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SUMMARY 
 On the basis of the data of clinical examination and echocardiography was studied the functional significance 

of compensatory myocardial hypertrophy under conditions of physical load test of sportsmen with myocardial hy-
pertrophy of the left ventricle or without it and patients with different stages of arterial hypertension. The usage of 
compensatory myocardial hypertrophy indices for diagnostics of the heart failure was grounded. 
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THE INFLUENCE OF INDIVIDUAL FEATURES OF HEART RATE  
VEGETATIVE REGULATION ON NEUROHUMORAL AND 
ELECTROPHYSIOLOGICAL EFFECTS OF PROPRANOLOL 

Ye.P. Melezhik, A.S. Isaeva 
The Karazin National University of Kharkov  

SUMMARY 
The study of the vegetative status influence on neurohumoral and electrophysiological effects of  nonselective 

beta 1,2  propranolol blocker was the aim of our work.. 13 healthy volunteers at the age of 24 4 years participat-
ed in the study. A dose of propranolol made up 0.8 mg/kg per os. The HRV study  was performed on the basis of 
5-min ECG recordings which  were made in supine and upright postures before and 90 min after a single pro-
pranolol intake. According to the frequency spectral HRV indices that were fixed in supine posture before prepara-
tion intake, all theexamined volunteers were divided into two groups with prevalence of sympathetic (LF/HF>1, 
group A) and parasympathetic (LF/HF<1, group B) activity. According to the HRV recordings in supine posture  
the vagotonic effect of the preparation was observed in group A and sympathotonic in group B. In supine position 
slow-down of the atrial conductivity caused by propranolol was more acute in group B. The neurohumoral and 
electrophysiological effects of the preparation were less acute when the volunteers were in upright posture. So the 
dependence of the propranolol effects on the initial neurohumoral regulation status was shown. 

KEY WORDS: heart rate variability, vegetative nervous system, active tilt-test, propralolol, electrophysiology

INTRODUCTION 
The adaptation of the sinus node and the car-

diovascular system as a whole to variable condi-
tions of the environment and proper organism is 
mostly provided by the autonomic nervous system 
(ANS). One of the best noninvasive methods for 
studying the heart rate autonomic regulation is 
power spectrum analysis of heart rate variability 
(HRV) 23 . This method allowed to visualize 
heterogeneity of the normal subjects population 
and revealed several types of the heart rate auto-
nomic regulation in resting conditions. Zhemaitite 
et al. 27  distinguished two extreme types with a 
maximal sympathetic or parasympathetic activity 
and three intermediate types. In 14 , two types 
with sympathetic or parasympathetic prevalence 
were considered.  

Taking into account the heterogeneity of the 
healthy humans population an aspect to be clari-
fied is how one or the other initial state of auto-
nomic regulation modifies the effects of pharma-
cological substances tropic to ANS. The class of 
tropic to ANS drugs being widely used worldwide 
is beta  adrenoblockers. According to 1, 12, 20, 
22  at the present time beta  blockers are the 
drugs to have the ability to diminish the number 
of sudden death cases and to increase the life 
quality in various groups of patients.The mecha-
nisms of this beneficial effect are not clearly un-
derstood since beta  blockers in doses used in 
most clinical trials are only weakly effective 
against stable ventricular arrhythmias. In 19, 21 , 
the ability of this class  of  drugs  to  increase   
HRV  in  cardiac insufficiency patients and in 
healthy  subjects  was  shown other works. 8, 18, 
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25  revealed the beta  blocker feature to normal-
ize the balance between sympathetic and para-
sympathetic influences not only by lowering the 
level of sympathetic cardiac stimulation but also 
by increasing the level of vagal cardiac inhibition. 
Thus, beta  blockers alter the outflow of both 
branches of the heart rate autonomic regulation. 
Melezhik et al. 14  have examined the effects of 
a single beta 1, 2  adrenoblocker propranolol 
intake on the ANS activity in normal subjects 

having different initial states of the heart rate au-
tonomic regulation. It was found that in the su-
pine position the drug resulted in a predominant 
increase of rhythmic activity of the initially de-
pressed branch of ANS. Thus, in subjects with 
initially prevailing sympathetic activity the drug 
led to n. vagus activation while in subjects with 
predominant parasympathetic outflow sympatho-
excitation was observed. 

