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Abstract. Introduction. Psoriasis is a chronic inflammatory autoimmune skin disease involving the musculoskeletal
system in the pathological process. This original study presents comparative results of studying the microcirculatory
bed in the psoriatic papule and in a healthy area of the skin of patients with psoriasis. The aim was to study of the
parameters of microcirculation in a pathological lesion of the skin in patients with psoriasis against the background
of treatment under the influence of artificially created stress. Materials and methods. 16 patients with psoriasis
aged 18 to 25 years who were on inpatient treatment at the Regional Skin and Venereological Dispensary in Chita
were examined. Microcirculation was evaluated by laser speckle interferometry. Statistical analysis and visualization
are performed in the R language (http://cran.rproject.org), version 4.2.3. Results. The dynamics of interlayer blood
flow obtained by laser speckle interferometry in a state of artificially modulated stress in a healthy area of the skin
significantly differ compared with microcirculation in the affected area. Conclusion. The revealed changes in the
microcirculation of the skin contribute to the understanding of the pathogenetic links of the formation of a pathological
focus in patients with psoriasis.
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Pestome. BeedeHue. lcopmas — XpoOHMYECKOE BOCNANNUTENbHOE ayTOMMMYHHOe 3aboneBaHune KOXM ¢ BOBNeYe-
HMEM B NATONOTMYECKMIA NPOLLecC ONOPHO-ABUraTENbHOrO annapaTa. B faHHOM opuriHanbHOM UccnegoBaHnm
npeLCTaBeHbl CPaBHUTENbHbIE Pe3ynbTaTbl M3y4YeHUS MUKPOLMPKYNSTOPHOrO pycna B NcopuaTM4Yeckon nanyne u
B 3J0POBOM y4acTKe KOXW NaLuMeHToB ¢ ncopuasom. Lenb uccnedogaHusi — n3yyeHne napameTpoB MUKpOLMP-
Kynsiyum B NaTONOrMYECKOM 04are KoXu y nalMeHTOB C NCOPMa3oM Ha hOHe NPOBOAMMOrO NEYEHMS NpU BO3AEN-
CTBWW UCKYCCTBEHHO CO3AaHHOro ctpecca. Mamepuansi u memodsl. O6cnefoBaHo 16 nayneHToB ¢ Nncopruasom B
Bo3pacTe 0T 18 [0 25 feT, HAXOANBLUMXCS Ha CTauuMoHapHOM neveHumn B Y3 «KpaeBomn KOXXHO-BEHEPONOrMYeCKui
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pucnadcep» B . Yute. OLeHKy MUKPOLMPKYNALMKA NPOBOANIIM METOLOM N1a3ePHON CNekn-uHTephepoMeTpuim.
CratucTnyeckuin aHanms u Bu3yanusauus BuInomHeHsl Ha a3bike R (http://cran.rproject.org) Bepcumn 4.2.3. Pe3ynb-
mamaI uccnedogaHus. [okaszaTen AMHaMUKN MEXCII0EBOro KpOBOTOKA, NOMTyYeHHble METOLOM Na3epHOM cnekn-
NHTEPEPOMETPUN, B COCTOSIHUM UCKYCCTBEHHO MOAYNIMPOBAHHOIO CTPECCca B 340POBOM YHaCTKe KOXW JOCTOBEPHO
OT/IMYAIOTCS MO CPABHEHUIO C MUKPOLMPKYNALMEN B MOPaXeHHOM yyacTke. 3akarodeHue. BbisBreHHbIe N3MeHeHns
MUKPOLIMPKYNSALMN KOXI BHOCSAT BKITAZ B MOHUMaHNE NaTOreHeTUYECKNX 3BEHbEB (POPMUPOBAHIS NATONOTMYECKOTO

Oo4ara y nayneHToB C Nncoprasom.

