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ABSTRACT

Aim of the study: to assess the relationship between the degree of disturbance of the
intestinal microbiota and dysbiosis, as well as endotoxinemia in various hemodynamic
phenotypes of chronic heart failure (CHF). Materials and methods. The disturbance of the
intestinal microbiota composition and changes in the degree of dysbiosis and endotoxin
concentration in the blood serum and their interrelation with the course and severity of the
disease were studied in 123 patients with CHF with reduced, intermediate and preserved left
ventricular ejection fraction. Results. The aggravation of the violation of the composition of the
intestinal microbiota in the form of a decrease in the number of normative obligate anaerobic
microorganisms, in particular bifidobacteria, lactobacilli and lactose-positive Escherichias, and
an increase in the number of conditionally pathogenic microorganisms - lactose-negative
Escherichia, Staphylobacteriasis, and Candida phenotypes were determined. It was also found
that the degree of intestinal dysbiosis and levels of endotoxinemia were associated with the
severity of CHF. Conclusion. It is advisable to control the level of intestinal microbiota, the
degree of dysbiosis and endotoxinemia to assess the effectiveness of the treatment for various
hemodynamic phenotypes of CHF.
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INTRODUCTION

Chronic heart failure (CHF) is a clinical syndrome caused by cardiovascular
disease and other comorbidities [14]. Chronic activation of neurohormones,
especially  sympathoadrenal, renin-angiotensin-aldosterone and immune-
inflammatory systems, plays an important role in its occurrence and course. Under
the influence of these neurohormones, various pathological changes occur not only
In the cardiovascular system, but also in a number of target organs, aggravating the
course of the disease [8].

Studies have shown that changes in the composition of the intestinal
microflora in patients with CHF activate the immune-inflammatory system.
Bacterial lipopolysaccharides (BLPS), an endotoxin that is a by-product of the cell
wall of gram-negative bacteria in the gut, play an important role in this. In CHF,
structural changes in the intestinal wall, ischemia and arterial hypoxemia, venous
stasis and edema lead to impaired motor-evacuation of the intestine, leading to an
increase in its permeability [2, 9, 22]. Moreover, in the course of the disease there
IS a quantitative and qualitative change in the intestinal microflora, including an
increase in the number of gram-negative microorganisms. This in turn leads to an
increase in the production of endotoxins by them in the gut. Under physiological
conditions, when BLPS enters the bloodstream, it is bound and neutralized by a
special lipopolysaccharide-binding protein synthesized in the liver. In patients with
CHF, BLPS is absorbed into the bloodstream due to abrupt changes in intestinal
microbiota, increased intestinal permeability, and decreased liver detoxification,
leading to activation of the immune system and cytokinemia [10]. However,
almost all studies to date have involved CHF patients with low left ventricular
ejection (LVEF) and have not studied the relationship between intestinal
microbiota status and endotoxinemia levels in intermediate and preserved
hemodynamic phenotypes of the disease.

The aim of the study. Assessment of the interdependence of intestinal
microbiota composition, degree of dysbiosis, the amount of endotoxinemia in
different hemodynamic phenotypes of CHF.

Materials and methods of the study. A total of 123 patients diagnosed with
CHF were included in the study. Patients were divided into 3 groups based on
clinical status and central hemodynamic parameters: the 1% group consisted of 41
CHF patients with decreased left ventricular ejection fraction (LVEF< 40%) (22
patients with II FC, mean age 61.6+1.3 years 8 men and 14 women; 19 patients
with III FC, mean age 65.3 £+ 2.6 years, 9 men and 10 women), the 2" group
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consisted of 38 CHF patients with intermediate LVEF (41- 49%) (18 patients with
Il FC, mean age 65 = 1.9, 14 men and 4 women; 20 patients with III FC, mean age
60.4 + 1.9, 15 men and 5 women), and the 3" group consisted of 44 CHF patients
with preserved LVEF (>50%) (21 patients with II FC, mean age 65.1+ 1.7, 12 men
and 9 women; 23 patients with III FC, mean age 65.6 = 1.2, 12 men and 11
women). The control group consisted of 20 healthy volunteers.

