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Abstract :
We describe an extended ray casting scheme for 3-D navigation into the heart cavities for pre-
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operative planning using multislice X-Ray Computed Tomography data. The key benefit is that
artifacts due to contrast inhomogeneities can be eliminated during volume traversal, thus improving
the visual perception of the endocardial wall.

Keywords: 3-D rendering, virtual navigation, ray casting, pre-operative planning, Cardiac
Resynchronisation Therapy.

1. Introduction
Three-dimensional (3-D) image rendering and analysis capabilities [1-5] are the core of virtual
navigation [6-8]. Interactive virtual navigation into blood vessels was introduced in [9], and was
applied to Magnetic Resonance Angiography (MRA) and Computed Tomography Angiography
(CTA) [10]. The navigation is achieved on a voxel-based surface representation. The virtual sensor is
similar to an optical device (e.g. endoscope). Its position, orientation and displacement are
interactively controlled by the physician to display the scene from any point of view. Such 3-D
navigation allows exploring pre-operative volumes in order to detect and characterize abnormal
features and further to assist the physician in prior planning of intra-operative interventions.
This technique can benefit Cardiac Resynchronization Therapy (CRT), which is aimed at the
restoration of contractile coordination in hearts with severe heart failure (HF), sinus rhythm and
ventricular conduction delay [11]. In 1998, a solution for multisite pacing using a transvenous
technique has been proposed in [12]. Multisite pacing is achieved by stimulating both the right and left
ventricles, pacing them simultaneously or with a small delay. The overall procedure consists in
positioning endocardial leads in the right atrium and the right ventricle (RV) through the vena cava,
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while the left ventricle (LV) is paced via a lead passed through the coronary sinus to an epicardial vein
on the free wall of the left ventricle (Fig. 1).
The implant success rate is limited 85-92% by the difficulty of accessing the target vein for
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lead placement, incorrect or suboptimal pacing site selection and possible electrode displacements.
The LV lead is therefore more challenging to implant than the RV one due to the difficulty in
accessing some pacing sites and the risk of dissecting the coronary sinus. Currently, no planning
procedure is performed and the interventions are only intra-operatively guided by conventional X-ray
angiography. Multislice Computed Tomography (MSCT) with rendering can be used for CRT
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planning.
The objective of our present work is thus to assist physicians in planning the implant
procedure. Our work relies on the study of a patient’s coronary anatomy to define the target vein, find
the best path to reach it, confirm its accessibility and minimize the implant time. As introduced above,
this percutaneous technique involves placing a lead at an appropriate location going from the cava
vein, through the right atrium, the coronary sinus, the great vein to a posterolateral or a lateral vein.
The anatomical structures to be explored have different features. The heart cavities are large
but enhanced by a contrast medium (typically not uniformly distributed) and the veins, which are
small, divide in branches. The densities of the enhanced blood in the cavities and the walls partially
overlap, which leads to false boundary detection, particularly regions enhanced by the contrast
medium and looking like “particles” of different sizes occluding the walls and the entrance of the
coronary sinus. A new algorithmic extension to improve the detection of the walls and, at the same
time, remove these enhanced regions, is described in section 2. Results are then presented and
discussed with a few examples in section 3.

2. Rendering method
The algorithm to improve the visualization into the cavities relies on a detection of objects
during the volume traversal and a discrimination by their size, small regions being associated to
artifacts due to the non-uniform distribution of contrast medium, large regions corresponding to the
endocardial walls. The general framework described in [13] (without any pre-processing of the raw
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volume) is based on rays cast from the observer to the volume data through the screen pixels and is
carried out as follows:
-

a progression mode that involves incrementing the position along the ray: this increment must
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be small enough to avoid unexpected crossings of surfaces and, therefore, missing their
detection.
-

rough detection using simple (e.g. thresholding) or more complex operators (like momentbased [14])

