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Abstract—The article describes a multiparametric approach to the assessment of cutaneous microcirculation
in dermatological patients (using the example of psoriasis patients). The multiparametric diagnostic
approach consisted of three stages of successive measurements performed according to the methodology of
laser speckle contrast imaging (LSCI), laser Doppler f lowmetry (LDF), and videocapillaroscopy (VCS).
Experimental studies on hemodynamic parameters were conducted in psoriatic patients with a course of con-
servative treatment. A combined application of optical noninvasive diagnostic methods allowed physicians to
record changes taking place in the microcirculatory bed during treatment. It has been found that microcircu-
latory disorders observed before the start of treatment in the field of psoriatic plaques (an increase in the den-
sity of the capillary network, an increase in the indicator of microcirculation, nutritive blood flow and the
amplitudes of myogenic and cardiac oscillations) were normalized due to the applied treatment, on which the
assessment of its efficacy may be based. The suggested approach may be used for diagnosing microcirculatory
disorders emerging in psoriasis in its preclinical stage, as well as for developing and testing new pharmacolog-
ical means for its treatment.
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Psoriasis is a chronic recurrent inflammatory skin
disease with hyperproliferation of epidermal cells,
keratinization dysfunction, and inflammatory
response in the derma accompanied by changes in dif-
ferent organs and systems. According to statistical
data, this dermatosis occurs in 2–3% of the world’s
population [1]. The understanding of pathogenic
mechanisms underlying psoriasis still remains contro-
versial. The question remaining unanswered so far is
either psoriasis is mainly an epidermal disease accom-
panied by dermal and vascular changes or the onset of
lesions occurs in the derma and blood vessels and sec-
ondarily provokes hyperproliferation of the epidermis.
However, the fact that an important and, probably, a
decisive role in the pathogenesis of the disease belongs

to microvascular changes is generally recognized by
the entire scientific medical community [2–4].

Microcirculatory disorders, as a characteristic
symptom of psoriasis, emerge long before the appear-
ance of the clinical picture of the disease. Histological
and capillaroscopic investigations showed that the sta-
tionary stage of the disease is characterized by tortuos-
ity of capillary loops in the papillary derma and the
elongation of their venous portion [2, 5–7]. A widened
capillary bed and a total increase of the number of
functioning capillaries cause an enhanced blood flow
in the field of psoriatic plaques, compared with the
clinically uninvolved skin [8, 9]. The microvascular
changes occur before or immediately at the early stage
of developing lesions before epidermal hyperplasia
and gradually disappear as soon as the skin returns to
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the normal skin blood microcirculation in the course
of treatment. The increased skin perfusion returns to
normal values, capillaries with the predominance of
venous portion transform into arterial capillaries
resembling those typical of healthy skin [3, 6, 10].
Thus, microcirculatory changes play an important
part in the pathogenesis and treatment of psoriasis and
serve as a reliable diagnostic parameter.

Dermatologists are currently very limited in choos-
ing instrumental methods for diagnosing and moni-
toring the dynamics in the treatment of psoriasis. The
disease diagnosis is based on a subjective approach,
including collecting the data on the disease history
and analyzing the clinical picture, and depends on the
physician’s qualification and experience. It is neces-
sary to develop the methods possessing a high infor-
mative reliability and sensitivity coupled with the pos-
sibility of having a real-time diagnosis, which could be
introduced into clinical practice for objectivizing the
criteria for choosing a treatment strategy and monitor-
ing the treatment in dynamics.

Optical noninvasive diagnostic methods, such as
the Laser Speckle Contrast Imaging (LSCI), Video-
capillaroscopy (VCS), Laser Doppler Flowmetry
(LDF), Fluorescence Spectroscopy, Diffuse Reflec-
tance Spectroscopy, Photoplethysmography, Optical
Coherence Tomography, etc., are now widely used in
many disciplines of medicine [11–13], particularly, in
dermatology, in diagnosing microcirculatory disor-
ders in psoriasis, eczema and other skin diseases [14–
16]. A novel area in the development of optical nonin-
vasive diagnostics is associated with a multiparametric
approach, when different research methods are com-
bined into one diagnostic technology, which allows
specialists to obtain highly effective diagnostics tools.
Therefore, we suggest using an approach to allow us to
analyze together the microcirculatory blood flow
parameters recorded simultaneously by three instru-
mental methods, such as LDF, LSCI, and VCS.