The objective of the study was to examine 
how the initial state of the heart rate autonomic 
regulation modifies the propranolol neurohumoral 
and electrophysiological effects under the orthos-
tatic stress. 

Determination of concepts 
The variations in heart rate can be divided into 

three main spectral components: very low fre-
quency (VLF), low frequency (LF) and high fre-
quency (HF). A high frequency component (0.15-  
0.4 Hz) is generated by modulations in vagal 
nerve activity. Most investigators agree that the 
power of the HF band reflects vagal modulations, 
when expressed both in terms of absolute power 
and in normalized units 3 . At the same time 
there are certain disagreement according to phys-
iological interpretation of the low frequency band 
(0,04  0,15). Thus, the LF component is consid-
ered by some investigators as a parameter includ-
ing both sympathetic and vagal influences where-
as by other ones only as a marker of sympathetic 
modulations 13, 23, 26 . Most investigators 
agree that when expressed in normalized units, 
the LF power mostly reflects sympathetic outflow 
15 . Taking into account the forgoing, in [14] 

and in the present work the normal subjects under 
study were divided into groups in terms of the 
quantitative prevalence of either HF or LF band 
expressed in normalized units. The group of nor-
mal subjects having in the baseline the LF power 
portion exceeding 50% (LF/HF>1) was referred 
to as the group with initial prevalence of sympa-
thetic rhythmic activity (group A). The group 
with HF power portion exceeding 50% 
(LF/HF<1) was designated as the group with ini-
tially predominant parasympathetic rhythmic ac-
tivity (group B). The groups described should not 
be identified with sympathotonia and vagotonia, 
because all LF/HF values in both groups were 
within the normal range. 

MATERIALS AND METHODS 
13 volunteers (10 female and 3 male) aged be-

tween 20 and 28 years were included in the study. 
All of the subjects were healthy as determined by 
their medical history and a brief examination; 
none received any medications. The subjects gave 

informed consent, and the study was approved by 
the local ethical review board. Subjects were in-
structed to abstain from smoking or coffee and 
alcohol consumption for 24 h before the study. 
All recordings were made in a certain time in the 
morning in quiet surroundings. 

The recording protocol: 
 1st stage  

o 5-min rest in supine position 
o 7-min ECG recording in supine position 

and free breathing 
o Active assuming of an upright posture  
o 7-min ECG recording in upright posi-

tion and free breathing 
o One-time intake of 0.8 mg/kg per os of 

nonselective beta 1,2  adrenoblocker 
propranolol 

o 90-min break 
 2nd stage 

o 5-min rest in supine position 
o 7-min ECG recording in supine position 

and free breathing 
o active assuming of an upright posture  
o 7-min ECG recording in upright po-

sition and free breathing 
Heart Rate Variability Analysis 
The HRV parameters were obtained with 

e-
quency domain methods. All HRV parameters 
were evaluated in compliance with the recom-
mendations of the Task Force of the European 
Society of Cardiology and North American Socie-
ty of Pacing and Electrophysiology (1996) 23 . 
The variables were calculated on the basis of 7  
min ECG recordings. The data obtained on the 1st 
and 7th min of the recordings were not used for 
calculation. The first minute was considered as 
the time for accommodation of the subjects to the 
new situation and the 7th minute was used for BP 
measuring, i.e. HRV was obtained on 5-min ECG 
intervals.  

The HRV variables analyzed were the follow-
ing:  
 mRR, ms - mean RR interval  
 Total Power, ms2  variance of all RR inter-

vals 
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 VLF, ms2 - power in the very low frequency 
range (0,003-0,04)  

 LF, ms2 - power in the low frequency (0,04 - 
0,15 Hz)  

 LFnorm, %  LF power in normalized units: 
LF/(Total Power - VLF) 100 

 HF, ms2 - power in the high frequency range 
(0,15 - 0,4 Hz) 

 HFnorm, %  HF power in normalized units: 
HF/(Total Power - VLF) 100 

 LF/HF  ratio LF[ms2]/HF[ms2] 
The two normalized parameters LFnorm and 

HFnorm were not analysed because they provide 
essentially the same information as the ratio 
LF/HF 23, 7 . 