Diagnosis of CHF in the patients included in the study was based on their
complaints, anamnesis, objective examination and laboratory tests, the
"Recommendations for the diagnosis and treatment of acute and chronic heart
failure" of the European and Russian Association of Cardiologists, the New York
Association of Cardiologists (New York Heart Association, 1964) as well as the 6-
minute walking test.

The duration of CHF in patients was 2—6 years, with an average of 2.7 + 1.1
years. In all cases, the development of CHF was caused by CHD and hypertension.
Among the patients of the 1% group 16 (39%) had myocardial infarction more than
6 month ago, 5 (12.2 %) had undergone coronary stenting or shunting operation, 9
(21.9%) had rhythm and conduction disorders, 3 (7.3%) had heart aneurism.
Moreover, 13 patients (31.7 %) had obesity and 6 (14.6 %) had anemia. Among the
patients of the 2" group 31 (81.6%) had myocardial infarction more than 6 month
ago, 5 (13.2%) had undergone coronary stenting or shunting operation, 6 (15.8%)
had rhythm and conduction disorders, 6 (15.8%) had heart aneurism. Moreover, 13
patients (34.2%) had obesity and 3 (7.9%) had anemia. Among the patients of the
3 group 17 (38.6%) had myocardial infarction more than 6 month ago, 4 (9.1%)
had undergone coronary stenting or shunting operation, 7 (15.9%) had rhythm and
conduction disorders, 1 (2.3%) had heart aneurism. Moreover, 14 patients (31.8%)
had obesity and 2 (4.5%) had anemia. A general description of the patients is given
in Table 1.

Table 1
A general description of patients with chronic heart failure involved in the
study
Indices Total 18t group | 2" group | 3" group
Number of patients 123 41 38 44
Age, years 63.4+1.2 | 63.3+1.4 | 62.6x1.9 | 65.4£1.0
BMI, kg/m? 30.840.9 | 27.9+0.6 | 31.9+1.3 | 30.5+0.7
Sex, man/woman 70/53 17/24 29/9 24/20
CHF duration, years 3.6+1.2 4.2+1.8 3.2+1.3 2.9+0.9
Exertion stenocardia 123 41 38 44
I FC 33 9 6 18
Il FC 90 32 32 26
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Hypertension 123 41 38 44
PICS, % 64 (52%) | 16 (39%) | 31 (81.6%)| 17 (38.6%)
g;?n”;g’s;%ggggind 14 (11.4%)| 5 (12.2%) | 5 (13.2%) | 4 (9.1%)
Rhythm and conduction

?i'gfi:?a‘iﬁ’n'f"\‘/’;ﬁ?cedIztr“a' 22 (17.9%)| 9 (21.9%) | 6 (15.8%) | 7 (15.9%)
extrasystole,%

Heart aneurism, % 10 (8.1%) | 3(7.3%) | 6(15.8%) | 1(2.3%)
LVEF, % 479409 | 36.5+0.4 | 46.1=0.4 | 59.60.6
Obesity 40 (32.5%)| 13 (31.7%)| 13 (34.2%)| 14 (31.8%)
Anemia 11 (8.9%) | 6 (14.6%) | 3 (7.9%) | 2 (4.5%)

Exclusion criteria: patients with acute MI and unstable angina, arterial
hypotension, Il - Ill degree atrioventricular block, rheumatic and congenital heart
defects, strike and its complications, diffuse autoimmune and connective tissue
diseases, acute and chronic inflammatory diseases, kidney disease with cardiac
dysfunction - cases of advanced chronic kidney disease, diseases of the
parenchyma with liver failure, exacerbation of chronic obstructive pulmonary
disease, bronchial asthma, severe respiratory failure, oncological, mental illness,
alcoholism and other serious comorbidities.

