Spontaneous variability and reactive postural beat-to-beat changes

of integral ECG body surface potential maps.

Eva Kellerova ', Vavrinec Szathmary ', Gyérgy Kozmann 23 Kristof Haraszti %, Zsolt

Tarjanyi

! Institute of Normal and Pathological Physiology, Slovak Academy of Sciences, Bratislava,
Slovakia,

? Research Institute for Technical Physics and Materials Science, Hungarian Academy of
Sciences, Budapest, Hungary,

3 University of Pannonia, Veszprém, Hungary

Corresponding author:

Eva Kellerova, MD,DSc,

Institute of Normal and Pathological Physiology, SAS,
Sienkiewiczova 1,

SK 813 71 Bratislava 1

Slovak Republic

Phone: +421 2 52926647, fax: + 421 2 52968516

e-mail: eva.kellerova@savba.sk

Short title:
Spontaneous and postural beat-to-beat changes of ECG BSPMs.


Admin
Pre-Press razítko


Summary

There is virtually no information on spontaneous variability of ECG body surface potential
maps (BSPMs) and on dynamics of their reactive changes in healthy subjects. This study evaluated
quantitatively the depolarization (QRS) and repolarization (QRST) parameters derived from the
respective integral BSPMs, constructed beat-to-beat, from continual body surface ECG records in 9
healthy men, resting supine, during head-up tilting and sitting.

Spontaneous variability of the BSPMs parameters, both at rest and during postural reactions,
was characterized by significant respiratory and low frequency oscillations, more pronounced when
related to repolarization. Head-up tilting and sitting-up evoked significant decrease in the QRST-
BSPM amplitudes, widening of the angle a and reduction of nondipolarity indexes, compared to
the respective supine values. All these changes were gradual, characterized by transition
phenomena and prolonged after-effects. Tilting back to horizontal restored the resting supine
values. The postural effects on depolarization were individually more variable and in the average
showed a minimal QRS-BSPM amplitude increase.

Beat-to-beat analysis of a train of ECG BSPMs provided the first evidence of spontaneous,
non-random, respiratory and low frequency oscillations of the ventricular repolarization pattern,

and the first insight into the dynamics of body posture associated changes in ventricular recovery.
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Introduction

In order to gain detailed information on the cardiac electric field, attention has been focused in the
past, on studying the information content of the ECG body surface potential maps (BSPMs). In
spite of the fact that this research and the tentative clinical application of mapping culminated more
than a decade ago, it still remained an important basic research area for electrocardiography.
Several papers offer basic data on the pattern of ventricular depolarization and repolarization time-
integral BSPMs in clinically normal subjects at rest (Montague et al.1981, Sutherland et al. 1983,
Green et al. 1985, Kozlikova et al. 1988, Kozmann et al. 1998, Slavi¢ek et al. 2001, Ruttkay-
Nedecky and Regecova 2002, Kellerova et al. 2006). However, in subjects with no cardiovascular
symptomatology, only a few studies have dealt so far with the problem of spontaneous variations in
the pattern, or with reactive changes of BSPMs due to different physiological conditions, involving
variations in the autonomic drive of ventricles (Sutherland ef al. 1983, Schusterman et al. 1998,
Slavicek et al. 1998, Ruttkay-Nedecky and Regecova 2002, Pisvejcova et al. 2002, Kellerova et al.
2006, Zdarska et al. 2006). In addition, there is a relative limitation in interpreting these studies, as
only a single BSPM from one selected heartbeat (technical bounds of the equipments), or averages
from a short sequence of several maps were used to evaluate the significance of their changes in
different situations. Computer based BSPMs recording (Kozmann 2006, Kozmann and Haraszti
2007) enabled a beat-to-beat analysis of the dynamic behaviour of the cardiac electric field.

The aim of the present study was to provide insight into the previously unexplored intra-
individual spontaneous BSPMs variability, and to examine beat-to-beat, the reactive changes and
transition phenomena in the depolarization and repolarization parameters of the integral BSPMs,
induced by changing body posture.

