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The results of a short term recording of spectral analysis (SA) of heart rate variability (HRV) in 22 patients with
paroxysmal atrial fibrillation (aged 53.69 £ 11.95; 20 male and 2 female) in whom circumferential catheter ablation
(CA) was done are presented in this article. Measurement was done in the morning before CA and one day after
CA. A standard orthoclinostatic test in three positions (supine-standing-supine) was used. The influence of catheter
ablation on SA HRV was identified by standard and complex parameters (Stejskal, Slachta, Elfmark, Salinger, &
Gaul-Alacova, 2002).

After CA, heart rate increased and almost all individual and complex indexes decreased. This finding gives evidence
of reduction of activity in both branches of the autonomous nervous system. Vagal activity reduction was larger, so
the sympathovagal balance shifts towards sympathicus.
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INTRODUCTION

Spectral analysis (SA) of heart rate variability
(HRYV) is a non-invasive method enabling us to quantify
the activity of the autonomous nervous system (ANS)
(Stejskal & Salinger, 1996).

There are three main spectral components in the
spectrum of short term HRV recording: VLF (very low
frequency, in our modification - 0.02 to 0.05 Hz) - its
output is related to the thermoregulatory sympathetic
activity of blood vessels, to the level of circulating cate-
cholamines or to oscillations in the rennin-angiotensin
system; LF (low frequency - 0.05 to 0.15 Hz) - reflects
baroreflex activity in which sympathetic and parasym-
pathetic activity participate; HF (high frequency - 0.15
to 0.50 Hz) - is influenced by efferent vagal activity
only (Opavsky, 2002; Stejskal & Salinger, 1996; Task
Force, 1996).

Atrial fibrillation (AF) is the most common su-
praventricular tachyarrhythmia characterised by uncoor-
dinated atrial activation with consequent deterioration
of atrial mechanical function (Haissaguerre et al., 1998;
Prystowsky et al., 1996). Its prevalence is increasing
along with the aging of the population (Fuster et al.,
2001; Kannel, Abbott, Savage, & McNamara, 1982;
Krahn, Manfreda, Tate, Mathewson, & Cuddy, 1995).
On the electrocardiogram (ECG), AF is described by

the replacement of consistent P waves by rapid oscilla-
tions or fibrillatory waves that vary in size, shape, and
timing, associated with an irregular, frequently rapid
ventricular response when atrioventricular conduction is
intact (Fig. 1) (Gregor & Widimsky, 1994; Lukl, 2004;
Stejfa et al., 1998).

Symptoms associated with AF vary and depend on
several factors including ventricular rate, cardiac func-
tion, concomitant medical problems and individual
patient perceptions. Most patients complain of palpita-
tions, chest pain, dyspnoea, fatigue, lightheadedness, or
syncope (Fuster et al., 2001; Prystowsky et al., 1996).
The ANS is a commonly accepted factor participating
in arrhythmogenesis (Fuster et al., 2001).

One of the possible treatments for AF is catheter
ablation (CA). This ablation procedure is used to ter-
minate AF by introducing a catheter into the heart and

Fig. 1
Atrial fibrillation on the ECG
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directing radiofrequency energy to specific areas of the
heart’s tissue found to be a source of irregular rhythm
and the tissue is destroyed (Stejfa et al., 1998). AF of-
ten originates from the pulmonary veins (PVs) in many
patients, thus circumferential radiofrequency lesions
are created around the ostia of PVs with the aim to
isolate these veins from the left atrium (Pappone et al.,
2001; Stejskal, Fiala, & Salinger, 2003). It assumes that
a rather large intervention in the left heart atria pro-
duces a disruption of the conduction system and heart
innervations and ANS activity will be influenced.

The aim of the study was to analyze and to inter-
pret changes in ANS activity after catheter ablation in
patients with AF. The influence of catheter ablation on
SA HRYV was identified by standard and complex para-
meters (Stejskal et al., 2002).

