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How ICs think about invasive physiology
DEFER FAME 1 FAME 2



How ICs translate invasive physiology inpractice

Dati Nazionali GISE 2021𝐼𝑛𝑣𝑎𝑠𝑖𝑣𝑒 𝐴𝑠𝑠𝑒𝑠𝑠𝑚𝑒𝑛𝑡
𝐶𝑜𝑟𝑜𝑛𝑎𝑟𝑦 𝐴𝑛𝑔𝑖𝑜𝑔𝑟𝑎𝑚𝑠 = 16.287

280.604  = 5.8%



The #FullPhysiology group



Why Full Physiology?
95%5%



Courtesy from T. Engstroem

F. Ph. For Structural and Functionalabn.



Different indexes for different compartments?

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

CFR= Hyperemic Flow
basal flow

Flow ≈ 1 / Tmn (mean transit time)
CFR= 1 / hTmn

1/rTmn

CFR= rTmn
hTmnPathological value < 2.0

Resistance = Δ Pressure
flow  

Δ Pressure = Pd-Pv Flow ≈ 1 / Tmn (mean transit time)IMR = Pd−Pv
1 / Tmn  ≈ Pd x Tmn

Pathological value ≥ 25



• 1 vial of Miovisin 20mg/2ml diluted in 100 ml of NaCl0.9%
• 1 ml of this solution (200 mcg/ml) diluted with 19 ml of0.9% 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 2minutes(rarely we infuse incremental doses of Ach 20-50-80 mg in the RCA)

Our Ach protocol



1.To make a correct and complete diagnosis

2.To guide a specific treatment

3.To assess prognosis

Why perform a comprehensiveassessment?



Patel NEJM 2010

Taqueti JACC 2018

Shaw Circ 2006

CAD and NOCAD are both clinicallyrelevant

Dati GISE 2021



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

Epicardial disease assessment• NHPR (≤0.89)• cFFR (≤0.83)• FFR (≤0.80) -> perform pullback
Microvascular disease assessment• IMR (>25)• CFR (< 2.0)• RRR (<2.0)*

Vasomotor testing• Ach

What is #FullPhysiologyassessment
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Epicardial disease assessment
Pd/Pa RFR

cFFR FFR



Epicardial disease assessmentThe importance of pullback



Epicardial disease assessment

Collet et al., JACC 2019

• Functional mappingcan discriminatebetter mixed patterns• Diffuse disease isassociated withlonger stents andmyocardial injury• PPG index is currentlytested in amulticenter study
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Ford JACC 2018

CORMICA trial: efficacy of a tailored approach



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

In 313 patients with FFR>0.80, those with low CFRand high IMR (microvasculardysfunction) had significantly higher rate of death,MI, or revascularization.

Importance of microcirculation



IMR in Comparison with Cardiac MR

Liu, et al. Journal of American College of Cardiology 2018

Index of microcirculatory resistance

Collet CRT 2022Vandeloo Eurointervention 2022



Rahman H et al. JACC 2020;75:2538–2549.

Two types of CMD. Both are bad



Ford JACC 2018

CORMICA trial: efficacy of a tailored approach



ESC guidelines for CCS
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FFR

IMR+

-
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IMR
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CFR

<2

>2

Ach
Decreased TMN
Increased TMN
VSA

Pure Structural MVD
Structural+ Functional MVD
MVD + VSA

CFR
<2

>2

Epicardial disease + MVD

Epicardial disease + MVD with betterchance of improvement after PCI

CFR
<2

>2

Pure Epicardial disease

Pure Epicardial disease with better chanceof improvement after PCI

Ach
Decreased TMN
Increased TMN
VSA

Initial Structural MVD (CMP?)
Initial Struct.+ Prevalent Funct. MVD
MVD + VSA

CFR

<2

>2

Ach
Decreased TMN
Increased TMN
VSA

High resting flow with preserv. Vasodil.
Impaired vasodilation
MVD + VSA

Ach
Decreased TMN
Increased TMN
VSA

Normal
Pure functional MVD
Pure VSA



1. Obstructive Epicardial CADNHPR ≤0.89 and/or cFFR ≤0.83 and/or FFR ≤0.80
2. Microvascular anginaStructural: IMR >25Functional*: MV spasm: angina + ST changes and no epicardial spasm (+ ↑Tmn)CFR < 2.0 (+ FFR>0.80 and IMR ≤25)
3. Vasospastic anginaangina + ST changes and >90% epicardial spasm
4. Mixed Anginacombination of 1, 2 and 3
5. Non cardiac painexclusion of 1-2-3

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

CCS: a continuum of AnginaEndotypes



Empiric use of CCB: the EDIT-CMDtrial

Tijn P.J. Jansen et al. J Am Coll Cardiol Img 2022;
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Importance of post PCI physiology
Patients requiring ICA + functionaltests

N: 1550
- Denied Informed Consent: Pt. 54- Managed in discordance with physiology: Pt. 47- Lost to Follow-up: Pt. 127

Final Population:
Patients: 1322Lesions: 1591

Negative functional evaluation(Group 1)
Pt: 893 (67.5%)Lesions: 1137 (71.5%)

PCIWITHOUT post-PCI assessment«Angio-guided»(Group 2)Pt: 249 (18.8%)Lesions: 265 (16.7%)

Follow-up

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

Study flow-chart PROPHET-FFRStudy

Leone LBT EuroPCR 2022Leone Frontiers Cardiovasc Med 2022



Importance of post PCI physiologyPROPHET-FFRStudyPost – PCI Physiological results (Group 3)

CELLREF

27%11%0.50%1%

53%

Ischemic
FFR below 0.9
cFFR below 0.9
iFR below 0.9
Pd/Pa below 0.92
Likely optimal

*vs 0.76±0.03 in group 2 (p NS)

*
39.6%

53.0%

3.7%3.7%
Likely SuboptimalLikely optimalIschemic FFRIschemic cFFR

P<0.001 12% of lesions

Leone LBT EuroPCR 2022Leone Frontiers Cardiovasc Med 2022



Importance of post PCI physiologyPROPHET-FFRStudy

Leone LBT EuroPCR 2022Leone Frontiers Cardiovasc Med 2022

MACE TVR MI CVDeath
0.00%

2.00%

4.00%

6.00%

8.00%

10.00%

12.00%

14.00%

16.00%

Control Angio-guidedPhysio-guided
21 months (IQR 14-32)

74(8.2%)

37(14.9%)

13(7.2%)
47(5.3%)

28(11.2%)

9(5.0%)
25(2.8%) 5(2.0%) 3(1.7%)

16(1.8%)

7(2.8%)

1(0.6%)

p=0.015

p=0.024



We have relatively simple tools to comprehensively assess coronarycirculation
A correct diagnosis can have important therapeutic and prognosticimplications
INOCA has an important socio-economic impact and now can betreated appropriately only using an invasive guide using apressure/thermodilution wire
Comprenhensive functional assessment for INOCA can represent auseful approach also for a variety of other clinical settings

Conclusions



#Grazie



#Grazie


