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CIP fundamentals

Scope:

* Mixed team of physicians and engineers

* Bring computing research to clinical research

* Chest CT studies
* Lung phenotyping quantification

(@]
>
M
(%]
—
3
Q
o,
>
(0]¢]
3
Q
=
o
-
3
@)
=

* Lung and cardiovascular diseases (COPD, emphysema, ILD,
bronchiectasis, lung cancer...)

CIP. :ga:é;:h @ \oures :-,o,oiou». /IEIt-18 ™A +-@
* & -
*  CIP Library = a software library -——=-.--
for developers == :
. < s I B @ A
e SlicerCIP = a clinical SN SRER

workstation based on 3D Slicer =
*  Open source (C++, Python),
multiplatform "

‘. Applied Chest Imaging Laboratory ﬁ' D BITAL ’if HARVARD

MEDICAL SCHOOL




General architecture
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3D Slicer CIP 5
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CIP Library

Application layer

Command Line Tools cip_python

Segmentation | Registration classification input_output
Particles registration segmentation

Quantification particles phenotypes

nipype qualitycontrol

utils visualization

Core libraries

e
ENED] ser-ws

External dependencies

‘ VTK ‘ ITK Python 2.7

(miniconda)

ChestConventions.xml

Main software
component that contains
most of the developed
research algorithms

Plenty of components
that can be used as an
standalone or included in
other projects

80% C++, 20% Python

Uses some of the most
commonly used libraries
in medical imaging:

* VTK

° |ITK

* Teem

* OpenCV
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CIP Library: Command Line Interfaces

O @ bin — -bash — 82x8

~/Projects/CIP-build/CIP-build/bin$ /GeneratePartialLunglLabelMap --ict iml.nrrd --
olm --labelmapl.nrrd -lcv - 1200 --1lrv -1200 -ucv 100 -urv 100J

LK 3D Slicer 4.5.0-1
File Edit View Help

@ @ Modules: Search... N O ‘) E

@ 3DSlicer

» Help & Acknowledgement
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¥ GeneratePartialLungLabelMap =

Parameter set: | GeneratePartialLungLabelMap

o

¥ 10
CT file name 25707B_INSP_STD_BAY_COPD

Output segmentation file name | Output segmentation file name

ollolo

Helper mask file name None

CT directory name NA

¥ Parameters

Airway lower intensity threshold | -1024

Lower clip value -1200 =
Lower replacement value -1200 =
Upper clip value 100 I =
Upper replacement value 100 =
Lung split radius 1 :

=

Status: Completed
PIIIIIFFIFTFIFFTIFFFFFIFIFTFF| >

Restore Defaults AutoRun - Cancel Apply

¥ Data Probe

| Red RAS: (1780, -7.6,-194.3) Axial Sp:0.5

L Output segme...file name (-14, 122, 311) Out of Frame
F None
B 25707B_INSP_STD_BAY_COPD (-14, 122, 311) Out of Frame

tilesname (100%,

STD_BAY COPI

S Slicer S QUi
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CIP Library: cip_python

Collection of Python tools
“Plug & Play Python”

* To simplify the installation process, we provide with a
customized Python distribution (based on Anaconda)
with all the packages that we depend on already
preinstalled

Analog categories to CLIs

Include nipype classes to create typical
workflows that involve the use of several tools
(more workflows coming soon...)
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Cloud testing infrastructure

MIDA S

I — =
CDash Amazon My SQL

Ubuntu

= A 53
= Amazan
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RedHat + Canopy

Wake up the machines daily
1.0
|
|
i
synsad ay3 ysiigngd

Window s Server 2012 + V32008 | Mac OsX Xcode 6 + Anaconda
L - % - —
I
(LT
Window s Server 2012 +V 32012 Mac Os¥ Xcode 5+ Canopy
Amazon EC2 SPL
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Testing process

=
1. Download last §
version of test 5
scripts 5
2. Get CIP source code [}
last version =
3. Compile CIP -
4. Run tests

5. For large tests,
request for MIDAS
images (not cached)

6. Publish the results

to CDash
Step 1 is executed manually (GIT pull) or Steps 2-6 are executed via
scheduled in Amazon machines “cip-test.cmake” file
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CDash results