METHOD

This research was done in 2002-2004 in the Faculty
hospital in Olomouc and the Podlesi hospital in Tfinec.
We tested 22 patients aged 53.69 = 11.95 years (20 men,
2 women), who had been suffering from atrial fibrilla-
tion for 8.45 + 6.67 years. In these patients, circumferen-
tial catheter ablation (CA) was done. Measurement of
SA HRYV was done in the morning before CA and one
day after CA. All patients were informed about the SA
HRYV examination in advance and they agreed to it.

We measured HRV by means of the original VarCor
PF5 hardware and software, which was produced by
the Faculty of Physical Culture in Olomouc (Salinger et
al., 2003). Information about measurement is displayed
in graphical (graphical output of an ECG signal and
a column graph of calculated R-R intervals) and numeri-
cal forms (duration time of all examinations, duration
times of individual procedures and values of current
HR) on the Pocket PC display (Fig. 2), which enables
direct visual control of the recording while measuring
(Salinger, 2004).

Fig. 2
Graphical and numerical output on the Pocket PC dis-
play during measuring
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The number of the recordings of cardiac cycles was
increased from 300 to 330 in each position of the or-
thoclinostatic test because of the time data stability and
the possibility of improving the filtration of heart con-
tractions not related to the regular activity of the sinus
node (Stejskal & Salinger, 2003). The more frequent
multiple arrhythmias and artefacts are, the less reliable
the analysis of the record is (Stejskal & Salinger, 1996).
Artifacts can be cleared away automatically or manually
at the end of the measurement. Only patients with sinus
rhythm on the ECG during measuring were chosen for
this research. For the SA HRYV calculation the standard
number of 256 R-R intervals was used.

The SA HRV measurement was done in a standard-
ized manner - in the morning, on an empty stomach,
in a quiet room and before all other examinations. The
patients kept their eyes closed during the entire testing
process in order to reduce disturbance in perception.
The patients were examined by means of an orthoclino-
static test in three positions (supine-standing-supine). In
each position subjects stayed until 330 heart contrac-
tions had been recorded (approximately six minutes).
ECG registration started 45 seconds after changing
each position, thus all periods of measurement were
carried out in steady state. The ECG record from the
first position was not evaluated and this was only used
for measurement standardization.

The following individual SA HRV parameters for
statistical processing were chosen: total spectral power
(P,), spectral power of individual components (P, ,
P . PHF), coefficients of variance of the individual com-
ponent (CCV VLF, CCV LF, CCV HF), percentage
of the individual components (%VLF, %LF, %HF), fre-
quencies of the individual components (fVLF, fLF, fHF)
and ratios between individual components (VLF/HF,
LF/HF, VLF/LF) in a second supine position from the
supine-standing-supine test. From among time domain
parameters the MSSD parameter was chosen; this para-
meter is accepted as a vagal activity index. Further, the
heart rate (HR) was monitored and recorded.

In addition to these parameters, also the complex
indices of SA HRV were calculated: a complex index
of the total score of SA HRV (TS), a complex index of
vagal activity (VA), and a complex index of sympatho-va-
gal balance (SVB) (Stejskal et al., 2002). The values of
complex indexes are expressed in points within a range
of 10 points (from -5.0 to +5.0 points). Normal values
of TS range from -1.5 to +1.5 points, normal values of
VA and SVB range from -2.0 to +2.0 points (Stejskal,
Jakubec, Prikryl, & Salinger, 2004).

Of basic statistical characteristics, mean (M) and
standard deviation (SD) were calculated. The over-
whelming majority of the data was not up to normal data
distribution standards (according to the Kolmogorov-
Smirnov and Anderson-Darling statistical tests), that is
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why the nonparametric paired Wilcoxon test was used.
The data were statistically processed by means of soft-
ware programs SPSS and Microsoft Excel. The o level
was established at the 0.05, 0.01 and 0.001 levels.

