I

NA-MIC
National Alliance for Medical Image Computing
http.//www.na-mic.org

Cardiac Agatston Scoring

Jessica Forbes, Hans Johnson
University of lowa
Jessica-Forbes@uiowa.edu

NA-MIC Tutorial Contest: Summer 2014

© 2014, All Rights Reserved



s Learning Objective

This tutorial demonstrates a semi-
automated method to segment
and identify coronary artery
calcium plaques from EKG-gated
non-contrast cardiac CT scans.
Then calculate the Agatston
score.

Following this tutorial, the user will
be able to load scans into
Slicer4.3.1, segment calcium
plaques, then calculate the
Agatston score and label
statistics.
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s Pre-requisite

Pre-requisite Slicer tutorial:
“Data loading and 3D visualization”

Author: Sonia Pujol, Ph.D.

http://www.slicer.org/slicerWiki/index.php/
Documentation/4.3/Training

Pre-requisite heart anatomy tutorial:
“Coronary anatomy and anomalies”

http://www.radiologyassistant.nl/en/p48275120e2ed5/
coronary-anatomy-and-anomalies.html
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I Pre-requisite

Pre-requisite heart anatomy tutorials (suggested):
Useful 5 minute video tutorials for identifying coronary arteries in CT scans

“Left Main Coronary Artery on Axial Coronary CTA”
https://www.youtube.com/watch?v=L-p6ccODSps

“Left Anterior Descending Coronary Artery Anatomy on CTA”
https://www.youtube.com/watch?v=eogwmcCnnlY

“Left Circumflex Coronary Artery Anatomy on CTA”
https://www.youtube.com/watch?v=erijmkOR1IM

“Right Coronary Artery on Axial CT”
https://www.youtube.com/watch?v=4hSaJgEyRCc
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f? Material

This tutorial requires the installation of the Slicer4.3.1
release built after 06-25-2014 and the tutorial dataset.
They are available at the following locations:

Slicer download page:
http://download.slicer.org/

Tutorial dataset:

http://wiki.na-mic.org/Wiki/index.php/
File:CardiacAgatstonMeasures TutorialContestSummer2014.zip

Note: A Simplel TK bug fix occurred on 06-04-2014 that is necessary for this module to
function. The extension was added to the Extension Manager 06-24-2014.
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f'? Overview

CICILY

Part 1: Part 2: Part 3:

Load Threshold Identify
module scan calcium
and data plaques

Index Label Name Agatston Score
| BE Left Main (LM) 45229
Left Arterial Descending
3 (LAD) 88.3706
Right Coronary Artery
B s (RCA) 24.2671
B s Total 117.161

¢

Part 4: Part 5:
Calculate  Save
scores results
and label

statistics
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s Background

« Cardiovascular Disease is the leading global cause
of death: 17.3 million deaths/year

« USA: 600,000 of heart disease per year*
 Equates to 1 in every 4 deaths

* 40-60% have no cardiac symptoms before the
event™”

* Important to identify asymptomatic patients at risk of
coronary events

*http://www.cdc.gov/heartdisease/facts.htm, February 19, 2014
**Myerburg et al. Am J Cardiol 1997 Virmani et al. Cardiovasc Pathol. 2001
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s Background

Calcified Plaque Detected by non-contrast CT |~ >

Normal Early Lipid Internal | Calcified Calcified Vulnerable Rupture Thrombus Myocardial Stable
rich rupture | shell plaque infarction

Inflamation and calcification
Scar development with calcification

Coronary arterial calcification is part of the development of atherosclerosis, it
occurs almost exclusively in atherosclerotic arteries.
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Coronary
artery
calcium
plaque

Each pixel of an EKG-gated non-
contrast cardiac CT scan has an
attenuation/density unit called
Hounsfield Unit (HU).

