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Abstract

Cardiac dyssynchrony, particularly in patients with Left
Bundle Branch Block (LBBB), poses significant challenges
in clinical diagnostics. This study investigates the curva-
ture of the interventricular septum (IVS) throughout the
cardiac cycle, as a potential biomarker for detecting car-
diac dyssynchrony in patients. Data from 28 subjects into
three groups of which 14 subjects with no diagnosed car-
diac abnormalities (Normal), and 14 dyssynchrony pa-
tients undergoing CRT treatment, with active external pac-
ing (On), and without active pacing (Off). At all tem-
poral points the IVS contour was fitted to a circle using
the Levenberg-Marquardt algorithm, and the radius ex-
tracted and inversed. The inverse radius decreased sig-
nificantly depending on cardiac health with the Normal,
On, and Off groups being 0.43 £ 0.16, 0.49 % 0.10, and
0.53 £ 0.15 respectfully. Findings suggest that the inverse
radius could serve as a biomarker for identifying cardiac
dyssynchrony in LBBB patients, potentially guiding thera-
peutic decisions and improving patient outcomes.

1. Introduction

Cardiac dyssynchrony is a significant contributor to
heart failure (HF), particularly in patients with Left Bun-
dle Branch Block (LBBB) [1,2]. LBBB disrupts the nor-
mal sequence of electrical activation, leading to left ven-
tricular dyssynchrony and exacerbating HF symptoms [1,
3,4]. Effective management of cardiac dyssynchrony re-
mains challenging, with Cardiac Resynchronization Ther-
apy (CRT) being a primary intervention to restore syn-
chronized contraction and improve cardiac function [3].
However, CRT’s efficacy varies, and identifying reliable
biomarkers for dyssynchrony is crucial for optimizing
treatment outcomes.

This study explores the curvature of the interventricular
septum (IVS) from ultrasound images as a novel marker
for detecting cardiac dyssynchrony. By analyzing the in-
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verse radius of a fitted circle at 100 temporal points during
the cardiac cycle, we aim to differentiate dyssynchrony in
subjects with no diagnosed cardiac abnormalities and those
with diagnosed left ventricular dyssynchrony, both with
and without CRT pacing. Previous research has indicated
that septal deformation can reflect underlying mechanical
dysfunction and may serve as a valuable diagnostic tool
[5]. This investigation seeks to enhance our understanding
of dyssynchrony and improve clinical management strate-
gies for affected patients.

2. Methods
2.1. Data

Table 1. Demographic characteristics of subjects.

Male Female Total

Gender 16 12 28
Conduction Disorders 9 5 14
Age 47+21 54422 50+22

Data was acquired using the experimental ultrasound
system T35, developed and located at Duke University Hos-
pital in Durham, USA. Data was acquired at 360 fps to
1000 fps, and down sampled to 100 frames per cardiac
cycle. Data was reanalyzed from a previously published
study, comprising a total of 28 subjects, ages 47 £ 21,
where 16 subjects being male, divided into groups: 14
subjects with no diagnosed cardiac abnormalities, and 14
patients with cardiac dyssynchrony who underwent CRT
[2,6]. Subjects were categorized into three groups based
on cardiac status and therapy condition: those with no di-
agnosed cardiac abnormalities (Normal), those with LBBB
with active CRT pacing (On), and those with LBBB with-
out active pacing (Off).

2.2,  Algorithm

For each subject, the curvature of the IVS was evalu-
ated at 100 time points throughout the cardiac cycle. At
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Figure 1. Apical 4 chamber view of a subject, with the
tracked contour (c) in blue, fitted circle in red, and the cir-
cle radius (r) marked with a green arrow. » = 99mm and
¢ = 82mm.
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Figure 2. Dunn’s Post-hoc test for pairwise group com-
parisons, with Bonferroni correction.

each time point, the IVS contour was fitted to a circle us-
ing the Levenberg-Marquardt least squares algorithm for
robust fitting of the contour to a circle, with residuals ¢
calculated using Equation 1. A fitted circle is illustrated
by the red dotted line can be seen in Figure 1, where the
tracked IVS contour length (c) is marked in blue, and the
radius () of the circle by the green arrow, which for Figure
1 was 7 = 99mm and ¢ = 82mm.

e=(x-2°+@y—y?*-1° 4))

The inverse of the fitted radius (r— 1) was calculated, see
Equation 2.
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Figure 3. Inverse radius (r—') during the cardiac cycle,
for the groups Off, On, and Normal.
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where the contour length ¢ was used as a normalization
factor. r~! was calculated for 100 frames equally dis-
tributed through 1 cardiac cycle, providing a time-resolved
measure of septal curvature.

2.3.  Statistical Analysis

To assess group-level differences in septal curvature,
statistical analysis was performed on the inverse radius
of curvature over the cardiac cycle for each subject. A
non-parametric Kruskal-Wallis test was used to evaluate
overall differences across the three groups. When signifi-
cant differences were detected, pairwise comparisons were
conducted using Dunn’s post hoc test with Bonferroni cor-
rection to adjust for multiple comparisons. All statistical
analyses were conducted with a significance threshold set
prior to analysis.

Table 2. Summary of the inverse radius results from the
three groups Off, On, and Normal.
Group I o0  Median Min Max
Off 0.53 0.15 0.52 0.17 0.78
On 049 0.10 0.48 0.14 0.78
Normal 0.43 0.17 0.39 0.05 0.79

3. Results

The ! measurements were analyzed for three groups:
Off, On, and Normal. The mean values for each group
were as follows: Off (0.53 4 0.15), On (0.49 4 0.10), and
Normal (0.43£0.17). The Off group had the highest mean
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value of 0.53 with a median of 0.52. The On group had a
mean value of 0.49 with a median of 0.48. The Normal
group had the lowest mean value of 0.43 with a median of
0.39, see Table 2.

These results indicated that measurements of r—! vary
across different groups, with the Off group showing the
highest values and the Normal group showing the low-
est values. A Kruskal-Wallis H-test for independent
samples was conducted to determine statistically signif-
icant differences in the measurements of r~! between
the three groups Off, On, and Normal (H = 302.2 and
p-value<0.0001). A pairwise post-hoc Dunn’s test was
performed showing statistically significant differences be-
tween all groups (p-values<0.0001), see Figure 2. A tem-
poral representation of differences in r~! measurements
through the cardiac cycle between groups is illustrated in
Figure 3.

4. Discussion

The Off group had the highest 7! value of 0.53 £ 0.15,
followed by the On group at 0.49 =+ 0.10, and the Normal
group had the lowest value at 0.43 £ 0.17. These findings
highlight the potential influence of different cardiovascular
conditions on r~! measurements.

The r~—! measure shows promise as a potential
biomarker for optimizing cardiac resynchronization ther-
apy (CRT), as it provides beat-to-beat information on my-
ocardial contraction dynamics. This capability could en-
able clinicians to tailor CRT settings to individual patient
needs, ultimately improving therapeutic outcomes.

In conclusion, the significant differences observed be-
tween the groups highlight the importance of considering
specific clinical and physiological conditions when inter-
preting 7~ ! measurements. Future studies should investi-
gate the underlying mechanisms driving these differences
and evaluate how r~! can be integrated into patient se-

lection, therapy optimization, and real-time monitoring in
CRT.
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