RESULTS

HR significantly increased after CA (on an average
of 12 beats/min), complex TS and VA parameters sig-
nificantly decreased while the complex SVB index de-
creased insignificantly. P, P, ., P . P its coefficients
of variance (CCV VLF, CCV LF and CCV HF) and
the time domain index MSSD after CA, significantly
decreased. The average values of %HF decreased and

%VLF increased; both shifts were insignificant, while

TABLE 1
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%LF significantly decreased. The increase in VLF/HF
ratio and LF/HF ratio after CA was not significant;
VLF/LF increased significantly. The frequency of the
LF component significantly decreased while fVLF in-
creased insignificantly; the frequencies of both compo-
nents moved closer to each other significantly (p < 0.01);
fHF significantly increased after CA (TABLE 1).

DISCUSSION

HRYV is influenced by many external and internal fac-
tors, therefore standardization of measurement is neces-
sary (measuring at the same times of day, minimizing
sensual stimulations - quiet room, closed eyes during

Comparison of SA HRV parameters in the morning before and one day after catheter ablation (n = 22; 20 men,

2 women, age 53.69 £ 11.95 years)

Index Before CA After CA Index Before CA After CA
TS M -2.24 —4.62 | ¥ % VLF M 32.11 44.39 | ns
[points] SD 2.41 0.96 [%] SD 22.68 23.61
VA M -2.01 -4.04 | ** % LF M 30.73 22,72 | *
[points] SD 2.11 0.97 [%] SD 17.17 13.67
SVB M -0.56 -1.49 | ns 9% HF M 37.16 32.89 | ns
[points] SD 2.28 2.69 (%] SD 24.41 29.79
P, M -1.43 —4.54 | ww VLEJHF M 2.83 3.93 |ns
[points] SD 3.37 1.20 SD 5.36 4.65
P, M 1522.81 149.34 | ¥ LF/HF M 1.57 1.64 | ns
[ms’] SD 2272.15 244.76 SD 1.46 1.51
P, M 456.63 72.66 | ** VLF/LF M 2.03 3.81|*
[ms’] SD 1050.31 142.62 SD 3.05 5.27
P, M 385.89 39.03 | ** fVLF M 27.71 29.11 | ns
[ms?] SD 497.25 67.75 [mHz] SD 6.22 8.08
P, M 680.29 37.65 | ** fLF M 85.63 66.92 | *
[ms’] SD 1506.32 58.38 [mHz] SD 32.15 14.84
CCV VLF M 1.63 0.72 | ** fHF M 245.54 299.63 | **
(%] sD 1.57 0.50 [mHz] sD 82.08 64.30
CCV LF M 1.68 0.51 | xw* fLFVLF M 57.91 37.80 | **
[%] SD 1.29 0.36 [mHz] SD 33.73 19.49
CCV HF M 1.82 0.50 | **+ MSSD M 1908.96 144.53 | =
[%] SD 2.04 0.30 [ms?] SD 4033.08 197.36
HR M 62.59 70.87 | **
[beat/min] SD 12.75 16.00

M - average value; SD - standard deviation; CA - catheter ablation; TS - total score of SA HRV; VA - complex index of vagal activity; SVB - complex
index of sympatho-vagal balance; P [points] - total spectral power (point value). Indexes from the second supine position from the supine-standing-supine
test: P - total spectral power; P, ., P ., P . - spectral power of VLF, LF, HF components; CCV - coefficient of variance; % - relative part of individual
component in total power; VLF/HF, LF/HF, VLF/LF - ratio of spectral power of individual components; fVLF, fLF, fHF - frequency of individual com-
ponents; fVLF-fLF - distance between fVLF a fLF; MSSD - root mean square of consecutive R-R intervals; HR - heart rate; *** p <.001; ** p < .0l;
* p <.05; ns - no significant difference.
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the examination, etc.) (Opavsky, 2002; Stejskal & Salin-
ger, 1996). In spite of the effort of the nursing staff it
was not possible to maintain all conditions; especially
the length of time of the examination oscillated within
the range of more than two hours.