Based on the complaints, anamnesis and objective examination of all three
groups of patients with CHF, their clinical and functional status was assessed, the
general and biochemical analysis of blood and urine, coagulogram, lipid spectrum
were determined. Serum endotoxin LAL (Limulus Amebocyte Lysate) was
chromogenically detected in patients using test reagents. The reference level was -
0.07 - 0.21 EU/m.

The composition of the colon microbiota was studied bacteriologically. In
its examination, the modified methodological recommendations of
A.Z.Smolyanskaya (1984) and N.M.Gracheva and co-authors (1986) were used as
a basis for analysis. The analysis revealed the ratio of aerobic and anaerobic, as
well as the total number of obligate (bifidobacteria, lactobacilli, lactose-positive
Escherichia) and conditionally pathogenic microbes (hemolytic Escherichia,
streptococcus, staphylococcus, Candida fungi, etc.) in 1 gram of feces. Tests for
the detection of asporogenic anaerobes and microaerophilic microorganisms were
cultured in the following media: Blaurokk - for bifidobacteria; MRS-4 - for the
isolation of lactobacilli and milk streptococci. 5% blood agar, as well as Endo,
Saburo medium and yellow-salt agar were used to isolate aerobic and facultative-
anaerobic microorganisms. Types and groups of isolated microorganisms after a
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specified time are determined on the basis of their growth in selective and
differential-diagnostic media in accordance with official guidelines, based on
microscopic data in Gram-stained smears. The number of microorganisms was
calculated according to the following formula: K = A x 200 x P (CFU/g). In this
formula: K - the number of bacteria of a particular species; A - the number of
colonies in the last cup culture in which the microbes grew; 200 — the coefficient
that corresponds to 1 ml of sedimentary culture (volume — 0.005 ml); P — degree of
dilution. The number of bacteria in each species was expressed in CFU / g.

Echocardiography (EchoCG) was made using transthoracic access in
PHILIPS Affiniti 70 (Netherlands) device, frequency - 5-1 MHz. During
echocardiography M and B modes were used and recommendations of American
Society of Echocardiography (ASE,2015) were followed. During investigation
following were measured: end diastolic and end systolic size of LV (EDS and
ESS), end diastolic and end systolic volume of LV (EDV and ESV), posterior wall
thickness of LV (LVPWT) and interventricular septal thickness (IVST), left atrium
(LA) size, left ventricle ejection fraction (LVEF), stoke volume (SV), difference
between EDV and ESV, left ventricular mass (LVM) using Devereux R.B. formula
-LVM =0,8 [1,04 (EDS + LVPWT + IVST)3 - EDS3] + 0,6 g.

LVM index (LVMI) using LVMI = LVM/S (body), g/m2 formula.

In order to exactly evaluate indices of central hemodynamics it was divided
into body surface area. Left ventricular hypertrophy was considered when LVMI
was >115g/m2 in men and >95g/m2 women. Remodeling of left ventricle was
determined based on relative thickness of the ventricle wall (LVRWT =
IVST+LVPWT/EDS). The normative value of LVRWT ranged from 0.22 to 0.42.
Myocardial structural geometric remodeling was determined using A. Ganau's
formula, where: the normative geometry of the left ventricle was LVMI = N,
LVRWT <0.42; concentric hypertrophy LVMI> N, LVRWT> 0.42; concentric
remodeling LVMI = N, LVRWT> 0.42; eccentric hypertrophy LVMI> N,
LVRWT <0.42.

MS Excel (2007) computer software was used for statistical processing of the
data obtained in the study. The arithmetic mean and standard deviations (M £ m)
of the indicators were calculated. The significance of difference between the
compared groups was assessed according to the Student's criterion, where p <0.05.

