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Phase contrast velocity mapping

« Strictly perpendicular to blood flow

 Inthe isocentre of the scanner
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Eddy current compensastion
post-processing
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Forward flow 82 ml
Backward flow 37 ml

Forward flow 82 ml = stroke volume SV
Backward flow 37 ml =regurgitant volume RV

RF 43%
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4D flow
e 4D flow =3 D + cas

Pulmonary Arteries

 5-10 minut skenovaciho ¢éasu mezi podanim Gad
aLGE

Bissell et al. JICVMR 2023
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Doporucena kvalita zobrazeni 4D flow

Table 1 4D flow acquisition parameters for large vessels and whaole heart

Acquisition parameter Aim for Do not exceed Reason Limiting factor
Acquired spatial resolution

Adults whole heart 25 mm? [2] 3 mm? Accuracy Scan time
Adults' vessels 2mm’ 2.5 mm’ Accuracy Scan time
Pediatric whole heart 2 mm?[53,79, 82] 2.5 mm? [82, 167] Accuracy Scan time
Pediatric vessels 1.5mm? 2 mm? Accuracy Scan time, VNR
Neonates 0.75-1 mm? [54] 1.5 mm? Accuracy Scan time, VNR
Acquired temporal resolution 30 ms 50 ms (can be higher if aiming ~ Accuracy Scan time

Velocity encoding limit (VENC)

ECG gating
Respiratory navigation
Contrast agent

Flip angle

Maximum expected velocity

Retrospective
Optional

Consider in neonates, dissec-
tion patients or other challeng-
ing cases

7° non-contrast
12-25° with contrast

for visualization only)

10% higher than maxi-
mum expected velocity,
do not exceed 25%

25°

VNR, to avoid aliasing

Complete ECG cycle included
Accuracy
Improved contrast

SNR

Scan time, VNR

Reconstruction
Scan time

Contrast adminis-
tration contraindi-
cations

Contrast vs SNR

Bissell et al. JCVMR 2023
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Doporucena kvalita zobrazeni 4D flow

Acquired spatial resolution
Adults whole heart

Adults’ vessels

Pediatric whole heart
Pediatric vessels

Neonates

Acquired temporal resolution

Velocity encoding limit (VENC)

ECG gating
Respiratory navigation
Contrast agent

Flip angle

2.5mm? [2]

2 mm?
2mm?[53, 79, 82]
1.5mm’

0.75-1 mm? [54]
30 ms

Maximum expected velocity

Retrospective
Optional

Consider in neonates, dissec-
tion patients or other challeng-
ing cases

7° non-contrast
12-25° with contrast

Complete ECG cyc
Accuracy
Improved contrast

SNR

heart

ceed Reason Limiting factor
Accuracy Scan time
Accuracy Scan time

2, 167] Accuracy Scan time
Accuracy Scan time, VNR
Accuracy Scan time, VNR

be higher if aiming  Accuracy Scan time

Htion only)

' than maxi- VNR, to avoid aliasing Scan time, VNR

cted velocity,

ced 25%

le included Reconstruction
Scan time

Contrast adminis-
tration contraindi-
cations

Contrast vs SNR

Bissell et al. JCVMR 2023
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Postprocessing Workflow for 4D Flow CMR

Correction Anti-Aliasing
h 4
o
= 2
sl g N
§| 'V Time §I % Time
Mark static tissue + air-filled regions Find phase wraps to perform
for offset corrections + noise masking velocity anti-aliasing

Segmentation

Perform 3D segmentation using Perform time-resolved 2D segmentation
PC MRA on MPRs of vessel cross sections
Visualization Quantification

Visualize flow properties in cross :
sections and 3D Assess quantitative results Bissell et al. JCVMR 2023
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A Vectorgraphs B  Velocity MIP C Streamlines

velocity
[m/s]
1.0

0.5

peak velocity
=1.2mls

velocity
[m/s]
1.0

early systole late-systole Diverfeldt et al. JCVMR 2015
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Vlzuallzace 4D flow

Vektory Velocity Streamlines

Smér a délka/barva Pathlines/trajektorie V jednom éasovém
Komplexni pohyb tok v srdci useku

Pro srdce neprehledné (pfitéka/odtéka/zastava

Helikalni/Virivy tok

Demirkiran et al. EHJ-CVI 2022
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flow quantification
vessel contour

magnitude velociy ‘

segmentation of
vessel boundary for
all cardiac time frames

4

plane-wise analysis

- peak velocity (m/s)
- net flow (ml/cycle)

3D PC-MRA o oy
analysis plaf€ - regurgitation (%)

Diverfeldt et al. JCVMR 2015
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Kvantifikace rychlosti/toku v ROI
Kontrola kvality

Quality Control:
Conservation of Mass Analysis

Aorta Pulmonary Arteries

Position ROIs in the main, left, and
right pulmonary artery

Position two ROIs in the
ascending aorta

500 450
g 450 - —— MPA —— LPA
& 500 2 2s0] / —— RPA LPA+RPA
£ 100 2 50
'Y

o

o G S S o
-50 200 400 600 800 1000
Time (ms)

200 400 600 800 1000
Time (ms)

o
t=)