Patients used antiarrhythmics (most often propaphe-
none, sotalol and amiodaron), which may have influ-
enced the HRV measurements. However, Vikman et al.
(1999) did not find significant differences in AF patients
who were on medication as opposed to in those who
were not on medication, which suggests that cardiac
medication itself had no major effect on HRV observa-
tions. In any case, the important fact is that within our
measurement (before and after CA) each patient was
on the same medication, because potential changes of
medication occur after one month following CA.

Before CA the average values of age adjusted P
were, in comparison to the healthy population (Stej-
skal et al., 2002), slightly reduced (-1.43 points). This
finding confirmed that in patients with AF is changed
ANS activity (Stejskal, Fiala, & Salinger, 2003) and
a significantly lower P in comparison with the healthy
population (Galuszka, Stejskal, Lukl, & Zapletalova,
2002) can often be found. The main reason for ANS
activity reduction (the low average value of TS) is, in
the first instance, vagal activity reduction: the complex
index of vagal activity (VA) is decreased and individual
parameters of vagal activity (P, a CCV HF) are low as
well. Galuszka et al. (2004) came to a similar conclu-
sion that, in patients with AF, in comparison to healthy
population, P, is reduced.

However, in lower ANS activity, relatively low sym-
pathetic activity participates as well - the average value
of the complex index of sympatho-vagal balance (SVB)
is normal and %VLF and VLF/LF and VLF/HF ratios
do not point to a noticeable predominance of sym-
pathicus. This finding proved also an average value of
HR, which corresponds to normal values of HR in the
healthy population.

From individual patient data it is evident that it is
not possible to generalize that all patients with AF have
lower ANS activity. A criterion for an ANS state can be
TS values - TS < -1.5 points (low ANS activity), -1.5
points > TS < 1.5 points (normal values of ANS activ-
ity), TS > 1.5 points (high ANS activity). According to
this criterion our group of patients can be divided into
three subgroups: 16 patients had lower ANS activity, 3
patients had normal ANS activity and 3 patients had
higher ANS activity. This finding means that approxi-
mately in 27% of the patients ANS activity reduction
was not found. According to Huang, Wen, Lee, Chang
and Chen (1998), minimally two types of AF can be
distinguished - the vagal and sympathetic type. The so
called sympathetic type of AF can be found mostly in
patients with organic based disease; in these patients
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there is usually a low value of P, and an increased LF/
HF ratio. In our patients we found this type of AF in
approximately 32% of cases. Patients with the so called
vagal type of AF usually have an idiopathic form of AF.
The beginning of paroxysm is connected with P in-
crease and LF/HF ratio decrease. We found this type
of AF in almost 14% of our patients. In the rest, 54% of
the patients, 40% of them had ANS activity rather lower,
but a dominance of some branch of ANS was not unam-
biguously expressed; in about 14% of the patients ANS
activity corresponds to the normal healthy population.

All complex parameters (TS, VA and SVB) decreased
after CA (Fig. 3). The decrease of all spectral power
components (PT, PVLF, PLF, PHF) and their coefficients
of variance (CCV VLF, CCV LF a CCV HF) and time
domain index MSSD was significant as well. This find-
ing gives evidence of reduction activity in both branches
of ANS after CA; vagal activity reduction was larger.

This finding was more evident in patients with nor-
mal or higher ANS activity and dominance of vagal
activity before CA. On the contrary, in patients with
reduced vagal activity before CA, the changes after CA
were lower. This fact influenced statistical evaluation
of SA HRV results only in indexes of sympatho-vagal
balance (SVB, %VLF, VLF/HF and LF/HF), where the
shift from parasympathetic towards sympathetic was not
statistically confirmed (TABLE 1). Thus we can say that
ANS activity in both branches of ANS was reduced;
vagal activity reduction was larger so sympatho-vagal
balance shifts towards sympathicus.

