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(3 How ICs think about invasive physiology

ardiac Death and Acute MI after 5 Years g
FA M I 2 0-7 days: Hazard ratio, 2.49 (95% Cl, 0.78-8.00)
. pcl 8 days to 2 yr: Hazard ratio, 0.29 (95% CI, 0.18-0.45)
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How ICs transiate Invasive physiology In
ractice :

74:811-813 (2009)

Letter to the Editor

Use and Abuse of IVUS and FFR  ment will correlate with flow mostly in the extreme

ranges.
2021 by Magni V et al. or Why You On review of the FFR and IVUS ischemic thresh-
Shouldn’t Believe The Saying, olds, Magni et al. summarize five selected FFR studies

“ (omitting 15 additional studies) and express concern
If You Want to Treat, use IVUS. about the small patient numbers, especially and under-

30 If You Don’t, Use FFR” for LM o the LM
validation studies, while small, produced convincing
favorable long term outcomes. The recent FAME study

TO THE EDITOR [2] using an FFR threshold of 0.80 at the upper limit

. ) . R of the gray zone (0.75-0.80) demonstrated significantly
25.22% I enjoyed reading Drs. Magni, Chieffo, and Colom-  peer clinical outcomes when compared with angiog-

25 :los article dcscnbnpg use and abuse of mlmvu:uhf raphy alone for Iti 1 PCI lesion selection. In
u'asound_nnd fractional flow roisenre . Allho_ugh it specific and unusual clinical circumstances (e.g.,

was not directly stated, I read into the conclusion of  5cg) knowledge of FFR and ischemia is more lim-

both cases the often used but mistaken phrase, “." YOU jred. For these cases, I agree caution is needed. None-
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. Pnh. For Structural and Functional
abn.

_ Vasomotion test
COROMARY MICROCIRCULATION e I -
N - : Functional
oo Abnormality
Coriioy Y~ ACh * Vascular smooth
--.::' \ Provocation muscle
* o dysfunction -
¥ FUNCTIONAL MECHANISMS VaSOSpasm
{' ;r AN il skt miadatig. || | ol s Myocardial bridging, —
o B ¢ Increased medial wall thickness
e { S .Imimanmmng" . = anomalous coronary
| { N\ aN * Reduced wall/lumen ratio origin or fistula y e
; ) : ‘ Intravascular plugging : CFR | Prearteriolar - :
X el ol hbnormalva;sodﬂa‘hon DEf e atharom s \ Microvascular
N L o Capillary rarefaction - l spasm
L Vasodilatory capacity v . & -~
Ay ) | Grade
e, IMR/
Endothelial : Coronary Microcirculation ICACh
MYGCARDIAL FACTORS AFFECTING and!or\tslamﬂc)’;yﬁ;:utl:ft?m Abnormal vascular HMR v infusions * Endothelial
i MICROVASCULAR FUNCTION 1 |
cAp femadeliog dysfunction
Qcclusive Left ventricular hypertrophy :
microvascular ;
Reduced diastolic time i Arteriolar
constriction _
Calcium overload wl | R N v
_ Ny - _ Extrinsic vascular Capillaries & Venules
Coronary spasm ™ Increased intramyocardial pressure f SRR AL TR YSRGS
. : compression (e.g. LVH,
Increased intracavitary pressure % i
amyloidosis) 1= —

Tissue edema

Crea F, et al. Eur Heart J 2016;37:1514-6

Courtesy from T. Engstroem

#
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@ Different indexes for different compartments?

= Transit mean time
Flow =

Transit mean time

Nico H.J. Pijls, Circulation. 2001;104:2003-2006
Fearon et al. Circulation. 2003;107:3129-3132
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@ Our Ach protocol

e 1 vial of Miovisin 20mg/2ml diluted in 100 ml of NaCl
0.9%

* 1 ml of this solution (200 mcg/ml) diluted with 19 ml of
0.9% NaCl = 20 ml of 10 mcg/ml Ach (Master solution)

* Take from the Master solution:
2 ml + 18 ml of 0.9% NaCl % (20 mcg)
5ml + 15 ml of 0.9% NaCl % (50 mcg)
10 ml + 10 ml of 0.9% NaCl % (100 mcg)
20 ml (200 mcg)

* infuse manually in the LCA incremental doses oh Ach (20-50-100-200 mg) in 2

minutes
(rarely we infuse incremental doses of Ach 20-50-80 mg in the RCA)

. 6. Inserimento del medicinale Acetilcolina cloruro (Miovisin), per via intracoroifari
@ Apﬁ istituito ai sensi della Legge n. 648/96 come test farmacologico per la vakitazione
vascolare coronarica.

