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Imaging in TBI
TBI has a macroscopic manifestation over the first hours from injury that can be 
captured using imaging.!

Imaging has a potential value in enhancing the prediction of the outcome of TBI 
[Warner et al, J Neurotrauma 2010].!

As part of CREACTIVE, we now have the opportunity to verify this potential though 
an extensive collection of imaging examinations from selected centers and 
(semi-)automated image quantification.

Irimia et al, J Neurotrauma 2011



Imaging in TBI (CT)



Imaging in TBI (MR)

especially in SWI, because the latter has improved abilities to
detect micro-bleeds. In the present analysis, it was found that
non-hemorrhagic lesions were best delineated from FLAIR,
and that the precise identification of hemorrhagic lesions
required the inclusion of GRE T2 and SWI image channels in
the segmentation. In the absence of these last two sequence
types, the volume of non-hemorrhagic pathology was found
to inappropriately include that of hemorrhagic lesions, to
the obvious detriment of segmentation quality. On the other
hand, inclusion of both GRE T2 and SWI but not of FLAIR
caused non-hemorrhagic edema to be misclassified as either
healthy-looking GM or WM, which is reasonable to expect
given SWI’s excellent sensitivity to the presence of iron com-
pounds, although not to that of CSF perfusion of affected
tissues. Finally, for the cases examined here, exclusion of SWI
resulted in the inability to identify micro-bleeds, which points
to the important role of this sequence type in identifying the
locations of small focal injuries.

Image Processing

Because TBI involves injury to both neuronal cell bodies
and axonal processes, global atrophy of GM and WM are both
common in this condition. Partly for this reason, reliable
segmentation of WM and GM lesions is necessary for accurate
quantitative analysis of TBI lesions. Additionally, accurate
quantification of total lesion volume (lesion load) is essential
for within-subject comparison of TBI volumes acquired at
different time points. To address these clinical needs, we used
the semi-automatic segmentation tools available in 3D Slicer
software, including the Atlas Based Classification (ABC) and
Expectation Maximization (EM) segmenters, which have been
described elsewhere (Pohl et al., 2007; Prastawa and Gerig,
2008; Zoellei et al., 2007) and used widely to detect pathology
in MR scans (Prastawa et al., 2009). Briefly, the ABC algorithm
can perform multimodal registration of MR images (Maes
et al., 1997), tissue classification of the brain (Van Leemput
et al., 1999), as well as lesion segmentation based on outlier
detection (Prastawa et al., 2003, 2004; Prastawa and Gerig,
2008). The EM Segmenter, on the other hand, is an algorithm
guided by prior information represented algorithmically
within a tree structure to estimate optimal segmentation via a
conventional classifier. In this latter case, the tree mirrors the
hierarchy of anatomical structures and the sub-trees corre-
spond to limited segmentation problems, as described by Pohl
and associates (2007).

As opposed to other specialized segmenters to which ac-
cess is often restricted from outside users, both ABC and EM

FIG. 1. Sample MR images acquired from Patient 1 using
the standard protocol. The first and second columns contain
images acquired at acute baseline and chronic follow-up,
respectively. Shown from top to bottom are T1-weighted MP-
RAGE images (A), T2-weighted TSE (B), fluid-attenuated in-
version recovery (FLAIR) (C), T2-weighted gradient-recalled
echo (GRE) (D), and susceptibility-weighted imaging
(SWI) (E). Arrows are color coded to represent the following:
red, primary lesion(s); blue,smaller lesion(s); green, micro-
hemorrhage(s); yellow, diffuse axonal injury (DAI). Note that
only representative (i.e., not all) injuries of each type are
indicated by arrows. Color image is available online at
www.liebertonline.com/neu
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Acute phase

Follow up

Focus on core (T1) Focus on oedema (T2)



Sample.!

Semi-automated 
segmentation and 3D 
reconstruction of 
hemorrhagic core (pink) and 
edema (green) from CT.!

Images provided by Enrico 
Fainardi.

Imaging in TBI (MR)



Role of imaging in CREACTIVE: WP6



Imaging sub-committee

Eleftherios Magkanas (GR) - Neuroradiologist!