The LSCI method is based on recording a random
speckle picture formed by the photodetector, gather-
ing backscattered light from the surface of the tissue
and the moving blood elements (erythrocytes), illumi-
nated with coherent laser radiation [17]. It is possible,
using LSCI, to record two-dimensional blood flow
maps at a very high spatio-temporal resolution [18].
The LDF method is based on testing a biological tis-
sue by low level laser radiation and recording, using
the Doppler effect, the reflected and scattered radia-
tion from erythrocytes moving in the diagnostic vol-
ume [19]. The LDF technique allows one not only to
evaluate the blood perfusion in the field being investi-
gated, but also to analyze the state of different blood-
flow regulation mechanisms, using a spectral analysis
of the signal recorded. The VCS technique is based on
recording and analyzing the motion of erythrocytes
combined with a possibility to evaluate their velocity
inside particular capillaries by video recording a series
of shots with capillary blood flow [20]. This real-time
technology allows us to identify both the functional
and the structural alterations in the microcirculatory
dysfunction at the capillary level.

Therefore, the objective of this study was to inves-
tigate the functional state of the microcirculatory bed
in the upper limbs of patients suffering from psoriasis
and subsequently evaluate the efficacy of the applied
conservative treatment based on a multiparametric
optical approach.

METHODS

The cohort of patients was represented in the study
by six patients (three women and three men) aged 36 ±
16 years from the Dermatovenerological Department)
of the Orel Regional Dermatovenerological Dispen-
sary (Orel, Russia) with the diagnosis of common pso-
riasis in a stationary stage. To assess the efficacy of
conservative therapies, the investigations concerning
the functional state of the microcirculatory bed in the
patients’ lower limbs were conducted on a multipara-
metric approach and repeated by three times, includ-
ing on the day of their hospitalization and on days 6
and 12 of treatment. In total, the summary statistics of
investigations was represented by 18 measurements for
each of the optical diagnostic methods, LSCI, LDF,
and VCS.

The study group included patients with psoriatic
lesions on the inner side of the forearm. The choice of
the indicated region was caused by the minimal risk for
external factors to affect the given area and an easy
access to the area of investigation, which allows us to
obtain reliable information about the nutritive micro-
vascular blood flow in the tissue investigated. The
exclusion criteria for patients were as follows: the his-
tory of acute periods of cardiovascular and broncho-
pulmonary diseases, as well as the acute states of the
diseases of liver, kidneys, blood factors, and veins, i.e.,
the conditions that could influence the final results of
investigations. The main clinical laboratory indicators
were measured in line with the standard laboratory
protocols. Blood pressure was measured after a
patient’s 5-min rest in a sitting position. The main
clinical laboratory indicators for subjects of a derma-
tological profile are shown in Table 1 (the mean values
and the standard deviation (M ± σ) are shown).

The average inpatient length of stay for patients
with psoriasis at the Dermatological Department was
12–14 days. The patients were treated according to the
following standard regimen, including the following
medication and instrumental treatment: intrave-
nously, sodium thiosulfate 30% (10.0 mL) and Rhe-
opolyglukin (400.0 mL); intramuscularly, vitamin В6
(2.0 mL); subcutaneously, aloe (1.0 mL); perorally,
Essentiale Forte Н (300 mg 2 drops 3 times a day),
Pentoxifylline (1 pill 2 times a day), Aevit (1 capsule
2 times a day), folic acid (1 tablet 2 times a day), and
HUMAN PHYSIOLOGY  Vol. 47  No. 6  2021
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Table 1. The main clinical laboratory indicators in the
investigated psoriatic patients (M ± σ)

No. Indicator Value

1 Gender (M/F) 3/3
2 Age, years 36 ± 16
3 Bodyweight index, kg/m2 25 ± 3

4 Duration of the disease, years 16 ± 13
5 SBP, mmHg 126 ± 9
6 DBP, mmHg 82 ± 7
14 The area of the affected skin, % 36 ± 14
Pavlov’s mixture (1 tbsp 3 times a day); externally, sal-
icylic ointment 5%, Dermovate Merhem, and serum
salicylic ointment 2 times a day; and whole-body UV
phototherapy .