Results of the study and discussion. The indicators of central
hemodynamics and cardiac remodeling in patients with CHF involved in the study
differed statistically significantly (Table 2).
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Table 2

Clinical-functional status and central hemodynamic parameters of patients

with chronic heart failure

1%t group, 2" group, 3" group,
Indices CHE with CHF wi_th CHF with
decreased intermediate preserved
LVEF, n=41 LVEF, n=38 LVEF, n=44
CCAS, ball 6.4+0.3 6.9+0.4 6.7+0.3
QoL, ball 47.5+1.6 52.1+1.9 53.7+1.5 #
6MWT, meters 289.5£12.0 285.1+16.1 285.2+12.1
Indicators of central hemodynamics
EDS, sm 6.8+0.08 6.2+0.1 *** 5.3£0.05 £+
EDV, ml 211.3+4.4 181.249.7** | 135.242.9 £+
ESS, sm 5.6+0.1 4.9+0.] *** 3.6£0.05 #££
ESV, mi 146.8+4.9 107.0£7.5 *** | 59.9+1.9 #££+
IVST, mm 10.4+0.2 11.0+0.2* 11.7+0.2 #£+
LVPWT, mm 11.2+0.2 12.3 £0.2 *** | 12.6+0.2 £
LVMI, g/m? 278.0+8.8 269.3+8.6 239.2+46.5 #+
LVRWT, unit 0.33+0.01 0.47+0.01 *** | 0.45+0.01 £££
LVEF, % 35.9+0.4 45.440.4 *** | 56.5+0.6 £#£#

Note: significance of differences between the 15t and the 2" groups: * - p<0.05;
** - p<0.01; *** - p<0.001; significance of differences between the 1t and the 3 groups:
# - p<0.05; ##£ - p<0.01; #££ - p<0.001; CCAS - clinical condition assessment scale, QoL —
quality of life, BMWT — six minute walk test, EDS — end diastolic size, EDV — end diastolic
volume, ESS - end systolic size, ESV — end systolic volume, IVST — interventricular septal
thickness, LVPWT — left ventricular posterior wall thickness, LVRWT —left ventricular relative
wall thickness, LVEF — left ventricular ejection fraction

LVEF, which represents the inotropic properties of the myocardium, was
found to be 35.9 + 0.4% in the 1% group patients and decreased by 9.5 and 20.6%,
respectively, compared to those in the 2" and 3™ groups (p <0.001). In the 1%
group patients, EDS and EDV were 9.6 (6.8 vs. 6.8 cm, p <0.001) and 16.6 (181.2
vs. 211.3 ml, r <0.01)% and 28.3 (5.3 vs. 6.8 cm) compared with those in the 2"
and 3" groups respectively (p <0.001) and increased by 56.3 (135.2 vs. 211.3 ml, p
<0.001)%. In this group of patients, ESS and ESV were 14.2 (vs. 5.6 cm, p <0.001)
and 37.1 (107.0 vs. 146.8 ml, p <0.001)% and 55.5 (3.6 vs. 5.6), respectively,
compared with those in the 2" and 3™ groups (p <0.001) and increased by 145.1%
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(596 vs. 146.8 ml, p <0.001). The clear development of left ventricular
hypertrophy (LVH) in patients with CHF is a direct indication of the high risk of
developing its complications. All patients in the 1% group had eccentric
hypertrophy (EH), 29 patients in the 2" group had concentric hypertrophy (CH), 9
patients had EH, 29 patients in the 3™ group had EH, and 15 patients had EH. In
patients of the 3" group, IVST, LVPWT, and LVRWT were 6.7 (11.7 vs. 11.7
mm, p <0.001), 9.7 (11.2 vs. 12.6 mm, p <0.001), and 29.4% (0.33 vs. 0.45,
respectively) compared with the 1% group patients. (p<0.001), it was found that in
this group the symptoms of LVH were more pronounced. These values were found
to be 5.7 (p <0.05), 9.8 (p <0.001) and 42.4% (p <0.001) higher in the 2" group
patients than the 1% group, respectively.

Bacteriological analysis revealed that the composition of the intestinal
microbiota in patients in all three groups of followers changed statistically
significantly compared to the control group.