UfficloSearetera Organi Colegal Parere CTS:La CTS esprme parere non favorevole.

» Esiti Area PreAutorizzazione CTS 17, 18 e 19 Marzo 2021

1 FullPhysiology
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@ Why perform a comprehensive
assessment?

1.To make a correct and complete diagnosis

2.To guide a specific treatment

3.To assess prognosis




CAD and NOCAD are both clinically
relevant |

5254% $2.500

Obstructive CAD 50 _ p=0.048 1
S s2000 ||
“ g $1,500
39% of Patients | 41% of Patients ‘g $1.000
< 20% Stenosis 2 50% Stenosis s
T ss00
20 s
12.46% o Nonobstructive CAD ) 1 Vessel CAD ' 2 Vessel CAD ' 3 Vessel CAD '
1 Extent of Coronary Artery Disease (CAD)
%:foxétﬂ)n Gross Income = 9.4% 12.2% 11.2% 9.0%
20% of Patients ©
Non-Obstructive 21-49% Stenosis ’ PCI % SU CORO PPCI % SU CORO
CAD (NOCAD) 147428 24950 Shaw Circ 2006
Patel NEJM 2010 ) 25%
Dati GISE 2021 T
v P = 0.56 (gender) :|— CFR <2.0
20%

15%

=

o
20 |
15 é 10%

Male } CFR z2.0
10
—— Female

° l ‘ ' i %
0

Courage 10 MVD SPIRITIV SPIRITIV SYNTAX FREEDOM FAME | FAME |

BMS RCTs PES EES PES SES/PES DES DES+FFR 0% L
NEJM  BMS/PTCA NEIM  JAMA
2007365 | ANCET Lorvd  20fses  zomso tzo%%’%; 1 (0] 1 2 3
150316 2009,373: UNPUBLISHED 1016-26 1581-90 2324
1907 Years Taqueti JACC 2018
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@ VWhat Is #FullPhysiology

Epicardial disease assessment
« NHPR (<0.89)

* CFFR (0.83)

* FFR (<0.80) -> perform pullback

Microvascular disease assessment
9 e IMR (>25)
« CFR (< 2.0)

* RRR(<2.0)" *Resistive resistance ratio= _-Par

Thm=Pdh

Vasomotor testing
 Ach

Post PCI Full Physiology assessment if applicable
Q * NHPR/cFFR/IMR/CFR/FFR -> perform pullback

FullPhysiology

7T InDailyPractice




Epicardial disease assessment

Patient

Coroventis | ®

FFR

0.90

LADDistal v PrePCl v
PDPA

Patient Live

1 2 s 4

LAD Distal Pre PCI v ContrastiC v * +*
i P P

12:55:04
i < 8>

Coroventis ' ®

FFR

0.82

X0.29 12:56:02
4120

Patient

LAD Distal v PrePCl

Room Patient Live
200
180
160

10 \/\

120

Review

X A

12:66:22
2/20

<3 >

Coroventis | ®
RFR

0.87

Pd/Pa

0.91

Coroventis | ®

FFR

0.77
Pd/Pa

0.86
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() Epicardial disease assessment
The importance of pullback

