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Computed tomography - vypocetni tomografie

* Princip: Zobrazovaci metoda vyuZivajici RTG zareni (systém rentgenka a protilehly
detektor rotuji kolem pacienta)

RENTGENKA




* Synchronizace s EKG - retrospektivni, prospektivni

Typy EKG synchronizace

Triggering MJ\/JMM

Pulsing l h .h .g! .h

B vykon rentgenky
B usek, ze kterého jsou vytvareny primarni CT obrazy




Moznosti CT srdce

* Nativné zobrazeni kalcifkaci a vypocet Ca skére
*\/ySetreni epikardialnich usekl korondrnich tepen (do kalibru 1,5 mm)

*Zméreni rozmérd a objem0 srdec¢nich oddild
* Zhodnoceni ejek¢ni frakce komor
* Regionalni kinetiky
 Zobrazeni ostatnich srdecnich struktur
* Zobrazeni perifernich tepen
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* Limitace vySetreni * Potencidlni zdravotni rizika

* Tachykardie (idealni TF pod 60/min) * Nefrotoxicita jodove KL
* Nepravidelny rytmus * Radiacni zatéz

* Vlyrazné kalcifikace, stenty periferné

p<0.001 (] 2007 Dose Survey
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[] 2007 Dose Survey
[[] 2017 Dose Survey

» 78% reduction (p < 0.001)
» Median effective dose estimates:
12.4 > 2.7 mSv

for 0.014 mSv / mGy*cm

23.0 2 5.1 mSv
for 0.026 mSv / mGy*cm

» Non-diagnostic coronary CTAs
2007:1.7%
2017: 1.9%, p=0.55

Stocker TJ et al. PROTECTION VI. EHJ 2018, ESC Congress, Munich 2018



Priprava a provedeni CT angiografie koronarnich tepen (CTCA)

*Priprava:
* bez jidla 3-4 hod, voda bez omezeni
* 7adny kofein 12 hod pred vysetfenim (kava, kola, ...)
* nevysazovat chronickou medikaci
* metoprolol 100 mg per os 1 hodinu pred vysSetrenim

*Pribéh vysetreni:
* kanylai.v. 18 G (zelena) — podani KL 4-6 ml/s
* nitrospray, metroprolol / esmolol i.v. pfi tachykardii
* skenovani 2 x 10-15 s (nativné, postkontrastné)
* kontrastni latka: 40-70 ml jodové KL i.v.

*Celkova doba pacienta na vysSetrovné
*15-20 minut




Zpracovani CT koronarnich tepen

* Post-processing v CT pfistroji
* Rekonstrukce ze zdrojovych dat (5-15 minut)
* Tenké (0,5-0,6 mm) obrazy cilené na srdce
* Multi-fazické rekonstrukce 10-20 fazi / cyklus
» Sir$i obrazy (1-5 mm) pres celou §ifi hrudniku — k hodnoceni ostatnich struktur
* V dalSich rovinach, v plicnim okné
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Zpracovani CT koronarnich tepen

*Hodnoceni
* V dedikovaném softwaru (pracovni stanici / klient-server)
* Ca skére: 3 minuty
» Zméreni LVEF: 5 minut (nutna editace)
* Zhodnoceni koronarnich tepen: 15 minut
* Zhodnoceni vSech ostatnich struktur: 10 minut

* DalSi post-processing (dalsi rekonstrukce, méreni stendz atd.): libovolné dlouho




Kalcioveé skore - meéreni

* CT s EKG synchronizaci, bez pouziti KL
*\VVypocet Agatstonova skore, objemu a hmotnosti kalcifikaci v koronarnich

tepnach
Number of Volume Equiv. Mass Score
Lesions [mm3 [mg CaHA)
(1 () (4) 2)
0 0.0 0.00 0.0
3 1915 62.08 3036
3 290 9.1 41.4
6 428 13.41 624
12 2633 84.70 407.4

(1) Lesion is volume based

(2) Equivalent Agatston score
(3) Isotropic interpolated volume
(4) Calibration Factor; 0.744




Kalciové skdre - interpretace

* Nedetekuje stendzu, ale upresnuje kardiovaskularni riziko na zakladé studii s velkym
poctem pacient(

Kalciové skore PostiZzeni Pravdépodobnost Dopad
kalcifikovanymi platy vyznamného postiZeni na kardiovaskulamni
koronarmich tepen riziko

stfedni




Kalciové skdre - interpretace

* https://www.mesa-nhlbi.org/Calcium/input.aspx

Q\PQSA The Multi-Ethnic Study of Atherosclerosis

C €SA The Multi-Ethnic Study of Atherosclerosis

Back to MESA CAC

Input your age, select your gender and race/ethnicity, input
(optionally) your observed calcium score and click
"Calculate".