« Water=0HU

« Air=-1000 HU

 Calcium > 130 HU

Pixels with an intensity/HU value
greater than 130 represent calcium
(such as calcium plaque or bones).
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A label map
representing
calcium is
created when
Coronary artery

calcium plaque B | | >
the scan is
thresholded
at a minimum
of 130 HU

artery calcium
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I Background

A measurement for quantifying the amount of

120 KEV Ranges coronary artery calcium plaque is called the
Agatston score.

HU
J Agatston score = Area x X-Factor

130-199 1

The score for a single plaque is simply the
200-299 2 product of the plaque area in that slice and a
300-399 3 weighting factor called the X-Factor.
>= 400 4 The X-Factor is a value between 1 and 4

based on set ranges for the value of the
largest intensity pixel in the plaque.
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I Background

P .
e 7 B
sy
’
U

Intensity
Pixel —mmy 130-199 ! ) X-Factor = 1

190 HU

200-299 2
300-399 3
>= 400 4

Agatston score = Area x X-Factor
18 =18 x 1
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Agatston Score
88
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s Background

The Agatston score helps

doctors identify pre-symptomatic T°ta's‘égf;9't°“

patients at risk for a cardiac

event. 0 No identifiable disease
. 1-99 Mild Di

It was developed for use with aisease

120 KEV scans, but lower 100 - 399 Moderate Disease

radiation dose scans such as

Severe Disease

80 KEV scans could give similar > 400 (>2% annuallevent rats)

scores with less radiation
exposure to the patient.
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s Background

120 KEV Ranges

0 s
Range

2000

1500

130-199 1

200-299 2 ) £ wooof
300-399 3 N
>= 400 4

Plot of KEV80 vs KEV120
T -

500 1000 1500
KEV120

2000

80 KEV New Ranges

:
Range
167-265 1
| ) 266-407 2
408-550 3
>= 551 4

X-Factor ranges were developed for 120 KEV only, so we calculated new
ranges for lower radiation 80 KEV scans based on HU intensity values.
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s Background

120 KEV Ranges This module allows 80 KEV New Ranges
anagasonscore or T
Range |7~ 2¢°f an Agatston score for Range | XFactor
130-199 ’ either 120 KEV scans 167-265 1
or 80 KEV scans.
200-299 2 - =)  266-407 2
The minimum
300-399 3 threshold is set to 167 el £
= 400 4 HU for 80 KEV based = 551 4

on the new X-Factor
ranges and 130 HU
for 120 KEV.
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f? Part 1: Load Extension

® Slicer File Edit Help
©00

. @ Python Interactor 83 | 3D Slicer 4.3.1-2014-06-24
s, IR = O © (@ © @ - [E| ¢ 8 & 5
v Module Panel 85 @ 1
Toolbars > » ® 4 v Axial S | None
#2 3psiicer [ Layout »
- & Error Log $0

Welcome

Open the Extension

[Gisy Load DICOM Data ' [y Load Data _ .
13, Customize Slicer O Download Sample Data M a n ag er I ISted u nd er VI eW
» Feedback
» About

» The Main Window

» Loading and Saving
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f? Part 1: Load Extension

8 00 Extensions Manager

e ‘ Q Manage Extensions (0) ,i\ Install Extensions §, Search...

Slicer Extensions V¢ kitware
Categories g ———

= All

= Cardiac (1)
W Cardiac"MRI'tooki (1)

= Developer Tools (3)

= Diffusion (4) CardiacAgastonMeas..
Jessica Forbes (Ulowa)..
= Editor Effects (1) o

Exporter (1)

Filtering (1)
= Morphology (1)
= IGT (6)

« Informatics (4 Select the Then Arestart is

= Mesh Generation (1)

« Wicroscopy 1) Cardiac select required to install

= Multidimensional data (1)

+ Quantficaton 2 Category Install an Extension .

= Radiotherapy (2)

Registration (2)

Remote (1)

Scoliosis (1)

= Segmentation (11)

v

jRestan X Close ‘
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f'? Part 1: Load Extension

