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%3 DWIDT! QC

=)

 This tutorial teaches you how to do
quality control (QC) of diffusion
images both for DTI as well as other

diffusion models (such as HARDI)

« DWI/DTI QC is performed with the
NA-MIC tool D TIPrep

— Can be called within Slicer
— Also stand-alone tool
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Aa
f v Dataset ']

e

For this tutorial you will need some DWI/DTI
data files that can be found on this link :
http://wiki.na-mic.org/Wiki/images/7/78/
SlicerWorkshop-UNC-20150611.tar.gz
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43 Diffusion Artifacts [l

Diffusion images are sensitive to a
number of artifacts

* Motion

« Eddy-current distortions
* Noise/SNR issues
 Vibrational artifacts

* Venetian blind artifacts
* “unknown’...

Bad DWI's are removed
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f? Outline

2

 DTI QC pipeline
1.
2.

Start DTIPrep

Load DWI dataset
Check DWI & gradient info

Protocol for Automatic QC
Run Automatic QC on DWI
Final Visual QC

Check DTI glyphs in Slicer
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DTIPrep [e]

o Stand alone/Slicer module

 NITRC Page. http://www.nitrc.org/projects/dtiprep/
— Additional manual on NITRC page

* Protocol based QC

— Protocol defines all the parameters
« Automatic report creation
Embed/Cropping of DWI data
— Same size images => simplifies processing
Visualization of gradient scheme
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@ oslicer
Linux/Mac users : Wilenrna
Launch the Slicer e T

executable located in =
the Slicer4 directory =

§ v persitent a5 i

nnnnnnnnnnnnnnnnnnnn

} Acknowledgment

Windows users :

Select Start-2>All
Programs—->Slicer4.0.1->Slicer

Or launch the Slicer executable
from Slicer4 directory
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3 Start DTIPrep within Slicer 1L

3D Slicer 4.2.0-2013-

[N
IIII‘ D Welcome to Slicer s
»

> 1. Select DTIPrep oo | :

J
f
Z] Annotations

A\ Data

— Diffusion category 1 ocon

7 Editor
) € Models

2. Create new module o oo v

™ view Controllers

~ S
3. Click “Apply” M@ volume Renderng | gy Losd Data
- I C p p y ST“ @ Volumes a Download Sample Data

— &\ Welcome to Slicer

— Wizards 4

4. DTIPrep starts up | romanes

— Registration »E
i Segmentation (.
= Quantification »
J DWI to Full Brain Tractography
— IGT 5 Fiber Length Cleaning
. . . B Filtering C Tractography Display
If it is not installed, then do | s | Dtsondwconversn
b) B Converters 4 Diffusion Tensor Images
. . __|  Endoscopy v Diffusion Weighted Images  *
SO via extension browser | rooriayes
; Developer Tools » NIRALPipeline »
Legacy C Tractography
— Testing T
Work in Progress 4
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Workaround on Mac

FAVORITES = Dlegw - ™ CCseg
[[1] cCSeg_Model "

Show Package Contents on 0™ Jgmasessms ) ¢ oo oo
S | A CMake 2.8-9

> EPSON Scan
~
@ Dashboard 4D GraphicConverter

fAﬂ Applications

Slicer . et
[$ Docu & Dictionary 4 Inkscape
Pictures o Dve & = ITK-SNAP

Go to Extensions => Elvoves | oW  sycer 4211

] %2 Dropbox . Font Book k- wpsn
DTIPrep => cli-modules => O dmwrous | & corpm
= (1] Garmin ’
& MyMac

# iBooks Author

DTI Pre SHARED @ ical M
Get Info

. W™
£ Martin's Ti... 8 !gr\}a; Compress “Slicer_4.2.N.02.05" W
-1 Maya's iMac ' Burn “Slicer_4.2.N.02.05” to Disc...
= 2 Image Capture )
] NIRALiMac [ Imaging B ll\)nuzhilt'e
;I UNC-IBIS’... s MyMac » (5] Applications » (| Imaging » Q Slicy a, L o~ 0
®e00 &5 cli-modules i Quick Look “Slicer_4.2.N.02.05
< | > (= (7] SEale= m | | = o Bv| (83~ B~ Q Copy “Slicer_4.2.N.02.05"
Back New Folder Get Info View Arrange Quick Look Action Dropbox Label Search - A
Show View Options
FAVORITES (L] Contents » [ bin » [ ABC ’ M BRAINSCr...ilityMaps |
& Desktop (I cli-modules ’ | ABC.s4ext [l Frameworks » [ BRAINSFItEZ Label:
("] Extensions-21665 » (] DTIAtlasBuilder r - lib ’ M BRAINSResize
{5} styner (] Frameworks b " DTIAtlasBuilder.s4ext {3 share » @ compare...tinclusion
r/.\g Applications D Info.plist (1] DTIAtlasFiberAnalyzer b M convertiTKformats
@ Documents [:l lib » | DTIAtlasFiberAnalyzer.s4ext M DTIPrep
— (] Macos » [ DTIPrep > 1 DTIPrep
(L] Resources » " DTIPrep.s4ext M DWIConvert
1 Movies (3 share ~  [] DTIProcess » M ImageCalculator
g‘g Dropbox U D‘TIPro.(ess.Sftext M ImageGenerate
(] FiberViewerLight » M ImageMath
o Downloads " FiberViewerLight.s4ext
=) MyMac (0] Skullstripper r

| SkullStripper.s4ext
SHARED

£ Martin's Time...