Obtaining the Electrical Phase Structure of 
the Heart Cycle 

The parameters of the electrical phase struc-
ture of the cardiac cycle calculated were the fol-
lowing: P wave (ms), QT segment, interval QT 
(ms) and interval TP (ms). 

Stratification of the subjects under study 
According to the frequency spectral compo-

nents  obtained  in  the  baseline  the volunteers 
were divided into 2 groups:  

 Group A (LF/HF>1)  
 Group B (LF/HF<1). 

The subjects with LF/HF  =  1 were  randomly 
included into one of the groups. Group A 

consisted of 6 subjects and group B included 7 
individuals. 

Physiological background of such a division 
17  conclusion that instanta-

neous balance between sympathetic and vagus 
nerve activities could be captured by means of 
LF/HF ratio. The groups described should not be 
identified with sympathotonia and vagotonia, be-
cause  all   LF/HF  values  in  both   groups   were  

 
within the normal range. 

Statistical Analysis 
The data obtained were analyzed using para-

metric and non  parametric methods. All param-
eters evaluated were expressed as mean and 
standard deviation. The significance of differ-
ences between baseline vs propranolol was evalu-
ated by Wilkoxon T test. For statistically signifi-
cant variations 95% confidence interval was pro-
vided. 

RESULTS AND DISCUSSION 
The results obtained suggest that the neuro-

humoral and electrophysiological effects of pro-
pranolol under the orthostatic stress were deter-
mined by the initial prevalence of the sympathetic 
or parasympathetic ANS branch in the subject 
under study (tab.). 

Table 
Selected frequency domain measures of HRV and ECG intervals in group A and B on the 

two stages of the experiment. Values are means  SE 

Variable 
Stage 1 

Group A Group B 
Supine posture Upright posture Supine posture Upright posture 

TP (ms2) 2807 766 2642 685 4787 998 3278 974 
VLF (ms2)   701 291   839 280 1172 256   973 226 
LF (ms2) 1044 388 1209 320 1084 330 1168 183 
HF (ms2)   606 222   523 228 2395 498   849 393 * 
LF/HF  1.75 0.09  4.38 0.84  0.49 0.10  3.35 0.98 * 
mRR (ms)   775 66   633 44 *   783 42   620 20 * 
P wave (ms)   102 2     92 5   100 2     90 4 * 
PQ segment (ms)     44 8     48 10     41 15     49 10 
Interval QT (ms)   354 7   338 17   364 11   333 17 
Interval TP (ms)   214 7   155 26 *   218 11   149 25 * 
 Stage 2 

Group A Group B 
Supine posture Upright posture Supine posture Upright posture 

TP (ms2) 5079 1457 2828 511 11994 3775  3448 726 ** 
VLF (ms2)   897 236 1493 301   2464 624  1566 350 
LF (ms2) 1083 252 1155 218   3502 1285  1350 242 
HF (ms2) 2787 1002    233 40 **   5724 1969    536 193 ** 
LF/HF  0.61 0.13   4.88 0.34 **    0.59 0.04  3.73 0.93 ** 
mRR (ms) 1050 51    852 16      974 39    834 21  
P wave (ms)   102 3     86 4     110 6      93 10 ** 
PQ segment (ms)     55 6     71 8        46 21     58 19 
Interval QT (ms)   402 11    381 14     383 6    353 10 ** 
Interval TP (ms)   458 41    314 29   434 38    332 14  

- the differences vs supine posture before the medication intake are significant (p<0,05) 
- the differences vs upright posture before the medication intake are significant (p<0,05) 

** - the differences vs supine posture after the medication intake are significant (p<0,05) 
 



 
  

  

Supine position  
In response to a single propranolol intake the 

total power of the neurohumoral regulation (TP) 
showed a significant increase in group B (p<0,05) 
and tended to augmentation in group A (Fig. 1).  

