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Using Pressure to Get Flow

Fundamental Equation for relating Pressure and Flow:

P = Q x R
Pressure = Flow x Resistance

∆P ≈ ∆Q x R
Change in Pressure = Change in Flow x Constant Resistance

or
When Resistance is 
Constant, changes 

in Pressure are 
proportional to 

changes in Flow

• Coronary pressure is simple to measure
• Flow velocity is more challenging

Derived from Poiseuille’s Law for Fluid Dynamics
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Interventistica coronarica complessa e interventistica strutturale

• 67-year-old male
• Risk Factors

 Ex-smoker (stopped 3 years ago) 
 Total cholesterol (240 mg/dL)

• Chest pain suggestive for angina
• Normal Resting ECG 



Interventistica coronarica complessa e interventistica strutturale

Shaw and Iskandrian J Nucl Cardiol 2004

Annual Risk of Cardiac Death and/or Non Fatal MI
(n = 69 655) 
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Interventistica coronarica complessa e interventistica strutturale

DEFER: Clinical Outcome at 5 Years
Rate of Death/MI after 5 years

NHJ Pijls et al JACC 2007

3.3

7.9

15.7

0

5

10

15

20 %

P=0.21

P = 0.002

P = 0.003

DEFER

FFR ≥ 0.75
PERFORM REFERENCE

FFR < 0.75





Resistance is Constant in the Wave-Free Period

Davies J.  PRIMARY Results of ADVISE. TCT 2011.
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Definition: Instantaneous 
pressure ratio, across a 
stenosis during the wave-free 
period, when resistance is 
naturally constant and 
minimized in the cardiac cycle 
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Introduction of the iFR Modality

Escaned J. ADVISE II: A Prospective, Registry Evaluation of iFR vs. FFR. TCT 2013.



iFR Window
Wave-free flow

~30% increase in 
mean flow velocity*

Coronary Flow during one full cardiac cycle

• Bigger pressure drop = better classification of stenosis severity

iFR Window Maximizes Flow Velocity

• iFR Flow is ~30% higher which amplifies the signal vs. Pd/Pa alone1

1. Sen et al. Instantaneous Wave-Free Ratio and FFR Are Equivalent (Results from CLARIFY).  JACC Vol. 61, No. 13, 2013.  
April 2, 2013: 1409-20.
2.  Adapted from Gould, K. Pressure-flow characteristics of coronary stenoses in unsedated dogs at rest and during coronary 
vasodilation Circulation research 1978;43:242-253
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The Meaning of ‘Instantaneous’

• Instantaneous Pd/Pa 
varies during the 
cardiac cycle

• The measurement is 
stable at any 
instantaneous point 
during the iFR window

Davies J., A More Functional Future: TCT 2013.



FFR>0.8
Defer PCI

FFR≤0.8
Perform 

PCI

FFR 
guided 

PCI

iFR<0.9
Perform 

PCI

iFR≥0.9
Defer PCI

Intermediate lesion requiring physiological 
assessment

In ACS : intermediate non-culprit lesion

N=2500, 1:1 Randomisation

iFR 
guided 

PCI

30 day, 1, 2 and 5yr follow-up

Functional Lesion Assessment of Intermediate stenosis to guide 
Revascularisation



3%

50%47%

DEFER*
583/1250

PCI***
625/1250

CABG**
42/1250

Treatment allocation with iFR and FFR

2%

45%53%

DEFER*
652/1242

PCI***
565/1242

CABG**
25/1242

iFR FFR

DEFER*  p=0.003
CABG**   p=0.04
PCI***      p=0.02

p for comparison between 
patients randomized to 
iFR and FFR

Significantly less revascularization with iFR



FFR (7.02%)

iFR (6.79%)

Primary Endpoint (MACE) 
Death, MI, unplanned Revascularization



Event Rates in Deferred Patients

iFR>0.89
FFR>0.80
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Death

6/615 
(0.98%)

9/582 
(1.55%)

22/615 
(3.58%)

26/582 
(4.47%)

7/615 
(1.14%) 4/582 

(0.69%)

30/615 
(4.88%)