-1 Maya's iMac

-1 NIRAL iMac

;I UNC-IBIS’ Co... = fm MyMac » [y Applications » (] Imaging » /& Slicer_4.2.N.02.05 » (| Contents » (] Extensions-21665 » (| DTIPrep » [ cli-modules
11 items, 71.57 GB available
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fv DTIPrep Main Window

L

g

e 00 - Dﬁi’rep Tools(Qt4)
)&;&4 &‘&é 0 ‘ @ S P P I
DTIPrep ® € Sphere Radius Image2DView 1 (o N x)

TOOI bar { DWI | Protocol | Protocol Path m 0.00 (=S owi_ )¢ /
Sphere Opacit S|[ Axia 3 |(_)
phere Lpacity [S] None = | 1 on |+ |WrHVET 0> [ 1>

Coad 0.00 (2
Type Parameter Processing Result

Info
Window

Manual Checking

[ Save Dwi and QCResult

| Dicom2Nrrd m

M 3D view |

DWI
Viewers

3D
Viewer

Image2DView 3

[ owi
S| Axia + |17
[S1None : | 1 on |7 | WLV 0> [ 1>
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)

Load DWI image Lll

» Click NRRD icon

 File Dialog
— Select your DWI | o e, PGS
— AdultData_DWI.nhdr

DTIPrep

000 Open nrrd DWI
° (11 O b)) («l» (2] = m | [ = v | [ E3 AdultDTI : Q
p e n FAVORITES itaset » [ AdultAtlas
S )ageTestl.nrrd (1] AdultDTI_AfterQC —
(2 styner Jagegest2.nrrd (1] AdultDWI_DICOM

b
— - lAtlas ’ (] AdultDTI > AdultData_DWI.raw.gz
P
b
b
P
(1] DiffusionD...erAnalysis
b

e Done withiloa ng - e

(=) Pictures (] DiffusionDataset-Reg

B Movies

[C.] Dropbox Name AdultData_DWI.nhdr

Kind Document
0 Downloads Size 3 KB
[ MyMac Created 1/31/12 8:48 AM
Modified 1/31/12 8:48 AM

SHARED Last opened 1/31/12 8:48 AM

= Martin's Ti...

[ Maya's iMac

—

| New Folder | | cancel | [ Open |
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53 DWI info

DTIPrep Tools(Qt4) - /Users/styner/Data/DTIWorkshopDataset/DTI/DTIPrep_JB.nhdr

=
|
—

4/ :
DTIPrep @ Qw m 3D view | } Image2DView 1 @ 0
m Protocol = QCResults | S owi O ) 0
S| Axia + | @ 47
Imagelnfo [S1 None 2 | 1 on |7 |WIEVE 0> | 1>
Size 128 128 94 ‘
Origin -96.000000 -96.000000 -70.500000
spacing 1.500000 1.500000 1.500000
Space| left-posterior-superior : )
Detaileéd — 000000 0.000000 0.000000
DWI -000000 1.000000 0.000000
0.000000 0.000000 1.000000
I nfo Measurement Frame
1.000000 0.000000 0.000000
0.000000 1.000000 0.000000
0.000000 0.000000 1.000000
Diffusion
Tag Value
DWMRI_... 1000
DWMRI_... 0.000000 0.000000 0.000000
DWMRI_... -0.216977 -0.485676 -0.846782 ‘ Image2DView 3 (o N x]
DWMRI_... -0.958215 0.073066 -0.276559 Sl owi = () 0
o ez b o T
DWMRL... -0.003199 0.939470 0.342616 B Non : ] 1.0 |- BPPEFWES 0 | 1>
DWMRI_... -0.662361 -0.373398 0.649501
DWMRI_... 0.000000 0.000000 0.000000
MA/AADI NAQAD1D NQRAIRTE N21E704
| Dicom2Nrrd
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s

radient info in 3D |l

)

Displays
gradient
scheme on
unit sphere
(F = File)

- Check for
uniformity

DTIPrep

Lools(Qt4) - /Users/styner/Data/DTIWorkshopDataset/DTI/DTIPrep_JB.nhdr

m Protocol = QCResults |

Imagelnfo
Size 128

128 94

Origin 00000 100000 00000

spacing 00000

00000 00000

Space| left-posterior-superiol : |

Space directions

1.000000 0.000000 0.000000
0.000000 1.000000 0.000000
0.000000 0.000000 1.000000

Measurement Frame

1.000000 0.000000 0.000000
0.000000 1.000000 0.000000
0.000000 0.000000 1.000000

Diffusion

Tag Value
DWMRI_... 1000
DWMRI_... 0.000000 ..
DWMRI_... -0.216977...
DWMRI_... -0.958215...
DWMRI_... -0.672267...
DWMRI_... -0.083619...
DWMRI_... -0.003199...
DWMRI_... -0.662361...
DWMRI 0.000000
| Dicom2Nrrd m

