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Aim. To determine the features of microcirculatory dysfunction and in patients with
chronic ischemic heart disease, depending on the presence of concomitant diffuse liver
disease. Materials and methods. We performed a prospective study on the basis of MC
«Doctor Veray, as well as in the diagnostic department of Medbud Clinic between 2009
and 2019. A total of 187 patients were examined. Patients’ blood flow was assessed by
transthoracic echocardiography, wavelet analysis laser Doppler flowmetry (LDF). Re-
sults. In the analysis of indicators of microcirculatory dysfunction in patients with isch-
emic heart disease, statistically significant deterioration of wavelet analysis laser Doppler
flowmetry was determined. In patients with ischemic heart disease and left ventricular
ejection fraction < 40 %, indicators of wavelet analysis LDF were significantly lower.
We also found that the severity of diffuse liver disease significantly disrupts peripheral
blood flow (P < 0.05). Conclusions. The results of intracardiac hemodynamics, micro-
circulatory dysfunction were first presented. In patients with isolated ischemic heart
disease as the left ventricular EF decreased, a significant decrease in capillary blood
flow was observed as a result of deterioration of central hemodynamics, development of
atherosclerotic vascular changes, as well as an increase in their vascular tone. We have
proved that in the presence of DLD in patients with ischemic heart disease and EF <
40 %, the degree of increase in peripheral resistance and impaired venous outflow were
more pronounced due to the depletion of vasoactive substances production, impaired
their excretion by hepatocytes due to irreversible morpho-functional changes in liver at
the stage of decompensation of HF, severe fibrosis, the formation of regeneration nodes.
In patients with LC, the most severe disorders of peripheral blood flow were determined
according to the data of the digital capillaroscopy, which testifies to the influence of the
degree of liver damage on the state of microcirculation.

Key words: ischemic heart disease; systolic and diastolic dysfunction of left ventricular;
wavelet analysis; laser Doppler flowmetry; diffuse liver diseases; microcirculatory dys-
function.

Introduction. Microcirculatory disorders are characteristic of patients with ische-
mic heart disease (IHD), diffuse liver disease (DLD), but to date, the issue of clinical
manifestations and microcirculatory disorders in these patients has not been suffi-
ciently studied.

Aim. To determine the features of the development of microcirculatory disorders
according to wavelet analysis of LDF in patients with chronic ischemic heart disease,
depending on the presence of concomitant diffuse liver disease.

Materials and methods. We conducted open prospective investigation in the
Medical center “Doctor Vera” and diagnostic department of Medbud Clinic from
20009 till 2019. Patients were selected in the study according to the criteria of inclu-
sion: presence of IHD and DLD. There was one more group with 30 healthy vo-
lunteers. The investigation was conducted according to the standards of Good Clinical
Practice, Ukrainian medical law and all patients signed informed agreement. 187 pa-
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tients were included in the study: 34 women and 154 men from 18 to 85 years old
(average age was 46.1 = 17.4). There were three groups in our study.

The first group included 55 patients with chronic IHD and with chronic heart
failure (CHF) I-II B stages, I-IV functional classes (NYHA), average age 61.5 +
12.8 and there were 16 women (29 %) with ejection fraction of the left ventricle
(EF) (44.2 £ 8.6) % (table 1). The average duration of IHD was (8.2 = 5.7) years.

Table 1. Indicators of wavelet analysis laser Doppler flowmetry in patients with ischemic
heart disease depending on the status of systolic and diastolic function (M + SD)

Data of LDF EF > 40 % EF > 40 % EF <40 % EF <40 % Healthy
M £ SD E/A>1.0 E/A < 1.0 E/A>1.0 E/A <1.0 volunteers
(perfusion units) (n=29) (n=15) (n=10) (n=06) (n =30)

A E (p.u) 0.19 £ 0.04*% 0.20 £ 0.04* 0.18 £ 0.07* 0.18 £ 0.08* 0.33 £0.15
A N (p.u.) 0.20 £ 0.05* 0.23+0.17 0.20 £0.05* 0.19+0.04* 0.32 +£0.14
A M (p.u) 0.18 £ 0.06* 0.20 £ 0.06*" 0.20 £ 0.08* 0.18 £ 0.04* 0.47 £ 0.18
A R (p.u.) 0.13 £ 0.05%" 0.32+0.11* 0.20 £ 0.07* 0.15+0.07" 0.15+0.05
A C(p.u.) 0.19 £0.04 034 +£0.14* 020+ 0.04 022+0.04 0.18+0.10
Shunting 1.42 £ 0.19* 1.54 +0.40* 1.37 £0.16* 1.35+0.20 1.09 +£0.35

indicator (SI)

*P < 0.05 comparing to the healthy volunteers.
SP < 0.05 comparing to the group with different EF.
P < 0.05 comparing to the patients with different E/A at the same EF.

The first group was divided into subgroups A and B depending on the presence
(1B) or absence (1A) of the DLD. The subgroup 1B included the following DLD:
5 (20 %) patients with chronic toxic hepatitis (CTH), 14 (56 %) — nonalcoholic
steatohepatitis (NASH), 5 (20 %) — chronic viral hepatitis (CVH) B and C (CVHB,
CVHC), 3 (12 %) — liver cirrhosis (LC) A-B classes according to Child-Pugh, 3
(12 %) — cryptogenic hepatitis. More than one third of the patients with IHD had
myocardial infarction. All the patients had concomitant arterial hypertension. Patients
with NASH had insulin-independing type 2 diabetes mellitus.

