
Antonio Maria Leone MD PhD

Diagnostic, Interventional and Acute Cardiac Care Unit
Ospedale Isola Tiberina - Gemelli Isola

Università Cattolica del Sacro Cuore
Roma

William Fulton, MD thesis, University of Glasgow 1963

The #FullPhysiology journey: 
Past, Present and Future



Speaker's name: Antonio Maria Leone

🗹 I have the following potential conflicts of interest to report:

Dr. A.M. Leone is an advisor for Abbott Vascular and received speaking
honoraria from Abbott Vascular, Medtronic, Menarini, Bayer, Daichii Sankyo
and Bruno Farmaceutici. 

All contents provided by Dr. Leone unless otherwise noted

Potential conflicts of interest



Past



What ICs know about invasive physiology
DEFER FAME 1 FAME 2



What ICs know about invasive physiology



How ICs translate invasive physiology in practice

Dati Nazionali GISE 2021



How ICs translate invasive physiology in practice

Dati Nazionali GISE 2022
𝐼𝑛𝑣𝑎𝑠𝑖𝑣𝑒 𝐴𝑠𝑠𝑒𝑠𝑠𝑚𝑒𝑛𝑡

𝐶𝑜𝑟𝑜𝑛𝑎𝑟𝑦 𝑎𝑛𝑔𝑖𝑜𝑔𝑟𝑎𝑚𝑠
=

14007

295576
= 4.7%



The #FullPhysiology group  

• No Club / «niche»
• Sharing a common language
• Expressing the full potential of physiology in daily 

practice (case-based approach)



Coronary circulation as a continuum

95% 5%



Courtesy from T. Engstroem

F. Ph. For Structural and Functional abn.



ESC guidelines for CCS



Terminology: A continuum of Angina Endotypes on CCS 

Obstructive Epicardial CAD
• NHPR ≤0.89 and/or cFFR ≤0.83 and/or FFR ≤0.80

Microvascular angina

• Structural: IMR >25 

• Functional*: CFR < 2.0 (+ FFR>0.80 and IMR 
≤25)

Vasospastic angina
angina + ST changes and >90% epicardial spasm

Mixed Angina
combination of 1, 2 and 3

Non cardiac pain
exclusion of 1-2-3

1

3

2

4

5
Kunadian EHJ 2020 (mod)

*+MV spasm: angina + ST changes and no epicardial spasm (+ ↑Tmn) by COVADIS 
definition



Different indexes for different compartments?

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



Our Ado and Ach protocols 
Adenosine 140 mcg/Kg/min

X vials (see below) of Adenosine diluted in 60 ml di 
NaCl 0.9% and infused in 2’

Weight Adenosine vials
60 Kg 2.8 vials
70 Kg 3.3 vials
80 Kg 3.7 vials
90 Kg 4.2 vials
100 Kg 4.7 vials

Acetilcholine
• 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)

https://www.gazzettaufficiale.it/eli/id/2022/08/05/22A04477/sg



FFR

IMR+

-

+

-

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 better 
chance of improvement after PCI

CFR 

<2

>2

Pure Epicardial disease

Pure Epicardial disease with better chance 
of 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



Present



Vasomotor testing
• Ach

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)*

What is #FullPhysiology assessment

4
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DOI: 10.23736/S2724-5683.23.06414-1

The #FullPhysiology Approach

https://doi.org/10.23736/S2724-5683.23.06414-1


What is #FullPhysiology assessment  



#FullPhysiology–based therapy

Scarsini et al Minerva Cardiol Angiology 2023



Vasomotor testing
• Ach

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)*

What is #FullPhysiology assessment
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Epicardial disease assessment

Pd/Pa RFR

cFFR FFR



Epicardial disease assessment
The importance of pullback



Epicardial disease assessment
The importance of pullback

0.08

0.04



Vasomotor testing
• Ach

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)*

What is #FullPhysiology assessment
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Microvascular disease assessment / Vasomotor testing



Rahman H et al. JACC 2020
COVADIS criteria
Scarsini et al. Minerva Cardiol Angiology 2023

Different endotypes of INOCA
Mechanism Invasive Physiology Therapy

Normal Normal CFR>2

AND

IMR<25

Primary prevention

Lifestyle change

Functional

CMD

Impaired

Vasodilation

CFR<2 (2.5)

AND

IMR<25

Treat non cardiac disease

ARBs

β-Blockers (nebivolol)

Ranolazine

Compensated

Structural CMD

Early abnormal

MV resistance

CFR>2

AND

IMR≥25

Lifestyle (rehabilitation?)

