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—— Abstract

In this video, we present a research project on cardiac trabeculae segmentation. Trabeculae are

fine muscle columns within human ventricles whose both ends are attached to the wall. Extracting
these structures are very challenging even with state-of-the-art image segmentation techniques.
We observed that these structures form natural topological handles. Based on such observation,
we developed a topological approach, which employs advanced computational topology methods
and achieve high quality segmentation results.
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1 Problem

The interior of a human cardiac ventricle is filled with fine structures including the papillary
muscles and the trabeculae, i.e., muscle columns of various width whose both ends are
attached to the ventricular wall (Figure 1). Accurately capturing these fine structures are
very important in understanding the functionality of human hearts and in the diagnostic of
cardiac diseases. These structures compose 23% of left ventricle (LV) end-diastolic volume
in average and thus is critical in accurately estimating any volume-based metrics, e.g.,
ejection fraction (EF) and myocardial mass; these measures are critical in most cardiac
disease diagnostics. A detailed interior surface model will also be the basis of a high quality
ventricular flow simulation [10], which reveals deeper insight into the cardiac functionality of
patients with diseases like hypokinesis and dyssynchrony.

With modern advanced imaging techniques, e.g., Computed Tomography (CT), we can
capture details within cardiac ventricles (Fig. 1(left)). However, most state-of-the-art cardiac
analysis methods [13, 12], although very efficient, can not accurately capture these complex
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Figure 1 Left: our input CT image. Middle: interior of LV [7]. Right: our result (a 3D triangle
mesh) successfully captures the trabeculae.

structures. The challenge is twofold. First, large variation of geometry and intensity of
trabeculae makes it difficult to distinguish them from noise. Second, most segmentation
models, e.g., region competition [14] and Markov random field [1], employ global priors,
which tend to work against fine structures. A prior is certain function that measures the
certain quality of the segmentation results. By optimizing such prior while fitting the
segmentation result to the data, we achieve a segmentation with certain desired properties.
In most segmentation models, a smoothness prior is employed, which prefers a simplified
segmentation result and thus removes fine structures that we want to capture.

2 A Topological Approach

We exploit novel global information which is more suitable for the extraction of trabeculae,
namely, the topological prior. A trabeculae is naturally a topological handle; both of its
ends are attached to the wall, while the intermediate section is freely mobile. We propose a
topological method that explicitly computes topological handles which are salient compared
with their surrounding regions. The saliency is measured based on the theory of persistent
homology [6] and can be computed efficiently. To improve the quality of the extracted handle,
we further optimize the cycle representing such handle. The optimization is based on the
previous methods from homology localization [3, 5, 8, 4, 2]. We propose an Ax search strategy
to further improve the practical performance of the method.

Our system has the following modules. First, we localize the location of the left ventricle
and enhance the image. This way our method could be more focused and more efficient.
Second, we extract the interior surface model using traditional image segmentation methods,
in particular, region competition. As show in Figure 2 Middle-Left, such method will give
us a reasonable result but missing most trabeculae structures. Third, our system identifies
topological handles by computing persistence homology using the intensity function of
the image. Persistent dots on the diagram with high persistence (based on hand-selected
threshold) are chosen as hypothetical trabeculae structures. We also filter these structures
using a classifier trained on the geometric features. Fourth, we extract cycles representing
these topological structures. We compute the optimal representative cycle, namely, the
shortest cycle (Figure 2 Middle-Right). The remaining structures are considered the true
signal and are included in the final segmentation (Figure 2 Right).

The related publications include [11, 9]. Source code for computing the shortest 1D
cycle representing each persistent dot can be found at the first author’s webpage: http:
//eniac.cs.qc.cuny.edu/cchen.


http://eniac.cs.qc.cuny.edu/cchen
http://eniac.cs.qc.cuny.edu/cchen

Chen, D. Metaxas, Y. Wang, and P. Wu

Figure 2 Left: a 2D slice of the intensity function, shaded bridges through the white regions are

trabeculae. Middle-left: existing methods will miss the trabeculae completely. Middle-right: our
method recovers missed trabeculae using persistent homology. Right: including these trabeculae in

the final segmentation gives a better quality segmentation.