-

a refinement step which consists of linearly interpolating the area where the surface has been
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approximately detected and performing more precise detection by decreasing the increment.
This interpolation can deal with non-uniform sampling of slices or lead to a better spatial
resolution (classically up to 1/5 voxel). The local gradient maximum is then searched and the
surface orientation is computed for shading.
The present algorithm shown Fig. 2 is based on the same detection and interpolation steps.
However, it adds a region growing stage during ray casting. It operates as follows: each time an
“object” is detected by thresholding along a ray, i.e. when the voxel value is less than the contrast
threshold (CT), a local region growing algorithm is launched with the reference voxel serving as a
seed point. The neighborhood of this voxel is then analyzed and all connected voxels satisfying the
threshold condition (voxel value < CT) are stored in a stack and counted, marked as visited. This is
done until the stack is no longer increasing or a certain stopping criterion is met. This criterion is the
size threshold (ST). This parameter determines the maximum size (in the number of voxels) of the
“particle-like” regions that should be filtered out. If the detected region size is smaller than ST, the
corresponding object is considered as an artifact and the ray-casting process using the rough detection
scheme is continued by omitting the small “particle” found.
When a region is large enough (relevant region), the ray traversal is stopped and the first
detected voxel is assumed to be a point on the surface of interest (e.g. the endocardial wall). A 3-D
linear interpolation is performed in the neighborhood (i.e. from the eight voxels surrounding the
considered point), and more refined detection is initiated as described above.

3. Results and discussion
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This new algorithm has been implemented on a PC workstation and applied to 8 angio-MSCT
acquired on a Siemens Somatom volume zoom, with 4 detectors. The identical protocol was used with
the following acquisition parameters: collimation of 0.6 mm, table displacement of 1.5 mm/rotation,
HAL author manuscript

slice thickness of 1.25 mm, reconstruction increment of 0.6 mm, size of the matrix 512x512 with
about 200 slices and a voxel size from 0.33x0.33x0.33 to 0.4x0.4x0.4 mm3 after interpolation of the
reconstructed data set. The contrast resolution is 12 bits.
A qualitative evaluation of the algorithm has been first conducted by two interventional
cardiologists. The locations of the virtual sensor were varied in the right atrium and ventricle, the only
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cavities of concern here to reach the coronary sinus. The two parameters (contrast and size) that
influence the results in terms of detection of walls and elimination of the artifacts were varied and
their effects were evaluated. Although there is a trade-off between the two parameters (the contrast
and size thresholds are not independent in this case), we have found that they can be selected from a
rather wide range of values (from 40 to 120 Hounsfield Units and 1000 to 1500 voxels respectively)
while facilitating the search of the coronary sinus. The selection of thresholds can be carried out
during an interactive session. Three orthogonal views are displayed in order to locate a sensor and its
orientation. In Fig. 3, the 3-D images are computed without (standard ray casting with detection and
local interpolation) and with the region growing algorithm, and they show that the “particle-like”
artifacts are effectively removed while the inner surface of the heart cavities remains well defined.
A quantitative study has then been carried out to estimate the features (number, size) of the
regions that are eliminated with different parameter values. The region features do not vary linearly
with the two parameters. They depend very much on the image data set and on the non-uniform
distribution of the contrast medium as well as the selected locations and viewpoints. Therefore,
relevant statistics, measuring the effectiveness of the method and defining the best parameter setting,
are difficult to establish. The number of eliminated regions can vary from 10 to 300 but is on average
lower in the atrium (around 100) than in the ventricle (around 150) due to the difference in their
volumes. The mean size of these regions can vary from 60-100 to 120-200 voxels when CT is
increased from 40 to 120 HU (100 voxels representing about 3.6 or 6.4 mm3 depending of the volume
resolution). Fig. 4 illustrates the relative mean size of eliminated regions with respect to CT and ST.
Let MS(CT, ST) be the mean size of the eliminated regions, and MMS(CT) be the maximum of MS(CT,
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ST) over the range considered for ST when CT is fixed. Fig. 4 shows the relative size of the eliminated
regions, ρ(CT, ST) = MS(CT, ST)/MMS (CT), for four different values of CT (40 HU, 70 HU, 100 HU,
120 HU) when ST is varied from 30 to 12000 voxels. For CT = {40 HU, 70 HU}, the mean size of the
HAL author manuscript

