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Overview

System Requirement

Requirement Minimum Requirement Recommended Requirements

0S Windows 10 64-bit Windows 10 64-bit

Network -

Display 1920x1080 Resolution 1920x1080 Resolution or
higher

Processor Intel Core 15 Intel Core 17 9700K

Video Card nVidia Dedicated GPU nVidia Dedicated GPU

System RAM 16 GB 32 GB or higher

Video RAM 1GB 4 GB or higher

Requirement for the Operators

This system 1s intended to be used by medical doctors or radiologists who

has trained to use the system. Please use this software only for the

intended purpose.

Indication for use

Module: Dicom Browser

Browse and filter database

Import and export of 4D Flow MR Images in Dicom Format.

Module: iTFlow

Color-coded flow display with semi-automatic contour detection,

synchronization and forwarding

[0 Graphical Display of flow rate and flow velocity.

[0 Background correction options

O Automatic calculations include volumes, velocities, regurgitant fraction




Abbreviations and Conventions

References to buttons or icons and modules are written in italic.

If the selection of a menu or function, requires multiple clicks, it will be
notated as follows: E.g. Configuration > Contours > Rounded SAX Endocardial
Contours (which explains how to get to the selection of using rounded contours
for the automatic contour detection)

Tooltips, names of menus and icons are written the same as in the interface,
e.g. the button for the Short axis 3D volume module is described as Short3D

CMR Cardiovascular imaging
PC Phase Contrast
ROI Region of Interest
LV left ventricle
LA left atrium
RV right ventricle
RA right atrium



Getting started

Principle of flow analysis using MRI

Phase contrast image data and magnitude image data can be obtained by the phase
contrast method. The phase contrast image is represent blood flow velocity in the
gradient magnetic field direction. It is possible to analyze the blood flow velocity as
a vector with components in three directions by acquiring phase images in three

axes.
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Process

Mask Segmentation

Segmentation of the target vessels or ventricle is necessary for analysis. Mask

image is overlayed on the phase image to define the region for analysis.

Velocity vector visualization

It is possible to visualize the blood flow velocity as a vector by composing the

three-axis phase image.

Hemodynamic parameter calculation



Blood flow rate, flow energy loss, wall shear stress, oscillatory shear index can
be calculated from blood flow vector field.
SSFP imace Phase Contrast image Phase Contrast image
g (X direction) Y direction)
" AT ;7.".3.,!?- (__‘. .

Binarization

Velocity V

‘ Composite vector

Calculate

du; + oy
# ax] axl‘

Velocity vector Energy loss



Data Acquisition

Data used in flow analysis

PC images, magnitude image, cine images are used for analysis.

PC Image (X, y z direction)

These images contain velocity information of blood flow. It is essential for flow

analysis.

Magnitude Image

Magnitude image is required with pc image. It is used for registration with PC

image and CINE image.

CINE Image

High-contrast image such as True FISP, SSFP. It is used for segmentation.



Data requirement

Series

PC(3 axis) | Required These data series must be included for flow
analysis

Magnitude | Preferred This series can be used for registration.

Cine preferred Using cine image enables tracking of heart beat.

*kk

o Vessels that receive less effect of movement with heartbeat such as

abdominal aorta can be segmented from PC image. — See

Launching the software

Launch from DICOM Browser

Click on Cardio Flow Station shortcut on the desktop to launch DICOM
Browser. Multiple series for analysis can be selected by clicking with Ctrl key, then

click “Flow Aanlysis” from right click menu to start 4D Flow analysis.
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X, Y, Z PC image, images are necessary for analysis. Cine images. In

addition to these series, importing Cine image makes the segmentation

easier.

CineE[{& Magnitude[E[{& Phase ContrastiE[{§

Launch iTFlow stand alone.