Gender: male v
RacelEthnicity: white e

Observed Agatston Calcium Score
(optional): 1

Calculate

The estimated probability of a non-zero calcium score for a white male

of age 50 is 41 %.

Percentiles and Calcium Scores for: | white male of age 50

25th 50th 75th 90th

0 0 22 110

The observed calcium score of 1 is at percentile 59

for subjects of the same age, gender, and race/ethnicity who are

free of clinical cardiovascular disease and treated diabetes.

Back to MESA CAC

Input your age, select your gender and race/ethnicity, input
(optionally) your observed calcium score and click
"Calculate".

Age (45-84):

Gender: female v

Race/Ethnicity: white v

Observed Agatston Calcium Score
(optional):

Calculate

The estimated probability of a non-zero calcium score for a white female

of age 50 is 16 %.

Percentiles and Calcium Scores for: [white female of age 50]

25th 50th 75th 90th

0 0 0 8

The observed calcium score of 1 s at percentile 84

for subjects of the same age, gender, and race/ethnicity who are
free of clinical cardiovascular disease and treated diabetes.

McClelland RL et al. Distribution of coronary artery calcium by race, gender, and age: results from the Multi-
Ethnic Study of Atherosclerosis (MESA). Circulation. 2006




CTA koronarnich tepen

* Senzitivita of 98 %, specificita 82 %, PPV 91 % (76%-100%), NPV 99% (83%-100%),
analyza na pacienta
Paech DC et al. A systematic review of the clinical effectiveness of 64-slice or higher

computed tomography angiography as an alternative to invasive coronary angiography in
the investigation of suspected coronary artery disease. BMC Cardiovasc Disord. 2011




CTA koronarnich tepen - stendza

Area Stenosis ;
Diameter Steno
Distance: 4.41mm ~ \
Stenosis D=0.44mm |
Ref. D=2.04mm Im#: 76
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CTA koronarnich tepen — FFR-CT

* \lypoclet FFR na zakladé CT koronarografie s pouZzitim vypoctl vyuzivanych pfi
modelovani aerodynamiky v pramyslu (letadla, automobily)

* Produkt firmy HeartFlow dostupny jako sluzba, dalsi ve vyvoji (Siemens).

ZvySuje pifesnost hodnoceni stenéz. Mozné pouZiti
jako vratny (gatekeeper) pfed SKG

Invasive

FFR=0.76

FIGURE 4. Examples of coronary stenosis on CCTA and CCA according to FFRcy and invasive FFR measurement. A, CCTA demonstrates
>50% stenosis of the LAD (arrow). B, CCA shows obstructive stenosis (arrow) with FFR of 0.76, indicating lesion-specific ischemia. C, The
3D color-coded mesh shows a CT-FFR value of 0.75, indicating lesion-specific ischemia (arrow).

Benton SM et al. Noninvasive Derivation of Fractional Flow
Reserve From Coronary Computed Tomographic
Angiography: A Review. J Thorac Imaging. 2018

Celkova diagnosticka presnost FFR-CT pfi
srovnani s invazivni FFR 0,80 nebo méné
je 81.9% (95% ClI, 79.4%-84.4%)

B | Bland-Altman analysis

0.30

0.6 0.7 08

Mean of Measurements

Cook CM et al. Diagnostic Accuracy of
Computed Tomography-Derived Fractional

Flow Reserve: A Systematic Review. JAMA
Cardiol. 2017



CTA koronarnich tepen — hodnoceni platt

* MozZnosti hodnoceni sloZeni a event. vulnerability

Plaque

composition

High-risk
plaque

features

Plaque
attenuation

pattern

Non-calcified

Partially calcified

<30 HU

Low-attenuation

Calcified

Napkin-ring sign

Spotty calcification

Positive remodeling

Heterogeneous

Homogeneous

Kolossvary M et al. Plaque imaging with CT—a comprehensive review on coronary CT angiography based risk

assessment. Cardiovasc Diagn Ther 2017




CTA koronarnich tepen - stenty




h tepen — bypassy
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Koronarni anomalie