Methods
Nine male volunteers (average age 29 + 16 years, body weight 73 + 11 kg, BMI 23 + 3, fat % 14.8
+ 6.8, abdominal circumference 83 + 9 cm), with normal cardiac history, physical examination and

standard ECG were studied. None of them was smoking or taking any medication.



Study protocol

Each subject had 4 continuous BSPM recordings, under spontaneous tidal respiration: i) 300
sec - resting supine, under quiet baseline conditions; ii) passive head up tilting partitioned into 30 sec —
starting supine position, 90 sec — gradual tilting to plus 60°, and 180 - 240 sec — in the passive tilted
position; iii) head down tilting partitioned into 30 sec — starting tilted position, 90 sec - gradual head
down tilting to horizontal, and 180 - 240 sec — supine rest; iv) 180 sec — sitting rest, recorded
immediately after active sitting up from the supine position. Depending on the heart rate, 906 — 1262
BSPMs were evaluated in individual subjects.

The ethics committees of the Institutions approved the design of this study and all subjects gave
their informed consent.
Data recording and processing

Using a layout of 64 torso electrodes, unipolar ECG records were obtained by the BioSemi
Mark-8 System (Netherlands) (Hoekema et al. 1998, Khaddoumi et al. 2006). Adhesive one-use
electrodes were used, to prevent their incidental displacement due to body position changes. The
System is secured also by signalling any electrode detachment. Data processing started with the
identification of individual beats, high-precision determination of QRS fiducial points (time instants of
the most negative derivative of the QRS waves), and classification of QRS patterns. Subsequently Qon,
Send and Teng points were manually marked based on the diagram of time-aligned averaged
superimposed unipolar leads. The relative immunity of QRS and QRST integral computations on + 5
ms error in Qun, Send Wave limits, and = 20 ms errors in Tenq determinantions under steady-state
conditions has been validated earlier by Kozmann and Haraszti (2007). In transient test conditions (e.g.
tilting) for the individual cycle detection a high fidelity fiducial point locator was used, where a strict
correlation-based clustering technique (with correlation limit >0.98) sorted the heart cycles into quasi-
stationary sub-groups for which the assumption of Kozmann and Haraszti (2007) holds as well. After
a linear base-line adjustment of the measured 64 ECG signals, in other 128 chest locations of the

regular 192 measuring point arrangement, ECG signals were estimated following the principle and a



transfer matrix for the 32 to 192 lead estimations, suggested by Lux et al. (1978). In our approach the
same transfer matrix was applied in the unmeasured 128 thoracic points, but the real data were used
in the remaining points.

From the resultant dataset, the QRS, ST and QRST integral BSPMs for each heartbeat were
constructed in 192 points of a regular grid (16 columns x 12 rows), representing the human chest
surface. The corresponding BSPMs are represented on Fig.1. Each contour line on the isointegral
map connects points of equal time-integral value, from zero towards the maximum and minimum.

Following parameters were beat-to-beat evaluated: R-R intervals (RR), the values and
localizations of maxima (QRSmax or QRSTmax) and minima (QRSmin or QRSTmin) of the
respective integral BSPMs, their peak-to-trough amplitudes (QRSampl or QRSTampl), as well as
three parameters computed in the 12 D space of Karhunen-Loeve (KL) eigenvectors (Lux et al.
1981) — the angle & between the QRS and QRST eigenvectors and the nondipolarity indices (NDI)
characterizing beat-to-beat the topography of the QRS and QRST integral maps (Abildskov et al.
1985).

The semi-automatic oscillometric method (Omron 705 IT) was used to measure the blood
pressure (BP) repetitively in each experimental situation. As an estimate of the left ventricular
performance the double product (DP) i.e. the product of simultaneous heart rate and systolic BP
values was calculated.

Statistical analysis

Throughout the study all numeric data within the situations, in the group or intra-
individually are presented as means + standard deviations (SD). Comparison of data was performed
by the two-tailed Student’s t-test and F-test. Discrete Fourier Transform in the frequency domain
from 2.4 to 28 c.min”' was used to detect the possible periodicity hidden in the variability of the
BSPM parameters in the steady state supine position at the resting heart rate, with sampling in the

real RR intervals. The DC component, if present has been eliminated.