All measurements were taken in a room at constant
air temperature (+23 ± 1°С) in the state of psychic and
physical rest for subjects in a sitting position after 15-
min adaptation to room conditions. The investigated
limb was positioned horizontally at the heart level.

Figure 1 shows the measuring scheme for investi-
gating patients with psoriasis using a multiparametric
approach combining three stages of successive mea-
surements: LSCI, LDF, and VCS.

To image blood perfusion of tissues in the investi-
gated area by the LSCI method at the initial stage, we
used an experimental installation developed on the
base of the R&D Center of Biomedical Photonics
(Orel State University, Orel, Russia). The experimen-
tal installation included a laser source with a power of
10 mW, working at a wavelength of 635 nm (Edmund
Optics, USA), the emission of which is projected onto
a patient’s skin surface, using a laser beam expander.
To record speckle images, a DCC 3260M CMOS
camera (1936 × 1216 pixels resolution; 5.86 μm pixel
size, Thorlabs, USA) was used in combination with a
MVL25M23 objective lens (focus distance, 25 mm;
Thorlabs, USA). The speckle images were recorded in
the investigated tissue area on the inner side of the
forearm during 30 s. The frequency of frames during
the video recording was 40 Hz. The resulted speckle
images were transmitted to a PC for a further analysis
with the application of the algorithm developed in the
Matlab environment [21].

To assess the dynamic changes in blood microcir-
culation in the investigated area, we used a spatio-
temporal algorithm for the analysis of speckle statis-
HUMAN PHYSIOLOGY  Vol. 47  No. 6  2021

Fig. 1. Scheme of the investigation of psoriatic patients with the
gation stage using the laser speckle contrast imaging (LSCI); (b) 
method (LDF); (c) the third investigation stage using the videoc

а

b

tics, and the mean contrast was calculated by the
equation

(1)

where   is the symbol for averaging; N is the N × N
window of averaging; k is the number of covered
images; k = 20;  is the mean intensity in the N ×
N window; σN is the standard deviation in the N × N
window; N = 7.

In imaging blood perfusion in the given area, the
dark shades of gray correspond to low values of calcu-
lated contrast and a high velocity of scattering parti-
cles, whereas the light shades correspond to a high
contrast and a low velocity.

At the second stage, hemodynamic parameters
were investigated using the LDF channel of a
LAKK-M analyzer (SPE “LAZMA” Ltd., Russia). In
the LDF channel, a biological tissue is tested at a
wavelength of 1064 nm, and the diagnostic volume, on
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average, reaches 1–3 mm3. Blood perfusion (Im, PU)
was recorded both in the area of psoriatic lesion and
on the plot of uninvolved (intact) tissue, at a distance
of 1–2 cm from the affected area, during 10 min in
each plot. For the frequency analysis on different reg-
ulatory mechanisms, we used the LDF3.0.2.384 soft-
ware (SPE “LAZMA” Ltd., Russia) employing the
continuous wavelet transform, using the complex
Morlet wavelet as an analyzing wavelet. The LDF sig-
nal was decomposed using the wavelet transform as
follows:

where x(t) is the targeted signal, τ is the position
parameter corresponding to a temporal shift, s is the
coefficient of scaling, * is complex conjugation. The

Morlet wavelet is determined as  and
used with the damping parameter σ = 1. This wavelet
allows providing a sufficient frequency-temporal reso-
lution and is well localized in a temporal area.