The second group included 102 patients with DLD, average age was (37.3 +
15.2) years: 12 patients with LC, average age was (45.1 £ 9.2) years; 43 patients
with CVH: 6 women, average age was (31.8 + 8.9) years, 12 patients with CVHB,
24 patients with CVHC, 4 patients with CVHB + C, 2 patients with viral hepati-
tis Epstein — Barr, 1 patient with CVH TTV; 21 patients with CTH of mixed etio-
logy, especially alcoholic, average age (42.7 + 12.6) years; 26 patients with NASH,
average age (40.8 £ 10.0) years. We also analysed the data of the patients in the
second group according to the stages of liver diseases: subgroup A — 48 patients
with minimal cytolytic syndrome and cholestasis (elevation of alaninaminotrans-
ferase (ALT) less than in 5 times; bilirubin was less than 100 mcmol/l); subgroup
B — 42 patients with moderate syndrome of cytolysis and cholestasis (elevation
of ALT in 5-10 times, bilirubin from 100 to 200 mcmol/l); subgroup B — 12 pa-
tients with LC.

The third group included 30 healthy volunteers (8§ women — 25.7 % and 22 men —
74.3 %), average age (33.5 + 8.4) years.

Transthoracic echocardiography (echoCG) was conducted on the device
HDI 11XE Philips according to the general methodology [13] with measurement
in 2D-mode of wall thickness of the right ventricle (Trv), posterior wall of the LV
(Tlv), intraventricular septum (Tivs), short-axis size of the left atrium (LA), end
diastolic volume (EDV) of LV by Simpson, its EF and also short-axis size of the
RV in basal chamber — Drv(s), diameter of vena cava inferior (VCI). Diastolic
filling of the LV was evaluated according to the ratio of transmitral flow velocity
in the period of rapid filling and in systolic phase of the LA (E/A), time of
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decreasing of early diastolic filling velocity — deceleration time (DT) and duration
of the period of left ventricular isovolumic relaxation time (IVRT). Systolic pres-
sure of the pulmonic artery (SPpa) was evaluated by the speed of tricuspid regur-
gitation flow [13].

Laser Doppler flowmetry (LDF) — was conducted on the device Laser Doppler
flowmetr LAKK-02 (SPE “Lasma”, Moscow) by conventional method [4, 15, 16,
18]. LDF based on optical sensing of tissues by monochromatic signal and analysis
of frequency spectrum of signals reflected from erythrocytes having Doppler fre-
quency shift [12, 15].

The signal reflected from the erythrocytes has a Doppler frequency shift relative
to the scanning beam. The depth of optical sensing of tissues depends essentially
on the wavelength of the laser source. For red radiation (632 nm), it does not exceed
Imm. Signal recorded during LDF characterizes blood flow in microvessels in a
volume of 1-1.5 mm? tissue [4, 12, 14].

In human skin, LDF provides integral information on a very large number of
erythrocytes, about 3.4 - 10* /mm?, which are simultaneously in the area of tissue
probing. The patient’s blood flow is recorded at rest for 8 minutes after a 15-minute
adaptation period. Functional test with occlusion of the brachial artery is performed.

The occlusal test (OT) is realized by compressing for 1-3 min the corresponding
area of the limb with the tonometer cuff so as to cause a stop of blood flow and,
accordingly, ischemia in the study area.

After cessation of the occlusion, the blood flow resumes and develops reactive
post-occlusive hyperemia, which is manifested in an increase in the microcirculation
index to a value that exceeds the initial level of indicator of microcirculation (IM)
with subsequent decline to the initial level.

The physiological role of a compression test is manifested in stop blood supply
in the shoulder arteries and respectively in changes blood circulation in the tissues.
In the majority of cases the blood pressure and the rate of blood circulation in the
vessels of microcirculation are changed. At the time of decompression of blood,
arterial blood flow and reactive hyperemia appears with maximum blood levels of
blood vessels of microcirculation. Change blood pressure is the minimum hour of
compression up to the maximum time of the reactive characteristic is the entire range
of capacities of the blood pressure.

When a given test is carried out, an estimate of the “biological zero” indicator
(indicator of microcirculation for the incidence of arterial congestion) and increased
reserve of the microcirculatory channel according to the increase in the indicator of
microcirculation is observed during reactive post-inclusive hyperemia.

According to experimental studies, post-exclusion reactive hyperemia is a neu-
rogenic reaction, which is realized mainly through the release of neuropeptide KGRP
(cocalcigenin) and neuronal nitric oxide (NO), secreted by afferent nociceptive
C-fibers. These factors induce NO synthesis by the endothelium, which in turn, by
vasodilating the vasculature by affecting vascular smooth muscle [3, 4, 7].

Determined the baseline state of microcirculation by indicator of microcircula-
tion (IM) and capillary blood flow reserve (CBFR) during OT.

Previously, in this study, all patients with the use of an occlusive test sample
identified 4 variants of hemodynamic types of microcirculation (HTM). In particu-
lar: normocirculatory, hyperemic, spastic, stasic.

Normocirculatory HTM is characterized by an initial magnitude of IM = 4.5 —
6.5 p.u., with a normoreactive type of response to arterial occlusion, CBFR = 200 —
300 %. Hyperemic HTM is characterized by an increase in blood flow to the micro-
circulatory bed with an initial IM value > 6.5 p. u. in OT, the type of response to
arterial occlusion is hyperreactive (reducing IM by more than 3.2 p. u.). CBFR is
always below 200 %. Spastic HTM is characterized by a decrease in blood flow to
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the microcirculatory bed due to spasm of precapillary sphincters. initial IM reduced
< 4.5 p. u., and at OT the type of blood flow for arterial occlusion is reactive (de-
crease in IM during occlusion by less than 1.5 p. u.); CBFR > 300 %. Stasic HTM
is noted at decrease in speed and stasis of blood flow at the level of the capillary
unit, as well as at the level of the post-capillary unit- venules and postcapillaries.
Thus IM < 4.5-6.5 p. u., the degree of decrease in IM depends on the severity of
the phenomena of blood stasis and rheological disorders (aggregation of blood ele-
ments, sweet phenomenon); CBFR < 200 %. Type of blood flow to arterial occlu-
sion — areactive. This type of microcirculation is noted in paresis of vessels of inflow
and disturbance of outflow [4].
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Fig. 1. Occlusal test. Normocirculatory hemodynamic type of microcirculation

In wavelet analysis the following components were identified:

A C — maximum amplitude of cardiac flaxmotions — oscillations of the capil-
lary wall caused by a contraction of the heart form a peak in the frequency range
by synchronous pulse oscillation. A = R — maximum amplitude of respiratory flux-
motions — in the frequency range of the respiratory function of the oscillation of the
capillary wall form a respiratory peak. A M — maximal amplitude of myogenic
flaxmotions and A N amplitude of neurogenic flaxmotions — myogenic and — neu-
rogenic activity of precapillary vasomotors are detected with maximum frequencies
in the range of 0.02-0.16 Hz. A__ E is the maximum amplitude of endothelial flux-
motions — the slowest oscillations in the microcirculatory system, which are syn-
chronous and dependent on the activity of endothelial cells due to the secretion of
various compounds, in particular nitric oxide. SI — shunting indicator of AV — shunt
that indicates the state of nutritional blood flow.
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Fig. 2. Wavelet-analysis of laser Doppler flowmetry — curves, which graphically depict the
dependence of the amplitudes of these types of oscillations on their frequencies (this wavelet
analysis of healthy volunteers. Indicators are within normal limits)

Endothelium dependent vasodilatation (EDV) and endothelium-independent va-
sodilatation (EIDV) by D. S. Celermajer and co-authors method was conducted with
ultrasound system HD 11 (Philips MS) and lineal transducer with frequency
3—12 MHz according to its methodology [11, 12].

Humoral marker of endothelial dysfunction Willebrand factor (Wf) was identi-
fied with agglutination method with ristomycin and control with ELISA method on
the device Stat Fax 303.

Laboratory marker of endothelial dysfunction (ED) such as circulating endothe-
lial cells (CEC) were identified with J. Hladovec, Petrischev, V. V. Syvak In this
method adrenalin was used instead of adenosine phospate which reduced the cost
of investigation [9].

Statistical analyses was made with Statistica for Windows 7.0 (Statsoft, USA).
Distribution of the values was expressed as median, mean and Shapiro-Wilk cri-
terion. Comparing groups was held with Vilkokson — Mann — Witney criterion and
Student’s 7-test. Reliability of nonparametric data discrepancies in groups (inclu-
ding follow-up period) was made with Chi-square criterion. Correlation analyses
was made with Pearson’s correlation criterion. The discrepancies were statisti-
cally significant at P < 0.05.

Results and discussion. According to the recommendations of the Ukrainian
association of cardiologists of diagnosis, treatment and prevention of chronic heart
insufficiency (CHI) in adults (2017) we divided our patients into two groups: group
1 with normal EF of the LV systolic function (EFlv > 40 %) and group 2 with re-
duced EF (EFlv < 40 %). For additional evaluation of the stage of diastolic dysfunc-
tion of LV we created subgroups with E/A more and less than 1 in every group. We
evaluated the fact that E/A > 1.0 at EFlv < 40 % was related to the pseudonormal/
restricrive type of transmitral flow and in case of EFlv > 40 % E/A > 1.0 better
diastolic filling of LV was performed comparing the patients with E/A < 1.0 (dia-
stolic dysfunction of the LV by relaxation disorder type). Part of the patients with
concomitant DLD among the patients with EFlv > 40 % was 41 % and among the
patients with EFlv < 40-50 %.
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The results of the analysis of indicators of intracardiac hemodynamics were
presented in our previous scientific publications [16], so in this article we reflect
the state of microcirculatory dysfunction according to wavelet analysis of LDF.

In the analysis of wavelet analysis in patients with [HD (Table 1) revealed a
decrease in A E (p. u.), A N (p.u), A M (p. u.), while increasing the value of

R (Pou)i in the group of patients with an ejection fraction of more than 40 %,
with impaired left ventricular relaxation. This indicates a decrease in capillary blood
flow, due to an increase in myotonus and neurotonus of the capillaries, as well as
a decrease in venular outflow in patients with IHD with EF > 40 % and E/A < 1.0,
due to the development of heart failure [4, 6].

In this case, the degree of these changes is greater in patients with EF < 40 %
compared with patients with preserved systolic function (lower values of A E,
A__ R than in EF > 40 % indicate worse peripheral blood flow in patients with [HD
with low ejection fraction) and the lowest wavelet analysis rates were observed in
the group of patients with reduced EF and E/A less than 1.0.

In the analysis of indicators A E, A N, A M, as well as A R, a tendency
to increase the parameters of microcirculation A E, A N, A axM as well as a
significant increase in A R, indicating ¢ pseudonormallzatlon of the above indica-
tors, microcirculation, that there is a cyclical course of changes of microcirculation
depending on the state of systolic and diastolic dysfunction of the left ventricle with
IHD identical to the changes inherent in the development of diastolic dysfunction
of the left ventricle.

A worse condition of A __E in patients with low EF and E/A greater than 1.0 is
associated with a deterioration of the microcirculation state than in relatively preserved
EF due to a number of researchers [2, 5, 6, 10] with a decrease in cardiac output and
blood volume per capillary, as well as with increased peripheral resistance due to the
activation of SAS and RAAS, as well as hyperproduction of TNF-a, endothelin,
angiotensin II, thromboxane and other vasoconstrictors [3, 4, 7, 14].

Among patients with IHD with EF > 40 % at E/A < 1.0, higher values of A M,

max

A C,A_ R were observed, which indicates a more pronounced violation of venu-
lar outflow in patients with impaired LV relaxation.

Thus, in the complex analysis of indicators of intracardiac hemodynamics, micro-
circulation and endothelial function in patients with IHD revealed their dependence
not only on the magnitude of EF (more/less than 40 %), but also on the state of its
diastolic filling. In this case, the dependence of indicators (A E, A N, A M) on
the nature of the filling of the LV was observed already at EF more than 40 %.