ARBs

β-Blockers (nebivolol)

Ranolazine

Structural

CMD

Abnormal

MV resistance

CFR<2 (2.5)

AND

IMR≥25

Lifestyle (rehabilitation?)

ARBs

β-Blockers (nebivolol)

Ranolazine

Microvascular

Spasm

Impaired ED 

vasodilatation / MV 

spasm

Angina + ST deviation 

w/o epicardial spasm

CCB

Nitrates

Vasospastic

Angina

Epicardial

spasm

Angina + ST deviation 

with epicardial spasm

CCB

Nitrates
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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 #FullPhysiology assessment
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Diagnosis according to COVADIS definitions



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 #FullPhysiology assessment  
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0.07

Pullback assessment in hyperemia post PCI



PROPHET-
FFR

Zimbardo “The Hard truth” 
Panminerva 2020

How to manage an unsatisfactory post-PCI FFR



Importance of post PCI physiology
PROPHET-FFR Study

Leone LBT EuroPCR 2022
Leone Frontiers Cardiovasc Med 2022
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Collaborations



Disseminations



Future



Italian registries



#FullPhysiology 2.0

⮚ Typical chest pain
⮚ ECG changes: ST segment elevation
⮚ Epicardial spasm (>90%) with distal occlusion of LAD

Invasive Functional demonstration of Epicardial Spasm

Pre-Ach



⮚ Typical chest pain
⮚ ECG changes
⮚ NO epicardial spasm 

Invasive Functional demonstration
of Microvascular Spasm

0,22

IMRbas
32

Real Microvascular Spasm

#FullPhysiology 2.0



#FullPhysiology 2.0
⮚ Typical chest pain
⮚ ECG changes
⮚ NO epicardial spasm 

Invasive Functional demonstration 
of Microvascular Spasm

0,22
IMRbas

77

False Microvascular Spasm



#FullPhysiology 2.0

• Hemodynamic definition of spasm
• New entity?



Integration of #FullPhysiology in DCB PCI
Fondazione Policlinico Universitario A. Gemelli IRCCS/ Gemelli Isola - Rome (Italy) 

«…utilization of 

Physiology to optimize 

an angiographically 

acceptable DCB-PCI”

 Data collection period: 2018-2024

 Total DCB-PCI (2018-2024): 668

 Physiology guided DCB-PCI: 31 (4.6%).

14

(45.1%)

11

(35.5%)

6

(19.4%)



TVF

Median follow-up 246 days (interquartile range 136-

400 days)

Definite Probable

Acute 0 0

Subacute 0 1

Late 1 0

Very late 0 1

Target vessel MI 1(0.01%)

TLF 11 (13.2%)

TVR 8 (8.7%)

«…utilization of the distal 

coronary-to-aortic pressure 

ratio (Pd/Pa) post–lesion 

preparation to safely limit 

stenting when the result is 

considered angiographically 

imperfect...”

Integration of @Fullphysiology in DCB PCI



The future of #FullPhysiology starts today

From INROAD to SAMCRO 
S. Biscaglia

REDUCE CMD 
F. D’Ascenzo

MiVa
L. Di Serafino

RIALTO PRO
D. D’Amario

MICROREV-DCM 
R. Scarsini

PROMISE
R. Montone



Conclusions

We have relatively simple
tools to comprehensively

assess coronary circulation
in a short time*

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

INOCA is a useful model for a 
variety of clinical settings in 
which #FullPhysiology can 

make the difference
including PCI

1 2 3 4

*Mean procedural time 20±7 minutes from the first NHPR to the end of the test



Conclusions…



Usefulness of #FullPhysiology in daily practice

Study  Group : 
Physiological deferred PCI +
CFR/IMR  with or without

Acetylcholine test
208 patients

Chronic Coronary Syndromes

Control Group :
Single Lesion

Physiological deferred PCI

543 patients

(CCS≥1) and/or Positive 
ischemia testing

Chronic Coronary Syndromes

(CCS≥1) and/or Positive 
ischemia testing

Modality of Physiological assessment

30%

70%

CFR/IMR CFR/IMR plus Ach

45,2

6,3 5,8

32,7

6,7
3,3

0
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CMD VSA Microvascular
spasm