Differences between mean values of evaluated parameters were considered significant at p<0.01.

Results
Integral depolarization and repolarization BSPMs in continual beat-to-beat records

Because of interference with inter-individual diversity in BSPMs sequences, a detailed
analysis of the intra-individual spontaneous BSPMs variability and of their reactive changes was
documented in this paper in one and the same healthy subject, and verified by group-mean
evaluations.

The somatometric indices of the investigated subjects were more or less in a fair health
range. No significant relations between the BSPM parameters and that of body build were found
(considering that the group was small, but relatively homogeneous).

The average integral QRS, ST and QRST BSPMs computed from 400 consecutive ECG
complexes in one subject supine at rest, and the maps of respective standard deviations are shown in
Fig.1. The pattern of all maps is dipolar, with positivity over the left precordium, negative values
over the right anterior torso in QRS and right posterior torso in ST and QRST BSPMs (Fig.1-A),
but it varies spontaneously in spite of the basal resting conditions. The greatest within subject
standard deviations were found in the precordial region of positive potentials, dominating in
repolarization ST maps and contributing thereby also to the variability of the QRST BSPM (Fig.1-
B).

In the continual follow-up, the pattern of BSPMs clearly oscillates from beat-to-beat. Fig.2-A
shows recordings of RR, the QRSampl characterizing the ventricular depolarization and the
QRSTampl reflecting mainly changes of myocardial recovery processes, NDI measures of the
respective maps and of the angle a, at rest and in their dynamics during the body-position-dependent
cardiovascular reactions in one subject. There are several components of the considerable variability

of the investigated BSPMs parameters, which were quantitatively evaluated.



Spontaneous heart rate and BSPM parameters variability

Fluctuations of the values around the mean, visible mainly in RR and QRSTmax,
QRSTampl or a, present at control rest supine (Fig.2-B), (as well as during stabilized periods of
head-up tilted (Ti) or seated (Se) positions (Fig.2-A)), when analysed in their non-random
components, provided in this particular subject strikingly different power spectra. In the control rest
supine period, during normal tidal breathing (frequency of 18-20 c.min), the majority of RR
variability was represented by predominant low frequency rhythms in the range from ~0.04 to 0.15
Hz (2.4-9 c.min™), while the respiratory sinus arrhythmia was missing (Fig.3). On the other hand, in
the course of the parameters representing recovery processes in the ventricles, i.e. in QRSTampl,
QRSTmax and a, illustrated at rest supine (Fig.2-B), two clearly separated periodical components
were present: low- (2.4-9 c.min™) and high-frequency component (0.15 to 0.40 Hz i.e. 9-24 c.min™)
(Fig.3).

Similar pattern of BSPMs variability at rest in supine position, with rhythmic oscillations in
the LF and HF bands was assessed with different power in all subjects.
Effects of consecutive body position changes

Basically, during body tilting and active sitting up, the character of the distributions of the
respective integral maps remained analogous to that in supine position. However, as visible from the
individual record (Fig.2-A), and quantified in Tab.1, due to head-up tilting in the stabilized phase of
the reaction, there was a highly significant decrease of the QRSTampl by 19%, while of the
QRSampl only by 6%, and a widening of the angle a by 15%. The NDI decreased in both the QRS
and QRST BSPMs. The variability of QRSampl and of angle @ increased substantially in the head-up
position, as indicated by the increments of the respective coefficients of variation from 3.1 to 6.3% and
from 4.4 to 9.1%. Hemodynamically, the maximum of the reaction was characterized by a significant
decrease of systolic BP by 13% (from the supine average of 130+3 to the minimum of 113 mmHg),

mean BP by 10% (97£1.5 to 87 mmHg), with minimal but significant shortening of RR by 4%.



Consecutive tilting down to horizontal had an opposite effect, returning the QRST BSPM parameters
back, almost to the control supine level.

