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PREFACE

In this Pocket Atlas of Coronary Physiology, Dr Kala and Dr Mates
concentrate on illustrative cases of our everyday lives i.e. our work
of interventional cardiologists: No tedious pages on the control of
myocardial blood flow, no inflamed paragraphs on the relative merits
of different indices of stenosis severity. Just what is important for
clinical decision making to help our patients with coronary artery
disease: thorough history taking, high quality coronary angiography
(coronary anatomy) and pressure-derived fractional flow reserve
(coronary physiology). Let‘s face it: do we really need much more?
Probably not. But not less either.

As a physician one must obtain all the necessary information
to decide upon different treatment strategies. In most patients with
suspected coronary disease, this information should be collected in
the catheterization laboratory. An angiogram without background
information on the clinical presentation is useless. Similarly, an
angiogram without complementary information about the functional
severity of the observed narrowing often leads to inappropriate deci-
sions. Nowadays all this information can and should be obtained at
the same place and at the same time. Since the early days of invasive
coronary physiology, our Czech friends have been among the “be-
lievers”, and have accumulated a sizable clinical experience. With
the present Pocket Atlas they want to share part of their experience.

A small book, huge enthusiasm.

Bernard De Bruyne



KAPESNI ATLAS KORONARNI FYZIOLOGIE

It is with pleasure that we welcome this Pocket Atlas of Coronary
Physiology by Dr Kala from Brno. The atlas is a clear compilation
of 35 patients with coronary artery disease which was difficult to
assess by standard angiography and ultimately clarified by coronary
pressure measurement and fractional flow reserve (FFR) assess-
ment. The cases are presented in a systematic way with focus on
the clinical presentation and data, so important but so often ignored
by interventionalists. Next, the angiograms are shown and a large
variety of elucidating pressure recordings, providing the key to cor-
rect diagnosis and treatment. The author should be commended for
this book which is a contribution to interventional cardiology and
will contribute to further interest and implementation of coronary
physiology in catheterisation laboratories in the Czech Republic and
beyond.

Nico HJ Pijls



PREDMLUVA

V publikaci Kapesni atlas koronarni fyziologie se autofi zaméfili
na nizorné priklady z naseho kazdodenniho Zivota interven¢nich
kardiologii. Zadné jednotvarné povidani o kontrole pritoku krve
myokardem, Zadné zanicené povidani o relativnim vyznamu rtiznych
indikatorti zavaznosti koronarni stendzy. Prosté jen to, co je skute¢né
dalezité pri klinickém rozhodovani a ve snaze pomoci pacientim
s onemocnénim koronérnich tepen. Peclivd anamnéza, vysoce kva-
litni koronarni angiografie (koronarni anatomie) a tlakové odvozena
frak¢ni pritokova rezerva (koronarni fyziologie). Upfimné feceno:
potifebujeme skutecné jesté néco dal§stho? Pravdépodobné ne. Ale
méné také ne.

Ma-li se 1ékaf rozhodnout o tom, kterou z riznych lé¢ebnych
strategii zvoli, musi nejprve ziskat vSechny nezbytné informace.
U vétsiny pacientli s podezienim na onemocnéni véncitych tepen se
takové informace ziskavaji v ramci pracovist zabyvajicich se katetri-
zaci. Samotny angiogram, bez informace o klinickych projevech, je
bezcenny. Podobné angiogram bez dopliiujicich informaci o funk¢ni
zavaznosti pozorovaného zuZeni ¢asto vede k nespradvnym rozhodnu-
tim. Dnes vSechny tyto informace mohou byt (a mély by byt) ziskany
na jednom misté a ve stejném case. NaSi CeSti pratelé patfili jiz od
prvopocatku invazivni koronarni fyziologie k t€m, ktefi v to véfili.
Od té doby nashromaZzdili rozs4hlé klinické zkuSenosti. Vydanim
Kapesniho atlasu koronarni fyziologie se snazi podélit se alespon
0 Cast svych zkuSenosti.

Mala kniha, obrovské zaniceni.

