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Abstract. High resolution body surface potential maps and an equivalent current dipole model of the cardiac generator were used to assess ti
heart state in two abnormal conditions: WPW syndrome with single accessory pathway and local ventricular ischemia. Results of a simulatiol
study and experimental verification of the method for both cardiologic abnormalities are presented.

Single accessory pathway in WPW syndrome was simulated as initial ventricular activation at the atrio-ventricular ring. Using a current
dipole model of the cardiac generator, the locus of arrhythmogenic tissue was assessed with a mean error of 11 mm. Experimental localizatic
of the accessory pathway in a WPW patient was in good agreement with the invasively obtained site.

Local repolarization changes were simulated as shortening of the myocytes action potentials in three regions typical for stenosis of mait
coronary arteries. Using surface QRST integral maps and dipolar source model, small subendocardial and subepicardial lesions of myocardiu
were inversely located with a mean error of 9 mm and larger transmural lesions with a considerable mean error of 17 mm. Extent and prevalenc
of subepicardial or subendocardial type of the lesion were reflected in the dipole moment and orientation. In experimental verification of the
method, in 7 of 8 patients that underwent PCI of a single vessel, estimated equivalent current dipole position matched well the treated vessel

The results suggest that diagnostic interpretation of body surface potential maps based on dipolar source model could be a useful tool
assess local pathological changes in the heart.

Key words: body surface potential mapping, noninvasive cardiac diagnostics, equivalent current dipole model of the cardiac generator, ECC
simulation.

1. Introduction way, while the normal activation in other part of the ventricular

. ... volume still did not develop, was proposed in this study.
Aim of the presented study was to analyze the possibility of Shortening and decrease of action potentials (AP) is typi-

noninvasive identification of some local abnormal changes i«E]al for ischemic cardiac cells. These subtle variations of AP
the heart by evaluation of cardioelectric potentials measured Mhuence the overall repolarization process and are expressed

the chest surface using parameters of simple equivalent Curr?}%inly in the ST-T interval of surface ECG signals. It was

dipole (ECD) model of the cardiac electric generator for Chars'hown, that integrals of potentials over the ventricular depolar-

acterization of the pathology. Two kinds of pathological Situization — repolarization period (QRST interval in ECG) practi-

ations were analyzed: WPW syndrome with single accessogé"y depend only on the action potentials variations and not on

Eath\t/vc?y and small ischemic lesion in single vessel COroNaf¥e ventricular activation sequence [1]. Differences in QRST
cart disease. i , .. . .integrals over the torso, displayed in difference QRST integral
Some types of cardiac arrhythmias have their origin iR, hg together with the knowledge of geometry and electri-

small confined areas of the myocardium. This is also they hroperties of the torso, thus can be used for a noninvasive
case of Wolff-Park_mson-Whlte (WPW) syndrome whe_:re afentification of ischemic heart regions with changed repolar-
abnormal conducting tissue (accessory pathway) exists Bexiion.

tween the atria and ventricles. The most precise localization
of the arrhythmogenic substrate has been provided invasiv .

during catheterization from electrograms measured directly%y' Methods and material

the heart during a radio-frequency catheter ablation proceduigody surface potentials (BSP) simulated or measured in 24

However, noninvasive prediction of the location of the subto 198 chest surface points, dipole model of the cardiac elec-

strate could substantially shorten and simplify the invasive prdric generator as well as geometry and electrical properties of

cedure. Noninvasive localization of the conducting pathway bjhe inhomogeneous volume conductor of the human torso were
evaluating body surface potential maps during the initial interased to assess specific characteristics of the heart state in two
val of the ventricular activation started at the site of the patlabnormal clinical conditions: (i) in WPW syndrome with sin-
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gle accessory pathway and (ii) during local ischemic changés= 1,2,...n, an ECD source representing the body surface

in the ventricular myocardium. potentials®(¢) was estimated using the formula:
Site of single abnormal conductive pathway in WPW syn-
drome was localized by inverse computations from BSP dur- D;(t)=T;®()