At the same time the mechanisms of TP 
growth in groups under study were totally differ-
ent. All subjects from group A showed an aug-
mentation of HF power and the reactions of the 
LF domain exhibited individual discrepancies 

(reduction of LF for 3 subjects and augmentation 
for 3 ones). In group B the effect was just the op-
posite, i.e. LF power increased and HF power 
showed individual changes (excitation of HF for 
4 subjects and slight decrease for 3 ones). As a 
result of the above  described alterations in au-
tonomic activity the LF/HF ratio was brought up 
to the 0.6 value in both groups (Fig. 2).  

The mean duration of the heart cycle (Fig. 3) 
was prolonged by propranolol in both groups (on 

the average by 1.36 times (p<0.05) in group A 
andby 1.24 times (p<0.05) in group B). It was 
accompanied by ECG intervals prolongation. The 
duration of the TP segment appeared to be the 
most variable interval in both groups (it was 
lengthened by 2.14 times (p<0.05) in group A and 
by 1.99 times (p<0.05) in group B). The prolon-
gation of the QT interval was less pronounced (by 
1.14 times (p<0.05) in group A and by 1.05 

(p<0,05) times in group B). Almost no change in 
the P wave duration was noted in group A, while 
in group B it was extended on the average by 1.1 
(p<0,05) times. In five out of seven persons of 
group B the P wave exceeding the 100 ms value 
was obtained; in one case the P wave was also 
split. PQ segment duration showed a tendency for 
prolongation in both groups but it was statistically 
insignificant.
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Fig. 1. VLF (ms2), LF (ms2) and HF (ms2) domain powers of spectrum of RR intervals variability at two stages of the experiment in group 

with initial sympathetic (first graph) and parasympathetic (second graph) prevalence in supine and upright postures.

Fig. 2. Changes of LF/HF index in every individual from the group with initial sympathetic (solid black line) and parasympathetic pre-
dominance (dash gray line) in supine and upright postures at two stages of the experiment  

Stage 1

0

2

4

6

8

10

12

14

supine upright supine upright

Stage 2

56 



-  
 

  

Stage 1

0

200

400

600

800

1000

1200

supine upright supine upright

Stage 2

Int. TP
Int. QT
PQ segm.
P wave

Stage 1

0
200
400
600
800

1000
1200

supine upright supine upright

Stage 2

Int. TP
Int. QT
PQ segm.
P wave

 
Fig.3. Electrical phase structure of the heart cycle (P wave (ms), PQ segment (ms), QT interval (ms), TP interval (ms))at two stages of the 

experiment in group with initial sympathetic (first graph) and parasympathetic (second graph) prevalence in supine and upright 
postures 

 
 
 
Active tilt  test 
Active tilt  test at both stages of the experi-

ment led to a reduction of TP in both groups (fig. 
1). It should be noted that the TP lowering in both 
groups was more expressed under propranolol 
(stage 2) than at stage 1. The TP reduction in 
group B at both stages of the experiment exceed-
ed the TP drop in group A. 

At stage 1 the TP fall in both groups was pro-
vided by a significant lowering of the HF  pow-
er, which was accompanied by a slight increase in 
LF band. The rates of changes in sympathetic and 
parasympathetic activity in group A appeared to 
be almost equal (LF power was increased by 1.16 
times and HF was decreased by 1.16 times). In 
group B the HF power reduction was more pro-
nounces than the LF band growth (LF power was 
increased by 1.08 times and HF was reduced by 
2.8 times (p<0,05)). 

Under propranolol the regulative systems re-
sponse to the orthostatic stress was modified in 
both groups. LF power in group A was augment-
ed only by 1.07 times while a well pronounces 
decrease in HF  power was observed (on the av-
erage by 11.96 times(p<0,05)). In group B both 
LF and HF power were reduced in the upright 
position (by 2.59 and 10.68 (p<0,05) times re-
spectively). According to our findings, at both 
stages of the experiment the supine posture in 
group A and B was characterized by a wide dis-
persion of VLF, LF and HF values. After assum-
ing the upright posture the powers in all the do-
mains in the two groups tended to the same val-
ues. In both groups orthostatic LF and HF power 
values at stage 1 appeared to be close to those 
obtained at stage 2. At the same time orthostatic 
VLF power values at stage 2 exceeded those ob-
tained at stage1. 

