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systolic blood pressure (SBP) and pulse interval (PI)
series was assessed using their symbolic representation.
Permutation entropy [4], the complexity measure defined
for a single time series, was independently calculated for
both of the cardiovascular variables. Based on the same
symbolic representation, the information measures are
used to quantify the degree of synchronization between
SBP, as the source series and PI as the target series, using
methodology presented in [5]. The timing aspect of
interactions between SBP and PI was assessed using
probability density function (pdf) of transcriptions which
map SBP changes into PI responses. The deviation of
transcription pdf from uniform pdf was measured by
Kullback-Leibler divergence.
The changes of the measures of complexity and
synchronization in open BRR loop reveal the importance
of BRR regulation in the short-term arterial blood
pressure buffering and heart rate control. The calculated
measures may serve as fast and robust tool offering the
insight into BRR functioning even from short and noisy
clinical data.

Abstract
The baroreceptor reflex (BRR) bears the important
part in short term blood pressure (BP) control. Joint
order pattern analysis is proposed to assess the complex
nature of BP and pulse interval (PI) dynamic. The BP and
PI signals were acquired from conscious radiotelemetred
Wistar male rats with intact BRR loop and
pharmacologically opened BRR loop at different levels
using blockade of -adrenergic, -adrenergic and Mcholinergic receptors. The study revealed increase in
complexity of relationship between BP and PI due to
opening of BRR loop, as measured by permutation
entropy and probability density function of transcriptions
translating BP variations into PI responses.
Synchronization measure significantly decreases in open
BRR loop changing from 0.22 towards the values
characteristic for random and independent data (0.02). It
follows that BRR buffers random BP and PI changes and
increases their synchronization.

1.

Introduction

Insight in complex heart rate (HR) and blood pressure
(BP) interactions reveals the important aspects of
baroreceptor reflex (BRR) control of short-term BP
fluctuations. The BRR works as a negative feedback
system that produces unidirectional changes of BP and
heart period. As it plays the central role in regulation of
the cardiovascular system, the prognostic value of a
baroreflex alterations have been studied in various
pathological situations [1-3]
In order to identify the presence and characteristics of
the interactions between HR and BP, the BRR loop was
pharmalogically opened in conscious rats at different
levels using drugs. The BBR loop was disrupted by
blocking the effect of neurotransmitters released from the
efferent fibers of the parasympathetic (vagus) nerve or
sympathehic nerves of BRR on their postsynaptic
receptors.
The complexity and synchronization measure between
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2.

Materials and methods

2.1.

Experimental protocol

Animals: experiment were done in conscious male
Wistar out bred rats (320-350g) under standard laboratory
conditions with water and food ad libitum.
Surgery: rats were submitted to surgical procedure
during which implants TA11 PA-C40 (Transoma
Medical, DSI Inc., USA) were inserted in aorta. After full
recovery period (10 days), rats were re-operated for quick
insertion of catheter in jugular vein for drug injections.
Two days later rats were submitted to four different
protocols.
Protocol 1_CNTRL was designed as a control group in
which saline (0.9% NaCI) was injected to n=9 rats (1
ml/kg i.v. followed 0.5 ml/kg/h i.v. infusion).Protocol 2PRA was designed to investigate the contribution of the
vascular part of the sympathetic nervous system, under
selective blockade of 1 adrenergic receptors in blood
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The pdf functions of transcriptions that map the
changes of SBP into PI responses (Figure 3c) reflects the
decrease in the relative frequency of identity transcription
T=I, which marks the identical pattern of changes in two
time series. The transcription pdf is given as well in Fig.
4. representing the relative frequencies of permutation
classes. The shape of pdf functions indicate that the
dominance of the C3 permutations is characteristic for
random data, this dominance is perturbed in CNTRL
protocol by significant presence of C1 permutations,
under completely functional BRR. The opening of the
BRR is dominantly characterized by the decrease in
relative frequency of C1 permutations and increase in
relative frequency of C3 and C4 permutations.

4.

Conclusions

Results confirm the contribution of the autonomic
nervous system to the complexity and synchronisation of
SBP PI shot-term dynamics. PE reveals the lack of BRR
responses and increase of more complex symbolic
patterns due to opening of the BRR loop. These results
are concordant with the joint order pattern analysis where
the presence of higher order transcriptions in opened
BRR loop indicates the change in relationship of SBP and
PI series. Simpler synchronization state, such as under the
fully functional BRR reflex, is characterized by the
dominance of low order classes. The maximum of SKL
measure indicates that for the time series of rats the time
delay between the SBP changes and corresponding PI
responses should be set to 4 heart beats, as previously
proposed by Oosting et al. [7].. Pdf of transcriptions
reveals the complexity of relationship between SBP and
PI series and reflects the transcription effort. Further
studies in humans are warranted to validate the diagnostic
and the prognostic potential of the methods.
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Figure 5. The changes of SKL measure for the delays
between SBP and PI ranging from 0 to 7 heart beats.
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