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Conclusion

The proposed ultrasound imaging system can perform semi-automatic

conformal scanning. Therefore, the workflow can be greatly improved

and the human scanning errors can be reduced. The contact between

the transducer and the target surface is measured, monitored, and

controlled to ensure good contact and to reduce unnecessary pressure

applied to the person under examination during imaging. The

acquired ultrasound images are aligned and interpolated to form a 3D

image for subsequent computerized analysis.

References

[11 Herrera C., D., Kannala, J., Heikkild, J. (2012) Joint depth and
color camera calibration with distortion correction. TPAMI.

[2] Kinect depth sensor evaluation for computer vision applications,
Department of Engincering AARHUS University

Assessment of diastolic chamber properties of the right ventricle
by global fitting of pressure-volume data and conformational
analysis of 3D + T echocardiographic sequences

C. Pérez del Villar', D. Rodriguez-Pérez”, M. M. Desco’,

P. Martinez-Legazpi®, Y. Benito', A. Barrio'. R. Youti', J. Ortufio®,
M. Ledesma®. F. Ferndndez-Avilés', J. Bermejo', J. C. Antoranz’
'"Hospital General Universitario Gregorio Maraiion, Department

of Cardiology, Madrid, Spain

*UNED, Fisica Matemtica y de Fluidos, Madrid, Spain.
*Univesity of California San Dicgo, Mechanical and Acrospace
Engineering, La Jolla CA, United States

*Universidad Politécnica de Madrid, Biomedical Image Technology
Group, Madrid, Spain

Keywords Diastole - Right ventricle - 3D echocardiography -
Pressure—volume data

Purpose

Right ventricular (RV) dysfunction is a major prognosis determinant
in many cardiovascular diseases. However, the physiological basis of
RV diastolic function remains unclear [1]. Diastolic function is reg-
ulated by active and passive chamber properties. Active relaxation
accounts for myofilament unbridging. Passive mechanical properties
are derived from elastic chamber deformation when it is filled below
or beyond its equilibrium volume (Vy; i.e. chamber volume at zero
transmural pressure). Passive forces acting below V,, account for
elastic restoring forces, whereas those acting above Vj, are defined by
ventricular stiffness. Currently, the analysis of pressure and volume
(PV) data is indispensable for assessing diastolic chamber properties.
Classical methods of PV data analysis focus on the characterization of
relaxation and stiffness at specific times of diastole. Early diastole
pressure—lime exponential fitting characterizes relaxation whereas
stiffness is estimated by fitting the curvilinear end-diastolic PV
relationship from multiple beats during preload manipulation [2].
Recently, an algorithm based on global optimization has been vali-
dated to analyze left ventricular (LV) PV data providing most
accurate indices of diastolic function by decoupling active and pas-
sive mechanical chamber properties [3]. The objectives of the present
study were to characterize, for the first time in vivo, the relative
contribution of RV active and passive diastolic chamber properties to
RV filling and analyze their relationship with RV conformational
changes during RV overload.

Methods

Thirteen minipigs were instrumented with a pressure-conductance
catheter in RV. Acute preload reduction was induced with a balloon
placed in the inferior vena cava (IVC). PV data were acquired during
transient IVC occlusion during inotropic modulation, volume over-
load and during acute RV failure induced by infusion of E. coli
lipopolysaccharide. 3D echocardiography was performed in each
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Fig. 1 Shape-index scale computing for a RV mesh at end diastole

phase. Indices of RV diastolic function were obtained with a
numerical global optimization algorithm. Thus, diastolic pressure is
defined as the resultant of adding active (P,) and passive (Pp) forces
acting throughout the full diastolic period. These pressure compo-
nents are defined by relaxation constant (1), equilibrium volume (Vy),
stiffness constants below and above V;; (S. and S,) and volume
asymptotes (V,, and V,). 3D echocardiography RV images were
analyzed off-line using commercial software and the inner surface
meshes were further processed. After RV surface segmentation cur-
vature parameters were calculated. Local minimum, maximum and
mean curvatures, as well as shape-index (ratio of the maximum and
minimum curvatures difference to the mean curvature) were com-
puted for each triangle in the mesh (Fig. 1) [4]. Linear mixed-effects
models (R, version 2.15.1) were used for data analysis, accounting for
animal random effects.