ing the initial interval of the ventricular depolarization. It was i )
supposed that only small region around the accessory pathway WhereT'; is pseudoinverse of a transfer matr, (¢) are

was activated during this short interval hence single equivalefPMmpPonents of some ECD locatediah location. Transfer
fixed current dipole was an appropriate model of the cardidBalrix T'; represents the relation between position of the

electric generator. Its position was searched at one of chodéhdiPole and the surface potentials and reflects the geomet-

possible sites along the atrio-ventricular ring by minimizin%‘cal and electrical properties of the torso volume conductor.

the rms difference between the original BSP and BSP genégi@ SOIVe the inverse problem &; estimation, pseudo-inverse
ated by the dipolar generator. T was obtained py singular value decqr’qposﬂmn. .

Location of single ischemic lesion in some myocardial re- Minimal rms difference between original potentials and
gions influenced by the stenosis of one of the coronary arteriggtentials generated by ECDs in all possible positions was
was assessed using the difference between normal BSP 4I5§d as a criterion to mdlcate_the bes_t,_r_nost pro_bable position
BSP obtained as a result of the shortening and/or decreasebh® ECD source representing the initial ventricular activa-
the AP of cardiac cells in the ischemic lesion. Supposing %N Or changed repolarization of ventricles.
small lesion, this difference was interpreted as being caused TO get more reliable and stable solutions, integral values
by an additional dipolar source evoked by the AP differenc@f potentials®(t) over a selected time interval were used in-
during the whole repolarization phase. To reflect this fact, ditead of using instant values. Correspondingly, integrals of the
ferences in integrals of surface potentials over a time intervéiPole moments characterizing the evaluated interval were ob-
containing the whole repolarization period were used to idef@ined.
tify the lesion. Position of the dipole was searched among a Ventricular model with analytically defined geometry
set of possible locations within the ventricular volume by minformed by several ellipsoides was used to define the bounded
imizing the rms difference between the original difference involume where the equivalent dipole had to be located [2].
tegral map and map generated by an ECD generator computed In the WPW syndrome, initial interval of ventricular acti-
for each of the possible locations. vation, typically from 7.5 to 25 ms was evaluated. This inter-

Relative rms deviatio® Dev between valued; of cardiac  val was selected to avoid evaluation of noisy data at the very
BSP data and valueS; of BSP generated by the equivalentbeginning of the ventricular activation and later starting nor-
dipolar source were evaluated to estimate the feasibility of tgal ventricular activation coming from the Purkinje conduct-

dipole source to represent the simulated or measured mapsing system. To define possible positions of the ECD, ventricu-
lar volume was divided into 39 segments, 16 of them along the