Amplitudes were calculated for oscillations of the
endothelial (Аe, PU), neurogenic (Аn, PU), myogenic
(Аm, PU), respiratory (Аr, PU) and cardiac (Ас, PU)
origin [19]. To assess the contribution of different
blood flow ways to the general f low using the methods
based on the amplitude-frequency spectrum analysis
[22], taking predominantly into account the absence
of arteriolar-venular anastomoses in the skin on the
inner side of the forearm, we calculated the indicator
of bypass grafting characterizing the proportion of the
blood flow in the arteriolar–venular anastomoses
(ImAVA, PU) and the nutritive blood flow value (Imn,
PU).

The indicator for bypass grafting was calculated as
follows:   was calculated
as  where Aact is the maximum
amplitude of blood flow oscillations, which is associ-
ated with active regulatory mechanisms (the oscilla-
tions of endothelial, neurogenic, and myogenic gene-
sis), Аm is the amplitude of blood flow oscillations in
the myogenic range.

The  value was calculated as follows:
 where Apass is the maximal blood

flow amplitude associated with the passive regulatory
mechanisms (the oscillations of the pulsatile or respi-
ratory origin). The  value was taken into account
during the calculation of the bypass grafting indicator,
if  ≥ 1. The nutritive blood flow was calculated
by the following equation: 

At the third stage, the VCS method was used to
determine the number of imaged capillaries in the
psoriatic plaque and the intact tissue, as well as for the
analysis of the structural organization of capillaries.
The installation used for conducting the investigations
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was developed on the base of the R&D Center of Bio-
medical Photonics (Orel State University, Orel, Rus-
sia), the optical system of which consisted of a Mitu-
toyo M Plan APO 5× micro-objective lens (Thorlabs,
Inc., USA) with an aperture of 0.14, projecting the
image of capillaries through a long-focus lens
(200 mm focus distance) on the camera matrix. The
data were recorded using a high-speed CMOS UI-
3060-C-HQ camera (IDS, Germany). In the course
of the investigation, a recording was continued for
1 min with the image resolution of 800 × 800 pixels
and the image frequency of 150 Hz in the area of pso-
riatic lesion and on the plot of uninvolved (intact) tis-
sue at a distance of 1–2 cm from the affected area. The
1-min recoding allowed us at the data processing stage
to choose the analyzed images with the best quality. To
obtain a better contrast, the area of investigation was
illuminated by a lateral light with a light-emitting
diode source with a wavelength of 560 nm, corre-
sponding to the isosbestic point of the oxy- and deoxy-
hemoglobin absorption spectra. The experimental
device was assembled with a moving stand, and its ver-
tical regulation provided the focusing of the optical
system on the investigated area. The images obtained
by the VCS method were analyzed using the following
methods. The following tasks were performed: the
density of the capillary network was determined by
calculating the number of functioning capillaries per
1 mm2 of tissue, and the morphology of the function-
ing capillaries and their form were evaluated.

The experimental data were analyzed statistically.
The significance of statistical differences between the
samples was assessed using the Mann–Whitney test,
p < 0.05. Part of statistical analysis results is repre-
sented as span diagrams, where the central line is the
median, the box frames are the lower and upper quar-
tiles.

RESULTS AND DISCUSSION
The LSCI investigation method and the developed

software allowed us to record the image of the skin
blood flow in patients with psoriasis through calculat-
ing the spatiotemporal contrast obtained for twenty
successive images in dynamic speckle patterns.
Figure 2 shows an example for a change in the spatial
distribution of local contrast assessments in one of the
patients recorded on days 1, 6 and 12 after inpatient
admission.

When patients with psoriasis were investigated
using LSCI, a patched pattern was observed at differ-
ent therapeutic stages, due to interchanged zones with
enhanced and normal microcirculation. The zones
with a decreased contrast level corresponded to the
places of location of psoriatic plaques. A large number
of psoriatic lesions were recorded in patients on the
first admission day, and this was confirmed also by the
LSCI data. On day 6 of the treatment, the area of
lesions and their number began to decrease. On treat-
HUMAN PHYSIOLOGY  Vol. 47  No. 6  2021
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Fig. 2. Speckle-contrast images obtained during the investigation of the skin blood flow in patients with psoriasis at different
stages of treatment. The isolated fields correspond to the field of recording the LDF signals in a plaque. (а) A photograph of the
field of investigation (the inner surface of the forearm); (b) investigation results obtained by the laser speckle-contrast imaging
method (LSCI) on day 1 of inpatient admission; (c) on treatment day 6; (d) on treatment day 12. 