The decrease of HRV parameters and increase of
LF/HF ratio after CA was also found by Pappone et al.
(2004). This fact is, according to them, evidence of para-
sympathetic attenuation by pulmonary vein denervation
during CA. However their previous study (Pappone et
al., 2001) pointed to P, increase and LF/HF ratio de-
crease after circumferential CA. The authors described
it as a shift of sympatho-vagal balance towards vagus,
which is an opposite finding to that in their study of
2004. If we take the results of our patients with different
levels of ANS activity separately, we can find in most of
our patients with low ANS activity a decrease of LF/HF
ratio after CA and, on the contrary, in most of the pa-
tients with normal or higher ANS activity, LF/HF ratio
increased after CA. The possible explanation of different
results of Pappone’s et al. studies is then a different level
of ANS activity of their patients in each study.

Vagal activity reduction after CA resulted in a signif-
icant increase of HR, which corresponds with results of
Pappone et al. (2004); according to these authors HR re-
turned to preablation values within six months after CA.

The significant decrease in activity in the sympathet-
ic and mainly in the parasympathetic part of ANS is
evidence of the isolation of the area starting up AF and
also of the interruption of vagal afferentation from the
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Fig. 3
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Three-dimensional graph of SA HRV and tabular comparison of complex SA HRV parameters in the morning before

and one day after CA in a 46-year patient with AF

CA - catheter ablation; TS - complex index of total score; VA - complex index of vagal activity; SVB - complex index
of sympatho-vagal balance; P [points] - total spectral power (point value).

Before CA

After CA

vy

Index Before CA After CA
TS [points] 1.48 -5.00
VA [points] 0.81 -4.27
SVB [points] 2.75 -2.00
P_ [points] 3.76 -5.00

pulmonary vein region after CA. Restoration of a new
balance comes up after one (Hsieh et al., 1999), six
(Pappone et al., 2004), or more months; for instance ac-
cording to Stejskal et al. (2003), ANS activity gradually
increased even one month after CA. Detailed investiga-
tion of ANS activity after CA over time will be the topic
of our next research project.

CONCLUSION

Although the number of examined patients with paro-
xysmal atrial fibrillation is not large, it does not seem
correct to say that all patients have altered ANS activity.
CA gets to decrease ANS activity in all patients with AF,
first of all because of vagal activity reduction. SA HRV
evaluation using complex indexes enables us to make
a more complex evaluation of both branches of ANS.
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KATETROVA ABLACE PRO FIBRILACI SINI
A SPEKTRALNI ANALYZA VARIABILITY
SRDECNI FREKVENCE
(Souhrn anglického textu)

Cilem studie bylo zkoumani vlivu katetrové ablace
na parametry spektralni analyzy (SA) variability srdecni
frekvence (HRV). Kratkodoby zdznam SA HRYV byl
sniman u skupiny 22 pacientl s paroxysmalni fibrilaci
sini (FS) ve véku 53,69 = 11,95 let (20 muzti a 2 Zeny),
u kterych byla provedena cirkumferencni katetrova ab-
lace (KA). Méfeni probihalo ve tfech polohach (leh-
stoj-leh), za standardizovanych podminek, rano pred
KA a jeden den po KA. K vyhodnoceni vysledkl byla
pouzita jak standardni, tak nova metodika hodnoceni
SA HRV pomoci komplexnich ukazatelt.

Po KA pro FS doslo ke zvySeni srde¢ni frekvence
(SF) a zhorSeni vétSiny jednotlivych i komplexnich
ukazateld. Tento nalez svéd¢i o redukci aktivity obou
vétvi autonomniho nervového systému. Protoze snizeni
aktivity vagu je vyraznéjsi, posouva se sympatovagova
rovnovaha mirné smérem k sympatiku.

Klicova slova: spektrdlni analyza variability srdecni frek-
vence, autonomni nervovy systém, aktivita vagu, sympa-
tovagovd rovnovdha, fibrilace sini, katetrovd ablace.
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