KnioueBble cnoBa: ncopnas, MUKpOLMPKYNSLMS, NCOpUATUYECKUe nanyrbl, naToreHe3

INTRODUCTION

AIM

Psoriasis is a chronic immune-mediated inflammatory
skin disease characterized by impaired keratinization and
inflammatory reactions in the dermis. The pathogenesis of
dermatosis includes the interplay between environmental
triggers, hereditary component, inflammatory and autoim-
mune reactions, which directly affects the alteration of skin
microcirculation in psoriasis patients [2, 12]. According
to the literature, autoantibodies and immune complexes
in dermatosis contribute to vascular wall damage, which
correlates with the duration, severity of the pathologic
process and clinical symptoms of the disease. The main
factors contributing to angiopathies in psoriasis are local
skin damage, changes in interstitial metabolism, formation
of hypersensitivity and changes in vascular permeability
(3, 5].

Microcirculatory disorders in patients with psoriasis are
caused by imbalance of hemostasis and coagulation [6].
Thus, scientific studies show an increase in the concen-
tration of C-peptide, plasminogen, fibrinopeptide A, homo-
cysteine and a decrease in the level of antithrombin Ill. The
correlation between hemodynamic disturbance and the fre-
quency of disease exacerbations was determined. Changes
in the rheological properties of blood in patients are fixed
in case of a long history of the disease, presence of foci
of chronic infection, long-term intake of systemic glucocorti-
costeroids and cytostatics, complicated course of psoriasis.

The use of capillaroscopy contributes to a better study
of microcirculatory parameters [1, 7, 8, 13]. Modern studies
present the characteristics of microcirculatory disorders: at
the progressive stage in psoriatic papules capillaries are
thin, at the resolution of clinical symptoms they are dilated
with a tortuous pattern. However, a 20% decrease in the
number of functionally active capillaries was recorded at the
border with healthy skin. The perivascular space is charac-
terized by lymphocytic infiltration, edema, but numerous cy-
toplasmic outgrowths were detected on the endothelium. It
is known that clinically healthy blood relatives with psoriasis
have similar changes in microcirculation.

Study of microcirculation parameters in pathologic skin
focus in patients with psoriasis on the background of the
conducted treatment under the influence of artificially crea-
ted stress.

MATERIALS AND METHODS

The study included 16 people with the diagnosis of “Dis-
seminated psoriasis vulgaris of smooth skin and scalp, pro-
gressive stage, exacerbation” who were treated in the hos-
pital on the basis of the State Institution of Health Care “Re-
gional Skin and Venereological Dispensary” of the Ministry
of Health of the Transbaikal Territory (Chita). All patients in-
cluded in the study were prescribed standard systemic and
topical therapy according to the Federal Clinical Recom-
mendations of the Russian Society of Dermatovenerology
and Cosmetology (RSDVC). Voluntary informed consent
was obtained from all persons included in the study.

The study was performed by laser speckle interfero-
metry in two stages. The first stage was at the moment of
admission to the hospital, and the second stage was before
discharge from the hospital. The stages included three pe-
riods, each of which lasted for three minutes: T1 — res-
ting state, T2 — modulated stress, T3 — restorative resting
state. Each period was accompanied by measurements of
hemodynamic parameters. Stress was created by a color
test implementing the Stroop effect. This method is de-
signed to assess the formation of associative connections
between cortical zones responsible for the perception of
color and lettering. The mismatch between color and se-
mantic meaning of words leads to a conflict of perception
and, as a result, to stress. An mDLS (miniaturized Dynamic
Light Scattering, Elfi-Tech, Rehovot, Israel) sensor attached
to the skin recorded photons that were reflected from red
blood cells moving in adjacent layers of blood flow (shear
rate, or transverse velocity gradient). The first sensor was
placed over the affected area of the outer surface of the
forearm. The second sensor was placed above the first sen-
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sor on healthy skin near the pathologic focus. The signal
was integrated as three Hemodynamic Indexes (HI). The
technique of spectral decomposition of the signal by Fast
Fourier Transform (FFT) into frequency components asso-
ciated with hemodynamic sources of different layer shear
rates was used. The low-frequency (1-300 Hz) index (HI1)
was determined by slow interlayer interaction, the high-
frequency region (HI3) (3000-24 000 Hz) characterized