Coroventis O

0.82
i os

PPG 0.63

X0 12:59:50
D 49.24 8/20




@ Epicardial disease assessment

Patterns of Coronary Artery Disease

Anatomy Physiology

M Focal
M Combined
M Diffuse

Focal CAD Combined CAD Diffuse CAD

* Functional mapping
can discriminate
better mixed patterns

. . . 107 Loy Ly Reclassification of 36% of the cases
°
lefu Se d |Sea Se IS | 1\ - i | - E o \ o E Cohen's Kappa 0.42 (95% Cl 0.26 to 0.59)
M M ) o a
associated with £ o
& :E E g E ] = .
| | oy M| 5 o] | b Low PPG Intermediate PPG High PPG
|O nge r Ste nts an d . b g o s § o e § Index Tertile Index Tertile Index Tertile
5 5] 3
. o o a5 E] 03 3 024 E| (n=28) (n = 25) (n=19) p Value
myocardial injury j T ; z 2 o
. . ool %l o, L 0.00 o] [ e —— wd dwtd]ooo 001 S ——————— L oo
e PPG index is curre ntly 5 ® 4 w ® 5 % @ @ % 2 4 0 All-cause death 1 0 0 0.135*
] et Gl il R Myocardial infarction 5 5 2 0.276*
tested in a Pullback Pressure Gradients Index Spontaneous Ml 0 0 1 0.922*
I . d {MaxPPG,, . /AFFR ., + (1-Length with Functional Disease (mm)/Total Vessel Length (mm))}/2 Peri-procedural MI 5 5 1 0.141*
mu tlce ntel’ StU y Target-vessel revascularization 1 1 0 0.250*
MaxPPG . 0.300_ MaXPPG o,y 0236 oo MaxXPPG ., _0.056 o0 Troponin T post-PCl, pg/l 14 + 0.1 0340 Al
AFFR,, 0325 093 AFFR, 0387 AFFR_ 0193 Creatine kinase post-PCI, U/L | 1661 +1123 1563 +91.5 624+ 234  0.033
Length CAD =I%%= 0.200 Length CAD = % =0707 Length CAD = % 0733 PCI 13 9 9 0.485*
Number of stents 1.77 + 0.83 1.5+ 0.8 1.3+£05 0.164
_0.923+(1-0.20) _ -0610+(1-0.707) 20290+ (1-0.733)
PG ndeg =—==0===24006 A5k = P PPG Index e Stent length, mm | 467+216  361+204  312+205 0.088 |
Stent diameter, mm 29+ 03 30+02 3.2+ 04 0.025
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@ VWhat Is #FullPhysiology
ssessment

Epicardial disease assessment
o *  NHPR (<0.89)

* CFFR (0.83)

* FFR (<0.80) -> perform pullback

Microvascular disease assessment
¢ IMR (>25)
« CFR (< 2.0)

* RRR(<2.0)" *Resistive resistance ratio= _-Par

Thm=Pdh

Vasomotor testing
3 A
. ch

Post PCI Full Physiology assessment if applicable
Q * NHPR/cFFR/IMR/CFR/FFR -> perform pullback

FullPhysiology
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Angiogram Diagnostic procedure
No Obstrucfive CAD IMR/CFR /ACh
DS<50% Stratified Therapy
FFR>0.80

Randomize

Sham procedure

Blinded IMR/CFR/ACh n=7¢

Standard Care

n=75

6 Month

SAQ

EQ-5D
TSQM9
BIPQ
PHQ4

Vasospasm

Invasive coronary
angiography

No Obstructive CAD

Pressure wire

assessment
(adenosine)

Normal Invasive Physiology
(FFR 0.84, CFR 5.3, IMR 9)
B

Vasoreactivity
(acetylcholine)

Vasospasm with ACh
(resolves with nitrate)
L
Vasospastic Angina
Diagnosis & + Smoking cessation
Managemem + Calcium channel blocker
* Long-acting Nitrate
+ Lifestyle changes

CORMICA trial: efficacy of a tailored approach

Microcirc. dysf

No Obstructive CAD

Coronary Microvascular Dysfunction (FFR
0.95, CFR 1.3, IMR 33)

ACh GTN

AL -
Endothelial dysfunction without No significant response to vasoreactivity
vasospasm to ACh testing
O O
Microvascular Angina Non-Cardiac Chest Pain
* Betablocker (e.g. Nebivolol) * Stop antianginal Rx
+ Lifestyle changes & weight loss « Discharge from eardiology
(Cardiac rehab, smoking cessation) + Consider non-cardiac investigation
+ Consider ACEi & Statin

Ford JACC 2018
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Importance of microcirculation

80 A Group CFR IMR Hazard Ratio (95% Cl) P value
In 313 patients with FFR>0.80, those with low CFR =4 Hav low HIDRekorence) e
d h h IMR ( . | M B High High NA NA
an Ig ) m|Cr:OV.a.SCU ar . - C Low Low 2.116 (0.386-11.589) 0.388
dysfunction) had significantly higher rate of death, 01 D  tow High 5.623 (1.234-25.620) 0.026

MI, or revascularization.