Click on 1TFlow shortcut on the desktop and click File-> Import DICOM from menu

to import dicom.
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) iTFlow Ver 1.9.0
File | Export Measure Edit Coordinate 3DBrush  Dispk
Open

Open Mask

@ Slices

Q«QB@ <>

Save

Save As

Save Mask As
“ Import DIC.OM

Import GE iles
Open in Ex r

b

Separate Region

Time series

Tracking

Same mask to all

.

Dicom series can be easily imported by drag & drop the dicom folder on the desktop

icon.

iTFlow ~~« _ [%
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Importing Series Selection

The imported series are automatically discriminated. If the selection of the PC-

X, Y,Z was wrong, it can be selected manually.

1) —X%ER LRI, AZEHH S
)= H B

Please choose Phase contrast image (R/rtdA/P‘ /0. Magnitude and SSFP series.

Three phase contrast gerieses are requi
OK | [Cancel | Magnitude and SSFP i optional A

) Disuse Oine  Mag  URL) W(AP) WSD Imaee Venc Phase: Slices Rows GColim SeriesDescription ~

0 16 30 320 316 Cine Sae 160,

0 20 30 192 132 |4D flow nav .

g4 -15 (20 30 [192 132 |4Dflownav P,

& [-15 20 30 192|182 (4D flow nav P,

#1520 30 192 132 |4D flow nav P .
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Data save and load

Click on File->Save as in the menu to save the project file and the progress. Project
files are contained from 5 files below. To move the project files, move the five files
to same directory.

A=a—0OFile-Saveas 7V v/ ThrL7av=r b UTHEEFTOT — & &A%
FTEET, 70V MEATRO 2D 7 7 A AIBEERENTVWET, T—4 %
BEISEALAIE 2 LD TRBEISHETIESN,

* prj4d : File used to import to the software. Relative file path of other four files
are written. FicD 7 7 A L E F LD TWVWDH 7 7 A )L

*_Cine.matg : Cine image data  Cine B/ MRAFSILTWND T 7 A )b

* Magnitude.matg: Magnitude image Magnitude B3 RIFZILTWND 7 7 A L

* Mask.matm : Mask image data. This file can be imported or exported alone.~ A
I IEBRPMRFEENTND T 7 AV

*_Velocity.matv : phase contrast image data. (ZAHEENRIFEIILTND 7 7 A )L

Project file can be loaded from File -> Open in the menu.
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2D Segmentation window

""l‘ Export Measure Edit Coordinate About E&m q?sgﬁ

. - wm e = P —
MaskEdit 2DEdt || * | OES O Phase Brush | Draw fserss

- S O S ~
s & @,[<I[16]3] [€]|1 |3 [15] 3] eme| =2/l ©cne Omeone | B —XE
| I J Qu Ov Ow O PCAngio
Analysis_12 - - —-— - i~ el
(== ——
ROI
| Displey 3D 1
l Thresholding
Threshold | | Between || b
|
Separate Region I ‘
[ :
I Tracking
Same mask to all I
===

=
OVelocity
OEnergy Loss
OStreamline
Owall Shear Strel
OVorticity

OHelicity

Velocity Settings

Energy Loss Settings ﬂ]
De Aliasing 314 30

D Segmentation control field
Mask are semi-automatically generated using these functions.
@ Displaying switch
@ Slice and Phase control
Click to change the slice or phase. Checking radio button, slice or phase can
bechanged using mouse wheel. Cine play is available from Play/Stop button

@ Mouse functions

Mask Draw/Erase

Mask Erase

Distance Measurement

Angle Measurement

Velocity Measurement
® Displaying Series
® 3D Display switch

@ Opening 3D Viewer

Mouse buttons function

Right button Level change
Middle button pan
wheel Slice / Phase change

14



Ctrl+wheel

Zoom 1n out
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ROI

You can set region of interest to save system memory and processing time.

332212 voxels

This function is not necessary when the software processing speed does not have

problem.

Interpolation of Cine and Mask spatial resolution

Clicking Edit -> Interpolation in the menu, spatial resolution of Cine image and
Mask image can be changed. This function is useful to achieve smoother surface of

the vessel and enables accurate calculation of WSS.