No cardiac
pain

CMD+VSA CMD+
Microvascular

spasm
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Usefulness of #FullPhysiology in daily practice

Patients (n=751) Global Standard of care (n= 543) #FullPhysiology (n=208)
p value

Age (mean ± SD) 68.1±10.9 68.8±10.2 66.1±12.3 <0.01

Male sex (%) 62 65.2 53.6 <0.01

Hypertension (%) 77.2 80.5 68.6 <0.01

Smoking (%) 44.9 45.0 44.7 0.945

Dyslipidemia (%) 66 65.9 66.3 0.918

Diabetes (%) 26.2 26.9 24.3 0.488

CKD (%) 14.4 15.1 12.5 0.37

History of CAD 33.2 34 32 0.637

EF (mean ± SD) 55.8±10.4 56.5±9.5 53.8±12.3 <0.01

BMI (mean ± SD) 28.2±16.8 27.2±4.6 29.9±6.8 0.08

CCS 3-4 (%) - - - -

Previous MI (%) 21.3 18.6 28.5 <0.01

Previous PCI (%) 33.5 32.17 39.4 0.09

Vessel (n=751) Global Standard of care (n= 543) #FullPhysiology (n=208) p value

FFR  (mean ± SD) 0.89±0.04 0.89±0.04 0.89±0.04 0.239

LAD (%) 78.4 75.3 86.5 <0.01

LCX (%) 9.1 9.9 6.7 0.170

RCA (%) 12.5 14.8 6.8 <0.01



Usefulness of #FullPhysiology in daily practice

p 0.013

Standard of care 

(n=543)

#FullPhysiology 

(n=208)

p value

(chi2)

Follow up (mean± DS) 11.5±1.8 11.3±2.1 0.132

MACEs (%) 5.9 1.4 0.009

TVR (%) 2.6 0 0.02

MI (%) 0.7 0.4 0.7

Cardiac Hospitalization (%) 5.7 1.4 0.011

Cardiac Death (%) 0.4 0 0.381

Follow up 12 months



Usefulness of #FullPhysiology in daily practice

1:1 propensity matching for age, sex 
hypertension, diabetes, ejection fraction 

previous MI and lad location

Study  Group : 
Physiological deferred PCI +
CFR/IMR  with or without

Acetylcholine test
208 patients

Control Group :
Single Lesion

Physiological deferred PCI

543 patients



Usefulness of #FullPhysiology in daily practice

Patients (n=338) Standard of care (n= 169) #FullPhysiology (n=169) p value

Age (mean ± SD) 66.5±11.6 66.6±12.1 0.952

Male sex (%) 48 49.7 0.744

Hypertension (%) 70.4 68 0.637

Smoking (%) 41.3 47.3 0.266

Dyslipidemia (%) 60.7 67.4 0.197

Diabetes (%) 27.8 24.8 0.536

CKD (%) 17.7 13.1 0.236

EF (mean ± SD) 53.0±11.9 53.7±12.5 0.601

BMI (mean ± SD) 27.0±5.7 30.3±8.7 0.257

Previous MI (%) 27.2 28.9 0.716

Previous PCI (%) 38.4 36.7 0. 736

Vessel (n=338)
Standard of care (n= 169) #FullPhysiology (n=169) p value

FFR  (mean ± SD) 0.88±0.04 0.89±0.04 0.158

LAD (%) 86.4 87.6 0.746



Usefulness of #FullPhysiology in daily practice

Standard of care 

(n=169)

#FullPhysiology 

(n=169)

p value

(chi2)

Follow up (mean± DS) 11.4±2.2 11.2±2.3 0.312

MACEs (%) 8.2 1.8 0.006

TVR (%) 4.7 0 0.004

MI (%) 0.6 0.6 1

Cardiac Hospitalization (%) 8.2 1.8 0.006

Cardiac Death (%) 0.6 0 0.316

Follow up 12 months

p 0.009



#Grazie