Breslow P for overall comparison = 0.002

Cumulative Incidence of Events (%)
n
o

D
20 1
, = ¢
0- L -='J—I B
0 500 1000 1500 2000

Days From Index Procedure

Lee JM, et al. Journal of the American College of Cardiology 2016.
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Index of microcirculatory resistance

IMR in Comparison with Cardiac MR

Key findings

Results UZ Clear

0 299%, diameter stenosis >50%
‘ o, Microvascular disease
\ ZOA (IMR>25)

Normal FFR N\
and IMR
46% Y

Abnormal FFR and IMR C

3%

Epicardial
disease only
34%

MPRI

a hemodynamic significant
40 A' stenosis (FFR <0.80)

Normal IMR <25 IMR =25 FFR <0.8

o Collet CRT 2022
ontrots FFR >0.8 Vandeloo Eurointervention 2022
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Q

Rest 0,31 031

1T & & & & ¢ 2 w W o0

Rest 1.04 117

Two types of CMD. Both are bad

032 031

Hp 020 020

018 020

“ P PN xaw

0.94

1.02

Hyp 1.01

R PN +/'l

X271.41

D-4.19

D 22.14

Resume

2 oW oW ouw P BN MM O] MM M M 4 & oMouw oW § m

113336
n <a>

Mechanism

Systemic Vasculature

Nitric Oxide
Synthase
Activity

Acetylcholine
Dilatation

Exercise Blood
Pressure

NT-praBNP

Exercise
Coronary
Perfusion

Eﬁciency

Myocardium

Reference = 65% 22%
Group O o Normal | Normal 34 pgml” II i
(n=40) | Highvascular Low vascular [
toneatrest tone at stress
Functional . 77
CMD O o Increased Normal 69 pgml- Ao% I i) l
(n =28) Low vascular  Low vascular t ' .I .l
toneatrest  tone at stress
Structural . o 41% 88%
CMD 0 Increased | Reduced 132 pgml* I I
(h=18) High vascular High vascular 1 ‘ II .I

tone atrest tone at stress

Rahman H et al. JACC 2020;75:2538-2549.
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@ CORMICA trial: efficacy of a tailored approach

m Control
OlIntervention : : ,
CerM:cA Primary endpoint: SAQ EQ5D
. : . . 2% T27% Teamentenect: 1170 T18%
11.7 Units 14.5 Units 9.3 Units ooy ndlns  R6Ums i, (002100.17) (06310019
11017, 310 19. -0, 0.
95% Cl, 5.0 to 18.4  95% Cl, 7.3 to 21.7 (95% Cl, 0.5 to 1 g ) Pl P e e i
= 704 =o= [nfervention 0.70-
P=0.001 P<0.001 =0.040 g kil 2ol —
15 @ & / =e~ Control 0.604
E 50 .——-""——-". 0.554 \/’
5 404 0.50
- Baseline  6Month 12 Month Basoline  6Month 12 Month
o lliness Perception Treatment Satisfaction
c " . 130%  T44%
D 5 b iggf:ts _9‘1;323?; TREVOMEING. J87tns: 245U
e _ (13010.37) (14610.51) i e b
( g 50+ P<0.001 P=0.001 — 80m P<0.001 P<0.001
>, i o
0 - f a0 ><\‘ ~== |ntervention g
Summary Score Physical Limitation Angina Frequenc) 2 B . s ¥ 74/‘
g 30- § 50
CB. 16.11.2019 Basolin & Month 12 Month Basoline & Month 12 Month

Ford JACC 2018
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Recommendations

Guidewire-based CFR and/or microcirculatory

resistance measurements should be consid-

ered in patients with persistent symptoms, but

coronary arteries that are either angiographi-

cally normal or have moderate stenoses with

preserved iwFR/FFR. ="
Intracoronary acetylcholine with ECG moni-

toring may be considered during angiography,
if coronary arteries are either angiographically

normal or have moderate stenoses with pre-

served iwFR/FFR, to assess microvascular

412.438—440
NASOSpASM

Transthoracic Doppler of the LAD, CMR, and

PET may be considered for non-invasive
R 430432441

assessment of CF

Class®

lla

ESC guidelines for CCS

Recommendations

An ECG is recommended during angina if
possible.