Interpolation should be performed after setting ROI because it consumes large

memory.
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Original Large vessels Small vessels

Ih-plane ¥ mm
Inh-plane mm
Th-plane 2

i

mm

Ok Gancel

It is strongly recommended to set ROI before using interpolation,
o because interpolation uses high amount of memory.

Segmentation

Thresholding
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File Export Measure Edit Coordinate About Test Function

Series

Mask Edit 2D Edit bl I @ Slices O Phase = .
@ cine O Magnitude

Brush| Draw

Q@ <1712 < |1 [[>] P 3 | [Erase

Proj v O w O PCAngio

ect.ogme -
=3\ g R,
ROI
Make Plane Analyze in 3D Viewer
i == =

l Threshold Between
-_— . - J

Qu O

Separate Region

Time series

Trockm  w—

l ThresholdAbove
Same

Thresheid

Whole B2
Local 156
OEn Apply All Phases uu\y All Slice l Cancel
owl —
g —
Velocity
Energy Loss
De Aliasing

i 059 j: 043 k: 016 x: 024.62 y: 022.41 z: 129.07

MiddleDrag: Move Picture, Ctrl + MouseWheel : Scaling

Threshol
Use bar to change the threshold value. The threshold value is important
because it affect the time to segment in the following step and the accuracy of the

analysis.

Poor: near-wall region is not segmented enough.

Good

Poor: LV and PA are connected. It takes a lot

of time to separate in the following process.
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Separate

Click Separate button and the Separate window popups. Push Separate
button several times in the separate window to separate the region
Select all the region by clicking from 2D View and push Apply button to

delete unselected region.

Project name
Analysis_01

ROI

Thresholding
Threshold Between

LSeparateRegxon l
- -
ime series

®7 IJ ‘y Tracking

Same mask to all

RS A BECR A

Tolerance for separation.

ZENT

3 —

Qe THEELALINSD

- o
lChoose Selected
—

387 001 k 005 x 01585

Manual segmenetation

Mask can be modified manually using brush and eraser.
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Draw ‘ Measure

[Erase | LSt

DDraw, Erase M EIR
FVNDKESEERE
WO R ETIIRRA—)L)

Draw/Erase. Left click to draw mask. Shift + left click to Erase the
mask.

Brush Size: brush size can be changed using mouse wheel when the
cursol is on the text box.

Brush size can be changed by Shift + Mouse wheel on 2D View.
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3D Mask modification

Click Erase button on 3D View. Clicking 3D View to make polygone and push

delete key to erase.

—

3D Brush

Plane

3D Viewer Moue controll

Mouse right butotn rotate
Mouse midd;le button Pan
Mouse wheel Zoom
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Auto(this phase) FE71=1& Auto(all phase) TEHEIZ{E1t

Mask Edit 2D Edit « ‘ ,

Project name
Analysis_12

ROI

Thresholding
Threshold Between

Separate Region

I |
I Time series

Tracking I

Same mask to all
I | J
Tracking : Based on displaying phase, the mask of all phases are
automatically generated using tracking algorithm.
Same mask to all: The mask of the displaying phase is copied to all other

phases. This function is suitable for the vessel whose movement with heart

beat is small.

Mask save

() 4D Flow Post Processor
File | Export Measure About
Open

e
Save
| Savehs |
| Save Mask As I
Import DICOM :’
Import GE Dat Files

Open in Explorer

l Separate Region ]

Save mask As! mask can be saved to *. matm file

Open Mask:
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This function is useful when saving mask separately such as LV mask
o Aorta mask and RV mask.

Flow visualization in 2D View

-OVelocity
-JEnergy Loss
-OStreamline
-OWall Shear Stre
-OVorticity
~OHelicity

Velocity Settings
Energy Loss Settings
De Aliasing

Vector

Velocity vector can be switched. The density of the vectors, size of the

vectors and the color range can be changed from the setting.