The results of the study of the microcirculation state by the LDF method in patients

with [HD and in patients with DLD, as well as in their combination are given in table 2

Table 2. Indicators of wavelet analysis laser Doppler flowmetry in patients with ischemic
heart disease and diffuse liver diseases (M + SD)

Data of LDF Groups
M=+ SD IHD IHD + DLD DLD Healthy
(perfusion units) (n=30) (n=25) (n=102) volunteers (n = 30)
A, E (pu) 0.18 £ 0.03**  0.24 + 0.07*  0.25 + 0.14%** 0.33 £0.15
AWN (p.u.) 0.21 £0.06*  0.21 £0.03*  0.26 £ 0.17 0.32 +£0.14
A M (p.u) 0.20 + 0.06*~  0.17 + 0.04*  0.26 + 0.17** 0.47 £ 0.18
A, R (p.u) 0.19 £ 0.09*  0.10 £ 0.03*  0.18 £ 0.15 0.15 + 0.05
A C (p.u.) 0.23 + 0.09" 0.16 £ 0.04 0.18 £ 0.11* 0.18 £ 0.10

max

Shunting indicator (SI) 1.36 + 0.27* 1.24 + 0.20 1.28 £ 0.27* 1.09 + 0.35

* P < 0.05 comparing to the healthy volunteers.
AP < 0.05 compared to a subgroup IHD with DLD.
#P < 0.05 compared to a subgroup IHD.
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In patients with IHD without DLD, the lowest values of A _E were observed,
when compared with healthy and patients of all groups, which is associated with a
decrease in production of nitric oxide on the one hand, as well as activation of the
sympatho-adrenal system and renin angiotensin aldosterone system (RAAS) of pa-
tients with IHD on the other [1, 18, 19].

A Nand A M were also lower compared with healthy, indicating an increase
in neurotonus and myotonus in patients with IHD.

IS was larger in the group of patients with IHD, indicating a decrease in nutri-
tional blood flow when compared with healthy, which is consistent with the results
of other studies [16]. In patients with DLD, a moderate decrease in A E and A M
is observed, with an increase in IS, indicating moderate endothelial dysfunction, an
increase in the myotonic tone of precapillary sphincters, and a slight decrease in
nutritional blood flow when compared with healthy volunteers.

The combination of IHD and DLD showed the greatest decrease in A M, A R,
indicating a deterioration of capillary blood flow due to increased myotonus of the
precapillary sphincters, increased venular outflow, due to the production of proin-
flammatory cytokines (IL 2, 6, 8, TNFa) violation of their utilization by the af-
fected liver — on the other (which explains the absence of a pronounced peripheral
spasm, as well as violation of the venular outflow). The moderate decrease in A_ E
(similar to the A _ E value in patients with DLD) was observed, possibly associated
with a decrease in the activity of the L-arginine NO system [7, 8, 10].

In patients with DLD compared with healthy volunteers there was a significant
decrease in A E, A M, as well as an increase in SI. Endothelial dysfunction is
less pronounced than in patients with IHD, and similar in value to patients with
[HD + DLD, the precapillary myotonus was greater than in healthy but less than in
patients with IHD, as well as IHD + DLD. Passive mechanisms of regulation of
microcirculation did not differ from the control group, but the nutritional blood flow
was worse than in healthy volunteers.

At EF > 40 %, in patients with THD in the presence of DLD, a smaller value of
A M, A R,A C was observed, indicating an increase in myotonic tone of the
arterioles and a slight (relative) narrowing of the precapillary sphincters (table 3). This
may be due to changes in liver function with increased concentrations of vasoconstric-
tors (thromboxane A2, endothelin I, angiotensin II), and decreased utilization of their
liver.

Table 3. Data of wavelet analysis laser Doppler flowmetry (perfusion units)
in pts with ischemic heart diseases depending on the availability
of companions diffuse liver diseases and ejection fraction (M = SD)

Data of LDF IHD EF > 40 % IHD EF < 40 % Healthy
M+ .SD IHD without IHD without volunteers
(perfusion units) (n=13) | DLD (n=14) (n=12) DLD (n = 16) (n =30)
A E(p.u) 0.20 = 0.05* 0.20 £ 0.03* 0.29 £0.06"  0.18 +£0.03* 0.33 £0.15
A N (p. u) 0.19 £ 0.03* 0.20 £ 0.03* 0.23 £0.05* 0.19+0.07* 0.32+0.14
A M (p.u) 0.15+  0.21 +0.08* 0.20+0.03* 0.19+ 0.05* 0.47 +0.18
0.047*
A R (p. u) 0.18 £0.03%" 0.23 +£0.13 0.12 £ 0.027 0.17+0.03  0.15+0.05
A C(p u) 0.10 £ 0.03"  0.26 £0.13 0.13 +£0.04*" 0.21 + 0.05¥ 0.18 + 0.10
Shunting 1.25+025 1.48+0.30 1.224+0.10* 1.36 £ 0.18 1.09 + 0.35

indicator (SI)

*P < 0.05 comparing to the healthy volunteers.
P < 0.05 comparing to the pts with IHD without DLD with similar EF.

Among patients with IHD with EF <40 % in the presence of concomitant DLD,
lower values of A R and A C are noted — a decrease in the influence of passive
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mechanisms of regulation of microcirculation, with activation of active mechanisms
(a significant increase in A _E, as well as a tendency to increase A N, A M).

That is, the relative expanswn of precapillary sphincters occurs due to a decrease
in myotonus and neurotonus, caused on the one hand by a vasoconstrictor effect
(absence/reduction of release of nitric oxide in response to acetylcholine release),
depletion of cytokine production with vasoconstrictor effect (thromboxane A2, en-
dothelin 1, etc.), increased production of liver inflammatory factors with vasodilat-
ing effect (TNFa, IL1, 6, 8, Endothelin 1, etc.), on the other hand, increasing the
concentration of asymmetric dimethylarginine (ADMA) [3].

The analysis of LDF indices in patients of the third group confirms the signifi-
cant effect of DLD on microcirculation. When comparing LDF data in patients with
DLD of different etiology, changes in the value of wavelet analysis are less pro-
nounced in CTH than in viral hepatitis and NASH and in LC (table 4).