(a) (b) (c) (d)
0.20

0.16

0.12

0.08

0.04

0

K
, 

a
rb

. 
u

n
it
ment day 12, imaging of the skin blood flow in the
forearm showed that the total contrast and the con-
trast of an isolated field increased, and fields of low
contrast values were practically unobserved.

The area on the inner side of the forearm for which
the LDF signals in a plaque were subsequently
recorded in a given patient was expressed. The LDF
signals were additionally recorded on the plot of unin-
volved tissue. Figure 3 presents the statistical treat-
ment results on the data obtained by the LDF method
at different stages of the treatment as diagrams of the
span and the statistically significant values are indi-
cated for the parameters.

At the third stage, we used the VCS method and
obtained video images of capillaries in a psoriatic
plaque and the intact tissue. The example of the VCS
results in one of the patients obtained on days 1, 6, and
12 after the admission is shown in Fig. 4.

Figure 5 shows the calculation results obtained by
the VCS method on the density of capillaries in a pso-
HUMAN PHYSIOLOGY  Vol. 47  No. 6  2021

Table 2. Calculation results for the main hemodynamic indic

LDF, laser Doppler f lowmetry; VCS, videocapillaroscopy; * statis
psoriatic plaque respective to an intact field with probability p < 0.0

Indicator
Stage 1

psoriatic plaque intact tissue psori

Investigation results acco
Im, PU 12.1 ± 1.8* 7.2 ± 2.6 12.
Imn, PU 4.4 ± 1.5* 2.5 ± 0.6 3.
ImAVA, PU 2.7 ± 1.2 3.1 ± 1.2 3.
А(e), PU 0.4 ± 0.1 0.3 ± 0.1 0.
А(n), PU 0.4 ± 0.2 0.3 ± 0.1 0.
А(m), PU 0.6 ± 0.3* 0.2 ± 0.1 0.
А(r), PU 0.4 ± 0.2 0.2 ± 0.03 0.
А(с), PU 0.8 ± 0.1* 0.4 ± 0.1 0.

Investigation results acco
Density of capillaries 59 ± 4 48 ± 10 5
riatic lesion and an intact area, and statistically signif-
icant differences are indicated between the parameters
recorded at different treatment stages of treatment.

The results of investigation obtained by the LDF
and VCS methods were additionally shown in Table 2.
This has been done for suitability in the analysis on
differences between the main hemodynamic parame-
ters measured in a psoriatic plaque and in an intact
area at each stage of the treatment.

Analyzing the data obtained by the LDF and VCS
methods (Table 2) for the area of psoriatic lesion and
uninvolved skin of the forearm, we can note that a typ-
ical pattern of microcirculatory disorders in psoriasis
was observed at the first investigation stage, as
described earlier [8–10, 23–27]. The VCS recorded an
increase in the density of the capillary network, and
capillaries in a psoriatic plaque were broadened,
twisted, and lengthened, compared with an intact tis-
sue. Statistically significant increases in the microcir-
culation indicator, nutritive blood flow, and ampli-
tudes of oscillations associated with cardiac contrac-
ators (M ± σ)

tically significant differences between the indicators measured in a
5.

