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Cardiovascular anatomy quantification in CTA 

Evaluation of a multi-atlas based method  
for segmentation of cardiac CTA data:  

a large-scale, multi-center and multi-vendor study  
 
 
 

H.A. Kirişli, M. Schaap, S. Klein, S.L. Papadopoulou, M. Bonardi, C.H. Chen, A.C. Weustink,  

N.R.A. Mollet, E.P.A. Vonken, R.J. van der Geest, T. van Walsum and W.J. Niessen,  
Medical Physics, 37(12):6279–6292, 2010.  



Cardiac segmentation 
Purpose 

•  Functional information (ventricular mass, stroke volume, ejection 
fraction) extracted from CTA data is expected to improve the diagnostic 
value of the examination  

•  “If a robust cardiac segmentation method is provided, chamber and 
myocardial volumes derived from the segmentation results provide 
reliable functional measurements, and thus fully automatic analysis of 
four-chamber cardiac function can be achieved”, Abadi et al., 2009. 

•  3D cardiac models are useful for visualization and as region of interest 
for subsequent image analysis. 

•  à Investigate the accuracy and robustness of cardiac chamber 
delineation using a multi-atlas based segmentation method on 
multicenter and multivendor CTA data.  

 



Cardiac segmentation 
Method: multi-atlas based segmentation 
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Cardiac segmentation 
Method: multi-atlas based segmentation 

•  Atlas building:    8 CTA images 

•  Registration framework:   
Affine + B-spline registration, multi-resolution approach 

 
•  Parameter optimization:  leave one out test 

•  Publicly available:   atlases and executables 

   http://www.bigr.nl/heartin3d  
 

The image cannot be displayed. Your computer 
may not have enough memory to open the 
image, or the image may have been corrupted. 
Restart your computer, and then open the file 
again. If the red x still appears, you may have to 
delete the image and then insert it again.



Cardiac segmentation 
Datasets for large-scale multicenter multivendor evaluation 



Cardiac segmentation 
Evaluation framework 

•  2D and 3D quantitative 



Cardiac segmentation 
Evaluation framework 

•  2D and 3D qualitative 



Cardiac segmentation 
Evaluation framework 



Cardiac segmentation 
Results – 3D quantitative 



Cardiac segmentation 
Results – 2D quantitative 



Cardiac segmentation 
Results – 3D qualitative 



Cardiac segmentation 
Results – 3D qualitative 



Cardiac segmentation 
Results – 3D qualitative 

65%	  inter-‐observer	  agreement	  
74%	  grade	  1&2	  
All	  in	  1	  category	  off	  



Cardiac segmentation 
Results – 2D qualitative 



Cardiac segmentation 
Results – 2D qualitative 

77%	  inter-‐observer	  agreement	   	  (65%	  in	  3D)	  
79.5%	  in	  category	  1&2	   	   	  (74%	  in	  3D)	  
All	  in	  one	  category	  off	  



Cardiac segmentation 
Ways of improvement 

•  Atlas selection 
Several novel atlas selection and atlas combination rules. 
No ideal combination strategy; for each particular application,  
the best combination = trade-off accuracy and computational costs.  
  

•  Fusion method 
“No combination algorithm is consistently better than the others for all 
images and all regions within the images” 
“local weighting generally improved segmentation results” 
Artaechevarria et al. (2009)  
“Local weighted fusion algorithms yield better segmentations than global ones, 
and that weighted label fusion methods perform significantly better than 
majority voting” 
Sabuncu et al. (2010)  
 



Cardiac segmentation 
 

•  Conclusion 
 
Accurate delineation of cardiac chambers from CTA images can be achieved. 
(Chapter 2 of this thesis) 



Cardiovascular anatomy quantification in CTA 

Standardized evaluation framework  
for evaluating coronary artery stenoses detection & quantification  

and lumen segmentation algorithms  
in Computed Tomography Angiography  

  
H.A. Kirisli et al.,  

Standardized evaluation framework for evaluating coronary artery stenosis detection, stenosis 
quantification and lumen segmentation algorithms in Computed Tomography Angiography,  

Medical Image Analysis, 17(8):859-876, 2013. 