The highly significant QRSTampl decrements in the first moments of the tilted or seated
positions (by 27% or 33% respectively) were similar as compared to the preceding supine levels.
However, there were postural differences in the stabilized levels of QRSTampl, which remained
depressed during the whole semi-vertical tilted position, while in the seated position there was a
tendency to compensate the initial postural effect (Fig.2-A, Tab.1).

There are remarkable signs of dynamic transition phenomena in reaching the new postural level
of the parameters investigated. Notice particularly the considerable latency and gradual return to the
control supine values, which were almost reached only in the 3" minute of being supine after tilting
down, or the long-lasting adaptation to active sitting-up (Fig.2-A).

Tilting up to a semi-vertical position caused minute inferior and left torso shifts of the
distributions, approximately by 2-3 cm. In the particular subject (M.T.), the localization of the
QRSmax on the grid, changed in column 8§ from row 9, to row 8, and of the QRSTmax from column
5 - row 9, to column 6 - row 8, whereby no shifts were observed in the ST distribution. Immediately
after tilting down, the localization of the QRSmax and QRSTmax returned to the original position.
The postural effects on BSPMs parameters in group-mean evaluation

In spite of the substantial inter-individual variability, the highly significant body position
dependent differences of the selected representative group-mean parameters QRSTampl and
QRSampl (Fig.4) confirmed the characteristic trends of the dynamic pattern and proportions of the
reactive postural depolarization and repolarization BSPMs changes, analyzed above in detail in the
individual beat-to-beat sequences. With position changes from supine to 60° head-up, there was a
significant gradual decrease in the QRSTampl, in all subjects, in the average to 73% and with sitting
to 83% of the resting supine value (p<0.001) (Fig.4). Simultaneously the angle a significantly
(p<0.001) increased in the average by 12.3° in tilted and by 13.0° in the seated position and the

nondipolarity QRST BSPM indexes fell, to 87%, resp. to 78% of their respective supine values



(p<0.001). All these reactive changes were characterized by transition phenomena and prolonged after-
effects (Fig.2-A, Fig.4) Tilting back to horizontal restored the resting supine values within 3 — 4
minutes, in all subjects. The postural effects on depolarization were individually more variable and in
the average head up tilting caused a minimal QRSampl increase.

The minimal systolic blood pressures during tilted position reached in the average 93% of the
supine values (p<0.05), but due to the increased heart rates the double products increased in the
average up to 122% (p<0.01). On the other hand in the seated position the BPsyst in the average did
not differ, while the DP increased up to 120% (p<0.001) compared to the respective resting supine
values.

Discussion

The presented qualitative and quantitative characteristics of depolarization and
repolarization time-integral BSPMs at rest are concordant with previous reports for clinically
normal males (Montague et al.1981, Sutherland et al. 1983, Green et al. 1985, Kozlikova et al.
1988Kozmann et al. 1998, Slavicek et al. 2001, Ruttkay-Nedecky and Regecova 2002, Kellerova et
al. 20006).

Circulatory adaptations, involving autonomic control, constitute an essential part of the
“spontaneous” intra-individual variability of the cardiovascular functions investigated.
Electrophysiological parameters characterizing ventricular repolarization have repeatedly been
shown to carry information on the direct effect of sympathetic activation on the ventricular
myocardium (Ruttkay-Nedecky 2001). Takei and co-workers (1999) documented experimentally
that sympathetic stimulation by different abbreviation of the epicardial, mid-myocardial and
endocardial monophasic action potentials significantly reduced the transmural dispersion of
repolarization in the canine heart in vivo. Analogical "primary" functional changes of ventricular
repolarization may be produced in normal persons by a variety of physiological situations - in
particular due to psycho-emotional stress (Ruttkay-Nedecky 1978, Heslegrave and Furedy 1979,

Contrada et al. 1989, Kellerovéa and Stulrajter 1991, Kellerova et al. 2006), active coping tasks to



aversive stimuli (Rau 1991), smoking (Dilaveris et al. 2001), head-up position (Ruttkay-Nedecky
and Kellerova 1960, Sutherland et al. 1983, Schusterman et al. 1998, Andrasyova et al. 2001,
Regecova et al. 2003), to adrenergic agonists (Kellerova et al. 1984, Contrada et al. 1989), or to the
opposite effect of beta-receptor antagonists (Contrada et al. 1989, Rau 1991). A characteristic
pattern of repolarization parameters, pointing to an increased sympathetic drive of the ventricular
myocardium, was described not only in hypertension (Kellerova et al. 1999, Regecova et al. 2000,
Andrasyova et al. 2001, Regecova et al. 2003) but even so in subjects just exceeding the casual
blood pressure value of 120/80 mmHg (Kellerova and Regecova 2009), defined as a limit between
normal and prehypertensive BP.