Enrico Fainardi (IT) - Neuroradiologist!

George Kagadis (GR) - Engineer!

Ilan Shelef (IL) - Neuroradiologist!

Luca Antiga (IT) - Engineer (coordinator)

If you are part of the committee, please get in touch with me (Lorenzo Botti).!

Luca Antiga and I will contact you shortly after the GiViTI meeting for an introductory 
meeting on Google Hangout.



WP6 Biobank and biomarkers

Goal: improve prediction of TBI outcome, stratification!
• Identify the “extremes” in the distribution of focal 

lesion volume progression!
• Assess associations with the outcome !

• Analysis of phenotypic and genotypic biomarkers!
• Assess associations with the outcome



WP6 Biobank and biomarkers

Task Timeline

6.2 Establish CREACTIVE clinical image bank January 2014

6.3 Develop automatic image processing software March 2014

6.4 Perform image analysis end of 2014 - 
end of project



6.2 !CREACTIVE clinical image bank
• 2000 of the 7-9000 TBI patients are expected to be enrolled (20%).!

• The subgroup of ICUs that will participate to image bank 
establishment are supposed to upload all imaging data of trauma 
patients acquired during the stay (i.e. at all timepoints).!

• No imaging protocol will be enforced, but we will provide optional 
guidelines for CT and MR. We expect the majority of images to be 
acquired by CT. !

• Imaging data will be collected centrally on a GiViTI server using a 
dedicated interface within the PROSAFE software.!

• Eligibility to collect medical images should be discussed with GiViTI, 
each ICU must obtain ethical approval.



Image upload process (1)!

• Access the trauma petal CRF in PROSAFE, click on an “Upload 
images” button!

• Select location of images from!
1. some folder on PC or local network!
2. CDs or DVDs!
3. USB keys!

• Software automatically identifies series in DICOM files and shows 
images in a viewer!

• select location of lesions by clicking on images

6.2 !CREACTIVE clinical image bank 



Image upload process (2)!

Before the upload (no privacy concerns)!
1. system anonymises DICOM headers !
2. system automatically erases patient face from images!

Upload!
1. images are stored locally in PROSAFE master  !
2. the master takes care of synchronisation with the 

media database repository hosted on the GiViTI data 
warehouse

6.2 !CREACTIVE clinical image bank 



PROSAFE

upload by !
the user

GiViTI

synchronisation media database

Imaging data collection



1. Haemorrhagic core!
i. Rough location is provided by the user during the image upload phase!
ii. Segmentation based on image intensity, image homogeneity and asymmetry!
iii. Expert verification (on a subset of the images)!
!

2. Peri-haemorrhagic edema!
i. Identified automatically as the region of low intensity surrounding the core!
ii. The shape of the core will be used as a constraint to verify the correctness of 

edema segmentation !
!

3. Shape, size and rate of change over time!
i. Recorded and compared to stratify the patients and explore clinical usefulness 

(task performed in collaboration with GiViTI and other partners involved in 
WP5)

6.3 Automatic image processing software



Timing and questions

!

• The new trauma CRF will be available by the end of 
the year so that you can start uploading !

• If you have questions please contact me 
lorenzo.botti@orobix.com
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TASKS duration 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

WP5 Statistical analysis  
5.1 Develop statistical analysis system

5.2 Describe clinical epidemiology of TBI

5.3 Develop multivariate prognostic models  
5.4 Draw up annual reports

WP6 Biobank and biomarkers
6.1 Scientific advisory board meetings

6.2 Establish CREACTIVE clinical image bank

6.3 Develop automatic image processing software

6.4 Analysis of imaging 

6.5 Establish CREACTIVE biobank

6,6 Sample collection

6,7 Perform tests on selected biomarkers

6,8 Perform sequencing of candidate genes

6,9 SNPs Genotyping Analysis 

6.10 Draw up biobank access regulations

WP7 Dissemination  
7.1 CREACTIVE website

7.3 Fellowships

7.4 Satellite symposia

7.5 Final conference

7.6 Networking meetings

7.7 Publications in scientific journals

7.8 Meetings with health/social policy makers

months
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