Energy loss

Energy loss display can be switched. Color scale can be changed from the
setting.

Clicking Measure — Energy Loss to export the energy loss in the cardiac cycle.
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Plane Reconstruction

2D View plane can be reconstructed from 3D view

Analyze In 3D Viewer
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Velocity orientation correction

This procedure have to be performed after finishing the mask segmentation in all
phase.

Click Edit -Orientation Velocity to Open orientation correction window.

Please use this function after finishing making mask of all phases.

vvvvv

[ 2D Vector
3D Streamline .

oK Cancel

Push Auto Orientation button and the orientation automatically corrected. If the

vector direction is opposite, Push Reverse UVW button.

Orientation can be manually set. Push “<” button and “>” button to change the

orientation pattern.

Auto orientation function is specification of PC image three axis combination
based on streamline length. It is designed for vessel, and sometimes does not
work corrector when segmenting heart. Please check whether the vector
direction is correct after using auto orientation function.

3D visualization / quantification

3D Viewer will open by clicking Analysis in 3D Viewer button.
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In this window, streamline, WSS, OSI, EL and vorticity are visualized in 3D.

Flow rate and WSS can be quantified.

ut  Test Function

Series

@ Slices O Phase Brush . .
r S @® Cine (O Magnitude

<17 (1> <1 >IN P 3 | [ Erase

Qu Ov Ow O PCcangio

2D Flow UpdateView Make Plane

|2 RREEHH

File Export Testfunction

&
El:{_l
-

- e = e e -
o == = = = — I Lﬁdlstfwj" IL_JE_l IDi(ami _FliNral_e ‘l ColoBar

[V Geometry Setting

[~ Wall Shear Stress Setting I

Measure WSS

Streamline

v Whole Setting

(" High = Middle  Low ¢ None

I
I
I
I
1
I
Draw from plane Clear I
2D Slice l
[T Axial [~ Coronal [~ Sagital I
I

I

I

|

4

™ Volume Move Plane

Energy Loss
[~ Enerey loss Setting

Pathline

I
l
1
|
!
I
I
I
[
[
I
|
I Pathline Tool

|

|REHRMTE. wsd
|§ﬂ%ﬁ®®§ﬂ:
|

R s i Gopy Viem | ste Vi |

View control

Mouse Right button Tilt

Mouse Middle Button Pan

Mouse Wheel Zoom in/ out
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Adjust View Button Reset Pan and Zoom

Streamline

Streamline display can be switched by checkbox. The number of lines, color

range and line width can be modified from the setting button.

WSS

Color scale can be changed from the seting button. WSS quantification
window will be opened by clicking measure WSS button. Click on the view to
select the region.

Shift + click to limit the region.
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Flow rate

After clicking Flow Rate button, flow rate can be calculated by mouse left

button dragging to make cross section in 3D View.

r==
AdustVen] [« 5 [»]  (mEEEY_Flon J@b'}“j?

FREMR  Mask

We’yfm i I — [E=NEEY =

el Rl | *T ! '
£ 5 |2 Cine || Mag Velocity 10 Separate

ey ! '

Current Phase 0 20 —— Flow Rate (mUs)
Flow Rate:  -354.7mL/s 50 » sz v B Area (cm’2)
R b7 B0 0D 58368 iy & 5
All Phases ; a0 g
Average Flow:  -6758.4mL / min & =
Average Area:  74cm”2
Average 2DEL: 664mW/m 0
0 5 10 15 20
Phase Export CSV
Mask edit in cross section view
Left mouse button Draw
Shift + Mouse Left button Erase
Shift + Mouse Wheel Change brush size

28



Pathline

Pathlines are the trajectories that individual fluid particles follow. These can be
thought of as "recording" the path of a fluid element in the flow over a certain
period. The direction the path takes will be determined by the streamlines of the

fluid at each moment in time.

Particle emission
Push Pathline Plane button
Drag mouse left button on the screen to make cross section.

Push OK button on the pathline window.
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