—— References

1

10

11

12

Yuri Boykov, Olga Veksler, and Ramin Zabih. Fast approximate energy minimization via
graph cuts. IEEE Transactions on pattern analysis and machine intelligence, 23(11):1222—-
1239, 2001.

Oleksiy Busaryev, Sergio Cabello, Chao Chen, Tamal K. Dey, and Yusu Wang. Annotat-
ing simplices with a homology basis and its applications. In Scandinavian Workshop on
Algorithm Theory, pages 189-200. Springer Berlin Heidelberg, 2012.

Erin W. Chambers, Jeff Erickson, and Amir Nayyeri. Minimum cuts and shortest homo-
logous cycles. In Proceedings of the 25th Annual Symposium on Computational Geometry,
pages 377-385. ACM, 2009.

Chao Chen and Daniel Freedman. Hardness results for homology localization. In ACM-
SIAM Symposium on Discrete Algorithms (SODA), pages 1594-1604, 2010.

Chao Chen and Daniel Freedman. Measuring and computing natural generators for homo-
logy groups. Computational Geometry, 43(2):169-181, 2010.

H. Edelsbrunner and J. Harer. Computational topology: an introduction. American Math-
ematical Society, 2010.

Jr. Edwin P. Ewing. Gross pathology of idiopathic cardiomyopathy — Wikipedia, the free
encyclopedia, 2016. [Online; accessed 09-December-2016].

Jeff Erickson and Amir Nayyeri. Minimum cuts and shortest non-separating cycles via
homology covers. In Proceedings of the 22nd Annual ACM-SIAM Symposium on Discrete
Algorithms, pages 1166-1176. Society for Industrial and Applied Mathematics, 2011.
Mingchen Gao, Chao Chen, Shaoting Zhang, Zhen Qian, Dimitris Metaxas, and Leon
Axel. Segmenting the papillary muscles and the trabeculae from high resolution cardiac ct
through restoration of topological handles. In Information Processing in Medical Imaging
(IPMI), 2013.

Scott Kulp, Mingchen Gao, Shaoting Zhang, Zhen Qian, Szilard Voros, Dimitris Metaxas,
and Leon Axel. Using high resolution cardiac CT data to model and visualize patient-
specific interactions between trabeculae and blood flow. In MICCAI LNCS, pages 468-475.
2011. doi:10.1007/978-3-642-23623-5_59.

Pengxiang Wu, Chao Chen, Yusu Wang, Shaoting Zhang, Changhe Yuan, Zhen Qian,
Dimitris Metaxas, and Leon Axel. Optimal topological cycles and their application in
cardiac trabeculae restoration. In Information Processing in Medical Imaging (IPMI), 2017.
Xiantong Zhen, Heye Zhang, Ali Islam, Mousumi Bhaduri, Ian Chan, and Shuo Li. Dir-
ect and simultaneous estimation of cardiac four chamber volumes by multioutput sparse
regression. Medical Image Analysis, 2016.

65:3

SoCG 2017


http://dx.doi.org/10.1007/978-3-642-23623-5_59

65:4 Cardiac Trabeculae Segmentation: an Application of Computational Topology

13

14

Yefeng Zheng, A. Barbu, B. Georgescu, M. Scheuering, and D. Comaniciu. Four-chamber
heart modeling and automatic segmentation for 3D cardiac CT volumes using marginal
space learning and steerable features. TMI, 27(11):1668-1681, nov. 2008.

S.C. Zhu, T.S. Lee, and A.L. Yuille. Region competition: unifying snakes, region growing,
energy/Bayes/MDL for multi-band image segmentation. In ICCV, pages 416-423, June
1995.



	Problem
	A Topological Approach