8 00 3D Slicer 4.3.1-2014-06-05

@ Modules: £\ Welcome to Slicer - O () @ Q @ 4 $~ e 5o S g A

All Modul
odules 4 ®

o

| Annotations

3DSlicer A\ Data
- DataStore
# picom
W I Markups
€1CO o woe
Fa Scene Views

= Subject Hierarchy L

[ Load DICOM Data | 4 |

‘ 48 Customize Slicer B View Controlers ta ‘
—| @ Volume Rendering - |
§ Volumes
¥ Feedback B E\ Welcome to Slicer L
Wizards 4
_ Share your stories with Informatics » fer has
enabled your research.  pegicyration R
‘Segmentation »
We are always interested in improv Quantification » Will be
carefully read. Diffusion »
Seemoreatlf  IGT »
» About Filtering L4
e | Surface Models »
» The Main Window Converters .
—|  Endoscopy =
4 it » b
» Loading and Saving | l[‘)‘zlwll::perTools v L — I e C h a n g e th e
| Legacy L ——
» Display (T . cLi RO Test & AddManyMarkupsFiducialTest
Ty r— EXBT_"P‘QS ’ Performance Tests | AtlacTacte M Od u I e to
Z |_tumimosioor ___ Lg caress TR |
] TestCases - Lnainy

» Documentation & Tutorials

' Cardiac
Agatston
Measures.

#& MarkupsinCompareViewersSelfTest
& MarkupsinViewsSelfTest
* ing’ i ifTest
& RSNA2012ProstateDemo
#% RSNAQuantTutorial
% RSNAVisTutorial
& Scene Import (Issue 2428)
#& Scene Performance
~ Data Probe o SiiceLinkLogic
& SliceraMinute
4 slicerCloseCrashBug2590

L #& SubjectHierarchyCorePluginsSelfTest
F 4% SubjectHierarchyGenericSelfTest
B

ok Test Tractography Display
#% ViewControllers Slice Interpolation Bug 1926
#& VolumeRenderingSceneClose 0
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f? Part 1: Load Data

&a | Modules & Cardiac Agatston Measures |+ | ™ () PO @ D. %~ & e . g a

@®

:@ 3DSlicer

2. Choose the nii.gz
fi Ies u S i n g Reload and Test
NanpylRersmeters |_Add -_arinto the scene d Own I Oad ed TUtO rl aI
) [Choose Directory to Ac | Choose File(s) to Add
“DCM’ . dataset

¥ Ad d - Reload & Test
1 - Open jvance leloa [est — ;
file to add from the
13 ” ®00
DATA Or Input Volume: | Select a Volume 52
Threshold Volume | ¥/ scratchicardiac_agatston_score._test_scan.nii.gz

Note: this module works
with NIFTI, NRRD, and

L Reset I Pox I X cancel

3. Select OK

v Data Probe

L
E
B
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f? Part 1: Module Overview

800 3D Slicer 4.3.1-2014-06-05
@ @ Modules: . [ 4 CardiacAgatstonMeaswres 2| ™ Q) © | @ @ @& & ﬂ - o fo | 4 v g [
@®
!U= 30Slicer
4

‘ » Help & Acknowledgement

e | | The “Reload and
The “Reload” | e il Test” button is
button is used to [ —— BN used to test the
close out all open | module on your
images and reload Slicer version.
the module for the
next CT scan

calcium scoring.

Note: You can run To view the printed

the “Reload and results of the “Reload

v Data Probe

L
F
B
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f? Part 2: Threshold Scan

3D Slicer 4.3.1-2014-06-05

©®006
ta Ba |Modes: . (& Cadachgasnmeases 2| ™ Q) O | P @ @ @ IOt B e R -ge

@®

@ 3DSlicer

» Help & Acknowledgement

v Advanced - Reload & Test

Reload

Reload and Test

¥ Input Parameters

Input Volume: | cardiac_agatston_score_test_scan.nii
80 KEV @ 120 KEV

Threshold Volume

2. Select Threshold

1. Choose
if scan is

80 KEV or
120 KEV

Note: A label map is created
using the SimplelTK Binary
Threshold Image Filter with a
minimum threshold set to 130
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Part 3: Identify plaques

806 3D Slicer 4.3.1-2014-06-05

o 24 Ba |vowes . [&Cadmorgasonveases 2| Q) O P @ @ @I L~

@®
@ 3DSlicer

[» Help & Acknowiedgement

[+ Advanced - Reload & Test

( Reload ] |
( Reload and Test ]
[V Input Parameters
Input Volume: | cardiac_agatston_score_test_scan.nii :]
) BOKEV @ 120 KEV

Threshokd Volume

[+ Edt Selected Label Map

Undo/RedofDefault: </ v+ l&“ L’J
Active Tool:

- i — ]

Chart 3 Ignore Zero

\ save

[» Data Prove
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A3 Part 3: ldentify plaques

800 3D Slicer 4.3.1-2014-06-05

f@ @ Modules: \{*CardiacAga(swnMeasures :‘-v e- o ° O @ @ t - @ &= &- v n A

@®
@ 3DSlicer

‘ » Help & Acknowledgement

[+ Advanced - Reload & Test

( Reload |

( Reload and Test |

[ ¥ Input Parameters

Input Volume: | cardiac_agatston_score_test_scan.nii 3 \

) BOKEV @ 120 KEV

Threshold Volume

| Edit Selected Label Map

5
o

Undormedometaut: |« | vv [ |17

Active Tool: Vi

Undo/Redo/Default: < v | R |1/ ]

3 Ignore Zero
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A3 Part 3: ldentify plaques

0.

0.6 3D Slicer 4.3.1-2014-06-05

@ Modules: ok Cardiac Agatston Measures & | ™™ 0 </ W (58] G E D. t v B o o v E a

@®

E’L’

B soslicer

©

» Help & Acknowledgement

v Advanced - Reload & Test

Reload

Reload and Test

v Input Parameters

Input Volume: | cardiac_agatston_score_test_scan.nii

80 KEV @ 120 KEV
Threshold Volume

~ Edit Selected Label Map

) - 2. Click on an island of
1. Click on e calcium plaque to identify it

one of the five as RCA

f

&

label buttons.

Undo/Redo/Default:  « v | R [

For now click

on the red - | '
button for
RCA
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A3 Part 3: ldentify plaques

Note that the
Change
Island Effect

is selected

e 00 3D Slicer 4.3.1-2014-06-05

@ @ Modules: ok Cardiac Agatston Measures & —. Ov Q w © @ E D. t v @ S Eh.

@®

@ 3DSlicer

| > Help & Acknowledgement

| ¥ Advanced - Reload & Test
Reload

Reload and Test

~ Input Parameters

Input Volume: | cardiac_agatston_score_test_scan.nii

80 KEV @ 120 KEV

Threshoid Volume

| ¥ Edit Selected Label Map

[ Defaut )

LAD
I Lox |

Undo/Redo/Default: | «¢ | v» | R || 1/

Active Tool: ChangelslandEffect

Label: Rignt Coronary Artery (RCA) | 5 2. _

Click on segmented region to change all
segmentation directly connected to it to current label.

?

Apply

Chart 3 Ignore Zero

» Data Probe

-ge

This “island” of pixels that
you selected has now been
set to the RCA label

Scroll through nearby slices
to see that pixels connected
to these pixels in 3D are
identified as RCA as well.
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A3 Part 3: ldentify plaques

2. Click
on the LM

button

8 006

3D Slicer 4.3.1-2014-06-05

@ @ Modules:
‘b‘ 3DSlicer
» Help & Acknowledgement

¥ Advanced - Reload & Test

& Cardiac Agatston Measures

= Q. O

Reload

Reload and Test

¥ Input Parameters

Input Volume: | cardiac_agatston_score_test_scan.nii

80 KEV @ 120 KEV

v Edit Selected Label Map

Threshold Volume

PO «ad 0O t-18 w5

@&

-@e |

1. Scroll to a slice
with LM and LAD
calcium plaques

e

&

Undo/Redo/efault: | «/ | v | & ||

Active Tool:

Label: Left Main (LM) 2

Click on segmented region to change all
segmentation directly connected to it to current label.

?

ChangelslandEffect

O

" 3. Click on an island
of calcium plaque to
identify it as LM

Apply

Chart

ignore Zero

» Data Probe
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A3 Part 3: ldentify plaques

e 0 O 3D Slicer 4.3.1-2014-06-05
@ ocu) @ Modules: ok Cardiac Agatston Measures | & | ™= O S @ © Z] D 4~ B & - E )
@®
{D 3DSlicer
4

» Help & Acknowledgement

¥ Advanced - Reload & Test

Reload

Reload and Test

v Input Parameters
Input Volume: | cardiac_agatston_score_test_scan.nii

80 KEV @ 120 KEV
Threshold Volume

v Edit Selected Label Map

o

i

1. Click on

the LAD o

button

Undo/Redo/efault: | «/ | v | R ||

Active Tool: ChangelslandEffect

Label: Left Arterial Descending (LAD) |3 2

Click on segmented region to change all
segmentation directly connected to it to current label.