Bernard De Bruyne
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S potéSenim vitdme tento Kapesni atlas koronarni fyziologie zpraco-
vany doktorem Kalou z Brna. Atlas predstavuje soubor 35 kazuistik
pacientl s onemocnénim koronarnich tepen, které bylo obtizné vy-
hodnotit standardni angiografii a které byly s definitivni platnosti
objasnény aZ méfenim tlaku v koronarnich tepnach a vyhodnoce-
nim frakéni pratokové rezervy (FFR). Jednotlivé piipady jsou sys-
tematicky usporadané, se zamérenim na klinické vysledky a jejich
prezentaci, coz byva ze strany 1ékatti zabyvajicich se intervenénimi
metodami Casto opomijeno. V atlasu jsou dale prezentovany angio-
gramy a Siroka Skala zdznaml o méfeni tlaku, které pomdhaji ob-
jasnit problematiku a jsou klicem ke stanoveni spravné diagnézy
a lécby. Nezbyva neZ autory pochvilit za zpracovani této publikace,
kterd je prinosem pro oblast interven¢ni kardiologie a jisté prispé-
je ke zvyseni zajmu o fyziologii koronarnich cév a jejimu vétSimu
VyuZiti na pracovistich zabyvajicich se katetrizaci, jak v Ceské re-
publice, tak v zahranici.

Nico HJ Pijls
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INTRODUCTION

Dear colleagues,

we would like to share an exciting view of coronary arteries with
you. Our aim is not to change current practice using coronary angio-
graphy as the basic morphologic method, but to provide you with
some more clinically relevant information.

More precise morphologic invasive methods like intravascular
ultrasound (IVUS) and optical coherent tomography (OCT) have
a much higher resolution. This can be helpful in the assessment of
plaque volume, length and content of the lesion but some questions
still remain unresolved.

The main question is “whether to revascularize?”. Though the
morphology is widely used for the indication of revascularization,
there is a more efficient way to make the proper decision in stabi-
lized or stable patients. Functional or hemodynamic significance of
the individual lesions can be relatively easily assessed by pressure
measurements during maximal hyperemia corresponding with the
maximal coronary flow. Fractional flow reserve (FFR or FFRmyo) is
nowadays a well-established method recommended in all important
practical guidelines in Europe and the United States.

A combination of the morphologic and functional assessments is
currently the best approach for individual patients and their coronary
lesions. As the “all-in-one” concept can be applied directly in the
cathlab, all this information can be obtained almost simultaneously.
Based on the results, individual treatment can be recommended to
achieve the safest and most effective method of treatment.

We believe that 35 case reports from daily practice will help you
in the sometimes so difficult decision-making process in the cathlab.
The Pocket Atlas of Coronary Physiology can also serve as an intro-
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duction to the problem and as the first experience with the practical
application of FFR. We will be very happy if the cases inspire you to
see the patients with coronary artery disease in a different but more
appropriate way.

Yours sincerely
Petr Kala and Martin Mates



uvoD

Milé kolegyné, vazeni kolegové, vaZeni pratelé,

radi bychom se s Vami podélili o poznatky ziskané z ponékud
jiného thlu pohledu na koronérni tepny. NaSim cilem neni zpo-
chybnéni soucasného vyuZiti korondrni angiografie jako zéakladni
morfologické zobrazovaci metody, ale poukazani na dalsi, klinicky
dilezité skutecnosti.

Presnéjsi metody invazivniho posouzeni koronarni morfologie,
jako jsou intravaskularni ultrazvuk (IVUS) a opticka koherentni to-
mografie (OCT), maji vyrazn€ vyssi rozliSovaci schopnost. Ta po-
mah4 pfi pfesném stanoveni koronarniho postiZeni véetné posouze-
ni sloZeni platu, jeho délky i objemu. I presto vSak nékteré otazky
zustavaji nezodpovézeny.

Hlavni otazka totiZ zni, zda revaskularizovat. A atkoliv jsou mor-
fologické metody Siroce vyuzivany, odpovéd na tuto zakladni otaz-
ku u stabilizovanych nebo stabilnich pacientl neni tak jednoducha.
Vyraznou pomoci je stanoveni funkéni nebo také hemodynamické
vyznamnosti konkrétnich koronarnich stenéz, které muze byt pomér-
né snadno posouzeno primo v katetrizacni laboratofi. Krevni pritok
pres koronarni sten6zu, ktery nas zajim4, totiZ ve vétSiné pripada
odpovida poméru stfednich tlakt pfed stenézou a za ni v prubéhu
maximélni hyperemie. Ziskdme tak konkrétni numerickou hodnotu
odpovidajici frak¢ni prutokové rezervé myokardu (FFR nebo FFR-
myo). Metoda FFR je v soucasnosti velmi dobte propracovana a jeho
vyznam je vyjadien i v doporucenych postupech kardiologickych
spolec¢nosti v Evrop€ a v USA.