Table 4. Data of wavelet analysis laser
Doppler flowmetry (perfusion units)
in pts with diffuse liver diseases of different etiology (M = SD)

(perfusio};l units) (n =12 (n=43) (n=21) (n =26) (n=30)
A _E(p.u) 0.17 £ 0.10* 0.26 £0.17* 0.34£0.19 0.27 £ 0.05* 0.33 £0.15
A N (p.u) 0.26 £0.09 0.29+0.18 0.28+0.12 0.24+0.09 0.32+0.14
A M (p.u) 0.19 +£0.11* 0.27 £0.18* 0.25+0.11*" 0.44 £0.14" 0.47 £0.18
A R (p.u) 0.16 £0.04 024+020 0.13+£0.03 022=+0.11* 0.15+0.05
A C(p u.) 0.10 £ 0.03* 0.25+0.14~ 0.16 £ 0.08" 0.21 £0.11~ 0.18 £0.10

max

Shunting indicator  1.60 £ 0.63* 1.17 +0.52 1.12+0.28" 0.53 £ 0.15*" 1.09 £+ 0.35

*P < 0.05 comparing to the healthy volunteers.

AP < 0.05 comparing to the pts with liver cirrhosis.

P < 0.05 comparing to the pts with chronic virus hepatitis.

P < 0.05 comparing to the pts with na chronic toxic hepatitis.

The data obtained indicate a less pronounced violation of cytomicroarchitecto-
nics (by A M), as well as blood flow velocity in the arterial and venous capillar-
ies, with toxic hepatitis, compared with viral hepatitis NASH and LC. Patients with
CTH experience an increase in myotonic tone more than with CVH and NASH, but
less than in patients with LC.

Patients with viral hepatitis showed a greater impairment of endothelial function
by A__E, when compared with controls and other patlents (except LC group), with
marked deterioration of venular outflow (by A_ R), an increase in myotone, slight-
ly less than in patients with CTH. In patients with NASH there is an increase in the
value of A R, as well as a decrease in IS, this figure was the lowest in gr. NASH.
When compared to the CTH group, more A M was observed.

Decreased endothelial function and increased peripheral resistance due to pare-
sis of precapillary sphincters (by indicators A E,A M and A __C) in patients with
LC compared with patients with CTH and CVH. IS was the highest in the LC group,
that is, the nutritional blood flow was the worst in the LC patients.

In the CTH and NASH groups, the A _E was the highest, probably on the one
hand, due to the overproduction of nitric oxide, as well as the proinflammatory
cytokines with vasodilating activity (Il1, I16, 118) on the one hand, which causes
vasodilation of the precapillaries, which in turn on the other hand with impaired
liver utilization of substances such as glucagon, estrogens, adrenomedulin, prosta-
glandins, adenosine, bile acids and the like [3, 7, §].

In general, by most indicators, the degree of hemodynamic abnormalities was
highest in liver cirrhosis (significant changes in wavelet analysis).
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At DLD of minimum gravity changes of values of active and passive mechanisms
of regulation of microcirculation are less expressed, than at LC (table 5).

Table 5. Indicators of wavelet analysis laser
Doppler flowmetry in patients
with diffuse liver diseases with different severity
of liver damage (M + SD)

Data of let DLD with DLD with DLD with Health
ata of wave'¢ LC severe degree | moderate degree | minimal degree catthy
analysis LDF - volunteers

(perfusion units) (n=12) of damage of damage of damage (n = 30)

P (n = 18) (n = 20) (n=52)

A E(p.u) 0.17 £0.10* 0.14 £0.05* 0.38 £0.18" 0.27 £ 0.10r" 0.33 £0.15
AmaXN (p. u.) 0.26 £ 0.09 0.12+£0.12"*  0.33 + 0.067 0.25+0.127 0.32+0.14
A M (p. u) 0.19 £ 0.11* 0.14 £0.14* 0.31 £ 0.07°"* 0.37 £0.17* 047 £0.18
A R (p.u) 0.16 £ 0.04 0.08 £ 0.02"* 0.24 £0.11"*  0.17 £ 0.10* 0.15 £ 0.05
A C(p u) 0.10 £ 0.03* 0.16 £0.04~ 028 +0.17% 0.21 £0.10~ 0.18 £0.10

Shunting 1.60 £ 0.63*  0.94 £ 0.29 1.15£0.18 0.71 £0.30 1.09 £ 0.35

indicator

* P < 0.05 comparing to the healthy volunteers.

AP < 0.05 comparing to the pts with liver cirrhosis.

1 P < 0.05 comparing to the pts with DLD with severe degree of damage.

# P < 0.05 comparing to the pts with DLD with moderate degree of damage.

This indicates less impaired venular outflow, decreased tone of the precapillary
sphincters, and a slight increase in capillary blood flow with minimal severity of
liver damage compared with liver cirrhosis.

In patients with moderate syndrome of cytolysis and/or cholestasis revealed a
moderate disturbance of venular outflow by A R and a decrease in peripheral re-
sistance of the precapillaries due to a decrease in myotonic tone by indicators (A M
and A C). This is due to the overproduction of proinflammatory cytokines (IL 2,
6, 8, TNFa) in DLD patients with moderate and minimal cytolysis and cholestasis
syndrome [7, 8, 17].

The phase changes of A E, A N, A M, A R and IS depending on the
severity of the liver lesions were interesting. With minimal liver damage, a decrease
in the indicators of active mechanisms of regulation of microcirculation was ob-
served, as well as an increase in the values of passive mechanisms of regulation of
microcirculation. In moderate syndrome of cytolysis and cholestasis increased the
values of A E, IS and A N (increased intensification of the system L-arginine
NO, decreased neurotonus, decreased nutritional blood flow), as well as A_ R and
A _C (deterloratlon of the venular outflow and enlargement of maxima) started to
decline (slight increase in myotonic tone) [3, 5, 6]. In severe course, a moderate
decrease in all indicators (both active and passive mechanisms of regulation of
microcirculation) was observed. In cirrhosis of the liver there is a slight increase in
all parameters except A__ N, in cirrhosis of the liver the system (L-arginine-NO) of
the reticulo-endothelial system of the liver is depleted, which causes deterioration
of microcirculation [10, 16, 19].