Active tilt test at both stages of the experiment 

was accompanied by shortening of the heart cycle 
duration (Fig 3). Orthostatic mRR values in group 
A and B were close to each other. The mRR dura-
tion in the upright posture at stage 2 exceeded the 
orthstatic mRR value at stage 1 in both groups, 
which was due to the negative chronotropic ac-
tion of propranolol. At both stages of the experi-
ment in both groups standing up was accompa-
nied by shortening of most of ECG intervals. In 
all cases a most pronounced decrease was ob-
served in the TP segment duration (segment TP 
was reduced by 1.38 times (p<0.05) in group A 
and by 1.46 times (p<0,05) in group B at stage 1 
and by 1.46 times in group A and 1.31 times 
(p<0.05) in group B at stage 2). The shortening of 
interval QT was less pronounced. The P wave 
duration was reduced by 1.11 times in both 
groups at stage 1 (in group B p<0.05) and by 1.19 
times in group A and 1.18 times (p<0.05) in 
group B at stage 2. The elements of the intra - 
atrial blockade observed in group B under pro-
pranolol in supine posture completely disap-
peared after assuming the upright posture. PQ 
segment tended to be prolonged under active tilt 
test in both groups, but this prolongation was in 
all cases statistically insignificant. 

Our study indicated that the heart rate regula-
tory systems response to pharmacological beta 1,2 
 adrenoreceptor blockade is basically determined 

by initial prevalence of sympathetic or parasym-
pathetic activity. The increase of the total power 
of the neurohumoral regulation under propranolol 
in supine posture described in 5, 9, 18, 21 , in 
our experiment was accompanied by redistribu-
tion of the autonomic activity with a predominant 
activation of the initially depressed ANS branch. 
Thus, in group A we observed a vagotonic effect 
of propranolol which was also described in 21, 
25  and revealed the ability of the drug to in-
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crease sympathetic rhythmic activity in group B.  
The TP growth under propranolol was ccom-

panied by an extension of RR  intervals shown 
in many previous works 9, 25 . In both groups 
the bradicardial effect was chiefly provided by 
the electrical diastole prolongation. The bradicar-
dial effect was more pronounced in group A, 
which could be accounted for as a result of the 
predominant n. vagus activation observed in this 
group. More pronounced bradicardial beta  
blocker effect in conditions of initially high sym-
pathetic tone was also described in previous 
works 18 . 

Alterations in the P wave duration exhibited 
some discrepancies between groups A and B. 
Thus, an expressed P wave lengthening described 

in 4 , was observed only in group B while in 
group A almost no change in the P wave duration 
was noted. 

The active tilt  test at both stages of the ex-
periment was accompanied by reducing the total 
power of regulation. Similar findings were re-
ported by 10 . The active tilt  test in the present 
study also gave rise to pronounced alterations in 
all branches of regulation, which resulted in VLF, 
LF and HF power values becoming close in the 
two groups. This finding indicates that in upright 
posture a level of activity, which is common for 
all healthy individuals, exists for every regulatory 
system. Another important finding, which is wor-
thy of notice is attempt to bring up the LF and HF 
power values obtained in upright posture at stage 

2 to the one observed under active tilt at stage 1. 
The above reasoning may indicate that in upright 
posture both the sympathetic and parasympathetic 
outflow were not affected by propranolol influ-
ences. 

At stage 1 active tilt test in both groups was 
accompanied by an increase of sympathetic and 
decrease of parasympathetic activity as it was 
shown in 16, 24 . In group A as in 11  the 
changes in LF and HF power occurred in opposite 
directions but they were almost equal while in 
group B a predominant decrease in HF power 
with LF remaining unchanged as in 2  was ob-
served. Nonselective blockade of beta 1,2  adre-
noreceptors as in 6 , eliminated low frequency 
increases with standing in both groups and while 
the HF power decrease became more pronounced. 

According to the forgoing in upright posture 
LF and HF power observed at stage 1 and 2 were 
almost equal in groups A and B. At the same time 
in all subjects under study the mean value of RR 
duration and VLF power in upright position at 
stage 2 significantly exceeded those obtained at 
stage 1. This finding indicates that under orthos-
tatic stress the new level of neurohumoral regula-
tion that was induced by propranolol and initially 
provided by reactions of the autonomic nervous 
system was maintained mostly by humoral regula-
tory systems. 