fast layer shift processes. HI2 (300-3000 Hz) occupied an
intermediate position. To evaluate the tendencies of blood
flow redistribution between fast and slow processes, the
HI1/HI3 ratio index was introduced. The summed index
HI = HI1 + HI2 + HI3 demonstrated the volume of flow cov-
ered by sensor irradiation. The normalized indices RHI1,
RHI2, RHI3 denote the relative contribution of each com-
ponent to the overall dynamic processes (RHI1 = HI1/HI,

Table 1
Microcirculatory hemodynamic parameter prior to and after the treatment in healthy and affected areas of the skin
Tabnuuya 1
MokazaTteny MUKPOLMPKYNATOPHOIN reMOAMHAMMUKK JO U MOCe JIeYeHUs Ha 30POBOM M NOPaXX€HHOM y4acTKaxX KOXu
YpoBeHb CoctosiH1e YpoBeHb BoccraHoBuTens- YpoBeHb
YyacTok CocrosHune
Nokasatens / sosneiictems / | nokos (T1) / 3HaYMMO- | MOZYNMPOBAHHOTO | 3HAYUMOCTM HO€ COCTOsIHUE 3HaYMmo-
. ctm (p1)/ ctpecca (T2) / (p2) / Signifi- nokos (T3) / ctu (p3) /
Parameter Area of Resting state N ) oo
impact (™) Significance | Modulated voltage | cance level | Restorative state | Significance
level (p1) state (T2) (p2) of rest (T3) level (p3)
[emoouHamMu4eckuin 3n0poBbIii 71115 0,890 8491143 0,750 764122 0,980
nhaexe (HI) / yyacTok /
Hemodynamic Healthy area
Index (H1) MopakeHHbiii | 706194 814+314 7464277
y4acTok /
Affected area
l'emoayHamM14ecKmit 3p0poBbIit 0,204+0,030 0,038 0,198+0,023 0,029 0,208+0,032 0,007
nHaekc 1 (HI1) / yyacrok /
Hemodynamic Healthy area
Index 1 (HI1) MopaxeHHbin | 0,161+0,028 0,167+0,022 0,154+0,028
y4acTtok /
Affected area
[emoanHammyeckuin 3n0poBblii 0,519+0,019 0,220 0,528+0,018 0,46 0,525+0,015 0,99
nHaexke 2 (H12) / yyacTok /
Hemodynamic Healthy area
Index 2 (H12) MopaxeHHbin | 0,529+0,019 0,519+0,0257 0,525+0,0221
y4acTok /
Affected area
[emoanHammyeckuin 3n0poBbIi 0,270+0,033 0,017 0,274+0,029 0,012 0,267+0,035 0,009
uHaeke 3 (HI3) / yyacrok /
Hemodynamic Healthy area
Index 3 (HI3) MopaxeHHbin | 0,318+0,030 0,326+0,036 0,328+0,033
yyacrok /
Affected area
OTHoLweHne 3n0oposbii 0,71040,141 0,064 0,67340,105 0,018 0,715+0,145 0,020
HI1/HI3 / Ratio yyacrok /
of HI1/HI3 Healthy area
MopaxeHHbin | 0,514+0,119 0,540,115 0,479+0,113
yyacrok /
Affected area

Note. Hemodynamic indices are dimensionless quantities. Statistical significance of comparing groups according to the paired Wilcoxon criterion: p1 - T1 (healthy area)
and T1 (affected area), p2 — T2 (healthy area) and T2 (affected area), p3 — T3 (healthy area) and T3 (affected area).