In general, the hepatic impairment was the highest in liver cirrhosis in most
cases. This is due to hyperproduction and/or delayed utilization of vasoconstrictors,
as well as structural and functional alteration of the liver with liver cirrhosis, which
is in line with the literature [1, 3, 8].

The correlation analysis revealed a significant relationship between the values
of many wavelet analysis and endothelial function (table 6).
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Table 6. In the study of correlating relationships between the values
of endothelial function and laser Doppler flowmetry, differences
were found depending on the contingent of the examined

IHD
(n = 30)

HD + DLD
(n = 25)

DLD
(n=102)

Direct correlation
Between A _E and EDVD
r=(0.48), P <0.05
Between A E and EIDV
r=(0.47), P <0.05;
Between A N and IM
r=(0.54), P<0.05
Between A, M and Wf
r=(0.44), P<0.05
Between A C i EDVD
r=(0.76), P < 0.05
Between SI and EDVD
r=(0.56), P <0.05

Direct correlation
Between A E and IM
r=(0.82), P <0.05
Between A E and EIVD
r=(0.53), P<0.05
Between A M and Wf
r=(0.53), P <0.05
Between A M and IM
r=(0.43), P <0.05
Between A C and Wf
r=(0.45), P <0.05
Between SI and CEC
r=(0.41), P <0.05
Between SI and CBFR
r=(0.47), P <0.05

Direct correlation
Between A C and EDVD
r=(0.42), P <0.05
Inverse correlation
dependence

Between A _E and EIVD
r=(-0.43), P <0.05
Between A M and EIVD
r=(-0.60), P < 0.05
Between A R and EIVD
r=(-0.57), P <0.05
Between SI and EDVD
r=(-0.73), P < 0.05
Between SI and EIDV
r=(-0.37), P <0.05

Between SI and EDVD
r=(0.92), P <0.05
Between SI and EIDVD
r=(0.81), P <0.05
Inverse correlation:
Between A M and EDVD
r=(-0.45), P <0.05
Between A M and EIVD
r=(-0.67), P <0.05
Between A C and CEC
r=(-0.42), P <0.05
Between A C and IM
r=(-0.46), P < 0.05
Between A C and EDVD
r=(-0.93), P <0.05
Between A C and EIVD
r=(-0.47), P < 0.05
Between SI and Wf
r=(-0.57), P <0.05
Between SI and IM
r=(-0.45), P < 0.05

This indicates the presence of features of CHF formation in these groups, which
is confirmed by the greater number of reliable correlations in the analysis of these
patients with IHD and DLD in isolation, compared with patients with the combina-
tion of IHD and DLD.

In the study of microcirculation in patients with IHD, signs of spasm of the
precapillary sphincters were noted, due to increased myotonus, decreased blood cir-
culation of the microcirculation system, which is consistent with the results of other
studies [16, 19]. This is due to the overproduction of endothelin, thromboxane A2,
angiotensin II, and other pro-inflammatory cytokines with vasoconstrictive effects.

We found some differences depending on changes in the state of microcircula-
tion from contractility of the left ventricle in patients with coronary heart disease,
depending on the presence of concomitant DLD. In patients with isolated IHD as
TFlv decreases, there are clear signs of decreased capillary blood flow, probably
due to the deterioration of central hemodynamics, atherosclerotic changes in blood
vessels, and an increase in their tone.
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In patients with IHD and EFlv < 40 % increase in vascular tone — was higher
compared to patients with higher EFlv values, which may be due to phase changes
in the metabolism of vasoactive substances (proinflammatory cytokines: IL1, IL6,
TNF-a, prostacyclin, interferon-gamma etc.) [2, 3, 7].

Comparison of LDF and wavelet analysis in patients with coronary artery disease
with similar EFlv shows marked differences in their values, especially with initial
and severe HF..

Thus, at EFlv > 40 % in patients with IHD in the presence of DLD, there are
noticeable tendencies to a higher myotonic tone, a decrease in the activity of passive
mechanisms of regulation of microcirculation, a lower level of microcirculation
compared with patients without DLD, which may be due to some extent related to
swelling of the Disse space, as well as star cell contraction. When EFlv < 40 %
among patients with IHD, the degree of decrease in the regulation of active and
passive mechanisms of regulation of microcirculation is more pronounced in dia-
stolic dysfunction type pseudonormalization or restrictive type (E/A > 1.0), the
nature of the changes characteristic of the smoothed plateau type curve.

In patients with coronary artery disease in the presence of DLD at
TFlv > 40 %, there is a decrease in the level of microcirculation by increasing the
neuro- and myotonus, possibly due to the depletion of the production of vasoactive
substances. In patients with coronary artery disease with EF < 40 % with con-
comitant DLD there is an increase in the influence of active mechanisms of regu-
lation of microcirculation (by indicators A E, A N, A M), while reducing the
impact of passive.

This is probably explained by the violation of the disposal of vasoactive sub-
stances, due to irreversible morphofunctional changes in the liver at the stage of
decompensation of HF, as well as pronounced fibrosis and the formation of rege-
neration nodes, which disrupt the cytoarchitectonics of the liver and, as a conse-
quence, the morphology of deceleration of blood stream in the microcirculatory bed
due to stagnation, inflammation, metabolic acidosis.

In patients with coronary heart disease without DLD, lower values of A E,
A _H,and A M were observed, indicating a more pronounced increase in neu-
rotonus, myotonus, impaired release of nitric oxide, as opposed to microcirculation
in patients with concomitant DLD.

In patients with DLD there is a marked decrease in blood flow of the microcir-
culatory bed, as well as a significant disturbance of venous outflow. In this case,
we detected phase changes in LDF indices in DLD of different severity: with DLD
of moderate severity, venous outflow disturbance is more pronounced, neurotonus
and myotonus of precapillary sphincters are more reduced compared with patients
with both mild and severe liver lesions.. This can be explained by the hyperactivity
of the L-arginine-NO system in patients with moderate severity of hepatitis, and in
severe hepatitis and, in particular, in liver cirrhosis, the L-arginine-NO system of
the reticulo-endothelial system of the liver is depleted, causing blood flow to dete-
riorate [3, 4, 7, 8, 19].