31/582 
(5.33%)

p=0.72

p=0.37

p=0.43

p=0.41



39 (3.1%)

385 (30.8%)

P<0.001

Dyspnea
Chest pain

Rhythm disturbance
Hypotension
Vomiting / Nausea
Bronchospasm/VT
Other

13 (1.0%)       250 (20.0%)
19 (1.5%) 90 (7.2%)

2 (0.2%)  60 (4.8%)
4 (0.3%)         13 (1.0%)
1 (0.1%) 11 (0.9%)
1 (0.1%) 8 (0.6%)
4 (0.3%)  38 (3.0%)

iFR FFR

FFRiFR

10-fold Fewer Procedural Symptoms



iFR Guided Revascularization Reduces 
Procedure Time 

Time (minutes) 

iFR

4.5 minutes saved*

FFR

40.5min

45min

Median Time Saving

* Threshold for reduction in median time (p=0.001)



iFR-Swedeheart

Primary objective 
• Assess safety and efficacy of decision-

making on coronary revascularisation
based on iFR vs FFR 

• Assess if iFR is non-inferior to FFR 
when used to guide treatment of 
coronary stenosis with PCI 

Primary endpoint 
• Major adverse cardiac events (MACE) 

rate in the iFR and FFR groups at 30 
days, 1 and 2 years. 

• MACE (combined endpoint of death, 
non-fatal MI, or unplanned 
revascularisation) 



Primary Endpoint at 12 months
(Death, MI, Unplanned revascularization)
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HR (95% CI) = 1.12 (0.79-1.58), P=0.53

6.7 %
6.1%

iFR (n=1012)

FFR (n=1008)



Secondary Endpoints at 12 months
iFR FFR Hazard Ratio P Value

(N=1012) (N=1007) (95% CI)

All cause death - no. (%) 15 (1.5) 12 (1.2) 1.25 (0.58-2.66) 0.57

Myocardial infarction - no. (%) 22 (2.2) 17 (1.7) 1.29 (0.68-2.44) 0.42

Unplanned revascularization  - no. (%) 47 (4.6) 46 (4.6) 1.04 (0.69-1.57) 0.84

Target lesion revascularization (TLR) -
no. (%) 29 (2.9) 27 (2.7) 1.21 (0.70-2.07) 0.49

Restenosis  - no. (%) 19 (1.9) 18 (1.8) 1.05 (0.55-2.01) 0.87

Stent thrombosis - no. (%) 1 (0.1) 2 (0.2)

No significant differences between 
iFR and FFR in any of the endpoints



Chest Discomfort During Procedure

iFR FFR

I.v. adenosine 69%
I.c. adenosine 31%

3.0% vs 68.3% (P <0.0001)



• DEFINE FLAIR and iFR Swedeheart are 
the new landmark physiology studies

• 4500+ patients, more than twice 
the combined patient population of 
previous landmark physiology studies
– DEFINE FLAIR: n = 2492 patients
– iFR Swedeheart: n = 2037 patients

• 2 prospective, randomized, controlled 
trials

• Published in New England Journal of 
Medicine

The NEW ENGLAND
JOURNAL of  MEDICINE

Escaned J EuroPCR 2017

Combined iFR FFR data



Study population

* In ACS, only non-culprit vessels were evaluated with pressure 
guidewires

SCD
1675

ACS *
440

Deferred
2130

1:1 Randomization to iFR or FFR

Treated
2350

iFR
885

FFR
790

iFR
222

FFR
218

DEFINE-FLAIR + iFR-
SWEDEHEART 

4529

15 clinical presentation 
uncertain

43 patients 
excluded 

6 
deferred/trea
ted status 
unknown

FFR and iFR cutoffs for 
stenosis significance:
FFR ≤ 0.80
iFR ≤ 0.89

Escaned J EuroPCR 2017



Patient characteristics in the deferred and treated 
groups 

Number of patients

Deferred

2130

Treated

2350

P value

Age (yr), mean (sd) 66.3 (10.3) 66.3 (10.1) 0.72

Male, N (%) 1493 (70.1) 1887 (80.3) <0.01

Diabetes mellitus, N (%) 494 (23.2) 696 (29.6) <0.01

Previous myocardial infarction, 
N (%)

