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HA UCKYCCTBEHHO MOJYJUAPOBAHHBIN CTPECC
Y 3JOPOBBIX CYBBEKTOB
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®I'bOY BO YuruHCcKas rocyJapcTBEeHHAs MEIUIIMHCKAs aKaIeMUsl
Munsznpasa Poccuu, Yuta, Poccus

Ilens. VI3yunTh BIMSHUE UCKYCCTBEHHOI'O CO3/IaHHOIO CTpecca Ha IoKas3aTenu nepudepu-
4eCKOll MUKpoUUpKynaTopHoi remonuHamuku (ML) u BapuaGenbHOCTh CEpAEYHOrO pUTMA y
COMATHUYECKH 3/JOPOBBIX MOJIO/BIX UCIBITYEMBIX.

Mamepuanst u memoosl. B uccnenopanuu npuHsio yaactue 30 uenoBek (M3 HUX 16 Myx-
ynH). Cpennuil Bo3pact 18,2+1,1 ner. MckyccTBeHHBIH cTpecc co3naBaics o metoauke Crpyma.
Ouenka xapaktepucTuk MIII' mpou3BoaMCS METOJOM JAMHAMUYECKOTO PACCESHHS CBETa OT
spurpouuToB. CuUTrHAN MHTETPUPOBAJICA B BHJE TpeX IeMoAMHaMuUdeckux uHHAeKcoB: HI
(Hemodynamic Indexes). HuskouactoTusiii unaekc (HI1) ompenensercs MeaJICHHBIM MEXCIIOe-
BbIM B3aUMOJEHCTBUEM, BbIcOKO4acToTHass oOnacte (HI3) xapakrepusyer ObICTpbIE MPOLECCHI
caura cinoes. HI2 3aHuMaeT npomexyTo4HOE IOJIOKEHUE (MPEKaNUUIAPHBIA U KaluUIIpHBIN
KpPOBOTOK). BapnabenbHOCTb BBIJIENICHHBIX U3 MYJBCOBOH KOMIIOHEHTHI KapAHOMHTEPBAJIOB OIle-
HHMBaJIaCh METOJIOM BapHaIllMOHHOI myiabcomeTpuu (Heart Rate Variability, HRV).

Pezynomampl. B Xo1e npoBEJEHHOIO MCCIEN0BaHUS HAOIIOATOCh MOBBIIIEHUE YaCTOThI
cepaeunbix cokparienuit (HCC) B cTajuio TECTUPOBAHUS, YTO MOJATBEPIKIAET BHICOKYIO CTENIEHb
CTpeccoBOW Harpy3ku. B reMoanHaMuke oTMeuanoch nepepacrpesiefieHue KpoBOTOKa B CTOPOHY
MEJJICHHBIX CKOpocTell caBura (IpUCTEHOUHBIH TOK KpoBH). Ilocie mpekpaiieHust cTpeccoBOi
Harpy3Ku MOKa3aTelu reMOJIMHAMUKHA CHUKAJIMCh, BO3BPAILAsACh K MPEXHUM 3HaueHusM. WHau-
KaTOphbl, XapakTepusymolue BapuadbeabHocTH putMa — LF (cumnarudeckuit komnonent), HF (Ba-
rycHasi akTuBHOCTb), CVI (HenuHelHbI napacuMnaTUyecKuii MHIEKC) MPOSBISUIA TEHACHLHUIO K
pocty, ipu 3ToM cooTtHotreHre LF/HF ocTaBanoch HeM3MEHHBIM.

3aknwouenue. B pe3ynbraTe NpOBEIEHHOTO MCCIEIOBAHUS YAAIOCh CHOPMYITUPOBATH MHO-
roakTOpHyI0 KapTHHY U3MEHEHUS MOoKa3aTelell MUKPOLUUPKYIISIUN U BEreTaTUBHOM peryasuun
CepAeYHOr0 pUTMa, CHEHU(PUUHBIX Ul aAaNTUBHBIX peaklil Ha MHIyHUpoBaHHbIN cTpecc. Ko-
JIMYECTBEHHbIE KPUTEPUU MOJYYEHHBIX CIBUTOB MOTYT OBITh MHTETPUPOBAHBI B MH/AEKCHI CTpecca
U MCIIONIb30BaHbl B KIMHKKE. Benencreue nopraruBHoctd MDLS naTumk, nonoiHeHHBIN crienu-
(UYeCKUMHU KpUTEPUSIMHU OLIEHKH, MOKET OBbITh MCIOJIb30BaH /JI1 MOHUTOPUHTIA a/IallTUBHBIX pe-
aKILIM{, BBI3BAHHBIX CTPECCOBBIMU CUTYaLMSIMU U NPUHATHS PAHHUX JUArHOCTHMUYECKUX U IPOTHO-
CTHYECKHX PELIEHUI B KIIMHUKE U JUI1 CAMOKOHTPOJIS NAI[UEHTA.