* Samostatné nebo v ramci vrozenych srdecnich vad
* Nejcastéjsi — odstup RCx z pravého Valsalvova sinu

* Potencidlné maligni - anomalni odstup ACD zleva a RIA zprava s pribéhem mezi
aortou a plicnici




CTA koronarnich tepen — lokalizace nalez(

* Doporucena nomenklatura segmentl koronarnich tepen pri hodnoceni CTA vychazejici z AHA
klasifikace (1975)

LEFT MAIN

DIAGONAL

_R-PDA ' ©2)
> DIAGONAL
N\ N\ L-poa (1)

6. Proximal LAD  End of LM to the first large septal or D1 (first diagonal; >1.5 mm in size) whichever is most
proximal

R-PLB OBTUSE
MARGINAL 1
(om1) RAMUS

OBTUSE MARGINAL 2
(OM2)

LeipsicJ e al. SCCT guidelines for the interpretation and reporting of coronary CT angiography: A report of the
Society of Cardiovascular Computed Tomography Guidelines Committee. J Cardiovasc Comput Tomogr. 2014




CTA koronarnich tepen — klinicka interpretace nalez(

* CAD-RADS - standardizovany systém hodnoceni a interpretace vysledk( CTA koronarnich tepen na
urovni pacienta, ke sjednoceni komunikace véetné doporuceni pro dalsi postup (Obdoba TNM

klasifikaci).

* Pro pacienty se susp. stabilni ICHS / pro pacienty s akutni bolesti na hrudi

CAD-RADS pro pacienty se stabilni ICHS

CAD-RADS 0
CAD-RADS 1
CAD-RADS 2
CAD-RADS 3
CAD-RADS 4A
CAD-RADS 4B

CAD-RADS 5
CAD-RADS N

Stenodza

0%

1%-24% (velmi mirnd)
25%-49% (mirna)
50%-69% (stredni)
70%-99% (tézka)

Kmen ACS >50% nebo
choroba tfi tepen (>70%)
100% (Uplny uzavér)
ne-diagnostické vySetreni

Doporuceni

Dalsi vySetfeni neni potreba

Dalsi vySetfeni neni potreba

Dalsi vySetfeni neni potreba

Zvazit funkeni test

Zvazit funkéni test nebo angiografii
Doporucena SKG

Doporucena SKG
Nové nebo jiné vysetfeni vhodné

Cury RC et al. CAD-RADS Coronary Artery Disease e Reporting and Data System. An expert consensus

document of the Society of Cardiovascular Computed Tomography (SCCT), the American College of Radiology
(ACR) and the North American Society for Cardiovascular Imaging (NASCI). Endorsed by the American College
of Cardiology. J Cardiovasc Comput Tomogr. 2016



Indikace k CT koronarnich tepen

* Stratifikace na zdkladé predtestové pravdépodobnosti

Tabulka 9 - Klinické predtestové pravdépodobnosti
u pacientut se stabilnimi bolestmi na hrudi

Zelizko M et al. Souhrn Doporuéenych postupt ESC pro diagnostiku a Ié€bu stabilni ischemické choroby
srdecni—2013. Cor et Vasa. 2013



Indikace ke kalciovému skore

2016 European Guidelines on cardiovascular disease prevention in clinical practice

* Ca skdre mlze byt zvazeno jako risk modifikujici faktor pfi hodnoceni
kardiovaskularniho rizika (llb)

* Ca skdore 2300 Agatstonovych jednotek nebo >75. percentil pro vék, pohlavi a rasu je
povazovano za zvysené kardiovaskularni riziko




Indikace ke kalciovému skore

2019 ACC/AHA Guideline on the Primary Prevention of Cardiovascular Disease

Figure 3. Primary Prevention

Primary Prevention:

LDL-C 2190 mg/dL (24.9 mmol/L)
No risk assessment; High-intensity statin
(Class I
Assess ASCVD Risk in Each Age Group o)

Emphasize Adherence to Healthy Lifestyle Moderate-intensity statin

Diabetes mellitus and age 40-75 y )