Tachicardial orthostatic reactions similar to 
the above  described bradicardial propranolol 
effect was mainly provided by corresponding 
changes in the electrical diastole duration. All 

other ECG intervals except PQ segment duration 
were also shortened under orthostatic stress. Both 
in supine and upright postures propranolol 
brought about an augmentation of discrepancies 
in interval QT duration between the two groups 
under study. 

CONCLUSION 
Our findings show that the reactions of the 

neurohumoral regulatory systems are largely de-
termined by initial predominance of one of the 
ANS branches. In supine posture under proprano-
lol the vagotonic effect of the drug can be ob-
served in group with initial sympathetic preva-
lence and sympathotonic in group with initial 
parasympathetic predominance. The final point of 
the neurohumoral regulation alteration caused by 
propranolol in supine posture is bringing the 
LF/HF ratio up to the common for all healthy in-
dividuals level of values. Active tilt test at both 
stages of the experiment is characterized by the 
VLF, LF and HF power values becoming close in 
the two groups under study. In upright posture 
propranolol action is mostly maintained by the 
humoral regulatory systems while the autonomic 
activity appears to be free from the drug influ-
ences. Most changes in the electrical phase struc-
ture of the heart cycle under propranolol are simi-
lar in all healthy individuals. However, in supine 
position propranolol induces a more pronounced 
slow  down of the atrial conductivity in subjects 
with initial parasympathetic predominance. 

 

REFERENCES 
1. Adamson P.B., Huang M.H., Vanoli E., et. al.  Unexpected interaction between beta-adrenergic blockade and 

heart rate variability before and after myocardial infarction. A longitudinal study in dogs at high and low risk 
for sudden death. // Circulation. 1994. V. 90(2). 

2. Badilini, F., Maison-Blanche, P., Coumel, P. Heart rate variability in passive tilt test: comparative evaluation 
of autoregressive and FFT spectral analyses.// Pacing. Clin. Electrophysiol. 1998. V. 21:5. P. 1122-1132.  



-  
 

  

3. Berger, R.D., Saul, J.P., Cohen, R.J. Transfer function analysis of autonomic regulation. I. Canine atrial rate 
response. // Am. J. Physiol. 1989. V. 256 (Heart Circ Physiol 25). P.  H142-H152. 

4. Cheema, A.N., Ahmed, M.W., Kadish, A.H., Goldberger J.J. Effects of autonomic stimulation and blockade 
on signal-averaged P wave duration. // J. Am. Coll. Cardiol. 1995.  Aug. V. 26(2). P. 497-502. 

5. Cook, J.R., Bigger, J.T. Jr., Kleiger, R.E., et. al.  Effect of atenolol and diltiazem on heart period variability 
in normal persons. // J. Am. Coll. Cardiol. 1991. Feb. V. 17(2). P. 480-484. 

6. Craft, N., Schwartz, J.B. Effects of age on intrinsic heart rate, heart rate variability, and AV conduction in 
healthy humans // Am. J. Physiology. 1995. Apr: 268 (4 Pt 2): H1441-1452. 

7. Eckberg DL. Sympathovagal balance: a critical appraisal. // Circulation. 1997. V. 96. P. 3324-3332. 
8. Eckberg, D.L. Beta-adrenergic blokade may prolong life in post- a-

gal cardiac inhibition. // Med. Hypotheses. 1984. Dec. V.15(4). P. 421-432. 
9. Hojgaard, V.H., Holstein-Rathlou, N.H., Agner E,Kanters, K.J. Dynamics of spectral components of heart 

rate variability during changes in autonomic balance. //Am. J. Physiol. 1998. Jul. V. 275 (1 Pt. 2). P. H213-
H219. 

10. Kim, Y.H.; Ahmed, M.W.; Kadish, A.H.; Goldberger, J.J. Characterization of the factors that determine the 
effect of sympathetic stimulation on heart rate variability. // Pacing. Clin. Electrophysiol. 1997. Aug. V. 20 (8 
Pt 1). P. 1936-1946.  

11. Kitamura, K., Takata, S., Futamata, H., et.al.  Effects of head-up tilting on vagal nerve activity in man. // 
Rinsho. Byori. 1997. Aug. V. 45(8). P. 771-777.  

