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Effective Surface Area of Current Density Distribution Maps

Magnetocardiography (MCG) is a technique of
measuring the weak magnetic fields generated in
the heart during its functioning. MCG can be
measured using a superconducting quantum
interference device (SQUID) sensor that converts
magnetic flux to voltage, and is the most sensitive
sensor to detect magnetism. In this paper, analysis
of myocardium current density distribution maps is
proposed. Effective surface area dependence on
time for full and divided into 4 parts current density
distribution maps is obtained. Ref. 6, figs. 4.

Keywords: magnetocardiography, current den-
sity imaging, effective surface area, current density
distribution map.

Introduction

Magnetocardiography is one of the most pro-
gressive tools for diagnosis and investigation of
heart diseases, such as coronary heart disease.
Noninvasiveness, contactlessness, high sensitivity
makes magnetocardiography suitable for this pur-
pose and comfortable in use for physician [1]. MCG
analysis is used for diagnosis of
ischemic heart disease by comparing magnetic
field maps for both normal subjects and patients

with ischemic heart disease [2]. Cardiac-current
images that include morphological information on
the heart may be obtained by projecting a two-
dimensional (2-D) current-arrow map (CAM), which
is calculated from magnetocardiogram signals,
onto a three-dimensional (3-D) standard heart
model, which is intended to be applicable to all
adult subjects [3]. The noninvasive magnetocardio-
graphic mapping data is used for diagnostics and
analysis of Wolf-Parkinson-White syndrome [4] and
other diseases accompanied by lesions of current
flow in the heart muscles.

One of the approaches of studying magnetic
field in human heart is analysis of current density
distribution maps (CDDM). Current density imaging
is a noninvasive measurement of the electrical cur-
rent density inside a conductive sample. Current

density imaging measures the local magnetic field
vector generated by the current flowing inside the
tissue and uses a vector curl operation to calculate
the current density. Since current density imaging
can be performed contactlessly using SQUID, it is
inherently noninvasive (when compared with multi-
ple-electrode measurements) and does not suffer
from the limitations of aforementioned techniques.
Furthermore, current flow information can be calcu-
lated from the current density data using streamline
analysis [7]. Aim of the study is analysis of CDDM
surface area dependence on time and current den-
sity threshold for further determination of diagnosti-
cally useful characteristics.

Surface area dependence for CDDM

In this study analysis of CDDM effective sur-
face area dependence on time was made. The
technique used here is presented in the work [6].
The area of CDDM may be found as

Sy =Ny-N, (1)

. After that the threshold A (%) for current den-
sity, which is represented by brightness on CDDM,
is specified. Then the threshold current density is
calculated

73(8) = fmax () 2 (2)
. After that threshold processing of a map
I(t.ny.ny ) is performed

/(t,nx,ny), I(t,nx,ny)>i;,

@)

1ty ) 0, I(t.neny) <.

where I(t,nx,ny) — current density in particular

point of CDDM at defined moment.
Then effective surface area can be found by
the formula

L Si(t)= Ngz(t) 1100% ()

Thus each CDDM (Fig.1) in this study is formed
by using and transformation of current density vec-

© Udovychenko Y., Popov A., Chaikovsky I., 2014



BuomeanumnHckne npubopbl U cUCTEMBI

69

tors, obtained using MCG. Each CDDM is a gray-
scale discrete image with size of MxN pixels,
where white color corresponds the highest bright-
ness and black responds the least brightness. Thus
brightness of an image corresponds to the current
density value in corresponding point. CDDMs are
built for definite moments of time with some step
(up to 10 ms) during T wave of electrocardiogram
QT interval. It gives possibility to associate ECG
data with corresponding dependences, calculated
from CDDMs.
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Fig. 1. Current density distribution map

For the present study 340 CDDMs of a group of
patients with similar diagnosis were used. The
main purpose was finding similarities among
CDDMs of this group. Effective surface area was
calculated for each map, using equations from our
previous study [6] with threshold of 30% of highest
current density value in a full CDDMs set for all pa-
tients in studied group.

Time dependence of effective surface area for
the studied group of patients is shown in Figure 2
in boxplot view. It can be observed that the values
of effective surface area for each time instant differ
from one CDDM to another. For time intervals 0 —
0,132 ms and 0,324 — 0,396 ms, value of effective
surface area is almost zero. Values of effective sur-
face area in the interval of 0,144 — 0,310 ms have

large scatter, except time instants of 0,24 and
0,264 ms. But two values isn’t enough for definite
decision about CDDMs set of new patient belong-
ing to the studied group.
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Fig. 2. Effective surface area dependence on time for
a group of patients

A new approach to assist this definition is pro-
posed in this paper. This is dividing each CDDM
into several parts. In this study, each CDDM was
divided into 4 equal parts (quarters), as shown in
Figure 1. Then each quarter of CDDM in CDDMs
set was processed in the same way, as full CDDM
has been: for each quarter the effective surface
area (Figure 3) was found. Figure 4 shows the ef-
fective surface area dependence on time for each
quarter of each sub-CDDM in CDDMs set of stud-
ied group of patients. From results obtained during
this work it can be seen that for finding the similari-
ties among CDDMs set for studied group and fur-
ther definition of new patient's belonging to this
group, informative is time interval 0,096 — 0,324
ms.