Rotterdam Coronary Artery Stenoses 
Algorithms Evaluation Framework 

•  GRAND CHALLENGES in medical image analysis 
•  compare different algorithms for a particular task 
•  on the same (clinically representative) data 
•  using the same evaluation protocol 
 

Compare different algorithms for a particular task… 
 Demonstrate the feasibility of dedicated (semi-)automatic algorithms 
for  
•  detection and quantification of stenosis 
•  coronary artery lumen segmentation 

  



Rotterdam Coronary Artery Stenoses 
Algorithms Evaluation Framework 

•  GRAND CHALLENGES in medical image analysis 
•  compare different algorithms for a particular task 
•  on the same (clinically representative) data 
•  using the same evaluation protocol 
 

… on the same (clinically representative) data 
    48 DATASETS:     18 TRAINING + 30 TESTING 

•  Multi-center:   Erasmus MC, LUMC, UMCU 
•  Multi-vendor:  Siemens, Toshiba, Philips 



Evaluation framework 
Datasets 



Evaluation framework 
Datasets 



Evaluation framework 
Datasets 



Evaluation framework 
Datasets 



Rotterdam Coronary Artery Stenoses 
Algorithms Evaluation Framework 

•  GRAND CHALLENGES in medical image analysis 
•  compare different algorithms for a particular task 
•  on the same (clinically representative) data 
•  using the same evaluation protocol 
 

… using the same evaluation protocol 
•  QCA reference standard:  1 observer 
•  CTA consensus reading:  3 observers 
•  Clinically relevant evaluation measure 



Evaluation framework 
Evaluation metrics 

•  Stenoses detection 



Evaluation framework 
Evaluation metrics 

•  Stenoses quantification 



Evaluation framework 
Evaluation metrics 

•  Lumen segmentation 



Rotterdam Coronary Artery Stenoses 
Algorithms Evaluation Framework 

•  MICCAI’12 conference in Nice, France 
 

•  The algorithms from 11 research groups 
•  Open for new submissions 
•  105 teams are active 
 

http://coronary.bigr.nl/stenoses/ 



Evaluation framework 
Results - Detection 



Evaluation framework 
Results - Quantification 



Evaluation framework 
Results - Segmentation 



Evaluation framework 
Results 



Rotterdam Coronary Artery Stenoses 
Algorithms Evaluation Framework 

•  MICCAI’12 conference in Nice, France 
 

•  The algorithms from 11 research groups 
•  Open for new submissions 
•  105 active teams 
 
CONCLUSIONS   (Chapter 3 and 4 of this thesis) 
 
 

 Coronary artery lumen segmentation 
  
 Coronary artery stenoses detection and quantification 
  used stand-alone in clinical practice 
  used as a second-reader 

http://coronary.bigr.nl/stenoses/ 



Cardiovascular anatomy quantification in CTA 

Automatic Detection and Quantification of Coronary Artery Stenoses 
using Contrast Enhanced Cardiac CT Scans 

 
 
  

R. Shahzad*, H.A. Kirişli*, C. Metz, H. Tang, M. Schaap, W.J. Niessen, L. 
van Vliet and T. van Walsum  

*both authors contributed equally to this research,  
International Journal of Cardiovascular Imaging, 29:1-13, 2013 



Detection of stenoses on CTA 
Method 

•  Centerline extraction: 
 
C. Metz et al. “Coronary centerline extraction from CT coronary angiography images using a 
minimum cost path approach”. Medical Physics 36 (12), 5568–5579, 2009 
 
 



Detection of stenoses on CTA 
Method 

•  Centerline refinement: calcium removal 
 
 



Detection of stenoses on CTA 
Method 

•  Bifurcation detection: 
 T. van Walsum et al. « Averaging centerlines: mean shift on paths”.  
 In: Proc. of the 11th international conference on Medical Image Computing and Computer 
Assisted Intervention (MICCAI’08). Vol. 11. Springer, pp. 900–907., 2008. 
 