(S — Ay)? atrio-ventricular ring (Fig. 1a) and the ECD generators were
7 ! located in their gravity centers.
RDev = T =S When analyzing small ischemic regions, only differences
,/ZATZ between surface potentials during normal and changed repo-
’ larization were evaluated for the whole QRST interval that
For both clinical abnormalities, the method was tested oimcludes also the repolarization period. In this case, possible
simulated surface potentials and the influence of several errgianges in the depolarization sequence will not influence the
factors on accuracy of inverse procedures was analyzed to estitegral of potentialgb(¢) and both, decrease and shortening
mate their performance. A forward model was used to get wadlf the AP will be accounted in the ECD generator character-
defined simulated body surface potentials in a normal caseiaig the changed repolarization. To assess the sensitivity of
well as in the two pathological cases. WPW syndrome witthe method, possible positions of the ECD were defined at al-
single accessory pathway was simulated by abnormal depolatest 300 vertices of a triangulated epicardial and endocardial
ization of the ventricles that was initiated in predefined posikurface of the ventricular model (Fig. 1b). However, for ex-
tions along the atrio-ventricular ring. Local ischemia was simperimental verification on patients with no individual chest ge-
ulated by areas with changed AP that were defined in differenmetry data, coarser division of analytical (Fig. 1c) or realistic
regions of the left ventricle. Finally, the method was experfFig. 1d) ventricular volume to only 28 segments was used
imentally tested on available data from WPW and ischemiand possible positions of the ECD generator were placed in
patients. their gravity centers.
Accuracy of the inverse estimation of the ECD source rep-
2.1. Model of the cardiac electric generatorEquivalent resenting the ischemic lesion is limited by the set of chosen
cardiac generator based on single current dipole source Wipole positions. Possible positions of the ECD should be cho-
cated at one position selected from a set of predefined lsen to adjust localization error on an acceptable level: less then
cations defined in the examined heart region was considersdpposed error of really obtainable geometry data and com-
to characterize the accessory pathway or small ischemic ngarable with accuracy obtainable when using single moving
gion with changed repolarization. For each predefined locatiaipole model [3]. In our simulations, the minimal distance be-
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tween the nearest chosen position and correct location of aiith different parameters in five layers from epicardium to en-
ECD generator (position of initial activation in WPW simu-docardium were defined in ventricular walls and in the sep-
lations or center of simulated ischemic lesion) was from 2 ttum. Experimentally observed distribution of AP duration in
7 mm. the ventricular walls was preserved in the simulations, their
transmural dispersion was about 40 ms with shorter AP dura-

= CACIEYY tion at the epicardial surface and longest duration in the middle
IE:I, e of the walls (modeling so called M-cells) [4,5].
S T 5 |18 1o '
Besides normal activation, also changed depolarization se-

quence in WPW syndrome and changed repolarization in small
ischemic regions were simulated. To simulate different cases
of WPW syndrome with single accessory pathway, ventricu-
lar depolarization was initiated in 8 physiologically defined re-
gions on the epicardial surface along the atrio-ventricular ring
[6] (Fig. 4).

Changed repolarization of ventricular myocardium during
ischemia was modeled by shortening and/or decrease of AP by
5% to 20% from the normal values. Three typical regions of
changed AP influenced by the stenosis of main coronary ves-
sels were defined as shown in Fig. 5: antero-septal part of the
left ventricle near the apex (supplied by left anterior descend-
ing coronary artery, LAD), postero-lateral part of the left ven-
tricle close to the heart base (supplied by circumflex coronary
artery, Cx) and mid postero-septal left and right ventricle (sup-
plied by right coronary artery, RCA). In each region, smaller
) ] ] o ) subepicardial and subendocardial lesions (3 — 8% of the ven-
;%Str;/g';msv“;rlggg‘;gg:%gT;]‘;‘I’qaes\;jv“é'svegy'gg;:ﬁ ;‘Eg)msgi ifbolg"’:)cgricular volume) and larger transmural lesions (10 — 12% of the
sitions of the ECD were in gravity centers of the segménts. PossibYéaﬂtrICUIar volume) were simulated.
positions of ECD characterizing small ischemic lesions were defined To make the computation of surface potentials easier, mul-
at the vertices of epicardial and endocardial surface of the ventricultiple dipole model having 168 segmental dipoles was used to
volume model (b). Analytical (c) or realistic (d) model of the ventric-represent the cardiac electric generator. Each of these segmen-
ular myocardium divided into 28 segments was used for identificatiop| dipoles was obtained as a sum of elementary dipoles in one

of local ischemia in patientS without measured chest geometry, pOSg'f 168 anatomlca”y deﬂned myocard|a| Segments
ble positions of the ECD were in gravity centers of the segments
Boundary element method was employed to compute po-

tentials on the surface of a realistic inhomogeneous torso
model (Fig. 6a) comprising lungs and ventricular cavities with

2.2. Simulation of surface potentials during normal and  conductivities equal to 0.25 and 3.0 times the torso conductiv-
abnormal heart activation. To simulate the surface poten-jty respectively.

tials, forward model with three basic components was used:
(i) finite element model of the heart ventricles, (ii) equivalent
multiple dipole model of the cardiac electric generator and (iii)
piecewise homogeneous torso model in which boundary ele-
ment method was used for potential computation.

