSA is >6 mm?, the lesion is
not significant.
Morton J. Kern. Trends in cardiovascular medicine (2016)
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Gray-zone FFR:0.750.80

(%) TVF
100

FFR of >0.80

P=0015

FFRof 0,76 - 0.80

150patients
DeferredRevasc based on FFR®75
0 1 2 3 4 5
(years)

80 1

Shiono Y et al, Circ. J. 201
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Gray-zone FFR:0.750.80
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e e Stenosis classification by angiography
325 lesions 1329 lesions

In lesions with 50 -70% diameter narrowing, only 33% were

hemodynamicallgignificantased on FFR.
In lesions with 71 -90% diameter stenosis, 20% were

not

hemodynamicallsignificantbased on FFR and did not

require PCI.

Bech et al. Circulation 2001
Tonino et al. JACC 2010
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summarizes the studies that assess revascularization in
LMCA based on FFR
Servival
Definemy Fodbow -up Revasculanzatun Surme  reviecufanzaton RR Y
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yal 122}
Hiwri v . 213 - e -2 13 75 CABG BUx 54 184 |1067-504)
|x.-..| <40 s M e w LR (1124407 I
FER €.75s a clinically effective tool when used as a

cutoff for guiding revascularization decisions for
intermediate LMCA lesions.

@ gy it oarvad 047 3. 25483099 ESC/EACTS GUIDELINES

L S ]

2014 ESC/EACTS Guidelines on myocardial
revascularization

Recommendations for the clinical value of intracoronary
diagnostic techniques

Recommendations

FFR to identify
haemodynamically relevant
coronary lesion(s) in stable 50,51,713
patients when evidence of
ischaemia is not available.

FFR-guided PCl in patients
with multivessel disease.
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Algorisms for the complementary use
of FFR or IVUS/OCT
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Conventional wisdosays
df you want to stent, use IVUS;
fyou dondt, us

The conventional wisdom for this comparison is dead
wrong especially in LM PCI.

These two tools are apples and oranges, and as everyone
knows, apples are not oranges.

ad
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FFR vs IVUS in Intermediate Coronary Lesions
167 consecutive patients

(FFR-guided,83 lesion vs IVUS-guided,94 lesion)

=
o
o

Event Free Survaival (%)

FFR guided IVUS guided

The rate of performing PCI according to guiding device

Cutoff value FFR < 0.80
Cutoff value IVUS MLA <4mm?2

4 AroloLocy
¢ CardioEgypt2017

FFR Versus IVUS .... LMCA stenosis.

*|VUS assessment has a relatively
strong correlation with FFR in evaluating
intermediate LMCA stenoses.

* Anormal FFR can be predicted
reasonably well with [VUS dimensions

4 ”-'&- AN S0CT 7Y )
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Studies Correlating IVUS Parameters to FFR to

|dentify Significant LMCA

VuUs Survivid
Defmeme  FFR conmefistom Roate of Swrvival revasu i stion
Study N iLM wtodl with FI'R shemsine  Follow-op  Dvfer  Revesoddarizaton  defor (9 %)
Jast % ND 075 MLA 89 om’ K Hme M 2 PCI M 100 1
¢l ol |5%) Semaivity LA, or Loy
O3, speci 11 CABG
Tty 95%.
MLD 2¥
mur Sensitiv
Ity 93%,

specilicny

RS
Kang 45 M8 DD MLA 45 e’ v Fannom)| ha 2K NA NA
el ol |61 Semaivity | CARG
RO, spexi
ity B35

Limited variability in LMCA length, diameter, and amount of supplied myocardium explains the better
correlation in LMCA than non-LMCA stenoses.
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Coronary Artory Disease

FIRST: Fractional Flow Reserve and
Intravascular Ultrasound Relationship Study

Ron Wiksman, MD* Jacek Legutko, MD,# Jasvindar Singh, MD # Quentin Orlando, DO,§

Steven Marso, MD,] Timothy Schioss, MD 4 John Tugzoen, MD,# James DeVries, MD,*

Nicholas Palmer, MD,#+ Michael Haude, MD$ Stacy Swymelar, BS,* Rebecea Torguson, MPH®
Washington, DC; Krakow, Poland; St. Louss, Kansas City, and Wasbington, Missowri; Erie, Pennsyloania;
Columdbus, Obig; Lebanon, Neso Hawpsbire; Liverpool, United Kingdom: and Newss, Germany

350patients 367lesions
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Diagnostic accuracy BfUSMLA inthe Prediction of
Functionally Significagtenosis
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Very small body size Diabetes insulin-dep.
Big body size
z High physical activity
Octogenarians (vouna. sports, Job,..)
(low physical ac :
Symptoms, non-invasive tests, ... | 'S¢
PB < sqoffo ] Positive Remodelling
No positive remodelling PB > 70%
TCFA
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IVUS complementary role
Greyzone FFRD(750.80

1.0 - ——T‘—I
Eo=- b=y |5.00
- ol 6.5%
Z /I
w
¢ L P=0.02
5 08 Group e
i 1 IVUS- 22.86
s PCI
0.7 2 IVUS-
drug
_3dnyg 128patients
™ control
0.6

Moritha Li L et alCoronArtery Dis2016
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FUTURE DIRECTIONS

CT Angiographgased myocardial segmentation (CAMS)

CAMS

Sensitivity 85%

Specificity 92%

PP\A 92%
NP\ 85%
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FFR

IVUSderived % Total Atheroma Volume and FFR in IM LAD les
B
w 100
- o -~
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o Sensitivity ~ Specificity PPV NPV Accuracy
o9 Angiographic parameters
& Minimum lumen diameter  67% 64% 66% 69%  65%

Diameter stenosis 70% 69% 69% 73% 70%

IVUS parameters
14 Minimum lumen area 72% 70% 72%  74% 1%

Plaque burden 68% 67% 68% 70%  66%
@9 Lesion length 70% 67% 70% 72%  68%
- % total atheroma volume 85% 83% 85% 87% 84%
a7 :},‘r <

o-d , ,
oe 0 20 40 60 80 100
100-Specificity
(<L
D R i ct o, Int J Cardiol 2016 [

) JOURNAL of MEDICINE

ORIGINAL ARTICLI

A Prospective Natural-History Study
of Coronary Atherosclerosis
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PROSPECT: Multivariable Correlates
of Non Culprit Lesion Related Events

Independent predictors of lesion level
events by logistic regression analysis

variabie 8) 95" P value
PH.V, »270% 499254, 979] <00001
VH-TCFA 3.00[1.68, 537] 0.0002

MLA £4.0 mm* 277 [1.32, 5.81] 0.007

Stone et al
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DEFINE FLAIR
1| \msion A of to guide Re

Intermediate lesion requiring physiclogical assessment
In ACS : intermediate non-culprit lesion

N=2500, 1:1 Randomisation

FFR iFR
guided PCI guided PCI

FFR>0.8 | FFR<0.8

: i
iFR20.9 iFR<0.9
Defer PCI | | Perform PCI

Defer PCI | Perform PCI

30 day, 1, 2 and Syr follow-up
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Take homemessage
We need both FRRIVUSn LM interventio

» Because there are a number of different MLA left
main thresholds for FFR (ranging from 4.8-7.0mm?)
which likely represent different heart sizes in
different patient populations),

* Its better to use FFR as the initial assessment tool
then use IVUS for stent sizing and appreciating the
degree of calcification and to ensure full apposition
and stent expansion.
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