MpumeyaHue. TemopnHamuyeckie MHAEKCH sBRslTCS Ge3pasMepHbiMA BenvuymHamy. CTaTucTUyeckast 3HAYMMOCTb CPABHEHUSI TPYNn MO MapHOMY KpUTEpUiO
BunkokcoHa: p1 — T1 (3mopoBbIi yyacTok) v T1 (nopaxeHHbIit y4acTok), p2 — T2 (300poBbIit y4acTok) 1 T2 (nopaxeHHblit yyacTok), p3 — T3 (300poBblit yyacTok) n T3

(nopaxeHHbIN y4acTok).
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Table 2
Microcirculatory hemodynamic parameter on response to stress stimulation in patients with psoriasis
Tabnuua 2
MokazaTeny MUKPOLIMPKYNATOPHOM reMOANHAMUKUA B OTBET Ha CTPECCOPHYH CTUMYNALMIO Y 60NbHBLIX NCOpHa3om
Coctomwe | Cocrosme | Cocromwe | FEEE | SREE | SRS
MokasaTtens / Yuactok Bo3genctausa / | nokosi (T1)/ | nokos (T2)/ | nokosi (T3)/ (01)/ 02)/ (03)/
Parameter Area of impact Resting Resting state Resting P P P
state (T1) (12) state (T3) Significance Significance | Significance
level (p1) level (p2) level (p3)
lemoanHammnye- 3p0poBbIit yyacTok / 711+115 849+143 764+122 0,003 0,018 0,004
ckuin naaeke (HI) / Healthy area
"'elmf’dV”'jlm'C MopaxeHHbIii yyacTok / | 709+296 8144314 7464277 0,48 0,64 0,93
ndex (HI) Affected area
[emogmnHa- 3p0poBbIit yyacTok / 147+19,7 168+31,8 158+27,5 0,007 0,014 0,014
MUYECKUI Healthy area
wrpeke 1 (HI1) 11 mooawenrbit yuactok | | 1264548 | 1294548 | 128535 0,87 0,87 0,87
Hemodynamic Affected area
Index 1 (HI1)
[emoauHa- 3a0poBbIit yyacTok / 370+64,1 4484734 401+65,6 0,004 0,033 0,005
MUYECKMI Healthy area
wrnexc 2 (HI2) 1 | moooyenmpi yuactok | | 4165212 | 421176 | 433204 0,85 0,85 0,85
Hemodynamic Affected area
Index 2 (HI2)
[emoauHa- 3p0poBbIi yyacTok / 194+477 234+51,3 2051476 0,006 0,009 0,009
MUYECKNN Healthy area
wrnexc 3 (HI3) 1 | mooayenmuin yuactok /| 218+82 2414615 | 2364739 0,14 0,19 0,52
Hemodynamic Affected area
Index 3 (HI3)
OTHoLLEHME 3p0poBbIl yyacTok / 0,8+0,226 0,735+0,16 | 0,802+0,224 0,068 0,87 0,091
HI1/HI3 / Ratio Healthy area
of HI/HI3 MopaxeHHbiii yuacrok / | 0,514£0,119 | 0,475:0,135 | 0,479+0,113 0,51 0,34 0,81
Affected area

Note. Hemodynamic indices are dimensionless quantities. Statistical significance of comparing groups according to the paired Wilcoxon criterion: T1 and T2, p2 — T1

and T3, p3 — T2 and T3.

lMpumeyaHue. 'emoanHaMUYECKNE VHOEKCHI SBNSIOTCSA 6e3p63MeprIMM BennynHamu. CTaTucTuyeckasi 3Ha4YMMOCTb CpaBHEHMA Trpynn no napHOMY Kputeputo

Bunkokcora: p1 —T1mn T2,p2 —T1mnT3,p3 —T2u T3.

RHI2 = HI2/HI, RHI3 = HI3/HI). To evaluate the tendencies
of blood flow redistribution between fast and slow proces-
ses, the HI1/HI3 ratio index was introduced.

Statistical analysis and visualization were performed in
R language (http://cran.rproject.org) version 4.2.3. Asses-
sment of the reliability of pairwise differences of all indica-
tors between stages (T1, T2, T3) was performed using the
Wilcoxon test. Decision on the statistical significance of hy-
potheses was made at the level of p <0.05. Quantitative
representation of indicators in the tables was performed in
the format M+SD (mean value + standard deviation).