In 1l and 1l FC of CHF patients with decreased LVEF numbers of normal
obligate microflora such as Bifidobacteria, Lactobacilli and Lactose positive
Escherichia decreased respectively from 4.8 x 10® to 1.1 x 107 and 4.7 x 10°
(p<0.01); from 1.6 x 108t0 2.4 x 107 (p<0.01) and 9.0 x 10° (p<0.001); from 1.1 x
108 to 6.3 x 10° (p<0.01) and 9.2 x 10° (p<0.001) CFU/g compared to reference
values. On the contrary, it was found that numbers of Lactose negative
Escherichia, Enterobacteria, Staphylococcus and Fungi increased respectively from
2.0 x 10°to 7.0 x 10%and 8.1 x 107 (p<0.05); from 5.3 x 103to 7.6 x 10°and 6.9 x
10° (p<0.05); from 6.0 x 10°to 5.1 x 10° (p<0.01) and 1.2 x 10° (p<0.001); and
from4.1 x 10%to 3.1 x 10* (p<0.05) and 5.0 x 10* (p<0.01) CFU/g (Table 3).

Table 3

Qualitative and quantitative description of intestinal microbiota in CHF
patients with decreased LVEF

Name of Group of Reference CHF CHF
microflora microflora [|indicator, n=20 | Il FC, n=22]| Ill FC, n=19
CFU/g
Bifidobacteria | Normal gram- | 4.8+1.6x10® | 1.1£0.5x10" | 4.7+1.8x10°
positive [1.2x10%1.8x1 | [1.1x10% [1.0x103;
09] 1.1x10¢] 1.9x107]##
Lactobacilli 1.6£0.4 x108 | 2.4+£0.9x10" | 9.0+3.4x10°
[2.8x10%; [3.7x103; [2.9x103;
3.9x109] 2.1x108]** | 3.8x107] ###
Lactose positive | Normal gram- | 1.1+0.3x108 | 6.3+4.9x10° | 9.2+3.2x10°
Escherichia negative [1.2 x10%; [0.0; [2.9x103;
4.3 x 109] 1.1x108]** | 3.8 x 107] ###
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Lactose negative Gram- 2.0+£0.9x10* | 7.0+£2.9x10° | 8.1+3.7x10’
Escherichia negative [10; 1.0x10°] [3.4x10% [1.2x10%
conditional 6.2x107]* 4.2x10%) #

Enterobacteria pathogen 5.342.0x10% | 7.6+£3.1x10° | 6.9+3.2x10°
microflora [0; 3.3x10%] [7.0x10% [3.3x103;
6.1x106]* | 4.4x107]#

Staphylococcus | Gram-positive | 6.0£2.4x10° | 5.1£1.8x10° | 2.2+0.5x10°
(s. aurius) conditional [1.7x10% [1.7x10% [1.8x103;

pathogen 3.6x10%] 4.1x10%]** | 5.6x10°] ###

Fungi microflora 4.1£1.6x10° | 3.1£1.2x10* | 5.0+1.7x10*
(c. albicans) [1.0x107 [1.1x10% [1.0x103;
2.5x10] 2.2x105]* | 2.5x10°] ##

Note: * - significance of difference between CHF Il FC patients and reference values:
* - p<0.05; ** - p<0.01; *** - p<0.001; # - significance of difference between CHF IIl FC
patients and reference values: # - p<0.05; ## - p<0.01; ### - p<0.001.