Results

The interventions modulated RV hemodynamics as expected (see
Table 1). The numerical algorithm converged in all data sets
(n = 224). Passive restoring forces generated sub-atmospheric suc-
tion in all phases, significantly contributing to rapid filling.
Remarkably, maintenance of suction despite severe acute RV over-
load was possible by shifting the passive PV relationship by
increasing V,, (see Table 1). This mechanism enhanced rapid filling
by increasing the RA-RV pressure gradient and lowering RV diastolic
pressures (Fig. 2) Conformational analysis demonstrated that both Vj,
and the stiffness constant below V, (S.) were significantly related to
the degree of the RV septum bulging towards the LV at end-systole
(p < 0.05). In turn, septal curvature was significantly related to the
RV-LV transeptal pressure gradient (p < 0.01).

Conclusion

Diastolic suction caused by passive elastic restoring forces is a major
determinant of RV filling. During acute overload, the curvature of the
interventricular septum determines the magnitude of these restoring

Table 1 Effects of acute hemodynamic interventions on RV function
and diastolic properties
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Fig. 2 Bar charts of active (in red) and passive (in blue) component
of estimated pressure and mean measured pressure (black line) during
diastole

forces. For the first time, these aspects of diastolic function can be

analyzed in vivo by global optimization PV data analysis and shape

conformational analysis of 3D + t echocardiographic sequences.
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Purpose

Image acquisition and image-guided interventions for the liver are
severcly limited by respiration-induced motion. External marker-
based respiratory gating is a widely used method to relieve this
problem. However, this method needs one or multiple optical or
magnetic sensors placed on the chest or abdomen and an optical or
magnetic tracking device to record positions of these sensors, which
lead to complex calibration process, long setup time and high cost.
Therefore, rescarchers attempted to develop some image-based gating
techniques to detect the respiratory signal directly from 2D ultrasound
B-mode images [1, 2].

Methods

This paper proposes another novel image-based algorithm to extract
ID respiratory signals directly from 2D ultrasound B-mode image
streams. The proposed algorithm is based on a manifold learning method
with local tangent space alignment (LTSA) technique [3] 1o detect
principal respiratory motion from ultrasound image sequences. This
technique assumes an image sequence as a low-dimensional manifold
lying on the high-dimensional image space, constructs an approximate
tangent space of each point to represent its local geometry on the man-
ifold, and then aligns the local tangent spaces to form the global
coordinate system, where the respiratory signal is extracted.

The proposed method is inspired by similar work of Wachinger
et al. [4], who exploits another manifold learning method, Laplacian
cigenmaps technique (LEM), to map the low-dimensional manifold
embedded in the high-dimensional image space. The main advantage
of LTSA over LEM is that it extracts the local geometric information
by constructing tangent planes of the local neighborhood of each
point on the manifold, but LEM directly uses the distance relationship
of each point with other points on the manifold. Therefore, LTSA in
our paper is able to construct better mapping function to convert the
high-dimensional images into corresponding low-dimensional respi-
ratory states.

Results

An experiment was performed to compare the proposed LTSA-based
respiratory signal tracking method to previous LEM-based method.,
The neighbor number is set as a constant of 64 and the image
downsampling level fixed as 1/16. The correlation coefficient (CC)
metric is utilized for quantitative accuracy evaluation between the
extracted signals, by different methods, and the reference signals,
tracked by an EM device.
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Fig. 1 Comparison in detection accuracy between the proposed
LTSA-based method and previous LEM-based onc. Two typical
image sequences from different volunteers are used, corresponding to
each column. For better visual analysis, the extracted signals (in red)
are individually drawn for viewing their whole profiles, and drawn
together with the EM-tracked reference signals (in green) for viewing
the signal accuracy
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