In earlier studies, the effect of factors increasing the sympathetic drive of the heart, and thus
influencing its electrical activity, namely the pattern of ventricular repolarization, was assessed by
changes in T-wave shape and decrease of its amplitude (Ruttkay-Nedecky 1978, Guazzi et al. 1978,
Heslegrave and Furedy 1979, Contrada et al. 1989, Ruttkay-Nedecky 2001). To enable quantitative
evaluation of the functional changes in repolarization, the maximal spatial T-vector was proposed as
a convenient parameter (Ruttkay-Nedecky 1978). In VCG studies, an increased sympathetic
outflow to the ventricular myocardium was documented by the decreased magnitude of the maximal
spatial repolarization vector sTmax and of the ventricular gradient, as well as by an increased
spatial angle between QRS and STT area vectors, reflecting a decrease of the repolarization
heterogeneity in the ventricular myocardium (Ruttkay-Nedecky 1978, Kellerova and Stulrajter
1991, Dilaveris et al. 2000, Pisvejcova et al. 2002, Regecova et al. 2003). With the progress in
computer processing of BSPM data, it has been suggested that non-uniform or disparate ventricular
recovery properties are direct determinants of the QRST deflection area and of an increased non-
dipolar content of QRST BSPM (Sutherland et al. 1983, Abildskov and Green 1987). All these
studies were based on a static, mainly group-mean evaluation of the effect of the described

interventions.
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The reactive changes in the BSPM characteristics of cardiac repolarization, provoked by a
tilt table test and by sitting up recorded in the present study, namely the decrease of the
QRSTampl, the decrease of the QRST BSPM nondipolarity index and an increased angle a
between QRS and QRST eigenvectors, are in general agreement with others, describing by group-
mean values after head-up tilt or active standing, a 24% decline of the peak T wave amplitude
(Schusterman et al. 1998), significant shortening of the ventricular gradient (Ruttkay-Nedecky and
Kellerova 1960), 15-31% decrease of the maximal spatial T vector (Andrasyova et al. 2001,
Regecova et al. 2003), decrease of BSPM ST maximum by 17% (Sutherland et al. 1983).
However, the present study is the first to show the dynamics in the course of these reactive postural
changes in the body surface ECG pattern. There is considerable latency in reaching the new,
stabilized, postural level of the BSPM parameters in the tilted position and in their return to the
control supine values. The muscular activity and the intermediate level of gravitational stimulation
induced by active sitting, probably account for cardiovascular adaptation and - in spite of the seated
position - for the gradual return of the altered repolarization parameters to their control levels.

The effect of changing body posture on the repolarization BSPM may be considered first of
all as a result of an improved homogeneity of ventricular recovery, indicating the effect of an
increased sympathetic drive of the heart (Takei et al. 1999). Due to the gravitational stress (tilt,
sitting up), when in the first moments blood pooling in the lower part of the body reduces venous
return and cardiac output, causing the arterial under-filling, the sympathetic nervous system is
activated to keep the arterial pressure at optimal level. This explanation is supported also by typical
transition phenomena in reaching the new postural level of BSPMs parameters and prolonged after-
effects, documented both by the individual as well as group evaluations, after tilting manoeuvres or
sitting up.