Finite element model of heart ventricles with element size
of 1 mm? and with the same analytically defined geometry as
for the ECD positioning was used to simulate the ventricular
depolarization and repolarization [2]. Normal depolarization
was started at points of early activation that were experimen-
tally observed in normal human hearts. Spread of activation in
isotropic myocardial tissue was governed by cellular automa-
ton. A layer with three times increased conduction velocity
was used at the endocardial surface to simulate the Purkinje
fibers, up to five layers with different AP parameters were de-

fined in the ventricular walls and in the septum (Fig. 2). Fig. 2. Analytically defined ventricular volume composed of ellip-

Linear AP shape was used to simulate the initial ventricsoids with endocardial conductive layer simulating the Purkinje fibers
ular depolarization in WPW syndrome (Fig. 3a). To simulat@nd with up to five layers of elements having different amplitudes and
the myocardium repolarization, realistic AP shapes (Fig. 3b) durations of action potentials
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0 t (ms) 300 t (ms) Fig. 6. a) Inhomogeneous human torso with realistically shaped chest
(b) (d) and lungs and analytical heart geometry was used in the forward and

inverse computations as a common torso model, b) real individual
Fig. 3. Linear (a) and realistic (b) shape of the action potentials usethest geometry obtained from CT was used for accessory pathway
in the study and their influence on the simulated surface ECGs (c and localization in the WPW patient
d, respectively)

2.3. Simulation of error factors. Influence of selected fac-
tors causing error in identifying the studied pathologies was
analyzed. Incomplete knowledge of the thorax geometry was
represented by neglecting of lungs and heart cavities and us-
ing homogeneous torso model. Errors in determination of the
heart position were simulated by shifts and rotations of the
equivalent cardiac generator (misplacements of heart points
predefined as possible locations of the accessory pathway were
about 1 cm). Noise with normal distribution and standard de-
viation 3—30uV was added to simulated surface potentials.
Accuracy of inverse computations from potentials simulated
in 198 points defining the whole surface of the model torso
and in several practically used mapping lead sets with 24 to 63
unipolar leads was estimated by mean error of the accessory
pathway localization.

2.4. Verification on real data. Identification of single acces-
sory pathway was attempted on a WPW patient measured by
) . » . Shadidi et al. [7]. ECG potentials from 63 mapping leads and
Fig. 4. Simulated positions of single accessory pathway along thgq hane of thorax with lungs and ventricles including cavities
atrlo-ventrlculgr ring: 1 — anterl_or septal, 2 — anterlqr RV, 3 — later ased on CT scans (Fig. 6b) were used in the inverse compu-
RV, 4 — posterior RV, 5 — posterior septal, 6 - posterior LV, 7 — lateral, ;. o Intraoperative measurements of epicardial potentials
LV, 8 — anterior LV : o .

located the preexcitation site at the base of the lateral wall of
the left ventricle. To test the influence of incomplete geom-
etry knowledge on the inverse computations, both, individual
chest geometry obtained from CT (Fig. 6b) and model chest,
the same one as used in the forward potential simulations (Fig.
6a), were used in the study [8].

Identification of local repolarization changes was tested on
available data from 11 MI patients (age 45-69, 8 men and 3

women) that underwent successful PCI (percutaneous coro-
nary intervention) treatment of single vessel (8 LAD, 1 Cx, 2
RCA) [9]. QRST integral maps before and after the interven-

’ tion were computed in 42 x 16 grid, mapped surface poten-
tials were estimated from 32 measured ECG leads as suggested
by Lux et al. [10]. Values in maps were corrected for QT inter-

Fig. 5. Ventricular myocardium model with regions of changed re\-""II length if it varied more than 5% between the measurements.

polarization. Left: antero-septal regions in the LV: center: posterd=0mmon realistic inhomogeneous torso model (Fig. 6a) with

lateral regions in the LV; right: inferior regions in the mid postero-POth, analytical or realistic heart geometry as shown in Figs.

septal LV and RV. Cuts are led through the lesion centers, severd¢ and 1d were used in all patients to localize an ECD repre-
sizes of lesions are marked by different grey levels senting the region with changed repolarization.

