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Figure 4. Implemented simulation scenarios. A: Atrial flutter with a visual cue pointing to the driver of the arrhythmia.
B: Atria during sinus rhythm excitation. C: Slab of tissue with a mini-electrode equipped catheter, which is surrounded by
blood. D: Whole-heart contraction simulation. E: Forward calculation of cardiac activity on the body surface. F: Cardiac
muscle fibre orientation. Additional plots in the foreground depict resulting electrograms (C, E). The colorbar was adjusted
for intuitive visualization of each scenario.

seamlessly switch between the different visualizations, the
user can enter a selection menu with miniaturized models
of all eight simulations.

2.4. Study Design
The participants (N=27) consisted of volunteers, which

were primarily students with a technical background. All
participants were instructed on the controls and briefly in-
troduced to the physiological background of the displayed
data. Afterwards, the participants were given as much time
as they wanted to explore the different visualizations. The
subsequent survey included questions about perceived res-
olution, motion sickness, intuitiveness of controls, benefit
of VR for the understanding of the displayed data as well
as the overall impression of the implementation. Each as-
pect had to be assessed by marks from one (very bad) to
five (very good). The exact questionnaire is depicted in
table 1.

3. Results and Discussion
Our application was able to render the eight imple-

mented visualizations with up to 150.000 vertices while
simultaneously streaming to a secondary monitor with a
stable framerate of 60 frames per second. The quantitative
results and a boxplot of the survey are shown in table 1. All
participants stated a fluent or almost fluent performance
(median=5). Further, most participants stated that the use
of VR improved the learning experience (median=5). We
believe that immersive VR visualizations are particularly
useful in a complex visualization task, such as the orienta-

tion of cardiac muscle fibre during contraction. While the
majority (70 %) of the participants stated they experienced
no motion sickness, eight participants (30%) experienced
little to strong motion sickness. Furthermore, the perceived
resolution was mostly ranked between medium and high
(median=4). Both the resolution and the motion sickness is
likely to improve with newer generations of mobile phone
displays as well as with further habituation with VR prod-
ucts. Interacting with the visualization was experienced as
easy to learn and intuitive for almost all participants (me-
dian=5). For instance, in our visualization implementation
for atrial flutter, the user can see the heart anatomy in 3D
in different modalities and the spread of cardiac depolar-
ization, color-coded on the surface, as a function of time
(4D movie). In the orbital mode, the camera can be rotated
around the heart to visualize, for example, a depolarization
wave traveling from one side to the other (e.g. anterior to
posterior). In first person view, the user can move into the
chambers of the heart and observe the depolarization wave
from the endocardial perspective (e.g. catheters point of
view). Thus, the understanding of the complex nature of
a cardiac arrhythmia becomes more intuitive. Finally, all
participants rated the overall impression of our visualiza-
tion scheme with good or very good (median=5).

4. Conclusion
The findings suggest that our interactive and portable

visualization approach has the potential of becoming a so-
lution for an immersive representation of medical simula-
tions and images in the field of cardiac arrhythmias.

 

 

  



Table 1. Boxplot and quantitative data of survey results. Legend: (outlier), (whiskers), (inter-
quantile range Q3-Q1), (median).
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performance:

experienced motion sickness:

perceived resolution:

controls:

virtual reality improved/enriched the experience:

overall impression:

fluent, good

no sickness

high

intuitive,
easy to learn

true

very good

laggy, bad

strong sickness

low

complicated

false

very bad

Issue: N(1) N(2) N(3) N(4) N(5) mean median (Q1,Q3)

performance 0 (0%) 0 (0%) 0 (0%) 13 (48 %) 14 (52%) 4.5 5 (4,5)
motion sickness 1 (4%) 2 (7%) 2 (7%) 3 (11 %) 19 (70%) 4.4 5 (4,5)
perceived resolution 0 (0%) 4 (15%) 7 (26%) 14 (52 %) 2 (7%) 3.5 4 (3,4)
controls 0 (0%) 1 (4%) 1 (4%) 6 (22 %) 19 (70%) 4.6 5 (4,5)
VR benefits 0 (0%) 0 (0%) 1 (4%) 10 (37 %) 16 (59%) 4.6 5 (4,5)
overall impression 0 (0%) 0 (0%) 0 (0%) 10 (37 %) 17 (63%) 4.6 5 (4,5)
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