The positional change of the heart in relation to the recording electrodes was supposed to be
another possible underlying cause of the postural BSPM differences. Some minimal inferior torso

shifts of the distributions were detectable in the depolarization QRS BSPM (in the chest surface
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grid points display by one row downwards), contributing also to the shift of the QRST BSPM,
while the distribution of the repolarization ST BSPM remained spatially unaltered. On the other
hand, from supine to upright position, there was a highly significant decrease of the QRSTampl
and of the derived STampl in all subjects investigated, with minimal and individually variable
change of the QRSampl. The same holds true for maxima of BSPMs, both located on the anterior
chest, which are not affected equally. In the average there was a significant decrement of QRST
BSPM max by 24 % but that of QRS BSPM max only by 14% and an increase of QRS BSPM min
by 25%. These results suggest that some other factors had to be operative at the same time, as one
would reasonably expect a comparable effect of the postural changes in heart-to-body surface
relation on depolarization as well as repolarization BSPMs parameters. In contrast to cardiac
depolarization, characterized by a wave-front propagation, which may be more sensitive to the body
posture associated effects resulting in QRS distribution shifts, the widely spatially and temporally
spread myocardial repolarization processes may be more sensitive to subtle changes in the neurally
or humorally mediated interactions at the membranes of the cardiac effector cells, induced by
sympathetic activation and ultimately resulting in a highly significant decrease of the QRST and ST
amplitudes. These premises are supported by previously described orthostatic shortening of the
ventricular gradient (Ruttkay-Nedecky and Kellerovd 1960) or significant diminution of the
maximal spatial repolarization vector (sTmax), computed from the corrected orthogonal leads and
not influenced by changes of the heart to body position ( Andrasyova et al. 2001).

This study is the first to report on the chronological course and intra-individual variability of
spontaneous or reactive BSPM changes in a dynamic way, from beat-to-beat. To our knowledge, no
information has to date been reported on spectral analysis of the cardiac electric field variability,
capable of assessing dynamic changes in the autonomic control of ventricular recovery. Even during
normal tidal respiration, at rest with a frequency of 15-20/min, respiration related oscillations were
visible in all records of BSPM parameters. They were not solely heart rate dependent, as they were

significantly present in some subjects also in the absence of sinus arrhythmia in the R-R interval
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series. Respiratory sinus arrhythmia is generally accepted as a reliable cardiac index for estimating
the level of vagal cardiac nerve activity. However, recent findings suggest that suppression of
respiratory sinus arrhythmia by sympathetic effects on the sinoatrial node can be substantial.
Striking is the wide inter-subject difference of this sympathetic effect (Taylor et al. 2001). Quiet
respiration is associated with parallel phasic changes in activity of spinal muscle sympathetic
motonuclei in man. It has been suggested that the same events that relate to a burst of sympathetic
impulses in muscle nerves also change cardiac autonomic outflow (Wallin and Nerhed 1982).
Besides the respiratory periodicities in sympathetic activity, there are other factors, like rotation of
the heart, blood pCO2, pO2 and pH, insulating effect of the inflated lungs, oscillations in the
venous return, etc., which may contribute to the respiratory oscillation in ventricular repolarization.
Periodic variations in the repolarization BSPM parameters in the low frequency band,
visible in the individual records by the naked eye and preliminarily evaluated by the Discrete
Fourier Transform frequency analysis of the QRSTampl as well as of RR, are similar to the many
times described LF variations in blood pressure and in vasomotor activity (Stauss 2003). This
finding will be a subject of a more detailed forthcoming study. However, we support the hypothesis,
that LF component of BSPMs variability constitutes a marker of oscillations in the sympathetic
drive of ventricles. “While the ratio between LF a HF frequency powers in the RR interval time
series analysis may be of value in characterizing a certain state of the autonomic regulation of the
pacemaker, it cannot give pertinent information on the state of the autonomic regulation of the
cardiac ventricles” (Ruttkay-Nedecky 2001). In this respect, the spectral analysis of the ventricular
repolarization pattern in the BSPM is promising for recognizing spontaneous oscillations of the
sympathetic drive of the ventricles.
Conclusion
This study based on beat-to-beat analysis of a train of ECG body surface potential maps provided

the first demonstration of spontaneous, non-random, respiratory and low frequency oscillations of
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the ventricular repolarization pattern, and the first insight into the dynamics of body posture

associated changes in ventricular activation and recovery.
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Fig. 1

A - Average (n=400) integral QRS, ST and QRST BSPMs from one subject supine at rest (M.T.).