C C
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3. Results Table 3

3.1. Assessment of accessory pathway in WPW syndrome. ~ S€gments with localized accessory pathway in a patient
Mean errors of the accessory pathway localization using sirfn€asured in 63 ECG leads. Actual site of accessory pathway
ulated BSP and several ECG lead sets are shown in Table 1. was in segments 19-21, see Fig. 1a

When none of the analyzed error factors was present in the
input data, all lead sets enabled acceptable localization of thelTorso geometry
accessory pathway; mean error increased from about 0.5t0 0.9
cm when number of measured leads decreased from 198 to 24Real 19 19
Slightly higher errors 0.5 to 1.0 cm were obtained when homo-Model 19 20
geneous torso model was used.

ECG noise in wide range between 3 to 8@ rms did not
influence the localization error when BSP were measured ove
the whole torso using 198 points or 63 mapping leads. Fo
limited number of leads and noise aboveiMrms, the local-
ization error increased, e.g. for 24 leads it reached 0.7 cm.

When accessory pathway was localized from 63 leads, ney
glect of torso inhomogeneities was reflected in an increase :
mean localization error to about 0.8 cm. Influence of the hear ‘%WNEQL? i
misplacement caused by unknown precise heart position we éVAVA
simulated by heart shifts and rotations resulting in displace =
ment of the accessory pathway about 1 cm. These displace- ) ) ) ) )
ments were projected into a mean localization error of the sarh®: - Site of non-invasively localized accessory pathway ina WPW

Oatlent when real chest and heart geometry were used (left) and pub-

.magnIIUde' Comblpatlon of all analyzed error factors reSUIt(:1F|)shed site [after Ref. 11] obtained for the same patient when uniform
in a mean localization error of about 1.1 cm (Table 2).

double layer model of the cardiac generator was used (right)

Identified segment number in the heart

Inhomogeneous torso  Homogeneous torso

Table 1
Influence of the lead set on the mean error of the accessory
pathway localization 3.2. Assessment of local repolarization changes in is-
. chemia. Difference QRST body surface integral maps were
Lead set, Mean error of pathway localization (cm) used for identification and localization of small heart regions
number of leads  inhomogeneous torso  Homogeneous torso with changed repolarization. All changes in antero-septal and
Torso 198 0.5 0.6 postero-lateral LV regions as well as in postero-septal (infe-
Savard 63 0.5 0.8 rior) regions in LV and RV were clearly projected to surface
Lux 32a 0.4 0.5 integral maps and typically located changes were visible in
Barr 24 0.9 1.0 corresponding locations over the torso surface.
In Fig. 8 there is an example of simulated normal QRST
Table 2 integral map and maps obtained if AP was shortened by 20% in

Errors of accessory pathway localization from 63 leads. antero-septal LV, postero-lateral LV and postero-septal LV and
Simulated influence of several error factors and their RV regions of medium size (regions A2, P2, 12). AP shorten-
combination ing was projected as decrease of the QRST integral mainly on
the near-by left anterior, mid posterior and lower right anterior

Error factors Numlbgr of | ocaliz/la?s)rrll error and posterior torso surface, respectively.
simulations (cm) Relative rms differences between simulated normal and
changed QRST integral maps were 20—-45% rms and were pro-
NO, B . portional to the AP changes. However, these differences did
Noise SuV rms 40 0.5 correspond with the lesion size only for subendocardial regions
Homogeneous torso 8 08 while large transmural regions produced smaller differences
gifn“g::dp:;zteon:ms Lem 24(;)0 12 with flatter extremes than medium subendocardial lesions. Dif-