RESULTS AND DISCUSSION

In the first phase of the study before treatment, a signifi-
cant number of subjects showed a decrease in the relative

normalized hemodynamic index RHI1 in all measurement
periods: T1 (resting state) — healthy site = 0.00029, af-
fected site = 0.00023 (p=0.038); T2 (modulated stress) —
healthy site = 0.00023, affected site = 0.00021 (p=0.029);
T3 (resting recovery state) — healthy site = 0.00027, affec-
ted site = 0,00021 (p=0,007). There was an increase in the
normalized RHI3 index in the affected skin area compared
to the healthy skin area: T1 (resting state) — 0.00038 and
0.00045 (p=0.017); T2 (modulated stress) — 0.00062 and
0.00064 (p=0.012); T3 (restorative resting state) — 0.00035
and 0.00044 (p=0.009) respectively (Table 1).

We have revealed changes in hemodynamic indices on
the affected and healthy sites in response to stressor loading.
Thus, on the healthy skin area in the period T2 (modulated
stress) there was an increase in all normalized hemodynamic
indices (RHI1 of the healthy site = 0.19788, affected site =
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Table 3

Microcirculatory hemodynamic parameter on response to treatment in the T1 period

Tabnuua 3

MokasaTenu MUKPOLMPKYNATOPHOI reMoAMHaMMKM B OTBET Ha NneyeHue B nepuoge T1

Nokasatens / Parameter [o Tepanuu / Mocne Tepanuu / YpOI?EH.b' 3HaymmocTy (p) /
Before therapy After therapy Significance level (p)
l'emoguHamuyeckuit niaeke (HI) / Hemodynamic Index (HI) 7031406 7131242 0,86
l'emoguHamuyeckuin nigekc 1 (HI1) / Hemodynamic Index 1 (HI1) 123470 1314441 0,73
l'emognHamuyeckuit niaeke 2 (H12) / Hemodynamic Index 2 (HI2) 375221 367+128 0,80
l'emogmHamuyeckuin nigeke 3 (HI3) / Hemodynamic Index 3 (HI3) 215115 2154755 0,81
OrtHoweHwe HI1/HI3 / Ratio of HI1/HI3 0,46340,105 0,612+0,099 0,004

Note. Hemodynamic indices are dimensionless quantities. Statistical significance of comparing groups according to the paired Wilcoxon criterion.
MpumeyaHue. TemopnHamuyeckie MHAEKCH sBRsOTCS Ge3pasMepHbiMA BenuumHamu. CTaTucTUyeckast 3HAYMMOCTb CPABHEHUS! TPYnn MO MapHOMY KpUTEpUiO

BunkokcoHa.

HI1/HI3

HI1/HI3

HI1/HI3

1.0

04 05 06 0.7 08 09

03 04 05 06 07 08 09

R |
o <

3MOPOBDLIF YYACTOK/ [MOPAKEHHbIA YYACTOK /
HEALTHY AREA AFFECTED AREA

T1

HEALTHY AREA

Fig. 1.
by study period

Puc. 1.
1 NopaXxeHHOM yyacTKax no nepuogam UccnegoBaHus

=0.15848; RHI2 of the healthy site = 0.52768, affected site =
0.51720; RHI3 of healthy site = 0.29607, affected = 0.27562)
with incomplete recovery of them at stage T3 (resting state
recovery) (RHI1 of healthy site = 0.20681, affected site =
=0.17158; RHI2 of healthy site = 0.52487, affected = 0.58043;
RHI3 of healthy site = 0.26832, affected site = 0.31635). Ho-
wever, no statistical changes between slow and fast interlayer
interactions were detected in the psoriatic focus both at rest

3OPOBLIF YYACTOK/ MOPAKEHHBIA YUACTOK /

3IOPOBDLIA YYACTOK/  [OPAKEHHBIA YUACTOK /

AFFECTED AREA HEALTHY AREA AFFECTED AREA

T2 T3

Dynamics of the change in the ratio between slow and fast interlayer interactions in the HI1/HI3 ratio in healthy and affected areas

[vHaMuka U3MeHeHMs COOTHOLIEHUS MeXAY MeANeHHbIMU U ObICTpbIMU MeXcnoeBbiMU B3aumoaencTusamu HI1/HI3 Ha 3gopoBom

(T1) and under modulated stress (T2), which may indicate a
lack of response in response to stress stimulation (Table 2).

