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History: Andreas Gruntzig already recognized the value of coronary pressure
measurements but he was hampered by 3 limitations:

“The resting gradient is far from

no reliable measuring device ( pressure wire).

| Balloon catheter greatly influenced coronary pressure in
% R those days

enough but unfortunately it’s all | have”

no hyperemic stimulus available

Andreas had just to rely on the gradient,
no FFR available yet.

With the introduction of monorail balloons, coronary
pressure measurement disappeared for more than a decade



History:

Mid- and late eighties: discovery of reliable and safe
maximum hyperemic stimuli (Melvin Marcus, Bob wilson)
Early nineties: Prototypes of “Pressure guidewires” (RADI)

And : Introduction of Fractional Flow Reserve
(Nico Pijls & Bernard De Bruyne)



What means FFR?



Fractional flow reserve

The FFR index (Fractional Flow Reserve) is based upon the

two following principles:

* |t is not resting flow, but maximum achievable flow
which determines the functional capacity (exercise
tolerance) of a patient

(“hyperemia is the windtunnel for the coronary circulation”)

« At maximum vasodilation (corresponding with maximum
hyperemia or with maximum exercise), blood flow to the
myocardium is proportional to myocardial perfusion
pressure (~hyperemic distal coronary pressure)



During maximal vasodilatation
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During maximal vasodilatation

at max hyperemia

= mean aortic pressure at maximum hyperemia

P,
Pd = mean distal coronary pressure at maximum hyperemia



FFR = 0.6 means:

Due to this particular stenosis, maximum
achievable blood flow to the myocardium supplied
by this artery, is only 60% of what it would be if this
coronary artery were completely normal

If, after PCI, FFR increases to 0.9, this means:
Maximum achievable flow ( and therefore maximum
oxygen supply) has increased by 50% and is 90 %
now of the value achievable if the artery were
completely normal”



How to Validate This Concept 30 years ago ?

The first problem was to have an 0.014” guidewire for

reliable intracoronary pressure measurements without
influence on coronary hemodynamics

Such wire didn’t exist.........
............ therefore we had to make it ourselves



First “pressure-monitoring guidewire”

0.014”
hollow wire
(ACS)

shaft of stripped
over-the-wire 2.8F
balloon catheter

(Produced on the kitchen table of the Pijls family in Malden, NL)
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FFR:
experimental validation
In chronic dog studies

(early nineties)




FFR: Experimental validation in chronic dog studies
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The birth of FFR




From 1997 on, reliable pressure guidewires
became available for routine use in humans:

(Lars Tenerz and Leif Smith, RADI Medical Systems)

and clinical research in coronary physiology
gained a large impetus



Sensor-tipped
PTCA guidewire
(electronic or
fiberoptic)

Abbott
OpSens
Philips
Boston
Acist
LifeTech
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(brand-specific
or generic),
mostly
Integrated in
cath lab

(FFR, NHPR,
IMR, CFR,
absolute flow &
resistance, MRR)

Coroventis®
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Clinical practice:
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Fractional flow reserve in clinical practice

1‘35 M \J "wfv VAVAVATANANATS

‘ FFR=52/109 =0.47
' LA A AN A

JUUUUUL
% o% |

45\




Fractional flow reserve in normal coronary arteries

33 truly normal coronary arteries in normal persons without
coronary artery disease:

FFR = 0.98 +/- 0.02 (range 0.93 —1.00) #is circuiation 1952 1831553

86 apparently normal contralateral arteries in
patients with coronary disease:

FFR — 0.87 +/_ 0.09 (ra nge 0.64 . O.gﬂuyne, Circulation 2007; 104:2401-2406
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Reproducibility of FFR

VERIFY study, Berry et al, JACC 2013
(published JACC 2012; N=200)

(all-comers during one month in 5 large
centers)

There is not any other index in

physiology or clinical medicine

so reproducible as FFR
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Threshold value of FFR to detect significant stenosis in humans

FFR non= stenosis significant

significant

1.0 0.80°  N0.75 0

How can you validate a new index if no gold standard exists?

—— Prospective multi-testing Bayesian approach

FFR <0.75 — 100 % certainty for ischemia
FFR > 0.80 — 95 % certainty of “no ischemia”

Pijls et al, New Engl J Med 1996; 334:1703-1708

23



One other special and unique feature of FFR...