Knwouesvie cnosa: cmpecc; cemoounamuka, 6apuadeirbHOCmy cepoeyHoco pumma,; aoan-
mayus, MUKpOYUPKYIAYUs.
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Aim. To study the influence of artificially created stress on hemodynamic parameters
of peripheral microcirculation and variability of the heart rhythm in somatically healthy young
individuals.

Materials and Methods. In the study 30 individuals were involved (of them 16 men)
with the mean age 18.2+1.1 years. An artificial stress was created using Stroop method. Assess-
ment of characteristics of hemodynamics of microcirculation (HM) was performed by the method
of dynamic scattering of light from erythrocytes. The signal was integrated in the form of three
hemodynamic indexes: HI (Hemodynamic Indexes). Low frequency index (HI1) was determined
by a slow interlayer interaction, high frequency area (HI3) characterized fast shearing of layers.
HI2 took intermediate position (precapillary and capillary blood flow). Variability of
cardiointervals isolated from pulse component, was assessed by method of variation pulsometry
(Heart Rate Variability, HRV).

Results. In the course of study, increase in the heart rate (HR) in the stage of testing was
observed that confirms a high extent of stress load. In hemodynamics, redistribution of blood
flow was noted toward slow shear velocities (near-wall blood flow). After cessation of stress load,
hemodynamic parameters declined and returned to previous values. Parameters characterizing
variability of rhythm — LF (sympathetic component), HF (vagal activity), CVI (non-linear
parasympathetic index) showed a tendency to growth; here, LF/HF ratio did not change.

Conclusion. In result of the carried out study it was possible to formulate a multifactor
picture of variation of parameters of microcirculation and of autonomic regulation of cardiac
rhythm specific of reactions of adaptation to induced stress. The quantitative criteria of the
obtained shears may be integrated into stress indexes to be used in clinical practice. A portable
mDLS sensor may be supplemented with specific assessment criteria and used for monitoring
of adaptive reactions induced by stressful situations, and for taking early diagnostic and prognos-
tic decisions in the clinical practice, and for self-control of a patient.

Keywords: stress; hemodynamics; heart rate variability; adaptation; microcirculation.

The concept of stress includes a com- ment of adaptation status of an organism.
plex of non-specific adaptation changes in an Mechanism of primary (early) reactions to
organism in response to external and internal stress studied on healthy individuals, provides
factors (stressors). The most prominent re- the basis for its comparison with similar re-
sponse of an individual to stress is considered sponses in patients with different pathologies,
to be reactions on the part of the nervous sys- and as a consequence, the possibility for tak-
tem and, as a consequence, of the cardiovas- ing early diagnostic and prognostic decisions.
cular system; complex measurement of these Aim — to study the influence of stimu-
reactions becomes one of criteria for assess- lated psychoemotional stress on the hemody-
POCCUNUCKUA MEOWKO-BUONMOINMYECKUN BECTHUK I.P. PAVLOV RUSSIAN MEDICAL

nMeHu akagemuka U.M. Maenoea. 2019. T. 27. Ne4. C. 443-450 444 BIOLOGICAL HERALD. 2019;27(4):443-50



DOI:10.23888/PAVLOVJ2019274443-450

OPUITMHANbHOE UCCINEQOOBAHUE

ORIGINAL STUDY

namic parameters of the peripheral microcir-
culation in somatically healthy young indi-
viduals.

Materials and Methods

In the experiment 30 somatically
healthy individuals (16 men and 14 women)
participated. The mean age was 18.2+1.1
years. The study was conducted in compli-
ance with the ethical principles of World
Medical Association Declaration of Helsinki
(1964, 2013); National Standard of the RF
“Good Clinical Practice” (GOST P 52379-
2005). All individuals included into the study,
gave voluntary informed consent. The proto-
col of study was approved by Local ethical
committee of Chita State Medical Academy
(Protocol Ne 86 of 01.11.2017).

