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ABSTRACT
Laser Doppler flowmetry (LDF) was used for detection of age-related changes in the blood microcirculation. The
LDF signal was simultaneously recorded from the 3rd fingers’ pads of both hands. Amplitudes of the blood flow
oscillations and wavelet coherence of the signals were used for the data analysis. A statistical difference in the
synchronisation of myogenic oscillations was found between the two studied age groups. Myogenic oscillations
of blood perfusion in the younger group had a higher wavelet coherence parameter than in the older group.
Observed site-specific and age-related differences in blood perfusion can be used in the future in the design of
experimental studies of the blood microcirculation system in patients with different pathologies.
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1. INTRODUCTION
The cardiovascular system is one of the most important systems of the human body. With age it is exposed to
various trophic disorders, resulting in blood microcirculation disturbances which can adversely affect the course
of diseases and the development of concomitant complications.1 Therefore, for conducting a reliable diagnosis,
it is necessary to formulate the concept of the normal state of blood microcirculation for different age groups.
One of the most common non-invasive optical methods for measuring blood perfusion is laser Doppler flowmetry (LDF). The method is based on laser sensing of tissue and further analysis of scattered light, which is reflected
from erythrocytes. LDF is used for functional diagnostics of the blood microcirculation system, including diagnostics of socially significant diseases associated with the cardiovascular system, as well as their complications.2–4
Furthermore, this method allows for the evaluation of the oscillatory processes in the microcirculatory bed. There
are several frequency ranges that characterise the contribution of various factors to the LDF signal: endothelial (0.0095-0.021 Hz), neurogenic (0.021-0.052 Hz), myogenic (0.052-0.145 Hz), respiratory (0.145-0.6 Hz) and
cardiac (0.6-2 Hz).5
LDF studies are conducted not only at rest, but also with a variety of functional samples, such as local
occlusion tests or heating.6 LDF is also used to study age-related changes in blood flow.7 But currently, there
is a shortage of studies about the simultaneous detection of the blood perfusion signal from symmetrical areas
of upper limbs.8, 9
The purpose of this work was to investigate the synchronisation of blood perfusion signals from contralateral
limbs in two different age groups.
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2. MATERIALS AND METHODS
Experimental studies were conducted using two wearable laser Doppler flowmetry monitors “AMT-LAZMA
1” (Aston Medical Technology Ltd., UK) for the analysis of blood microcirculation. The devices implement
identical channels for recording blood perfusion and allow simultaneous measurements at several points of the
body. At the moment, these devices are the latest development to assess the state of blood microcirculation.10
These studies were conducted in accordance with the principles set out in the Helsinki Declaration of 2013
by the world medical Association. The studies were approved by the Ethics committee of Orel State University.
The study involved 40 healthy volunteers without cardiovascular and other serious chronic diseases that affect
the blood circulation system; volunteers with alcohol or drug dependence were also excluded. Before starting the
study, each volunteer gave a voluntary informed written consent to participate in the experiment and passed a
questionnaire to identify possible health problems. The study participants were divided into two groups according
to their age: 22 volunteers were under the age of 20 (1st group: average age of 19.4 ± 0.6 years), 18 volunteers
were over 40 (2nd group: average age of 52.6 ± 10.2 years).
Studies were conducted in a sitting position, in a state of physical and mental rest, not earlier than 2
hours after eating. The volunteer’s hands were placed on the table at the heart’s level. The index of blood
microcirculation was recorded for 10 minutes, while the sensors were attached to the palmar surface of the distal
phalanx of 3rd fingers without applying any pressure on the study area.
These sites were chosen because they represent the glabrous skin that covers the face, palms and soles of the
feet. The mechanism of sympathetic regulation dominates at these locations due to the presence of arteriovenous
anastomoses.11

3. RESULTS AND DISCUSSION
Volunteers were recruited in such a way that the second group was much older than the first (p < 0.05). In
other parameters (heart rate and blood pressure) no significant difference was observed.
The study revealed a higher level of perfusion in group 2 compared to group 1. Statistically significant
differences between the two groups were found in amplitudes of amplitudes of endothelial (Ae) and myogenic
(Am) oscillations. These results are presented in Table 1.
Table 1. Results of the wavelet analysis of the obtained data

Parameters
Younger group
Older group
∗

Im, PU
14.4 ± 4.7∗
18.2 ± 3.0

Ae, PU
0.74 ± 0.32∗
0.59 ± 0.56

An, PU
0.35 ± 0.15
0.35 ± 0.16

Am, PU
0.56 ± 0.26∗
0.43 ± 0.23

Ar, PU
0.61 ± 0.30
0.55 ± 0.35

Ac, PU
0.59 ± 0.28
0.63 ± 0.42

- The significance of the difference between the values was confirmed with p < 0.05 using Mann-Whitney test

Fig.1 shows the results of comparisons of the wavelet coherence parameters on the fingertip for two groups of
subjects. The box-and-whiskers diagram was built for the demonstration of differences in coherence parameters
between healthy volunteers of the selected age groups. Myogenic oscillations of blood perfusion in the younger
group had a higher wavelet coherence parameter than in the older group, according to Wilcoxon signed-rank
test.
Wavelet coherence shows how much the blood flow oscillations coincide in frequency and amplitude. In this
case, the magnitude of the amplitudes is not taken into account, the value is the ratio of the amplitudes of the
oscillations. The closer the amplitudes are to each other, the higher the coherence (approaching 1), and the
closer the similar amplitudes are in the frequency range, the higher the coherence.
Fluctuations in blood flow at a frequency of approximately 0.1 Hz (the so-called vasomotions) characterise
the microvascular activity of smooth muscle cells. It was shown in the previous studies that the prevalence of
vasomotions in humans is significantly dependent on the pathology and experimental conditions. Such pathological conditions as diabetes, hypertension, and peripheral arterial occlusive disease (PAOD) are associated with
changes in the pattern of vasomotion.12 Since the subjects included in both of the studied groups were healthy
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Figure 1. Analysis of wavelet coherence of blood perfusion between the middle fingers of the right and left hands
of 1st (green boxes) and 2nd (purple boxes) groups of volunteers.
* - The significance of the difference between the values was confirmed with p < 0.05 according to the Wilcoxon
signed-rank test
volunteers, without identified health problems and had similar blood pressure and pulse parameters, we assume
that the result obtained is associated with the age specificity of the microvasculature.
It can be said that with age the work of mechanisms that synchronise oscillations in this frequency interval
throughout the cardiovascular system is changing, causing differences in the vascular tone of the right and left
parts of the body. The obtained results are consistent with the data obtained earlier by other researchers,
confirming that oscillations of around 0.1 Hz are highly synchronised in the cardiovascular system of young
healthy subjects.9

4. CONCLUSIONS
The blood microcirculation system is subjected to significant structural and functional changes during aging.
The presented study has shown differences in the wavelet coherence parameters of two distinct age groups. It
was discovered that myogenic oscillations of blood perfusion in the younger group had a higher wavelet coherence
parameter than in the older group.
Also, it is necessary to continue research with an increase in the samples number and size. The use of wavelet
analysis of the received LDF signals to detect changes in the microcirculation regulatory mechanisms during
ageing is also promising. The obtained data can be considered further in the development of protocols for the
studies of the blood microcirculation system in patients with different pathologies.
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