12. Malic M. Heart rate variability.// Curr. Opin. Cardiol. 1998. Jan. V. 13(1). P. 36-44. 
13. Malliani, A., Pagani, M., Lombardi, F., Cerutti, S. Cardiovascular neural regulation explored in frequency 

domain.// Circulation. 1991. V. 84. P. 482  492. 
14. Melezhik, Y.P., Isaeva, A.S., Yabluchansky, N.I.  Nonselective b -blockers, autonomic regulation and phases 

of the heart cycle. Proceeding of the 1st Virtual Congress of Cardiology [Online] 
http://www.fac.org.ar/cvirtual. Jan - Apr. 2000 

15. Montano, N., Ruscone, T.G., Porta, A., et.al.  Power spectrum analysis of heart rate variability to assess the 
changes in sympathovagal balance during graded orthostatic tilt. // Circulation. 1994.  V. 90. P. 1826-1831. 

16. Nakagawa, M., Takahashi, N., Iwao, T., et. al. Evaluation of autonomic influences on QT dispersion using 
the head-up tilt test in healthy subjects. // Pacing. Clin. Electrophysiol.1999. Aug. V. 22(8). P. 1158-1163. 

17. Pagani M., Lombardi F., Guzzetti S., et.al. Power spectral analysis of heart rate and arterial pressure variabil-
ities as a marker of sympatho-vagal interaction in man and conscious dogs.// Circ. Res. 1986. V. 59. P.178-
193.  

18. Pitzalis, M.V., Massari, F., Passantino, A. The effects ofchronic beta-blockers administration on respiratory 
sinus arrhythmia. // Cardiologia. 1997. Feb. V. 42(2). P. 201-204. 

19. Pousset, F., Copie, X., Lechat, P., Jaillon, P., Boissel, J.P., Hetzel, M., Fllette, F., Remme, W., Guize, L., Le 
Heuzey, J.Y. 1996. Effects of bisoprolol on heart rate variability in heart failure. // Am. J. Cardiol. 1996. 
Mar. V.15.  77(8). P. 612-617. 

20. Sandrone G., Mortara A., Torzillo D. et al  Effects of beta blockers (atenolol or metoprolol) on heart rate 
variability after acute myocardial infarction. // Am. J. Cardiol. 1994. V. 15.  74(4). 

21. Silke, B., Guy, S., Riddel, J.G. Effects of beta-adrenoreceptor agonists and antagonists on heart rate variabil-
ity in normal subjects assessed using summary statistics and nonliner procedures. // J. Cardiovasc. Pharmac. 
1997. Dec. V. 30.  6. P. 814-23. 

22. Singh. B.N., Deedwania, P., Nademanee, K., et al. Sotalol. in Drugs. 1987. V. 34. P. 311-349.  
23. Task Force of The Europian Society of Cardiology and The North American Society of Pacing and Electro-

physiology. Heart rate variability. Standarts of measurement, physiologicalinterpretation, and clinical use. // 
Europ. Heart. J. 1996. V.17. P. 354-381. 

24. Tulen. J.H., Boomsma, F. Cardiovascular control and plasma catecholamines during rest and mental stress: 
effects of posture. // Clin. Sci. (Colch). 1999. Jun. V.1.   96(6). P. 567-576. 

25. Wargon, M., Laude, D., Girard, A., Elgozi, J.L. Acute effects of bisodrolol on respiratory sinus arrythmis. // 
Fundam. Clin. Pharmac. 1998. V.12(4). P. 451-456. 

26. 
C. 12-13. 

27. Zhemaitite, D.I., Varonetskas, G.A., Sokolov, E.N. Interaction of the parasympathetic and sympathetic sec-
tions of the autonomic nervous system in regulating cardiac rhythm. // Fiziol. Cheloveka. 1985. May-Jun. V. 
11(3). P. 448-56. 

 

 
 

 
 

59 



 
  

  

 

 

 
 

per os

 
 

 

 
 

-
-

 
 

 
 

 

 

-

 

 

 
 

 
 

 615.217.3 

  
 

 
 

 
     

- 
 -

60 