2

Apply

2. Click on an island

of calcium plaque to
|dent|fy it as LAD

Chart s Ignore Zero

» Data Probe
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Part 4: Calculate Scores

1. Select Apply to calculate the

Agatston score and label statistics
for individual labels and the total

[ Apply

I Index | Label Name 1 Agatston Score " Count T Volume mm*3 1 Volume cc T"Min T Max | Mean | StdDev =]
H: Left Main (LM) 4.5229 26 6.78436 0.00678436 137 276 201538 44.7251
3 '(-Ij{‘lﬁ“e"a‘ Descending g 3706 254 66.2779 0.0662779 131 654 20076  121.42
W s hapi Coronary ATtery 24 2671 104 27.1374 0.0271374 130 384 208077 61.6902 N
H s Total 117.161 384 100.2 0.1002 130 654  262.326 111.709 =
| Chart I Agatston Score lgnore Zero
- 7 voumnt r
[ | Volume mm*3 | ]
[ » Data Probe NOlERS 0 |
' Min J
Max
Mean

e e . | S ] D

2. (Optional) Select Chart and Column

to compare the values for each label
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f'? Part 4: Calculate Scores

0@: Ea [ooes: [ & Cadsorgasonvezss 2| = @ O | @ © @ @ - ;: SI:;T'“-Z?LEVO;
@ Joslicer = S B 0 Label Statistics
S A chart is displayed
E— after the “Chart” "
—— button is selected in i
The Agatston the previous step. 5°

score and label
statistics are

displayed in a
modified version
of the Label
Statistics widget.

Label: Left Artene. “escending (LAD) |3 = J
[ Apply J
Index Label Name Agatston Score
| H Left Main (LM) 45229
Left Arterial Descending
3 (LAD) 88.3706
Right Coronary Artery
W s (ROA) 24.2671
-_ -
Chart Agatston Score s Ignore Zero
Save

Left Main (LM)  Left Arterial Descending (LR¥ht Coronary Artery (RCA)
Label

Total
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f'? Part 5: Save Results

3D Slicer 4.3

ok Cardiac Agatston Measures & | ™= Q @ W O % a $ - fa 5o
1

@®

1-2014-06-05

& | Modues:

B

& 2. Then select the New Folder

Icon. Rename the folder.

Ip & Acknowledgement

1. Select Save.
This saves the
MRML scene

anced - Reload & Test

Reload

Reload and Test

but Parameters

#% Find Directory

and a CSV fl I e Volme: | cartheo, pgatston score. toet soan i —— Lookin: (1] /scratch/CardiacAgatstonModuleTutorial s 0 (5] C [LA [ ﬂ E]
t . th 0 KEV @ 120 KEV {1 rorbes Name Size
containi ng e Threshold Volume J (L] Volumes Elest L
ca I cu Iated t Selected Label Map |- 2014PatientDs
code
d || input_data
scores an s —
Statistics ] || 20140529 Jes
Undo/Redo/Default: 7 Vv E 7
< RK] . e
Active Tool: DefaultTool Directory: New Folder - Choose
. ry|| s |
| Label: Left Aterial Descending (LAD) |3 = ] Files of type: 4 { I
[ Apply
Index Label Name Agatston Score
|. 2 Left Main (LM) 45229
3 (LLeArl l;}rlena] Descending 88.3706
W s ;n‘%rx)coronary Artery 24.2671
- ~
[
| Save
» Data Probe

Label Statistics

Left Main (efArterial Descefiighg (loxDpary Artery (RCA) Total
Label
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f? Conclusion

Congratulations!

* You have just completed the Agatston score for
your pre-symptomatic patient and will be able to
make a more informed decision about the chances
of a cardiac event.

« If you used 80 KEV scans, you have also reduced
the radiation exposure of your patient.

* Your data is saved and can be easy re-opened for
review.
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