B - Maps of standard deviations in respective BSPMs. Contours are separated by 1uVs. + site of
18
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Fig. 2

A - Continual body posture dependent beat-to-beat course of RR and of selected QRS and QRST
BSPMs parameters from one subject (M.T.). Sul — baseline, supine; TU - gradual tilting up to +
60°; Ti - tilted; TD — gradual tilting down to horizontal; Su2 — supine; SU — active sitting up; Se —
seated. Time scale unit - 1 minute. B - Beat-to-beat records of RR and QRST BSPMs parameters in
control supine position at rest. X - selected segment in enlarged time scale, to document respiratory

oscillations. In RR note the absence of sinus arrhythmia.
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Fig. 3

Power spectra density (PSD) of simultaneous RR and QRSTampl records in control supine
position at rest, documenting two clearly separated low and high frequency components in
QRSTampl fluctuations, however in RR variability only the low frequency component is present.

nu - normalized units in % of the respective total variance.
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Fig. 4

Mean group values and corresponding SD of QRSTampl and QRSampl, averaged in 30 s intervals
during consecutive body position changes. Su — baseline, supine; TU - gradual tilting up to + 60°;
Ti - tilted; TD — gradual tilting down to horizontal; Su2 — supine; SU — active sitting up; Se —

seated;

*. significantly different in relation to respective baseline supine values.
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TABLE 1

Data range (mean and SD) of selected characteristics of the integral QRS and QRST body surface potential
maps in stabilized phases of different postural reactions (subject M.T.)

supine1 (400) tilted (329) supine2 (301) sitting (153)
mean SD mean SD mean SD mean SD
ampl [pVs] 140.6 5.6 114.5 58" 134.6 6.7 1289"% | 40"
QRST . * *y
max [uVs] 107.7 4.7 88.6 5.1 102.6 5.6 90.9 3.5
min [uVs] -32.9 1.2 -25.9 1.2 -32.0 1.5 3797 107
* * + *
NDI [%] 16.3 0.6 13.0 0.6 18.0 1.0 17.8 0.6
ampl [uVs] 52.2 1.6 49.2 3.1 48.3 1.8 436" 1.6"
QRS * *p *+
max [uVs] 36.4 1.2 31.1 1.3 30.6 1.2 24.4 0.9
min [Vs] 17.8 1.2 -18.0 2.3 17.7 1.2 19.2 * 1.3°
NDI [%] 12.2 0.7 8.0 1.0 12.6 1.1 141" 07"
@ [degree] 42.9 1.9 49.5 4.5 47.5 2.6 529 " 327
RR [ms] 7375 | 206 | 712.3 16.8 775.1 257 | 74517 | 1227

Significance of differences
bold p< 0.01 compared with corresponding mean or SD values in supine1

* p<0.01 compared with corresponding mean or SD values in supine2

* p< 0.01 compared with corresponding mean or SD values in tilted position

In brackets — number of evaluated successive heart beats

22




	Eva Kellerová 1,  Vavrinec Szathmáry 1,  György Kozmann 2,3,  Kristóf  Haraszti 2, Zsolt Tarjányi 3
	1 Institute of Normal and Pathological Physiology, Slovak Academy of Sciences, Bratislava, Slovakia,
	2 Research Institute for Technical Physics and Materials Science, Hungarian Academy of Sciences, Budapest, Hungary,
	Introduction
	Methods
	Differences between mean values of evaluated parameters were considered significant at p<0.01.

	Integral depolarization and repolarization BSPMs in continual beat-to-beat records 
	Spontaneous heart rate and BSPM parameters variability

	Effects of consecutive body position changes
	Conclusion


	The authors wish to express their gratitude to Prof. R.L. Lux, CVRTI, University of Utah, Salt Lake City for the “transfer matrix” kindly provided to prof. G. Kozmann, and used in this study, and to Dr. V. Regecova for the somatometric measurements.   
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