In 1l and Il FC of CHF patients with intermediate LVEF numbers of

Bifidobacteria, Lactobacilli and Lactose positive Escherichia decreased
respectively from 4.8 x 108to 2.1 x 107 (p<0.01) and 4.6 x 10° (p<0.01); from 1.6 x
108 to 2.9 x 107 (p<0.01) and 8.1 x 10° (p<0.001); from 1.1 x 108 to 1.6 x 10’
(p>0.05) and 8.3 x 10° (p<0.001) CFU/g compared to reference values. On the
contrary, it was found that numbers of Lactose negative Escherichia,
Enterobacteria, Staphylococcus and Fungi increased respectively from 2.0 x 10*to
4.4 x 10°and 6.4 x 10° (p<0.05); from 5.3 x 103to 5.3 x 10°and 4.4 x 10° (p<0.05);
from 6.0 x 103 to 2.9 x 10° (p<0.05) and 3.0 x 10° (p<0.05); and from 4.1 x 103to

2.8 x 10* (p<0.05) and 3.7 x 10* (p<0.01) CFU/g (Table 4).

Table 4

Qualitative and quantitative description of intestinal microbiota in CHF
patients with intermediate LVEF

Name of Group of Reference CHF CHF
microflora microflora indicator, Il FC, 11 FC,
n=20 n=22 n=19
CFU/g
Bifidobacteria | Normal gram- | 4.8+1.6x10% | 2.1+0.9 x107 | 4.6+1.6x10°
positive [1.2x10%; [3.1x103 [1.3x103;
1.8x10°] 1.3x108]** | 1.9x107] ##
Lactobacilli 1.6+£0.4 x108 | 2.9+0.9x10" | 8.1+£3.0x10°
[2.8x10%; [2.7x103; [3.1x103;
3.9x109] 1.4x108]** | 3.8x107] ###
Lactose positive | Normal gram- | 1.1£0.3x108 | 1.6+1.0 x10" | 8.3+2.7x10°
Escherichia negative [1.2x10%; [0.0; 1.4x [0.0;
4.3x10%] 108]* 3.5 x106]###
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Lactose negative | Gram-negative | 2.0+£0.9x10* | 4.4+2.0 x 10°® | 6.4+3.0 x10°
Escherichia conditional [10; 1.0x10°] [3.2x107 [1.2x10%
pathogen 4.1x107]* 4.5x107] #

Enterobacteria microflora 5.3+2.0x10° | 5.3+2.5x10° | 4.4+1.9x10°
[0;3.3x10%] | [7.0x10% [3.6x105;
52x106]* | 4.8x107] #

Staphylococcus | Gram-positive | 6.0+2.4x10% | 3.9£1.9x10° | 3.0+1.3x10°
(s. aurius) conditional [1.7x10% [2.3x10% [1.8x103;
pathogen 3.6x10%] 3.2x106]* 4.7x10°] #

Fungi microflora 4.1£1.6x10° | 2.8+1.1x10* | 3.7+1.3x10*
(c. albicans) [1.0x107 [1.1x10% [1.2x103%;

2.5x10] 2.1x105]* | 2.2x105] ##

Note: * - significance of difference between CHF Il FC patients and reference values:
* - p<0.05; ** - p<0.01; *** - p<0.001; # - significance of difference between CHF IIl FC
patients and reference values: # - p<0.05; ## - p<0.01; ### - p<0.001.

In 1l and Il FC of CHF patients with preserved LVEF numbers of
Bifidobacteria, Lactobacilli and Lactose positive Escherichia decreased
respectively from 4.8 x 108to 3.3 x 107 (p<0.01) and 2.0 x 107 (p<0.01); from 1.6 x
108 to 6.3 x 107 (p<0.05) and 3.6 x 107 (p<0.01); from 1.1 x 108 to 2.4 x 10’
(p>0.01) and 1.2 x 10° (p<0.01) CFU/g compared to reference values. On the
contrary, it was found that numbers of Lactose negative Escherichia,
Enterobacteria, Staphylococcus and Fungi increased respectively from 2.0 x 10*to
3.9 x 10%and 2.5 x 108 (p<0.05); from 5.3 x 103to 2.7 x 10°and 3.2 x 10° (p<0.05);
from 6.0 x 103 to 3.5 x 10° (p<0.05) and 3.2 x 10° (p<0.01); and from 4.1 x 103to

1.2 x 10* (p<0.01) and 2.7 x 10* (p<0.05) CFU/g (Table 5).