Calculate the bias
between stroke volumes:

Absolute bias = AO2 — AO1

A02-AO01

Relative bias = ——————~
CIAtVE RIS = 5 sx(AD1+A02)

Calculate the bias
between stroke volumes:

Absolute bias = MPA — (LPA + RPA)

MPA—(LPA+RPA)
0.5X(MPA+RPA+LPA)

Relative bias =

Demirkiran et al. EHJ-CVI 2022
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Aorta — hemodynamika, wall shear stress
aortic stiffness, pulse wave velocity,
falesné lumen

* Vrozené srdecni vady

Chlopenni vady

Funkce komory
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Diastole

Vel (cm/s)

Zpomaleni toku u pacientll se sinusovym
rytmem a anamnézou parox' FIS Demirkiran et al. EHJ-CVI 2022
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Chlopennl vady
Aortalni stenoza:
4D flow meri vyssi rychlosti nez 2D flow

U pacientl s excetrickym jetem také vysSSi nez
ECHO

Demirkiran et al. EHJ-CVI 2022
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Mitralni regurgitace: kvantifikace
Diastolicka funkce LK

RV (mL)= LV stroke volume (mL) - Ao forward flow (mL)

B
o]

4007
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0_ ____________________________
50 MR volume (ml)
00 7) Qua e flow analys
factoring in automated
valve-motion correction

Demirkiran et al. EHJ-CVI 2022
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Komplexni vrozené vady

 Fontanovska cirkulace (TCPC extrakardialni)
« Kinetic energy (KE), viscous energy loss rate (EL)
Korelace s VO2max, jaterni stazou a prestavbou

NEMOCNI

0.18 = 0.055 cT1 898

norm_flow norm_flow

0.30

norm_flow

| " Fontan
tunnel

Velocity (cm/s)
4] 10 20 30 40 50

Rijnberg et al. JCVMR 2022
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Wall shear stress

« Wall shear stress: 7, = u (6—u)
y=0

* Rychlostni vektory pri sténé aorty, vireni

22 pts s BAV, planovana resekce aorty

Al

Normal WSS (°)

| elastickych vlaken 1 MMP-2, MMP-9 &
Riziko ao disekce
ruptury
progrese dilatace 8

Guzzardi et al. 2015
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4D flow v predl'é"’cl progrese CiAAD
Wall shear stress

« 75 MS pts s remodelaci aorty i bez, + zdravi jedinci

« MS: alterace in-plane rotational flow a circumf. wall shear
stress i bez pritomnosti dilatace aorty.

* Prox. descendentni aorta: snizené axial a circumf. wall

shear stress nezavisle koreluji s lokalnim priumérem
(nezavisle na demografii a klinickych f.

Guala et al. JCVMR 2019
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Imaging k predikci progrese ¢i AAD
Aortic wall shear stress

- R+L faze cipu — dilatace korene

- R+N fuaze cipu — dilatace tubularni asc. aorty *
oblouku

H.I. Michelena et al. / European Journal of Cardio-Thoracic Surgery

fusion BAV

Michelena at al. Eur J Cardiothorac Surg 2021
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Na druhu operacniho zakroku zalezi
Podle Davida
Dobrovolnik 25 let Protéza se sinusy Tubularni graft

Oechtering et al. JTCVS 2020
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Ejekcni frakce False i

komplikaci

Can 4-dimensional (4D) flow magnetic resonance
imaging (MRI)-derived haemodynamic parameters
predict aortic growth in type B aortic dissection?

Key finding(s)

Predictors of growth rate:
False lumen ejection fraction. Baseline diameter.
Entry tear distance from the left subclavian artery.

!

Take-home message

A false lumen ejection fraction measurement
by 4D flow MRI can predict growth and may help
refine treatment decisions in type B dissection.

\ I L4

Dominant
Entry Tear /

FL Ejection Fraction (%) =

Retrograde flow (Diastolic)
Antegrade flow (Sytolic)

L.a38

mL/sec

Cardiac cycle (t)

FL EF=
49%

Systole

» Diastole

0.5 1
Velocity (m/s)

Burris at al. Eur J Cardiothorac Surg 2020
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Prutoky FL - redlkce ruptury

131 pts, 25 umrti (ao.komplikace), 18 EVAR

CENTRAL ILLUSTRATION: False Lumen Flow by Magnetic Resonance
Imaging and Long-Term Outcomes of Aortic Dissection

g € Angiog

False lumen (FL) and
true lumen (TL) contours

|

FL and TL flow curves

|

Flow patterns:
FLsA >30%
|

Yes

FLDR >80%
1

Evangelista A, et al. J Am Coll Cardiol. 2022;79(24):2415-2427.
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200 Pattern |
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Survival Free of Aortic Events

1.00 -

0.00 -
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0.50 A

0.25 A
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P=023
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P <0.001

P=0.03 TypeAll
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Evangelista at al. JACC Surg 2022
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Dekuji za pozornost

Fakultni nemocnice Hradec Kralové
1. Interni kardio-angiologicka klinika a Diagnostické centrum
Ambulance pro vrozené vady v dospélosti

radka.kockova@fnhk.cz
&
Nemocnice Na Homolce