Invasive angiography or coronary CTA is rec-
ommended in patients with characteristic epi-
sodic resting angina and 5T-segment changes,
which resolve with nitrates and/or caldium
antagonists, to determine the extent of under-
lying coronary disease.

Ambulatory ST-segment menitoring should be
considered to identify ST-segment deviation in
the absence of increased heart rate.

An intracoronary provocation test should be

considered to identify coronary spasm in

patients with normal findings or non-obstruc-

tive lesions on coronary arteriography and a

clinical picture of coronary spasm, to diagnose

the site and mode of spasm, 14144840

Class® Level®

- c

lla C

lla

# FullPhysiology
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@ VWhat Is #FullPhysiology

ssessment

Epicardial disease assessment
o *  NHPR (<0.89)

* CFFR (0.83)

* FFR (<0.80) -> perform pullback

Microvascular disease assessment

9 e IMR (>25)
e CFR(<2.0)

* RRR(<2.0)" *Resistive resistance ratio= _-Par

Thm=Pdh

Vasomotor testing
3 A
. ch

Post PCI Full Physiology assessment if applicable
Q * NHPR/cFFR/IMR/CFR/FFR -> perform pullback

FullPhysiology
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<2

CFR

IMR

\T

FFR

(

IMR

>2

Epicardial disease + MVD

N

CFR

<2

>2

Ach

Epicardial disease + MVD with better
chance of improvement after PCI

Pure Epicardial disease

Pure Epicardial disease with better chance
of improvement after PCI

Decreased TMN

Pure Structural MVD

Increased TMN

Structural+ Functional MVD

VSA

MVD + VSA

Decreased TMN

Initial Structural MVD (CMP?)

Increased TMN

Initial Struct.+ Prevalent Funct. MVD

VSA

MVD + VSA

\

Decreased TMN

High resting flow with preserv. Vasodil.

Ach

Increased TMN

Impaired vasodilation

VSA

MVD + VSA

Decreased TMN

Normal

Increased TMN

Pure functional MVD

VSA

NN LI |

Pure VSA




@ CCS: a continuum of Angina

1.

Endotypes

ObStrUCtive Epicardial CAD : 5 Ischaemia with obstructive
NHPR <0.89 and/or cFFR <0.83 and/or FFR <0.80 Cmna e ey sinorl]

i Coronary Microvascular dysfunction (CMD) | {L___ Vasospastic angina (VSA) J: i_____ft_h_e[o_sc_le_rgt_ic_d_is_egs_e_____J:
: : : ey )
Microvascular angina e @ :3? e TN

l / G / N
StrUCtU ral' IMR >25 Impairs coronary physiology and my ial blood i ! Persistent Stable plaque Vulnerable plague
flow in subjectswnh risk factors vasospasm —
Functional®: MV spasm: angina + ST changes and no epicardial spasm (+ T Tmn) _ oo f @ l l T jq. ;
CFR < 2.0 (+ FFR>0.80 and IMR <25) &‘ @ goa. wtyocantttareton | RS T ragis e

Vasospastic angina “
angina + ST changes and >90% epicardial spasm "'““'d}?m' Ee;

Mixed Angina

combination of 1, 2 and 3

Non cardiac pain
exclusion of 1-2-3

*Selective MV dysfunction: RRR <2.0 (+ IMR =£25) Kunadian EHJ 2020 (mod)

# FullPhysiology
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Empiric use of CCB: the EDIT-CIMD
trial

Primary Endpoint Mo Improvement in Coronary Function Test Results First ACH provocation  —m f,t:?:.f ——=  Second ACH provocation
HNo Additional Effect of Diltiazem in Treatment Success

