
































Sensitivity Distribution Analysis of ICG 695

conductivity values of the constructed model and then where ® is potential ando,, oy, and o, are the con-
calculating the subsequent difference in basal impedance.ductivities in thex, y, and z directions, respectively,
With this procedure, the ability of a lead to detect the throughout the thorax. This form of the Laplace equation
total conductivity changes generated in specific regions is uniquely solved by setting body surface points in con-
can be calculated. However, to the best of our knowl- tact with the electrodes to the set potential to drive the
edge, no studies have been published in which the sen-solution.
sitivity of ICG measurement to detect conductivity To discretize and utilize Eq(1) in the naturally
changes in different tissues and organs had been anashaped torso geometry, numerical methods such as the
lyzed in the entire area of the thorax giving the sensitiv- finite-difference, finite-elementFEM), and boundary-
ity distribution of the measurement; rather, the contribu- element method§BEM) are widely used! Of these,
tion from conductivity or geometry changes in some FDM offers an easy method to code and implement the
regions of the thorax has been estimated and modeled. Itcomplicated structures of the human thorax. Further,
is difficult to decide what quantitative changes in differ- FDM gives the solution at all elements in the model,
ent conductivities are brought about as a result of cardiac providing detailed information on simulated field distri-
function and how to simulate them accurately. butions. The major drawback in this approach is the high
A detailed, anatomically accurate finite-difference el- demand it makes on computational resources as the
ement method(FDM) computer model of the human model, if accurate, contains several hundreds of thou-
thorax and head was developed as part of an effort to sands of elements.
understand the formation and source of the ICG signal.
The reciprocity theorem and the lead field thédfwere
used to determine the ICG measurement sensitivity dis-
tribution in the whole modeled volume. The lead field To yield useful information, the FDM model must
theory and reciprocity theorem provide a means of ob- employ the anatomy of actual human structures. We
taining and investigating in detail the sensitivity of the therefore employed a particularly accurate source of ana-
ICG measurement, and yield information as to how dif- tomical data, the U.S. National Library of Medicine’s
ferent regions contribute to the basal impedance and howVisible Human Project, which provides complete, ana-
conductivity changes in a certain region affect the time- tomically highly detailed representations of the male hu-
varying component. The goal was to establish how sen- man body'® Transverse computed tomography, magnetic
sitive ICG measurements are to detect regional conduc-resonance, and unique cryosection images of a represen-
tivity changes occurring in different tissues and organs in tative adult cadaver are available, forming a viable plat-
the human thorax. Four ICG configurations were simu- form for model constructions and experiments. The Vis-
lated and analyzed using the FDM model. In addition to ible Human Man cryosection data set comprises 1871
the conventional four-band electrode arrangement, alter-images of a male cadaver at 1 mm intervals. The original
native spot electrode configurations suggested by Penneycryosection images are 2048 by 1216 pixels in 24-bit
et al.?” Woltjer et al.”® and Bernsteifi were simulated  color, resulting in about 14 gigabytes of data in size. A
and analyzed. total of 118 images from the top of the head to the pelvis
were selected for postprocessing and model construction.
For data storage and image analysis the accuracy of the

Visible Human Man Data and Model Construction

METHODS images was reduced to 25@%0 pixels using an 8-bit
gray scale color map. This accuracy was sufficient for
Computational Approach modeling purposes.

, The selected 118 images were segmented using a

In the frequency range_generally usgd n ,ICG' the modified image enhancement, amplitude segmentation,
human body can b_e .conce|ved of as a piecewise, ho'”r_‘o'region growing, decision tredARD) volume segmenta-
geneous, and resistive system, neglecting the reactivejon method which directly provides volume elements of
effects of the body? If it is also assumed that the thorax anatomy data for FDM mesh generatb@ptional low-
is a'sc')urce-free region, that the magnetic fields in it are pass filtering, multiple amplitude segmentations, region
negllglblg, and that the current flow normal to the body growing, and decision trees were applied for the semi-
surface is zero except under the electrodes, then the, omatic segmentation procedure. Additional manual
governing equation of the electrical properties of the gjting allowed classification of the smallest details.
human body is the generalized Laplace equation. In the o\ “giryctures visible in the reduced-accuracy data
orthogonal Cartesian coordinate system, this equation is, o segmented, resulting in 28 classified tissue types as

presented in Table 1. The total number of identified
R I DA A TR DA (1)  Voxels [three-dimensional3D) volume elementsvas
ax\ " Xoax| ay\ Yay) dz\ %z ' approximately 4,000,000. Spatial resolution in medial—



