Stage 2 Stage 3

atic plaque intact tissue psoriasis plaque intact tissue

rding to the LDF method
5 ± 2.4 9.8 ± 3.3 6.9 ± 1.7 5.8 ± 3.3
9 ± 1.6 2.8 ± 1.3 1.8 ± 0.6 2.1 ± 1.6
6 ± 1.1 3.9 ± 1.2 4.3 ± 1.7 3.5 ± 1.9
3 ± 0.1 0.3 ± 0.1 0.2 ± 0.1 0.2 ± 0.1
3 ± 0.1 0.3 ± 0.1 0.2 ± 0.1 0.2 ± 0.1
3 ± 0.2 0.3 ± 0.2 0.2 ± 0.1 0.2 ± 0.1
3 ± 0.04 0.2 ± 0.07 0.3 ± 0.3 0.1 ± 0.06
7 ± 0.2 0.6 ± 0.1 0.5 ± 0.2 0.3 ± 0.1
rding to the VCS method
8 ± 3* 42 ± 5 52 ± 3* 42 ± 5
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Fig. 3. Calculated parameters of blood microcirculation by the investigation results obtained by the laser Doppler f lowmetry
method (LDF): (а) psoriatic plaque, (b) intact field. * Statistically significant differences from the first investigation stage at p <
0.05; ** statistically significant differences from the second investigation stage at p < 0.05. 
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Fig. 4. VCS recordings of capillaries in psoriatic lesions of one of patients at different treatment stages. А: (a) VCS investigation
results on day 1 of inpatient admission; (b) on treatment day 6; (c) on treatment day 12. I, a psoriatic plaque; II, an intact field. 
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Fig. 5. Calculated results for the density of capillaries by
the results obtained by videocapillaroscopy (VCS):
(а) psoriatic plaque; (b) intact field. * Statistically signifi-
cant differences from the first stage of the investigation at
p < 0.05; ** statistically significant differences from the
second investigation stage at p < 0.05. 
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tions were observed in the recorded LDF signal. High
indicators for the amplitudes of myogenic oscillations
in psoriatic lesions pointing at the enhanced vasomo-
tions associated with the internal activity of smooth
muscle cells could correspond to an increase in the
blood flow in the arterial component of the microcir-
culatory bed of psoriatic plaques and inclusion of
compensatory mechanisms. This is explained by the
fact that hemodynamics in the microcirculatory bed,
and, especially, in its capillary component is deter-
mined not only by the internal forces of circulation,
but also by metabolic requirements of the tissues sur-
rounding the capillaries. A growth in the level of
metabolism in the focus of psoriatic inflammation
causes, due to active angiogenesis, an enhanced blood
inflow to the capillary bed.

The investigated hemodynamic parameters were
normalized against the administration of conservative
treatment (Figs. 3–5). At the final stage, a statistically
significant decrease was observed in the mean number
of imaged superficial capillary loops in the psoriatic
lesion. An analogous picture was also observed in an
intact tissue, but no statistically significant differences
have been identified here. There was also a decrease in
the values of the indicators for blood microcirculation,
nutritive blood flow and an increase in the value of
bypass grafting indicator in a psoriatic plaque, which
points at the blood flow redistribution towards the
grafting constituent and a reduction in the capillary
perfusion and can indirectly confirm a decrease in the
inflammatory process as a result of a correctly selected
treatment course. A statistically significant decrease in
psoriatic lesion was also recorded at the final investi-
gation stage in the amplitudes of endothelial, myo-
genic, and cardiac contractions. Predominance of
endothelial rhythms along with myogenic and cardiac
ones is a sign of microcirculatory disorders in psoriasis
[25], and, hence, the statistically significant decrease
in the complex of the indicated oscillation in dynamics
of psoriasis treatment may also confirm a positive
effect of the applied medication and instrumental
treatment. The intact tissue was observed to show a
decreasing trend in blood perfusion and amplitudes of
all blood flow oscillations by the third stage of the
study, but this has remained unconfirmed statistically.

We should note that the specificity of the microcir-
culation indicator dynamics, which was diagnosed at
the second stage of the study, requires a more detailed
study in future. On treatment day 6, the indicator for
blood microcirculation in the intact tissue showed a
decreasing trend, as compared with the pretreatment
indicators, which was, most probably and predomi-
nantly, associated with the effect of cardiac oscilla-
tions. This may have been caused by the response by
patients’ bodies to the applied local treatment, as well
as by the metabolic processes in the tissues surround-
ing the capillaries, which needs more deepened study
with the application of functional tests.
HUMAN PHYSIOLOGY  Vol. 47  No. 6  2021
A positive dynamic in the main microhemody-
namic blood parameters was observed in the course of
treatment in all the participants of the study to a
greater or smaller degree, which also agreed with
improvements in the condition of skin surfaces and
other clinical manifestations of this disease (such as
itching and scaling).