FFR is in fact the link between:

« Stenosis severity
 Maximal blood flow

* Perfusion territory

* and myocardial ischemia

24



3 *““"4~-naw.‘...;. e

25


http://www.google.com.bh/url?sa=i&rct=j&q=water+hose&source=images&cd=&cad=rja&docid=ebE5gYJzmYBawM&tbnid=-uI399M1Z-h4yM:&ved=0CAUQjRw&url=http://thispartyhouse.blogspot.com/2009/06/sun-sun-sun.html&ei=piIbUfLLI6fA0QW2wYCgDw&bvm=bv.42261806,d.d2k&psig=AFQjCNGJs4YCI3ZvaJmpfX5J0_kk3Ga_TA&ust=1360819107999137
http://www.google.com.bh/url?sa=i&rct=j&q=small+garden&source=images&cd=&cad=rja&docid=XirgpoIFUndv_M&tbnid=QToLm5u7rdZ9zM:&ved=0CAUQjRw&url=http://www.nrgardendesign.co.uk/small_garden_06.php&ei=gyMbUbyZHPOz0QXpv4GgCw&bvm=bv.42261806,d.d2k&psig=AFQjCNH6Znz8w575F-htcczZWULX7Wf1CQ&ust=1360819365463745
http://www.google.com.bh/url?sa=i&rct=j&q=garden&source=images&cd=&cad=rja&docid=g1wUxFMsboqrPM&tbnid=62f1dmkEex0NCM:&ved=0CAUQjRw&url=http://en.wikipedia.org/wiki/File:VanDusen_Botanical_Garden_maze.jpg&ei=myQbUYfNDebH0QX6-IDoCw&bvm=bv.42261806,d.d2k&psig=AFQjCNH8WenoPNsSpuds7TH9Q8o3ivluNQ&ust=1360819288454856

Similar stenosis but different extent of perfusion area

4 mm? is too small

- / Normal
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4 mm? is sufficient myocardium

ldentical CSA, but different significance of stenosis
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Similar stenosis but different extent of perfusion area

FFR = 0.60

] 00_' Normal
P N \l myocardium
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ldentical CSA, but different significance of stenosis
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In many complex angiographic and clinical conditions,
FFR has been validated and can be assessed as regular:

« ostial lesions

« MVD

* |eft main lesions
« tandem lesions
o diffuse disease

« CTO

The hyperemic pull-back recording: practical way to guide if

and where exactly the stent(s) should be placed and to evaluate the result
of PCI.

- Resting pullback useful in serial stenosis

-—p Recently refined and made more sophisticated by

PPG -index (Collet C, Sonck J, De Bruyne B)
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FFR and clinical outcome




Measuring FFR in multivessel disease: FAME study (N=1005) :
reduction of ALL events by 30% after 1, 2, 5 years
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FAME 2: death, infarction, urgent revascularization

no ischemia (high FFR
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De Bruyne et al, NEIJM 2012, NEIJM 2015; Xaplanteris et al, NEJM 2018
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FAME 2: death, infarction, urgent revascularization

N =1220
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SYNTAX and FAME-3 studies (N = 1500)
(optimal revascularisation in 3-VD)
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MACCE at one year%

MACCE at 1 year
(Death, MI, stroke, or repeat revascularization)
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Fearon et al. NEJM 2021 Serruys et al. NEIM 2009



FFR and clinical outcome

Similar results are corroborated in hundreds of RCT’s and large Registries, e.g very systematic

IRIS Registry from Korea ( Jung-Min Ahn, SJ Park , et al, Circulation 2017; 135: 2241-2251

. CoreAalst



Spin-Off of FFR And Future Perspectives

Resting indices (Pd/Pa, iFR, dPR, RFR, etc)
(no hyperemia mandatory, but more often false-negatives: focal lesions in large coronary arteries)

IMR (Index of Microvascular Resistance)

Angio-Derived FFR (to be further validated, no outcome data yet)

FFR by CT (truly non-invasive FFR, well validated, positive
clinical outcome data, also in terms of triage and cost-efficiency)

.....and more recently a new paradigm .......!

* Absolute Flow and Microvascular Resistance, Absolute CFR, and MRR (Microvascular
Resistance Reserve), the new standard for quantifying microvascular disease

=P Symposium “Opening The Black Box of The Microcirculation”
Tomorrow (Monday) 4.30-5.50 pm Coronary Theater (including live case from Aalst, B)



Take Home Messages from 30 years of FFR:

 Anatomy alone is insufficient to understand the physiologic significance
of coronary artery disease

 FFR (and derived indices) provide superior insights in coronary
pathophysiology and greatly improve the correct diagnosis of
coronary artery disease

 Thereis incontrovertable evidence for improved outcome of coronary
disease and revascularisation by dedicated use of FFR



1600 FFR cases per year...

It's a pleasure to measure pressure



Is hyperemia mandatory?

O — a0
= -

* In low-risk groups of patients, leaving out hyperemia may be non-
inferior to FFR
( diagnhostic accuracy ~ 85% versus 95% for FFR)

« But in particular in proximal lesions in large coronary arteries in rather
young patients, missing a significant stenosis by iFR is not uncommon
(and increases mortality!).
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Young male, large RCA, 70%
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Middle-aged woman, 50% LM

iFR=0.97
FFR = 0.5]
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Normal
coronary artery
(young woman
with PFO)

FFR ~ 1.0
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Fractional flow reserve in clinical practice

rest hyperemia
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Fractional flow reserve in clinical practice
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Noem bij clinical outcomne IRIS en FRAME
(beide Korea)