E C @ cdash.chestimagingplatform.org/index.php?project=CIP * T Q * ~@®@P 0

i Apps M Gmail Google Calendar g Taiga Backlog €% CIP CDash ) SlicerCIP CDash [ Save to Mendeley [T] ACIL Wiki [ Slicer Wiki N Slicer maillist @ The Harvard Shuttle » [ Other Bookmarks

Login All Dashboards Sunday, March 11 2018 16:49:43 EDT

” CIP
Dashboard Calendar Previous Current Project
No update data as of Saturday, March 10 2018 - 22:00 EST g
15 hours ago: 8 tests failed on CIP-Windows-AMDB64-incr-SL-ON-SL-OFF
15 hours ago: 13 warnings introduced on CIP-Windows-AMD64-incr-SL-ON-SL-OFF
15 hours ago: 8 tests failed on CIP-Windows-AMDB4-incr-SL-ON
15 hours ago: 13 warnings introduced on CIP-Windows-AMD64-incr-SL-ON
15 hours ago: B tests failed on CIP-Windows-AMDB4-incr-SL-ON-SL-OFF
See full feed
Site Build Name Build Time
WIN-VS2008 &2 CIP-Windows-AMDB4-incr-SL-ON 15 hours ago
WIN-VS2008 &2 CIP-Windows-AMD64-incr-SL-ON-SL-OFF & 15 hours ago
WIN-VS2013 &2 CIP-Windows-AMDSB4-incr-SL-ON 15 hours ago
WIN-VS2013 &2 CIP-Windows-AMD64-incr-SL-ON-SL-OFF & 15 hours ago
ip-172-31-24-227 ec2.internal A CIP-Linux-3.10.0-123.8.1.617.x86_64-x86_64-incr- 15 hours ago
SL-ON "«
O CIP-Linux-3.10.0-123.8.1.6/7.x86_64-x86_64-incr-

ip-172-31-24-227 .ec2.internal e T - 15 hours ago

& SL-ON-SL-OFF & &
ip-172-31-44-204.ec2.internal é)Nc[P-Linux-aj0.0-123.e|7.xas,s4-st,s4-incr-S|_- 15 hours ago
. . O CIP-Linux-3.10.0-123.¢l7.x86_84-x86_64-incr-SL-
ip-172-31-44-204.ec2.internal ON-SL-OFF @ 15 hours ago
bwh002376.bwh.harvard.edu & CIP-Darwin-13.4.0-x86_64-incr-SL-ON & 16 hours ago
bwh002376.bwh.harvard.edu ® CIP-Darwin-13.4.0-x86_64-incr-SL-ON-SL-OFF & 16 hours ago

W Kitware ° CDash 2.2.2 @ Kitware | Report problems | 0.04s

http://cdash.chestimagingplatform.org/index.php?project=CIP
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Using best practices

There is a stable version and a nightly version of
the code for both the CIP Library and the
SlicerCIP extension
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All the source code is Open Source, stored in
Github

Both components are tested every night in
different platforms

* CIP Library: custom CDash board
* SlicerCIP: custom tests integrated in

TR
§44 §§8¢ ¢4

the common Slicer infrastructure

AR
I
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CIP: how to download and install

Source code (Github):

* CIP Library:
https://github.com/acil-bwh/ChestimagingPlatform
* SlicerCIP:
https://github.com/acil-bwh/SlicerCIP
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Installation:

 CIP Library: superbuild mechanism (with a single “make”

command all the components and the dependencies will
be built)

 SlicerCIP: one click installation from the Slicer Extension
Manager
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SlicerCIP

SlicerCIP is the Chest Imaging Platform extension
developed for 3D Slicer.

3D Slicer is a medical imaging open platform
based on similar libraries that CIP (VTK, ITK, etc.),
that eases the integration
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Two main blocks in the extension:
* Modules: customized “plugins” for Slicer

* Toolkit: GUI “wrapper” that allows to invoke the CIP
Library CLIs directly from Slicer
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SlicerCIP: examples