) MPR Image2DView 1 @ 0
S owi s )=O—— 5
S| Axia + | U 47

[S None = | 1 on || W[V 0> | 1>

Image2DView 3 @ 0
Sowr + )= 5
S| Coro 4 | () 64

[$1 None 2 | 1 on |+ | WOV 0> | 1>
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Protocol in DTIPrep @

* Protocol defines parameters

» Use default parameters or load prior
parameter set T

» Select "Protocol” tab

QC_QCOutputDirectory

QC_QCedDWIFileNameSuffix _QCed.nrrd

. “ ,, QC_reportFileNameSuffix _QCReport.txt
‘ ’ ‘ e C e a u QC_badGradientPercentageTolerance  0.2000
QC_reportType

» IMAGE_bCheck
» DIFFUSION_bCheck
» DENOISING_bCheck

. » SLICE_bCheck
 Detailed parameters
» BASELINE_bAverage
» EDDYMOTION_bCorrec t

» GRADIENT_bCheck
» JOINDENOISING_bCheck

— See manual on NITRC

» DTI_bCompute

< ZZZ< < <L <LZ<<O
g&8sspprecdan

[ RunByProtocol

National Alliance for Medical Image Computing http.//na-mic.or
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i Run QC @

DTIPrep (o N x4

« Select “RunByProtocol” ow JRGGERN achesuvs
— Runs for a few minutes (5-15)

[ Default | | Save&Update | | Save as [

e Checks: —

QC_QCOutputDirectory
QC_QCedDWIFileNameSuffix _QCed.nrrd

I ma g e d | mens | ons QC_reportFileNameSuffix _QCReport.txt

QC_badCradientPercentageTolera... 0.2000
QC_reportType 0

Gradients directions e

» DENOISING_bCheck No

. . » SLICE_bCheck Yes
Intensity changes across slices : jicso o
» EDDYMOTION_bCorrect Yes

» GRADIENT_bCheck Yes

Excessive motion across slices - onososnc schec o

motion and eddy current N
correction S (R

6. Residual motion detection o
/. Optional noise removal

o K~ b=
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QC Result @

DTIPrep & x

oWl | Protocol  QCResults |

b
o L O a d S Q C e d D W I igfwoxk/styncrmplnataseUDTann'ep_JB_XMLQCRQSuIt xml  Load |

. . Type IParameter IProcessing o
= DWI Check
wnen tinisne 5 gradient 0000
Oir 0.000000 0....
& Visual Check
] ] VC_Status_0000 NoChange
» Detailed reporting oo —
Onginal_index 7
Original_Index 14
Onginal_index 21

e Directions after Crgmiodex 33 ]

= gradient_0001

- - Dir -0.214818 -0...
motion correction X —
nginal_index

@ gradient_0002

# gradient_0003
 Reasons for
% gradient_0005
@ gradient_0006

I I # grad!ent_0007 -
eXxXCliusSion g e | g

~Manual Checking

Default Result |  saveowiand qcresurt |

Dicom2Nrrd  DTiPrep |
Checking Thread ended

National Alliance for Medical Image Computing http://na-mic.org Slide 16




f*g Visual QC & Save

 Double click on
“VC_Status”

* Option to include

or exclude

¢ Often
unnecessary

e NN

\ DTIPrepl.1.3

Status of gradient 1 based on Visual Checking

Exclude NoChange I

DTIPrep

oWl | Protocol  QCResults |

paiwork/styner/ftp/Dataset/DTIDTIPrep_JB_XMLQCResultxml  Load |

4

# gradient o~

& gradient_0004
% gradient_0005
& gradient_0006
#- gradient_0007

Type ]krameter IProcessing =
= DWI Check
& gradient_0000
Dir 0.000000 0....
& Visual Check
VC_Status_0000 NoChange
Onginal_index 0
Onginal_index 7
Original_Index 14
Onginal_index 21
Original_Index 28 -
Original_index 35
Original_index 42
= gradient 02=
/ -0.214818 -0...
=/ fsual Check
VC_Status_0001 NoChange

‘I M mendians ANAD l LrJ
~—Manual Checking 1
Default Result |  saveowiand qcresurt |
Dicom2Nrrd  DTIPrep |
Checking Thread ended
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fv Conclusion @

« DTI QC is a must

 DTIPrep & Slicer provide
comprehensive QC

 This tutorial guided you through the
“default” use of DTIPrep

« Soon v1.2: Better Slicer integration,
directional artifacts detection, and
residual error estimation
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