ferences obtained by modelling of AP changes in the antero-
For the WPW patient, 63 leads ECG measurements asdptal part of the LV are demonstrated in Fig. 9. Similar results
several torso geometry configurations were tested in the inere obtained in other ventricular regions.
verse computations. If real inhomogeneous torso shown in Fig. Results of the inverse solution using 62 surface leads and
6b) was used, it was possible to locate the accessory pathwaymogeneous or inhomogeneous torso model are summarized
within 1 heart segment. The accessory pathway site was sat-Table 4. Relative rms deviations between original difference
isfactorily located (Fig. 7) even if real, but electrically homo-QRST integral maps and equivalent dipolar maps were from 9
geneous torso or both, inhomogeneous or homogeneous torsd 6% and suggest that ECD may be an adequate representa-
models were used (Table 3). tion namely of small ischemic lesions.
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Normal

A2 difference

P2 difference

12 difference

Fig. 8. Simulated QRST integral maps (left column) for normal depolarization-repolarization (Normal) and for activations with AP shortened
by 20% in lesions of medium size located in antero-septal (A2), postero-lateral (P2) and postero-septal (12) part of the ventricular myocardium
Corresponding difference QRST integral maps are shown in the right column. Steps in maps are 6 mV.ms, starting from the marked zero line

Table 4
Errors (meant standard deviation) of the inverse identification of small subendo- or subepicardial lesions and larger transmural
lesions from 62 surface ECG leads and using inhomogeneous or homogeneous torso model

Evaluated parameter Torso model Small lesions Large lesions
N inhomogeneous 94 17+ 14

Localization error (mm)
homogeneous 11+ 8 16+ 15

Dipole direction ¢) inhomogeneous 97 14+ 4
homogeneous &5 17+7

Dipole moment (%) inhomogeneous 5% 40 221+ 206
homogeneous 49 33 163+ 123

Map relative difference (%) inhomogeneous 4 16+ 1
homogeneous 122 16+ 2

For small subendocardial and subepicardial lesions, maxver, relative error of dipole moments substantially increased
mal localization error reached 16 mm (23 mm in homogeneodisr more distributed sources, especially for large transmural
torso). Localization of large transmural lesions was less satiksions. Figure 10 illustrates the comparison between origi-
factory and maximal error reached unacceptable 43 mm. Orial dipolar representation (full line vector) and inversely calcu-
entation of the ECDs matched well the simulated lesions, hovated equivalent dipole (dashed line vector) representing simu-
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lated small subendocardial lesions A2, P2 and 12 in the antero- Localization of small lesions from 192 and 62 leads pro-
septal wall of the LV, postero-lateral wall of the LV and in thevided similar results, localization from 32 leads was slightly

mid postero-septal LV and RV, respectively. worse, while localization from 9 leads was not satisfactory.
For larger lesions, influence of the number of leads was gener-
5047 ally higher. In most cases, results obtained using homogeneous
APD-20% torso model were less accurate than those_obtained when ?nho—
mogeneous torso model was used. Detailed results are illus-
407 [ ] trated in Fig. 11.
In 8 of 11 studied MI patients we have found significant
301 — changes in QRST integral maps after the PCI treatment that
APD-10% could be approximately represented by a single dipole (in 6
920+ cases the relative rms error of the dipolar representation of the
difference integral map was less than 35%, in 2 another cases it
was about 50%). In remaining 3 patients the error wa&%
107 and they were excluded from further analysis. In 6 of 8 ana-
I lyzed patients QT interval correction was used to compensate
0 : : . . . . for the changed heart rate between the measurements.
Al A2 A3 Al A2 A3 Despite the use of a common torso model, in 7 of the 8

Fig. 9. Relative rms difference between normal and changed Qr&Palyzed patients the positions of estimated equivalent dipoles
integral maps for AP shortening by 10% and 20% in lesions A1, AZ2Pproximately matched the region supplied by the treated ves-
A3 of three different sizes located in antero-septal region of the L\g€l or at least they were correctly located at anterior or postero-
and shown in Fig. 5. Their sizes were 3, 6 and 10% of the ventridateral wall of the LV. Directions of dipole moments in several
ular volume, first two lesions were subendocardial, the last one waases were not normal to the particular heart wall what might

transmural reflect specific form of the affected area. In 1 patient after PCI
on RCA, the equivalent dipole was located in mid anterior LV
wall with a dipole moment directed out of the heart volume.
In Fig. 12 there is an example of measured patient data and
successful location of the ECD after PCl on LAD.