Conclusions. In our work optimization of diagnostics of hemodynamic disorders
in patients with IHD is presented, depending on the presence of concomitant DLD.
It is shown that concomitant DLD in patients with coronary heart disease signifi-
cantly affect the systolic and diastolic functions of the LV and the dependence of
changes in microcirculation on the development of CHF, which should be taken into
account when evaluating the results of the examination and clarifying the effective-
ness of treatment of such patients.

1. In patients with coronary artery disease with the deterioration of the contractile
capacity of the LV and its diastolic filling, there is a progression of disorders
of microcirculation. Among patients with EFlv > 40 % at E/A<1.0 A R was
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higher compared to patients with preserved diastolic LV function. In patients
with pseudonormal and restrictive types, inhibition of regulation of active and
passive mechanisms of regulation of microcirculation is noted.

Among patients with IHD in the presence of concomitant DLD at EFlv > 40 %
lower values of A R and A C are noted, which indicates less influence of
passive mechanisms of regulation of microcirculation; however, in EFlv < 40
%, such patients showed a marked decrease in A, R and A C with an increase
in A__E, compared with patients without concomitant DLD.

In patients with DLD, compared to healthy wavelet analysis, there were phase
changes in A E, A M, A N, A R and IS depending on the severity of

liver damage.

Conflict of interests. Authors declare no competing interests.
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OCOBJIMBOCTI MIKPOIIUPKYIATOPHOT TUCOYHKIIT
3A TIOKA3HUKAMHU BEWBJIET-AHAJII3Y JIASEPHOI JOIIIJIEPIBCHKOT
®JIOYMETPIT ¥ XBOPUX HA IIIEMIYHY XBOPOBY CEPIIS TA CYIIYTHIMU
JIN®Y3HUMU 3AXBOPIOBAHHSIMU ITEYITHKN

C. €. Mocmosuii, O. b. Juunuk, H. A. Mapynyun (Kuis)

Meta. Buznauutu 0coOIUBOCTI pO3BUTKY HMOPYIIEHb MIKPOLUPKYJISLIT 32 JaHUMU BeHBICT-
aHajizy jaszepHoi jgomrmiepiBebkoi duoymerpii (JI®P) y xBopux Ha imeMiuHy XBopoOy cepiist
(IXC) 3anexHO Bl HasIBHOCTI CyIyTHIX AU(Y3HUX 3aXBOPIOBaHb NeuiHku. Marepiaiu i meToau.
Ob6crexeno 187 ocib, cepenniit Bik — (46,1 £ 17,4) poky. I rpyny cranoBmimm 55 xBopux Ha [XC
3 CH I-II b cranii, I — IV ©K, cepeaniii Bix (61,5 + 12,8) poky, 3 Hux 16 xinok (29 %), dpax-
ist BUKUIY JiBoro nurynouka (JIL) — (44,2 + 8,6) %. Cepexnns tpusainicts IXC cranosuina (8,2 +
5,7) poky. I rpyna po3noaineno Ha miarpynu A i b 3anexno Big BincytHocTi (IA) 4u HasBHOCTI
(IB) y xBopux cymyTHix 1udy3Hux 3axsoptoanb neuinku (J3I1). V II rpyni (rpyna NOpiBHSHHS)
obcrexeno 102 xBopux Ha 1X3 1 I3I1, cepenniii Bik (37,3 = 15,2) poky. o III (koHTpOIBHY)
IPYIU BBIHILIO 35 MpakTUYHO 3710pOBHX, cepenHiil Bik (32.4 + 7,4) poky. Pe3ynbrati o6cTexeH-
Hs1 xBopuX Il rpynu 101aTKOBO MpOaHaTi3yBaHO 3aJI€KHO BiJl TSUKKOCTI TMPOSIBIB YpaXKEHHs MEUiH-
ku: [IA — 48 XxBopuX 3 MiHIMAJILHUM CHHJPOMOM LIUTOMI3Y 1 XonecTa3y (30inbiieHHs BMicTy ATAT
MeHIIe Hix B 5 pasis, Oinipy0in — menme 100 mxmons/n); II b — 42 XxBopux 3 MOMIpHUM CHHJ-
poOMOM LHUTONI3y Ta XonecTasy (30inbimieHHs BMicTy ANAT B 5-10 pasis, 6inipy6in — Bix 100
10 200 mxmons/n); II B — 12 xBopux Ha uupo3 nedinku. JII® 3aiiicHioBanu 3a J0IOMOIOI0
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nasepHoro gomnmiepisebkoro guoymerpa JIAKK-02 (HIIIT «JTazmay, PD) 3a 3araibHONPUITHITOO
METOIMKOI. TakoK MpOBOIMIM aHATi3 Moka3HUKIB BeiiBner nepersopenns JIJI®-kpuBux, mo
rpadiuHo BioOpaXkye 3aJIeXKHICTb aMILTITY/] LIUX BUAIB KOJIMBaHb Bifl iX yacToT. BucHoBKHU. B XBO-
pux Ha IXC i3 3HmKeHOIO cuctoniuHoro (ynkiieto JIIII Ta moTipIIeHNM IiacTOMIYHIM HAllOBHEH-
HSIM BHSIBJICHO MIPOTIPECYOUY MIKPOLUPKYISITOPHY TUCHYHKINO. Y HOCTipKEeHHI OyJI0 JOBEACHO,
o HasiBHICTh npu [XC cynyTHix 311 BUKIUKATH MOPYIICHHS PETYIAIii CHCTEMHU MIKPOLUPKY-
nsuii. [pu 311 BusiBieHo (a3Huil xapakrep 3MiH MOKa3HHUKIB PEryssiii CUCTEMHU MIKPOIMPKY-
JAUiT 3aJ€KHO BiA TSXKKOCTI mepeliry ypakeHHs neuinkd. Hamu mokazaHo LIHHICTh BEHBIET-
aHanizy JIA® B mocnimkeHHI MIKpOLUUPKYJIATOPHUX 3MiH Ul BUSBICHHS CTaAill MOpYyILIEHHS
perynsmii cucTeMn MIKPOIUPKYIANii Ta X HAaSBHOCTI HEIHBa3MBHUM HIIIXOM y XBopux Ha IXC
3 cymyTtHimMu JI311.