Table 5

Quialitative and quantitative description of intestinal microbiota in CHF
patients with preserved LVEF

Name of Group of Reference CHF CHF
microflora microflora indicator, Il FC, n=22 11 FC,
n=20 n=19
CFU/g
Bifidobacteria | Normal gram- | 4.8+1.6x10® | 3.3+1.1x10" | 2.0+0.9x10’
positive [1.2x10%; [1.9x103; [1.1x103;
1.8x109 1.7x108]** | 1.8x108] ##
Lactobacilli 1.6+0.4 x108 | 6.3£2.2x107 | 3.6+1.8x10’
[2.8x105; [3.7x10%; [3.6x10;
3.9x107] 3.2x108]* | 4.1x108] ##
L actose positive | Normal gram- | 1.1£0.3x108 | 2.4+1.0x10" | 1.2+0.7x107
Escherichia negative [1.2 x10%; [0.0; [0.0;
4.3 x 108] 1.2x108]** | 1.4x10%] ##
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Lactose negative | Gram-negative | 2.0£0.9x10* | 3.9£1.9x10° | 2.5+1.1x10°
Escherichia conditional [10; 1.0x10°] | [2.3x107% [2.8x10%;
pathogen 6.2x107]* 3.9x107] #

Enterobacteria microflora 5.3+2.0x10° | 2.7+1.3x10° | 3.2+1.2x10°
[0;3.3x104] | [1.0x10% [4.0x102;
5.5x105]* | 4.8x10°] #

Staphylococcus | Gram-positive | 6.0£2.4x10° | 3.5+1.4x10° | 3.2+1.1x10°
(s. aurius) conditional [1.7x10% [1.1x10% [1.8x10%

pathogen 3.6x10%] 3.0x1061* | 4.1x10°] ##

Fungi microflora 4.1£1.6x10° | 1.2+£0.2x10* | 2.7+1.1x10*
(c. albicans) [1.0x10% [1.0x10% [1.4x10%
2.5x104 | 1.0x105]** | 2.x10°]#

Note: * - significance of difference between CHF 1l FC patients and reference values: * -
p<0.05; ** - p<0.01; *** - p<0.001; # - significance of difference between CHF Ill FC patients
and reference values: # - p<0.05; ## - p<0.01; ### - p<0.001.

During the study, changes of varios degrees was obseved in gut microbiota of
patients involved in tha study. Among patients of the 1st group, 1 (2.4%) had
normal biocenosis, 14 had (34.1%) | degree dysbiosis, 19 had (46.3%) Il degree
dysbiosis, and 7 (17.1%) had 111 degree dysbiosis. In the 2" and 3™ group normal
biocenosis was found respectively in 2 (5.2%) and 6 (13.6%) patients, | degree
dysbiosis in 14 (36.8%) and 18 (40.9%), Il degree dysbiosis in 17 (44.7%) and 17
(38.6%), 111 degree dysbiosis in 5 (13.2%) and 3 (6.8%) patients (Figure 1).
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36,8 7 386

. 34,1 ’ 35
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— ] ] 0
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® Normal biocenosis m Dysbiosis I degree Dysbiosis Il degree m Dysbiosis Il degree

Figure 1. Disorders of intestinal microbiota in patients with chronic heart
failure and in the control group,%.

In the 1% group patients of our study pathological changes in gut microbiota
was more prominent compared to the 2" and 3™ group patients. In the formen
group normal biocenosi was observed less frequently (respectively 5.2 and 13.6 vs
2.4%, p<0.05), while Il and Ill degree dysbiosis was found more often compared
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to other groups (respectively 44.7 and 38.6 vs 46.3%; 13.2 and 6.8 vs 17.1%,
p<0.05). Moreover, there was also an increase in intestinal dysbiosis and it
coincided with an increase in FC. It was characterised by decrease in normal
obligate microflora, and increase in facultative anaerobic microflora, especially
gram-negative microorganisms — lactose negative form of Escherichia coli,
enterobacteria, staphylococci and fungi. (Table 6)