Experiment was conducted in three
stages each lasting 5 minutes:

T1 — resting state,

T2 — modulated stress,

T3 — recovery of resting state.

Each stage was conducted with meas-
urement of parameters of hemodynamics and
with assessment of heart rate variability.
Stress was created by a color test based on
Stroop’s effect. This method was designed to
assess establishment of association links be-
tween cortical zones responsible for percep-
tion of color and of letter form. A mismatch
between the color and the meaning of the
words leads to conflict of perception and, as a
result, to stress.

A sensor of dynamic scattering of light
mDLS (miniaturized Dynamic Light Scatter-
ing, Elfi-Tech, Rehovot, Israel) senses pho-
tons reflected from erythrocytes moving in
the neighboring blood flow laminae (shear
velocity, or lateral velocity gradient). The
sensor was positioned on the index finger on
the palm side of the hand. The signal was in-
tegrated in the form of three hemodynamic
indexes HI. Fast Fourier transform (FFT) was
used for spectral decomposition of the signal
to frequency components associated with he-

modynamic sources of different shear veloci-
ty of laminae. Low-frequency (1-300 Hz) in-
dex (HI1) was determined by slow
interlaminar coupling, high-frequency (3000-
24000 Hz) region (HI3) characterized fast
interlaminar shear processes. HI2 takes in-
termediate position (precapillary and capillary
blood flow). For assessment of redistribution
tendency of the blood flow between fast and
slow processes, HI1/HI3 ratio was introduced.

Variability of cardiointervals isolated
from pulse component was assessed by
pulsometry method (Heart Rate Variability,
HRV). The following parameters were used:
SDNN - Standard Deviation of NN Intervals
— standard deviation of all RR intervals (re-
flects all long-term components and circadian
rhythms responsible for variability); LF —
power in the low frequency range (0.04-0.15
Hz) defined by the activity of sympathetic
division and characterizing delay in
baroreflex realization; HF — power in the high
frequency range (0.16-0.5 Hz) associated with
respiratory movements and mostly provided
by vagal activity; LF/HF — ratio of powers
indicating the general sympathovagal bal-
ance; CVI — Cardiac Vagal Index, non-linear
parasympathetic index; CSI — Cardiac Sym-
pathetic Index, non-linear sympathetic index.

Statistical analysis and visualization
were implemented in R language (http://cran.r
-project.org), 3.4.4 version. Reliability of pair
differences of all parameters between stages
(T1, T2, T3) was assessed by Wilcoxon test.
Hommel correction was used for multiple
comparison. Decision on statistical signifi-
cance of hypotheses was taken at the level of
p<0.05. Quantitative presentation of parame-
ters in the tables was implemented in M+SD
format (mean value + standard deviation).

Results and Discussion

During the test all participants exhibited
a significant increase in pulse, and its com-
plete recovery to the initial values (T3) (Fi-
gure 1).
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Hemodynamic indexes also exhibited
significant changes in response to stress stim-
ulation (Table 1). In the second period (T2)
there was a noticeable increase in HI1 index
(associated with slow shear velocities and
near-wall processes in vessels). In the third
period (T3) the index returned to the initial
values (Figure 2). We think that increase in
HI1 may be attributed to both activation of
near-wall processes and dilatation of vessels
(increase in the diameter of vessel reduces
shear velocity).

From this a significant increase in
HI1/HI3 ratio follows characterizing the bal-

ance of distribution of interlaminar velocities.
In stage T3 a tendency emerged for this index
to return to the initial values, but this process
lacks statistical confirmation.

Simultaneously, increase in parameters
of the total variability was observed (Table 2)
characterizing the general tone of the auto-
nomic nervous system. After the test both the
high-frequency component HF associated
with breathing and provided by the vagal ac-
tivity, and low-frequency component LF
characterizing sympathetic activity and re-
flecting delay in the baroreflex, considerably
increased.