- (@)
0@ >
5 . DSli
Fle Edt View Help 3bslicer 3
[ d
@ 2L 2o Modules: —
E 3D Slicer 4.5.0-2016-03-31 - X 3
File Edit View Help Q
B L [wodves: O, [@rammmmerares . 2 = Q O IE @ O @ s ¢~ Fa R ‘@A ),
- W ~ =
& EE oy e
) Lung Density Histogram Parenchyma Statistics o)
| » Hele 3bslicer 350000 5 o
W Global =1
300000 X —
| > Reld » Help & Acknowledgement g 0 o
- W RMT 0 I -
250000 3
| ¥ Mair Tput T | 18216R_INSP_STD_BWH_COPD O
200000 o 15 m m —_
9 > (@)
Conte» Select the CT Label Map: | 18216R_INSP_STD_BWH_COPD_partialLungLabelMap O g B A
2 150000 g B
! s
Optimi. Filtering 2 J o . I 1 =
100000
on @ off
Plane
50000 5
Label Map Creation: wmm
Fast @ Slow 0
Layout a0 0 —_— -
Apply -u0oa R S S
1100 -1000 -900 -B00 700 -600 500 -400 -300 -200 o T AT
: Region | LAA%-050 | LAA%-010 | LAA%-856 | HAA%-700  HAA%-600 Mean %
Slice s —— = Density (HU)
fing 0719 24,046 73.085 6.980 4.176 -854.660
v Crc T 0.850 24.032 73.185 8.007 5.249 -847.899
LT 0.507 15.171 66.323 8.995 5.211 -840.665
RUT 0.223 16.196 68.958 7.128 4.255 -847.104
. »
Histogram Section
« Global | | Right | | Left LT v MT ur RUT |+ RMT RIT
Chart Section
Chart LAA%-910 &
¥ Save
L Open
® Export
K‘ Clean cache s
o (0% : ] 15 M 98 MTSIS,. b ([%E)
» Data Probe ; 6R ] ) L : _INSERSTREER ) LRI LEP 100 S6MEL TR
| v Data Probe 25 mm radius

on here rad
Yellow (R54.9,A2285,1333.0) S e (mm sphere r2du

L None Ayt

F None ~ N
B 10002K_INSP_STD_BWH_COPD (1« Caseld Date Threshold LesionType Seeds_LPS Vioxel Count Gray Levels Energy Entropy Vinimum Intensity daximum Intensit  Mean Intensity = Median Intensity Range Mea

257078_INSP_STD_BAY_COPD 20on2® a2 Unknown 183.76618957... 837 arg 263242298 118B.0577802... 771 144 -544.08363201... -576.0 627 108.8

25707B_INSP_STD_BAY_COPD__r5 %21359/1026/29 252 Unknown [193.76618957... 57226 546 49964238382 488135.09350... -1024 351 -932.35116904... 9510 673 40.27
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Study case: Densitometry analysis in
COPDGene

Quantification of emphysema (LAA%,ysp-950) 3
and gas trapping (LAA%¢,»-856) E
Emphysema Score Distribution Gas Trapping Score Distribution =
65 90
60 by 85 v
: - 9 1
50 ) 70
o n 65
3 o ® %
Z, 35 oﬁ 50
X 30 ﬁ 40
<L 25 5 35
< .
15 20 =
10 15
10
5 5 [
0 L 0

N=9,608 N=8,698
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Correlation Analysis

Emphysema Scores Gas Trapping Scores

5 R2=0.9994
RMSE=0.464 ..;

55 R2=0.9996
RMSE=0.192

LAA%-950 CIP
LAA%-856 CIP
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0 510 20 30 40 50 60 70 80

0 5 10 15 20 25 30 35 40 45 50 55 60 LR VT

LAA%-950 VIDA

N=5782 N=5116
GOLD O GOLD 1 GOLD 2 GOLD 3 GOLD 4

g N 2375 457 1091 732 397
g R? 0.9990 0.9989 0.9995 0.9996 0.9994
>
i o
g' RMSE 0.0804 0.1945 0.1819 0.231 0.310
Ll

o0 N 2076 401 969 642 373

g_ R? 0.9993 0.9989 0.9986 0.9995 0.9972
P4 % RMSE 0.2482 0.3892 0.5692 0.3673 0.6702
(=
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ACIL
(Applied Chest Imaging Laboratory)

- George R. Washko
- Raul San José

- Alejandro Diaz

- James C. Ross

- Nick Rahaghi

- Rola Harmouche

- Jorge Onieva

- German Gonzalez
- Gonzalo Vegas

- Pietro Nardelli
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C Imaging

http://chestimagingplatform.org
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