4. Discussion and conclusions

Presented simulation results suggest that high resolution BSP
. . ) . . _ data together with known patient torso geometry can be used
Fig. 10. Examples of simulated ischemic lesions and their dipolag, 1\oninvasive assessment of pathological heart states in se-

representations. Representing dipoles computed as sum of SimUIaItggted situations. However, some limitations of the study have
elementary dipoles in the lesion are marked by full line vectors, ir;[- ’ ’

versely calculated equivalent dipoles are marked by dashed line v g be takep _Into account. _Because of the limitations of the
tors. Left: A2 lesion the in antero-septal wall of the LV: center: panodel, validity of the obtained results has to be thoroughly

lesion in the postero-lateral wall of the LV; right: 12 lesion in the midVerified on Pati?m_ dgta. . .
postero-septal part of the LV and RV The main limitation of the forward model is the sim-

ple heart geometry without atria and use of isotropic my-
ocardium. Further, action potential shapes and durations in

40 ' the myocardium elements were definggiori and their pos-
. Lsffﬁ?lfﬁ;l — sible mutual influence (electrotonic coupling) was not simu-
B Small. hom lated. Therefore, careful adjustment of AP duration and other
30115 Losee. inhom | AP characteristics was necessary to obtain realistic simulated
O LH:’O hom ’» potentials. All these factors may cause inaccuracy of simulated
90 r | surface potentials that should be considered when interpreting
the results.

In real situations, the identified events, namely the local
repolarization changes, can be masked by other physiologi-
cal fluctuations and noise in measured data. Difference inte-
gral maps should be corrected to suppress known physiologi-

' ‘ cal variability (e.g. different heart rate before and after exercise

192 leads 62 leads 32 leads 9 leads test).

Fig. 11. Mean values of the localization error (mm) for small  Our attempt to detect corresponding changes in BSP using

subendo- or subepicardial lesions and for large transmural lesiodeparture integral maps showed that these changes are rela-

when using different lead sets and homogeneous or inhomogenegiygly small when compared with normal inter-individual fluc-
torso models tuations and can hardly be detected by departures from mean

H
o
[

Localization error (mm)
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Fig. 12. QRST integral maps (steps in maps 12 mV/ms, starting from the marked zero line) measured before PCI and after PCI on LAD

together with the corresponding difference integral map (left, top to bottom) in a 69 year old woman with anterior Ml (95% stenosis on LAD).

Localization of an equivalent dipole source representing the changed repolarization in an analytical (center) and realistic (right) myocardiur
model

normal integral maps. Moreover, transmural lesions produdients, difference between normal and changed integral maps
less difference in the maps and their identification is more diffor example before and after an exercise test or during re-
ficult. For larger lesions, single dipole model is probably nopeated measurements over a long time period) could be used
adequate and the localization may not be in corresponderirelocalize the ECD source corresponding to the small region
with the real lesion position. of changed repolarization.

Only detection of AP duration changes during repolarizas

tion was presented in this study. Simultaneous changes of knowledgements.This work was_supported by grants
vas p ay. S . 9 4089/24 and 2/3203/25 from the VEGA grant agency.
amplitudes that are present in real ischemia were also teste

on the model and corresponding simulations confirmed simil&8EFERENCES
effect of both, AP shortening and amplitude decrease, on th‘fl] V. Szathmary and I. Ruttkay-Nedecky, “Effects of different

integral maps. sources of ventricular repolarization heterogeneity on the resul-
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