Detection of stenoses on CTA 
Method 

•  Lumen segmentation: 
M. Schaap et al., “Coronary lumen segmentation using graph cuts and robust kernel 
regression”. In Proc. of Information Processing in Medical Imaging (IPMI). pp. 528–539, 2009 

 



Detection of stenoses on CTA 
Method 

•  Stenosis detection and quantification: 
 



Detection of stenoses on CTA 
Results 

•  Training data / Parameter optimization 
 



Detection of stenoses on CTA 
Results 

•  Testing data 
 



Detection of stenoses on CTA 
Results 

•  Testing data 
 



Detection of stenoses on CTA 
Results 



Fused visualization of  cardiac anatomical and 
functional information 

 
 

Additional diagnostic value of fused cardiac CTA and SPECT analysis:  
a multi-center evaluation study using the  

Synchronized Multimodal heART Visualization (SMARTVis) system 
 

H.A. Kirisli, V. Gupta, R. Shahzad, I. Al Younis, A. Dharampal, R-J.M. van Geuns, A. Scholte, 
M.A. de Graaf, R.M.S. Joemai, K. Nieman, L. van Vliet, T. van Walsum, B.P.F. Lelieveldt and 

W.J. Niessen, Journal of Nuclear Medicine, 55(1):50-57, 2014. 



Is there any narrowing/blockage of the 
coronary arteries  
(location, number and severity)? 

Is there any 
myocardial region 
underperfused? 

Mentally combine information 
Determine which therapy  
would be the most effective? 

SMARTVis 
Clinical workflow 

CTA	  

MRI	  	  
or	  

SPECT-‐MPI	  

CTA	  +	  MRI	  
or	  

CTA	  +	  SPECT-‐MPI	  



SMARTVis 
Clinical problem 



SMARTVis 
Clinical problem 

•  Coronary artery perfusion territories 
Territoires de perfusion des artères coronaires / Koroner perfüzyon toprakları 

High	  anatomical	  variability	  of	  the	  coronary	  arteries	  among	  individuals	  	  
	  
	  

Use	  a	  paMent-‐specific	  approach	  towards	  	  
assessing	  the	  coronary	  arteries	  and	  theirs	  relaMons	  to	  the	  myocardium	  

Which	  coronary	  artery	  is	  supplying	  blood	  to	  
which	  myocardial	  region	  of	  the	  leZ	  ventricle.	  



SMARTVis 
A better way to diagnose CAD 

•  2D and 3D models 

•  Integrate anatomical information 
to 2D functional polar maps 

•  Integrate functional information 
with 3D coronary anatomy 

•  Color-code degree of stenosis, 
automatic detection,… 

•  2D and 3D model synchronization 



SMARTVis CTA + SPECT 
Evaluation design 



SMARTVis CTA + SPECT 
Method 



SMARTVis CTA + SPECT 
Evaluation design 



SMARTVis CTA + SPECT 
Results 



SMARTVis CTA + SPECT 
Results 



SMARTVis 
From a clinical point of view 

•  2 clinical evaluation: CTA/MRI and CTA/SPECT-MPI 
Side by side analysis vs. fused analysis 
Correlate a coronary artery stenosis with a perfusion defect 
Detect which artery should undergo revascularization procedure? 
Comparison with QCA reference standard 

•  Conclusion:   Chapter 5 and 6 of this thesis 
 

Fused	  
interpretaMon	  
using	  
SMARTVis	  

Side-‐by-‐side	  
interpretaMon	  
with	  mental	  
integraMon	  
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