(Class 1)

v

v

0-39y

( Y
Age0-19v Fctimate lifetime rick

e

Age 40-75y and \ [ Diabetes mellitus and age 40-75 y \

If risk decision is uncertain:
Consider measuring CAC in selected adults:
CAC = zero (lowers risk; consider no statin, unless diabetes, family history of

premature CHD, or cigarette smoking are present)
CAC = 1-99 favors statin (especially after age 55)
CAC = 100+ and/or 275th percentile, initiate statin therapy

. elevated triglycerides (Class lib) 2 .
(2175 mg/dL, (>2.0 mmol/L)) I I (Class 1) l l

if

hs-CRP 22.0 mg/L
* Lp(a) levels >50 mg/dL or >125 nmol/L
* apoB 2130 mg/dL
e Ankle-brachial index (ABI) <0.9

v

If risk decision is uncertain:
Consider measuring CAC in selected adults:
CAC = zero (lowers risk; consider no statin, unless diabetes, family history of
premature CHD, or cigarette smoking are present)
CAC = 1-99 favors statin (especially after age 55)
CAC = 100+ and/or 275th percentile, initiate statin therapy




Indikace CTA koronarnich tepen — suspektni stabilni ICHS

Pacienti se suspektni sICHS
a stfedni PTP (15-85 %)

l
Zvazte:
¢ Charakteristiky nemocného a vhodnost
pro dany test
* Dostupnost testu
* Mistni zkuSenosti

Zatézovy test PTP 15-65 %
— | kprikazu |— a
ischemie EFLK >50 %

PTP 66-85 % nebo
EFLK < 50 % bez
typické AP

Zatézova elektrokardiografie,
pokud je proveditelna -
preferujte zatézovy zobrazovaci
test (echokardiografie, MR, SPECT, ™|
PET), pokud je dostupny a jsou
s nim dostate¢né zkusenosti.

Zatézovy zobrazovaci test
(echokardiografie, MR, SPECT,
PET), pfipadné zatézova

elektrokardiografie, pokud
neni zatézovy zobrazovaci
test dostupny.

CTA koronarnich tepen u pacientl s nizkou stiedni PTP (15-50 %)
* Pokud je pacient vhodnym kandidatem.
* Pokud jsou dostatecné pfistrojové vybaveni a zkusenosti.

2. U vhodnych
(zobrazovaci) pacientd SKG
zatézovy L (s FFR,
test pokud
jeto
tieba).
proveden).

| !

Posoudit charakteristiky
a preference nemocného

Nejasny vysledek | =

Ischemie

Neni ischemie

Zvazte moznost funkéniho
onemocnéni koronarnich
tepen. Hledejte jinou pfi¢inu.
Neni stendza

Potvrzena diagnéza sICHS

Stendza Dalsi rizikova stratifikace

Prikaz ischemie zdtéZzovou
zobrazovaci metodou, pokud
nebyl dosud proveden.

Nejasny vysledek |=—

Zelizko M et al. Souhrn Doporucenych postupt ESC pro diagnostiku a Ié¢bu stabilni ischemické choroby
srdecni—2013. Cor et Vasa. 2013




Indikace CTA koronarnich tepen — Akutni bolest na hrudi

2017 ESC Guidelines for the management of acute myocardial infarction in patients
presenting with ST-segment elevation

* U urgentnich STEMI neni misto pro rutinni CT srdce.

* Pouziti CT by mélo byt vymezeno jen pro vybrané pripady se suspektni disekci aorty a
plicni embolii.

2015 ESC Guidelines for the management of acute coronary syndromes in patients
presenting without persistent ST-segment elevation

* MDCT koronarni angiografie by méla byt zvazena jako alternativa invazivni SKG k
vylouceni akutniho koronarniho syndromu pfi nizké nebo stfedni pravépodobnosti
ICHS a kdyZ troponin a/nebo EKG jsou nekonkluzivni. (l1a)



* CT koronarnich tepen je rychla a
minimalné invazivni metoda

*2007-2017 pokles priimérné radiacni
davky z 13 na 3 mSv (nutnda dobra
priprava, nizsi SF = nizsi radiacni davka)

*VVhodna pro pacienty se suspekci na
ICHS s nizkym az strednim
predtestovym rizikem

* K zobrazeni anatomickych pomérd
* Anomalie koronarnich tepen
* Vztahy kupf. po predchozich
chirurgickych vykonech
* Patologie korene aorty (disekce) ¢i AoV
(infekéni endokarditida)

Mezioborové sympozium nad srde&ni tomografif

"’OSTZOZO Duben 2020

Dékuji za pozornost