The use of the LSCI, LDF, and VCS methods
individually or in combination may have an important
clinical application for diagnosing microcirculatory
disorders in patients with psoriasis The LSCI method
has sufficiently good prospects for its application in
dermatology. For example, the summary statistics
excluded the case with one female patient in whom the
fields of enhanced blood circulation measured by the
LDF method where blood perfusion also demon-
strated the growth trend was identified at the second
stage of investigations against the absence of obvious
signs of worsening. Based on this information, the der-
matologist corrected the treatment; however, this
female patient did not continue her investigation with
optic diagnostic methods, due to personal reasons. It
has been found when analyzing the obtained data that
some part of the recorded LSCI shots (including the
shot of the given patient’ hand on the second day of
the investigation) had non-uniform image illumina-
tion, and therefore, the investigation methods require
further research before its introduction into the clini-
cal practice. The analysis of a combination of the data
on LDF signals and VCS images during our investiga-
tions allowed us to diagnose microcirculatory disor-
ders in both patients with a long-term history of the
disease and patients with a disease history not exceed-
ing 1.5 years. Furthermore, it has been confirmed that
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the suggested integrated approach to the diagnosis of
microcirculatory disorders allowed us to assess the
efficacy of the recommended medication and instru-
mental therapies in psoriatic patients and the results of
our investigations confirm the aforementioned sug-
gestions.

CONCLUSIONS

Microcirculatory changes in psoriasis are one of
the leading factors in the pathogenesis of this disease.
Previous studies have allowed us to suggest that vascu-
lar changes in the skin emerge long before the clinical
manifestations of the disease. Psoriasis is a systemic
disease with characteristic concomitant changes in the
affected skin portions, and, most probably, initial skin
lesions emerge from the derma and blood vessels, and
this secondarily provokes hyperproliferation of the
epidermis. The treatment aiming at improving the
state of general microcirculation and reduce inflam-
mation helps to normalize the state of the microcircu-
latory and tissue systems, which is confirmed by a pos-
itive dynamic in a patient’s total condition, as well as
hemodynamic parameters in psoriatic lesions.

Our investigation data confirm a high diagnostic
potential of the offered integrated approach to the
identification of microcirculatory disorders in psori-
atic patients. The LSCI, LDF, and VCS methods give
us the possibility of analysing the spatial distribution
of perfusion, identify the areas with disorders in
microcirculation and study mechanisms underlying
these disorders using the study of blood f low regula-
tion in microvessels, assessment of the nutritive blood
flow and the specificities in the distribution of capil-
laries in the lesion and the intact area at different dis-
ease treatment stages.

Before conservative treatment for psoriatic lesions,
an increase in the density of the capillary network and
perfusion in a psoriatic plaque, compared with the
intact tissue was identified in patients with psoriasis,
and dominance of myogenic and cardiac oscillations
and an increase in the nutritive blood flow were
recorded in these areas. The described changes in
microcirculatory hemodynamics of psoriatic plaques
were caused by active inflammatory processes therein.
As a result of the treatment, the microcirculation was
normalized in the foci of skin lesions and a statistically
decrease was observed in the indicated hemodynamic
parameters measured in a plaque.

The introduction of this approach into a dermato-
logical clinical practice may allow not only the applied
conservative treatment to be evaluated in terms of effi-
cacy, but also the medication and instrumental treat-
ment to be timely corrected, diseases to be diagnosed
at early stages (even before the clinical manifestations
of initial symptoms), and the emergence of complica-
tions (including psoriatic arthritis) to be prevented,
which will substantially increase the efficacy of the
applied treatment, reduce the financial and temporal
treatment expenses, and, as a result, improve the qual-
ity of life.
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