Nejlepsi moznou kombinaci se tedy jevi morfologické a funkéni
posouzeni konkrétnich 1ézi u konkrétnich pacientii. Koncept ,,vSe
v jednom* nebo také ,,all-in-one* je mozné pouZit ptfimo v katetri-
zacni laboratofi, a to s minimalnim ¢asovym zdrZzenim. Na zdkladé
takto ziskanych informaci je mozné stanovit nejbezpecnéjsi a zaro-
ven nejefektivnéjsi 1é¢bu konkrétnich pacientd.
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Vétime, Ze 35 kazuistik, které jsme pro Vas vybrali, Vam pomize
pfi kazdodennim a Casto nelehkém rozhodovani v katetrizacni labo-
ratofi. Kapesni atlas koronarni fyziologie miiZe zaroven poslouZzit
jako tvod do ,,funkéni problematiky i jako prvni zkuSenost s kli-
nickou aplikaci FFR. Budeme velmi radi, kdyz Vas tato kniha bude
inspirovat k ponékud jinému a Sir§Simu pohledu na pacienty s ische-
mickou chorobou srdce.

S tictou
Petr Kala a Martin Mates
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METHODOLOGY

Methodology of FFR measurement

It is crucial to use the proper technique of FFR measurement to
achieve clinically relevant results. The following text will help you
to make the basic steps in an appropriate way — some points are
very well known from coronary interventions (PCI), some are related
specifically to FFR. By using the optimal technique, your experience
will rapidly grow and you will be able to use FFR and interpret the
data in more and more complex procedures.

Step by step approach

heparin or low-molecular weight heparin

zero the arterial pressures

equalization of pressures at the tip of catheter

i.c. nitrate administration after crossing the lesion and before the
FFR measurement

induction of hyperemia and FFR measurement

re-check equalization — pressure drift

Hyperemia induction

adenosine bolus - intracoronary (i.c.)

at least 80 ug to LCA
at least 40 pug to RCA
higher doses up to 300 pg are safe

Adenosine systemic

central vein — 140 pg/kg/min
antecubital vein — 180 pg/kg/min
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Indication for i.c. bolus administration of adenosine

* single lesions
~ need for good and stable catheter intubation
~ absence of aorto-ostial disease
~ if in doubt, increase the dose or switch to i.v. infusion

Indication for i.v. infusion of adenosine
(achievement of “steady-state”)

o diffuse disease or multiple stenoses (FFR continuous measure-
ment during pull-back is possible)

* aorto-ostial lesion

e left main disease

* doubts after i.c. hyperemia



Schematic figure of fractional flow reserve measurement (FFR)

Red curve = aortic pressure curve obtained from the guiding catheter in the coronary artery
ostium = pre-stenotic pressure curve

Green curve = coronary pressure curve obtained from the micromanometer located on the
special coronary pressure wire = post-stenotic pressure curve

Pd mean = mean pressure distal to the stenosis (horizontal curve in green)

Pa mean = mean pressure proximal to the stenosis (horizontal curve in red)

FFR = numeric value of the fractional flow reserve during maximal hyperemia (calculated
from the Pd mean/Pa mean ration)

Cut-off value of 0.80 has been validated as a threshold for indication or deferral of revasculari-
zation. Stenosis with FFR < 0.80 is indicated for revascularization.

Note: In some of the FFR figures there s also a yellow curve present showing the ongoing recor-
ding and actual FFR values.