644 (30.2) 746 (31.7) 0.51

Previous PCI, N (%) 1207 (56.7) 1411 (60.0) 0.03

Deferred patients had a lower cardiovascular risk profile 
than treated patients

Escaned J EuroPCR 2017



Significantly less revascularisation based on iFR interrogation (P < 0.01)

iFR (n=2240) FFR (n=2246)

Treatment allocations with iFR and FFR

Escaned J EuroPCR 2017



MACE in iFR and FFR guided revascularisation
(all patients)

MACE similar and low at 1 year after iFR- and 
FFR-based revascularisation decision-making

FFR 
6.41%

IFR  
6.47%

N=44
86



Outcomes in deferred patients

Similar and low MACE rates at 1 year after iFR- and FFR- based 
deferral 

Deferred: HR 1.05 (0.69-
1.60); p=0.82

IFR  
4.12%

FFR 
4.05%



Outcomes in deferred patients according to 
clinical presentation

ACS 5.9%

SCD 3.6%

In deferred patients, clinical presentation did influence MACE rate

HR 0.62 (0.39-0.99); p=0.04

Escaned J EuroPCR 2017



ACS 8.7%

SCD 8.5%

Outcomes in treated patients according to 
clinical presentation

Escaned J EuroPCR 2017



iFRFFR
HR 0.74 (0.38-1.43); p=0.37HR 0.52 (0.27-1.00); p<0.05

ACS 6.4%

SCD 3.4%

ACS 5.4%

SCD 3.8%

Unadjusted outcomes after deferral by clinical 
presentation and iFR or FFR

In FFR-deferred patients, 
MACE is significantly higher 

in ACS than SCD

In iFR-deferred patients, 
MACE is similar in ACS and 

SCD

Escaned J EuroPCR 2017



Possible mechanism for increased event rates in 
ACS patients being guided with FFR

Microvascular injury

Inadequate hyperemia

Underestimation of lesion severity

Inappropriate deferral

Increased MACE

ACS



54 y.o male
ACS presentation
Proximal LAD culprit
Distal LAD significant

PCI on LAD

Significant lesions on ostial RI 
and LCx

Example of a DEFINE FLAIR PATIENT RANDOMIZED IN VERONA. 



PCI on LAD

Significant lesions on ostial RI and LCx and the RCA 



Pre-discharge functional assessment of the RI and Cx

Enrolled
DEFINE
FLAIR
TRIAL

May 4
2014



Pre-discharge functional assessment of the RI and Cx



Pre-discharge functional
assessment of the RCA
Enrolled DEFINE FLAIR TRIAL May 2014



One year F-up



20 months F-up





This patient has completed 3.5 years follow-up 

• No clinical events
• No angina



iFR Scout functional assessment
and OCT-guided coronary
reconstruction with BVS

53 yo female
Obese, diabetic, strong family history of CAD

Admited for ACS with diffuse ST segment
derpession and mild troponin rise









Heart Team Discussion

• The patient was strongly advised to undergo
CABG.

• She categorically refused surgery because her
father died few years before during a by-pass 
operation. Furthermore, because of her young
age She decided to postpone surgery for 
eventual recurrences.



PCI strategy

• Determine segments to be treated
• Vessel preparation for BVS reconstruction
• BVS optimization
• Final OCT assessment
• Medical therapy and follow-up strategy



















Distal LAD treated with DEB
From prox to dist

OCT run from ostial LAD to the distal edge of the second BVS



Final
angio



Conclusions

• 2 large randomized trials comparing iFR vs FFR in a total of ~4500 pts demonstrate 
non-inferiority or iFR with respect to clinical endpoints at 1 year

• iFR is associated with less procedural discomfort and shorter procedure time

• DEFINE-FLAIR and iFR SwedeHeart are the largest RCT in physiological guided 
revascularization 

• Largest cohort of ACS patients

• The universal use of iFR will increase the application of physiology in the Cath Lab

• iFR, unlike FFR, lends itself to a more ductile application throughout the procedure 
to investigate serial lesions and diffuse disease (less “full metal” or “full plastic” 
stenting)
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