In the second phase of the study, incomplete recovery
of the RHI index (RHI1 before treatment = 0.17496, after
treatment = 0.18373; RHI2 before treatment = 0.53343, af-
ter treatment = 0.51473; RHI3 before treatment = 0.30583,
after treatment = 0.30154) was observed after treatment in
period T1 (resting state) (Table 3).
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Fig. 2. Dynamics of the change in the ratio between slow and fast interlayer interactions in the HI1/HI3 ratio in healthy and affected areas
of the skin

Puc. 2. [uHammka N3MeHeHWs COOTHOLLEHNA MeXAY MeANEHHbIMU U BbICTPbIMU MexcnoeBbimy B3aumogericTauamu HI1/HI3 Ha 3gopoBom

U nopaxeHHOM y4YacTKax KOXu

How to explain the results obtained? It is known that the
emerging local inflammation as well as the processes of neo-
angiogenesis change the character of blood flow in favor of
turbulent flow [4], which affects hemodynamic functions: the
hemodynamic index RHI1 decreases in all periods of measure-
ment, while the RHI3 index increases on the affected skin area.
This assumption is consistent with the results of studies [8, 10],
the authors of which showed that the processes of inflamma-
tion and neoangiogenesis are caused by the appearance of
cytokine-chemokine network. Based on this, we can conclude
that a significant decrease in the HI1/HI3 ratio characterizes a
change in the balance of interlayer velocity distribution (Fig. 1).

At the same time, the unequal response in the affected
and healthy areas in response to the stressor load may be
due to the processes of endotheliocyte maladaptation, the
mechanoreceptors of which may have been blocked due to
impaired wall blood flow, as well as specific proinflamma-
tory cytokines, the action of which is caused by autoimmune
inflammation [9-11] (Fig. 2).

CONCLUSION

1. Laser speckle interferometry-derived measures of
interlayer blood flow dynamics demonstrated significant
changes in the slow RHI1 and fast RHI3 components, un-
changed by exposure to artificially induced stress.

2. At the healthy site, when the stress condition was in-
duced, there was an increase in HI1 with incomplete recov-
ery in the T3 period.

3. The observed change in microcirculation after the treat-
ment is due to the reduction of systemic and local inflammation.
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AONONMHUTENBHAA UHOOPMALINA

Bknag aBTOopoB. Bce aBTOpbl BHECNU CYLLECTBEHHbIN
BKIag B pa3paboTky KoHLenuun, NpoBeAeHNe UCCneaoBaHNs
1 NOArOTOBKY CTaTbl, NPOYNK 1 0fobpunu huHanbHy Bep-
CvK0 nepeg nybnukaumen.

KoHchnukT mHTepecoB. ABTOpbI AeKnapupylT OTCyT-
CTBUE SBHbIX W MOTEHLManbHbIX KOH(IIMKTOB WHTEPECOB,
CBSA3aHHbIX C Nybrnukauyein HacTosLen cTaTbMm.

UcTounnk chuHaHcupoBaHua. ABTOpbI 3asBnAlT 06
OTCYTCTBUW BHELIHEro (hMHAHCUMPOBAHWUS NpU NPOBEAEHUM
nccneoBaHus.

UHdopmupoBaHHoe cornacue Ha nybnukaumio. As-
TOPbI MOMYYMNN NUCbMEHHOE COornacKe NauMeHTOB Ha My-
BriMkaLmio MEANLMHCKUX LaHHbIX.
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