eliminated regions is less than 100 voxels. It is interesting to note that for CT = 70 HU ρ is always
greater than 95 % when ST > 1500 voxels. For CT = {100 HU, 120 HU}, the mean size of the
eliminated regions reaches values higher than 120 voxels. These results indicate that in the case of a
too high value of CT, the sizes of the occluding regions are too large and can be connected to the
walls: they do not anymore look like “particle-like” regions, i.e. rather small isolated regions.
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Since the major objective of this study is to help the physician in achieving the access to the
left venous tree, the visual inspection, as illustrated by Fig. 3, is important. Other solutions to view the
main structures of interest during the navigation have been examined (for instance by undersampling
the volume). No improvements were obtained and, moreover, local features of the surface cavities
were lost. The present algorithm and the pre-operative navigation have several advantages: (i) no prior
segmentation is required; (ii) the visibility of the walls is improved and helps the physician in finding
the coronary sinus, the first step in accessing the venous coronary tree; (iii) additional measurements
(distance to the coronary sinus, angle to enter into it, and size of a catheter to be used) can be
performed during the navigation that can be used by the physicians before an operation. The fact that
no pre-segmentation is carried out has, of course, a disadvantage in that it increases the computational
requirements. Using a PC with a 2-GHz CPU and 1-GB memory, it takes on average 3 seconds (with
ST = 1500 voxels) for the exploration of the ventricles, twice the time required when no region
growing is performed. The computation time increases with ST. A more intensive clinical evaluation is
in progress but it already appears that a full planning session will not last more than 10 minutes.
However, the overall benefit in terms of intra-operative time saving and efficiency has still to be
evaluated.

4. Conclusion
A new algorithm has been proposed to filter out “particle-like” objects in 3-D volumes rendered using
ray casting methods. It relies on a region growing scheme with only two control parameters. It has
been applied to cardiac MSCT to improve the viewing of heart cavities during navigation with the
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objective of locating the coronary sinus with ease. The evaluation conducted so far has shown that the
visual perception of the structures of interest is improved. This work is a step toward the definition of
optimal left ventricular pacing.
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Fig. 1. Lead paths in transvenous biventricular pacing.
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Fig. 2. Flowchart of ray casting.
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Fig. 3. Inside the right atrium. (a) Axial MSCT slice showing the location and the orientation of the
virtual sensor (dark arrow) located in the right atrium and looking towards the entrance of the coronary
sinus. (b) Virtual endoscopy image computed without region growing (CT = 70 HU). The artifact
regions to be eliminated appear like isolated particles in suspension within the atrium cavity. (c)
Virtual endoscopy image computed with region growing (CT = 70 HU, ST = 1500 voxels). The
entrance of the coronary sinus (at the centre of the image) and the surrounding endocardial wall (top
half of the image) are clearly visible.
Fig. 4. Evolution of the relative mean size ρ = MS (CT, ST) / MMS (CT) of the eliminated regions for
different values of size threshold ST and contrast threshold CT. MS(CT, ST) is the mean size of the
eliminated regions, and MMS(CT) is the maximum of MS(CT, ST) over the range considered for ST
when CT is fixed.
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Fig. 1. Lead paths in transvenous biventricular pacing.
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Fig. 2. Flowchart of ray casting.
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Fig. 3. Inside the right atrium. (a) Axial MSCT slice showing the location and the orientation of the
virtual sensor (dark arrow) located in the right atrium and looking towards the entrance of the coronary
sinus. (b) Virtual endoscopy image computed without region growing (CT = 70 HU). The artefact
regions to be eliminated appear like isolated particles in suspension within the atrium cavity. (c)
Virtual endoscopy image computed with region growing (CT = 70 HU, ST = 1500 voxels). The
entrance of the coronary sinus (at the centre of the image) and the surrounding endocardial wall (top
half of the image) are clearly visible.
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Fig. 4. Evolution of the relative mean size ρ = MS (CT, ST) / MMS (CT) of the eliminated regions for
different values of size threshold ST and contrast threshold CT. MS(CT, ST) is the mean size of the
eliminated regions, and MMS(CT) is the maximum of MS(CT, ST) over the range considered for ST
when CT is fixed.
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