KurouoBi ciioBa: iniemiuHa XBopo0a cepiist; jJa3epHa JA0NIUIepiBCbka (DIOyMeTpisi; BEHBIIET-
aHani3; Audy3Hi 3aXBOPIOBAHHS TEYIHKU.

OCOBEHHOCTHU MUKPOLIMPKYJISTOPHOM JUCOYHKIMU
10 TAHHBIM BEWBJIET-AHAJIM3A JIASEPHOM JOMIIJIEPOBCKOM
®JIOYMETPUU Y BOJbHBIX UIIEMHUYECKOM BOJIE3HBIO CEP/ILIA
U COITYTCTBYIOUMMU JUDODY3HBIMU 3ABOJTEBAHUSMU ITEYEHU

C. E. Mocmosotii, O. b. [Joinnux, H. A. Mapynuun (Kues)

Heab. M3yunts 0coO€HHOCTU pa3BUTUS HAPYIIEHUH MUKPOLUPKYISALUY [0 JAHHBIM BEHBIIET-
aHalM3a JIa3epHOH nomrurepoBckoil Guoymerpun (JIAD) y OONBHBIX HIIEMHYECKOH OOJE3HBIO
cepaua (MBC) B 3aBHCUMOCTH OT HAJIMYMS COIYTCTBYOMMX Iu(dy3HBIX 3a00eBaHN NIeUYeHH
(J13IT). Marepuanbl u metoanl. O6cienoBaHo 187 denoBek, u3 HUX 34 KEHIIMHBI U 154 MyX4KH,
cpeanunit Bospact — (46,1 = 17,4) ropa. I rpynmna — 55 6oneueix UBC ¢ CH I-11 b cramuu, I-1V ®K,
cpenuuii Bospact (61,5 £ 12.8) rona, ¢ppaxuust BeiOpoca jeBoro xenynouka — JIXK (44,2 + 8,6) %.
I rpynna pasnenena Ha noarpynnsl A u b B 3aBucumoctu ot orcytetBus (IA) unu nanuuus (Ib)
y 6onbubIx UBC comyrerByromux JI3I1. Bo II rpynny (rpymnna cpaBHeHus) Bouuio 102 601bHBIX
J3I1, cpennuii Bo3pact (37,3 + 15,2) roxa. Il (koHTpOJIbHYI0) I'PYHILy COCTABUIN 35 TpaKTHYe-
CKH 3/I0pPOBBIX, CpeHuit Bo3pact (32,4 + 7,4) roga. Pesynbrarsl o0caenoBanust 6onbHbIX I rpyn-
bl JIONOJHUTEIBHO MOAPA3ICIEHbl B 3aBUCUMOCTH OT TSKECTH MOPAKEHUs TMEUEHHU Ha MOArpyI-
nbl: [IA — 48 GoJIBHBIX ¢ MUHMMAJbHBIM CHHJIPOMOM IIUTOJIM3a W XojecTasa (yBeJIHM4YeHHUE
conepxkanusi AnAT menee ueM B 5 pa3, OunnpyOun — menee 100 mxmodns/in); 16 — 42 GonbHBIX
C YMEpPEHHbIM CHHAPOMOM LIUTONM3a U XojecTasa (yBenudeHue coupepxkanus AnAT B 5-10 pas,
omnnpyoun — ot 100 mgo 200 mxmomw/n); 1IB — 12 GonbHBIX ¢ nuppo3oM medenu. JIJIO mposo-
JIWIA C TIOMOIIBIO J1a3epHOro gomrmiepoBckoro ¢uyomerpa JIAKK-02 (HIIIT «Jlazma», P®) no
o0UenpuHATON MeTonuke. Takyke NMPOBOJIMIN aHAJIM3 MOKa3aTeleil BeBiIeT-npeoOpa3oBaHus
JIJ1®D-kpuBbIX, TpaguuecKy 0TOOPaKAIOIIUX 3aBUCUMOCTb aMIUIMTYbI 9THX BUAOB KoseOaHUH OT
ux 4actotrel. BeiBoabl. Y GosbHbie UBC co cHmkeHHOM cuctonmyeckoit ¢pynkuuein JIK n nHa-
PYLLIEHHBIM AUACTOIMYECKUM HAIIOJIHEHUEM OTMeYalach IPOrpeCcCUPYOLas MUKPOLUPKYIATOPHAs
muchynkmus. Hanmaue nmpu UBC comyTerByronux JI3I1 BEI3bIBANIO HAapyIIeHHE PETYJSIIHN CHC-
teMbl Mukpouupkyssitun. [Tpu 1311 oOHapyxeH (a3HbIil XapakTep U3MEHEHHUN TOKa3areseit pe-
TYJISIIMKA CUCTEMbl MUKPOLMPKYIISALUU B 3aBUCUMOCTH OT CTENEHHU TSHKECTH TEUCHMSI ITOPaXKECHUs
neyenu. B pabote nokaszana pouss BeliBneT-ananu3za JII® B uccieqoBaHuM MUKPOLUPKYISATOPHOM
JUCOYHKIUH ISl BBIABICHUS CTaAUil HapyIIEHUIl peryisluu CUCTEMbl MUKPOLUPKYJISLUU He-
UHBa3UBHBIM NyTéM y GonbHbIX UBC ¢ comyrerByromumu 1311

KaroueBbie ci10Ba: nimeMuieckasi 00JIe3Hb CEp/Illa; Ja3epHas JOMILICPOBCKas (GIoyMeTpus;
BeliBieT-aHanu3; auddysHeie 3a00aeBaHMS TEYCHHU.
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