HEART RATE, beat/min
0

n=30 n=30 n=30
T T2 T3
PERIOD

Fig. 1. Dynamics of heart rate
Note: additional lines connecting pairs of values are introduces

Table 1

Parameters of Microcirculation Hemodynamics in Response to Stress Stimulation
in Somatically Healthy Young Individuals

Parameter T1 T2 T3 pl p2 p3
HR, beat/minute 78.7+£11.7 90.3+11.2 76.9+11.9 <0.0001 0.013 <0.0001
HI1 158.0+26.4 172.0+£25.4 163.0+£22.5 0.007 0.070 0.015
HI2 460+166 480+154 460+153 0.61 0.98 0.68
HI3 255+109 246+103 2434+98.7 0.64 0.79 0.79
HI1/HI3 0.676+0.270 0.773+0.264 0.752+0.322 0.011 0.096 0.67

Note: Hemodynamic indexes are dimensionless values. HR — heart rate. Statistical significance
of comparison of groups by paired Wilcoxon test: p1 —T1and T2, p2 —-Tland T3,p3 -T2 and T3
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n30 n=]30 n=]30
T1 T2 T3
PERIOD

Fig. 2. Dynamics of HI1 hemodynamic index
Note: additional lines connecting pairs of values are introduces

It is known that activation of parasym-
pathetic nervous system in stress reaction is a
mechanism of protection against side effects.
In our research no significant change in the
balance of frequency distribution (LF/HF)
was observed. Most significant growth was
observed in the non-linear parasympathetic
index CVI (Figure 3, Table 2) while non-

linear sympathetic index (CSI) remained un-
changed (Table 2).

Thus, on the one hand, the results of re-
search once again confirm the role of Stroop
effect in modulation of stress condition de-
scribed earlier and manifested in our work by
increase in the heart rate with return to the
initial values after cancellation of stimulus.

Table 2
Changes of Parameters of Heart Rhythm Variability
and of Condition of Autonomic Nervous System
Parameter T1 T2 T3 pl p2 p3
SDNN, msec 68.8+22.5 | 87.2426.4 | 71.5+24.2 0.003 0.45 0.018
LF, msec > 1090+ 628 | 1390+ 681 | 1080+630 0.028 0.94 0.070
HF, msec 2 7324458 1130+713 740+460 0.021 0.93 0.045
LF/HF 1.62£0.89 | 1.54+0.77 | 1.49+0.76 0.96 0.96 0.96
csl 1.73£0.46 | 1.79+0.53 | 1.75+0.53 0.84 0.84 0.84
CcVvI 4.76+0.31 | 4.96+0.31 4.8+0.30 0.008 0.47 0.039

Note: statistical significance of comparison of groups by paired Wilcoxon test: p1 — T1 and

T2,p2—-Tland T3,p3-T2and T3
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Fig. 3. Dynamics of non-linear parasympathetic index CVI
Note: additional lines connecting pairs of values are introduces

On the other hand, parameters of the
interlaminar flow dynamics obtained by
method of laser speckle-interferometry,
demonstrated a reliable reaction to the stimu-
lated stress in the slow HI1 (near-wall) com-
ponent, and incomplete recovery in the early
period after cancellation of the stimulus. Au-
tonomic regulation of hemodynamics was
manifested by increase in the activity of the
parasympathetic influence.

Unique character of the research con-
sists in complex assessment of the reaction to
stress both in terms of distribution of the
interlaminar hemodynamic processes in the
microcirculation using non-invasive method
of laser speckles, and in terms of the auto-
nomic regulation by analysis of heart rate var-
iability isolated from the pulse component of
speckle-signal.

Conclusion
The conducted research permitted to

obtain a multifactor picture of changes in the
microcirculation parameters and of the auto-
nomic regulation of the heart rhythm specific
to adaptive reactions to induced stress.

Hemodynamics is characterized by in-
crease in the cross section (diameter of ves-
sels) of the microcirculatory bed, and, proba-
bly, by activation of parietal adhesion pro-
cesses. Autonomic nervous regulation is
characterized by preservation of the balance
with simultaneous activation of sympathetic
and parasympathetic divisions.

Quantitative criteria of the obtained
shifts may be integrated to stress indexes and
used in clinical practice. A portable mDLS
sensor may be supplemented with specific
assessment criteria and used for monitoring of
adaptive reactions induced by stressful situa-
tions, and for taking early diagnostic and
prognostic decisions in the clinical practice,
and for self-control of a patient.
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