Coronary Artery Coronary microvascular
P =046 Spasm dysfunction
i Epicardial spasm QAR 4% Epicardial spasm
6%
=
# 70 - 20%
% Microvascular spasm BER] 50% m Microwasoular spasm
E 0%
E 10
123
e ' aa% l : o
0 - LY 5
Flacebo Diltiazem
B Suceessful Treatment ‘ First ACH provacation ———= b ——==  Second ACH provocation
Mo Effect in Improvesment in Angina and Quality of Life 536 UBRFY Epicardial spasm
S P = 060 F. ﬂ’? Epicardial spasm
: _ 3%
50 - — 30 4 30 - ' :
-E ¥ = 16%
401 Peom by T £
30 I ‘ f =058 20 4 20 Microwadoulic 4padm
' I E. Micrgvascular spasm aa% *
27% .
E = 16% [l 18% e g 10+ 10% 107 -
10 = 4 8%
18%
Q 0 - 0 - %
j‘ _f f Placebo  Diltiazem Placebo  Diltiazem M spasm . pia spasm
{3} &g«- &} B Improvement B Improvement

B Mental Heslth B Physical Health [l SAQSS

# FullPhysiology
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@ VWhat Is #FullPhysiology
ssessment

Epicardial disease assessment
o *  NHPR (<0.89)

* CFFR (0.83)

* FFR (<0.80) -> perform pullback

Microvascular disease assessment

9 e IMR (>25)
e CFR(<2.0)

* RRR(<2.0)" *Resistive resistance ratio= _-Par

Thm=Pdh

Vasomotor testing
 Ach

Post PCI Full Physiology assessment if applicable
* NHPR/cFFR/IMR/CFR/FFR -> perform pullback

FullPhysiology
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*

Study flow-chart

Importance of post PCI physiology

PROPHET-FFR

Patients requiring ICA + functional
tests

N: 1550

Study

- Denied Informed Consent: Pt. 54

Final Population:

Patients: 1322
Lesions: 1591

- Managed in discordance with physiology: Pt. 47
- Lost to Follow-up: Pt. 127

Negative functional evaluation
(Group 1)

Pt: 893 (67.5%)
Lesions: 1137 (71.5%)

PCI
WITHOUT post-PCl assessment
«Angio-guided»
(Group 2)

Pt: 249 (18.8%)
Lesions: 265 (16.7%

Follow-up I

PCI
WITH post-PCIl assessment
«Physio-guided»
(Group 3)
Pt: 180 (13.6%)
Lesions: 189 (11.9%

Leone LBT EuroPCR 2022

Leone Frontiers Cardiovasc Med 2022
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@ Importance of post PCI physiology

Post - PCI Physiological results (Group 3)

1.0+
0.8=

0.6=

P<0.001

0.89+0.05

0.76+0.03

L |
Baseline

Post-PCI

vs 0.76£0.03 in group 2 (p NS)

PROPHET-FFR

o+l IA\I
N YININY

12% of lesions

1_0_I 0.76+0.03 0.82+0.04 0.9110.04

0.8+

0.6

Baseline Post-PCI Final

Leone LBT EuroPCR 2022
Leone Frontiers Cardiovasc Med 2022
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Z) Importance of post PCI physiology

PROPHET-FFR
Study

8

. 100-
16.00% (12.9%) _ \

p=0.20

MACE-free survival
8
CV death-free survival
3

8

4.00% 504 — Control group p=0.74
— Angio-guided

— Physio-guided

TVR-free survival
8

2.00%

e \J I 1 c A A 1
0 12 24 36 0 12 24 36

14.00%
28
12.00% (11.2%)
=0.015 o 0
10.00%,, 0 12 24 36 0 12 24 36
(8.2%) Time (months) Time (months)
13 893 776 379 160 893 789 420 173
8.00% | 7.2%) 0=0.024 ] 183 & i i o0 = %
47 S 100
——
6.00% (5.3%) ‘C:‘—‘——\_‘_—\_“
5. 0%
Time (months) Time (months)

7
@ 8% (2 8%) p=0.0003
0 3
93,05
II I ©. 6%)
MACE
893 770 358 139 893 800 409 163

= Control u Anglo QUIded Death 80 53 5 f: 1 168 ® H
B Physio-guided

21 months (IQR 14-32) Leone LBT EuroPCR 2022
Leone Frontiers Cardiovasc Med 2022
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@ Conclusions

»We have relatively simple tools to comprehensively assess coronary
circulation

» A correct diagnosis can have important therapeutic and prognostic
implications

»INOCA has an important socio-economic impact and now can be
treated appropriately only using an invasive guide using a
pressure/thermodilution wire

»Comprenhensive functional assessment for INOCA can represent a
useful approach also for a variety of other clinical settings
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