Demonstracni obrazek méfent frakcni pritokové rezervy (FFR)

Cervena kfivka = aortdInf tlakové kfivka ziskand z katétru (vodici cévky) zavedeného do Ustf
korondrni tepny = tlakovd kfivka pfed stendzou

Zelend kfivka = korondrnf tlakovd kfivka ziskand z mikromanometru umisténého za stenézou
na specialnim koronarnim tlakovém (pressure) vodici = tlakovd kfivka za stenézou

Pd mean = stfedni tlak distdIné od stendzy (horizontdIni zelend kfivka)

Pa mean = stfedni tlak proximalné od stendzy (horizontdIni cervend kfivka)

FFR = hodnota frak¢nf priitokové rezervy myokardu v priibéhu maximdinf hyperemie (odpo-
vidajic poméru Pd mean/Pa mean)

Hodnota FFR 0,80 je akceptovana jako hranice pro indikaci nebo odlozeni revaskularizace.
Stendza s FFR < 0,80 je indikovana k revaskularizaci.

kterd zna¢i nahrdvdni do paméti pristroje a aktudin/ hodnoty FFR.
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Metodologie méeni FFR

Spravna technika méfeni FFR je zasadni pro ziskani spolehlivych
vysledkt. V nasledujicich bodech najdete néktera doporuceni dobre
znama z koronarnich intervenci (PCI), nékteré body jsou vsak spe-
cificky vazany na méfeni FFR. Ruku v ruce se spravnou technikou
pak prichazi osobni zkusenost, ktera je predevsim pfi klinické inter-
pretaci komplexnich postiZeni velmi dileZita.

Postup

heparin nebo nizkomolekularni heparin

vynulovani tlakd

ekvalizace tlakli na konci katétru (senzor je na distdlnim okraji
kontrastniho konce vodice, katétr nesmi zakliniovat)

nitrat i.c. po prfekondni sten6zy a pred méfenim FFR

hyperemie a méfeni FFR

pred ukoncenim méfeni je nutna kontrola udrZeni ekvalizace
— tzv. drift

Indukce hyperemie

Adenosin bolus intrakoronarné (i.c.)

minimalné 80 pg do ACS
minimalné 40 pg do ACD
vyssi davky do 300 p jsou bezpecné

Adenosin systémoveé

centralni Zila — 140 pg/kg/min
predloketni Zila — 180 pg/kg/min

UzZiti i.c. bolusového podani adenosinu

izolované stenozy
~ podminkou je dobra a stabilni pozice zavadéciho katétru
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~ absence aorto-ostidlniho postiZeni
~ pfi pochybnostech je nutno zvysit davku nebo zménit na i.v.
infuzi

UZiti i.v. infuze adenosinu (dosazZeni tzv. steady-state)

difuzni onemocnéni nebo vicecetné postiZeni (mozné kontinudlni
sledovani hodnoty FFR v priibéhu staZeni tlakového vodice — tzv.
pull-back)

aorto-ostidlni 1éze

postiZzeni kmene ACS

nejistota po i.c. podani



CASE REPORTS

KAZUISTIKY
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CASE REPORT NO. 1

PATIENT WITH NON-STEMI
AND MULTI-VESSEL DISEASE

History

* Male, 48 years old

¢ Non-STEMI of the lateral wall as the first manifestation of CAD,
treated with acute PCI — recanalization of OM2 using manual
thromboaspiration and BMS implantation (Fig. 1.1, 1.2)

* Smoker, morbus Bechterev, peptic ulcer in the past

e Medication: analgesics and non-steroidal anti-inflammatory drugs
(NSAID) before non-STEMI

Present condition

e 3 weeks after MI treated with PCI the patient was indicated to
FFR of the borderline LAD lesion

Objective findings
e BP 140/80 mmHg, HR 72/min, sinus rhythm, Killip I

Supporting examinations

e ECHO: LVEF 58 %, lateral wall hypokinesia, diastolic dys-
function
¢ ECG: normal

Coronary angiography
e LCA: 50% mid LAD stenosis (Fig. 1.3)
e RCA: 70 % proximal-mid segment stenosis (Fig. 1.4)
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FFR of RCA 70 % + LAD 50 %, guiding 6F JR4 + JL4

e RCA - adenosine 62 ng: FFR 0.78 (Fig. 1.5) — PCI + DEB/BMS
(Fig. 1.6)

e LAD - adenosine: FFR 0.82 (Fig. 1.7) — conservative treatment

Patient with multi-vessel ACS treated acutely with PCl
of the culprit vessel and FFR-quided revascularization of the non-infarct
related arteries as a stage procedure.

Staged FFR is a valuable option for patients with multi-
vessel ACS to establish the optimal individual method of treatment. In
the case of FFR measurement of the infarct related artery, a time delay of
5—7 days would be necessary, non-infarct related arteries are able to be
measured during the same period or as a stage procedure.
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