First quarters of each map have large effective
surface area value scattering, so first quarter isn’t
useful for our purposes. Effective surface area has
similar values at time intervals 0,18 — 0,204 ms for
the second quarter, 0,168 — 0,192 for the third
quarter and 0,204 — 0,228 ms for the fourth quarter.
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Fig. 3. Effective surface area of each submap dependence on time for a group of patients

Thus, application of such approach to CDDM
processing provides increasing the amount of time
instants in which values of effective surface area is
informative for finding the similarities among
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CDDMs set and further definition of new patient’s
belonging to the particular group, to time interval
0,18 — 0,228 ms.

0.8
06
0.4

0.2

Effective Suface Area

u] 0.1 0.z 0.3 0.4
time, ms

0.8
06

0.4

Effective Surface Area

0.2

0 0.1 0z 03 0.4
time, ms

Fig. 4. Effective surface area of each submap dependence on time for one patient

Conclusions

The technique of studying of CDDM surface
area dependence on time is proposed and tested
for 340 current density distribution maps, both full
and divided into 4 parts, showing the time instants

in which effective surface area values have the
smallest scatter. The proposed approach can be
used for finding the similarities among CDDMs set
for studied group and further definition of new pa-
tient’s belonging to this group.
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EcdekTnBHa nnowa noBepxHi KapT po3noAginy WinbLHOCTi CTPyMy

MaeHimokapdioepagpis (MKI) € Memodukoro suMiprogaHHs criabKuX MagHImHUX rosie, SIKi UHUKalomb
8 cepui nid yac to2o yHkuioHysaHHs. MKI™ Moxe 6ymu sumipsiHa 3a AornomMoaoro HalrpoesiOHUX KeaHmo-
s8ux iHmepghepeHuilinHux Oamyukie (CKBIL), ski nepemeoproromb MasHimHUU romik e Harpyay, i €
Halbinbw Yyymnusumu Gamyukamu Ons eusigrieHHs MagHemu3my. Y OaHill pobomi nponoHyembCs aHari3
Kapm po3nodiny winsHocmi cmpymy mMiokapda. OdepxaHo 3arnexHicmp egheKmUBHOI riowli nosepxHi eio
yacy 0nis yinux i po3difieHux Ha 4 YyacmuHu Kapm po3rnodirny winbHocmi cmpymy. Bibn. 6, puc. 4.

KnwouoBi cnoBa: MazHimokapdiozpacghisi, 8i00bpaxkeHHsI WinnbHOCMIi cmpyMy, ethekmusHa nioua
rosepxHi, kapma po3nodiny WinsHocmi cmpymy.
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AdhekTBHaAA Nnowaab NOBEPXHOCTU KapT pacnpeaeneHus
NJIOTHOCTU TOKa

MaeaHnumokapduoepagus (MKI) sensemca memoOukol uaMepeHusi criabbix MagHUMHbIX roned, co3-
OasaeMbix 8 cepdue 60 speMsi e20 hyHKUUOHUposaHus. MK moxem 6bimb UsMepeHa C MOMOWbIO
C8EPXNIPO8OJAUUX K8aHMOBbIX UHMepepeHUUOoHHbIx damyukos (CKBUL), komopsie npeobpasyrom
MacHUMHbIL MOMOK 6 HanpshKeHue, U siensitomcesi Haubornee yyscmeumerbHbiMU dam4yukamu Onsi obHa-
pyxXeHust MagHemu3ma. B daHHOU pabome npednacaemcsi aHanu3 kapm pacnpedeneHusi niomHocmu
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moka muokapda. lNonydyeHa 3asucumocmb 3¢hpekmueHol rniouadsb nogepxHocmu om epeMs Ons Uernbix
U pasdernieHHbIX Ha 4 yacmu Kapm pacripederieHus nriomHocmu moka. buén. 6, puc. 4.

KnioueBble cnoBa: MazHumokapduozpaghus; omobpakeHue riaomHocmu moka, aghghekmueHas
nnowadb nosepxHOCMuU, kapma pacrpedesieHuUs1 NoMHOCMU MOoKa.
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