Table 6
Changes in the intestinal microbiota and the degree of endotoxinemia in
different hemodynamic phenotypes of chronic heart failure

Condition of | Control 1%t group 2" group 3" group
microbiota group, HFC | HIFC| IIFC |[INFC | IIFC | IIIFC
n=20 n=22 | n=19 | n=18 | n=20 | n=21 | n=23
Normal- 9 1 0 2 0 4 2
biocenosis,(%) (45.0) (4.6) (11.1) (19.0) | (8.7)
Dysbiosis | 7 9 5 8 6 9 9
degree, (%) (35.0) (40.9) | (26.3) | (44.4) | (30.0) | (42.8) | (39.1)
Dysbiosis Il 4 9 10 6 11 7 10
degree, (%) (20.0) (40.9) | (52.6) | (33.3) | (55.0) | (33.4) | (43.5)
Dysbiosis 111 0 3 4 2 3 1 2
degree, (%) (13.6) | (21.1) | (11.1) | (15.0) | (4.8 (8.7)
* 3.6 * 2.5* * *
Endotoxin, 0.13 ?609_ [2.5; [1698' [1.1; [1656' [1(')77_
EU/mI [0.07;0.21] 3.'9]’ 4.5] * 2.9]’ 3.1] 1..9]’ 2.4'] #
Lt A
Note: * - significance of difference between Il - 11l FC CHF patients and reference values,

p<0.001; # - significance of difference between Il FC and 11l FC of CHF, p<0.05; ## - p<0.01;
### - p<0.001; # - significance of difference between the groups, p<0.01; ## - p<0.001; ### -
p<0.000.

In the patients of the 1% group Il and Il degrees of dysbiosis was found
respectively 3.5 - 29.5 percent more frequently compared to the 2" and the 3™
groups. In Il and 11l FC patients of this group statistically significant increase in
levels of endotoxin compared to reference values (respectively 0.13 vs 3.04 and 3.6
(p<0.001) EU/ml) was found. Results of this groups were respectively 1.6 and 1.4
(p<0.001); and 2.0 and 2.1 (p<0.001) times higher compared to the 2" and 3
group patients. Moreover, endotoxin levels corresponded to the disease gravity.
Namely, it was 18.4% higher in Il FC of CHF patients with with decreased LVEF
compared to I FC (3.04 £ 0.1 vs 3.6 = 0.1. p<0.001).

In Il and 111 FC patients of the 2" group endotoxin levels in serum increased
compared to reference values (respectively 1.9 and 2.5 vs 0.13 EU/ml; p<0.000).
Endotoxin vales of this groups were respectively 1.3 (p<0.01) Ba 1.5 (p<0.001)
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times higher compared to CHF patients with preserved LVEF. It was also found
that the amount of endotoxin in this group also coincided with the aggravation of
the disease FC (increase from 1.9 + 0.1 t0 2.5 = 0.1 EU/ml, p<0.001).

In 11 and 111 FC patients of the 3™ group endotoxin levels in serum increased
compared to reference values (respectively 1.5 and 1.7 vs 0.13 EU/ml; p<0.000).
In this group too it was also found that the amount of endotoxin in this group also
coincided with the increase of the disease FC (increase from 1.5+ 0.08 to 1.7 = 0.1
EU/mI; p<0.05).

The serum endotoxin levels of all three groups of patients were higher than
the reference values, which was more pronounced in CHF patients with decreased
LVEF, and the level of endotoxinemia was consistent with the severity of the
disease. When the correlation of the level of endotoxinemia with the disruption of
the intestinal microbiota in the patients involved in the study, the following was
found (Table 7).

Table 7

Correlation between the level of endotoxinemia and intestinal dysbiosis in
patients with chronic heart failure

Microorganis CHF with reduced inct:el_llfriz\(lj?;te CHF with
ms LVEF L VEE preserved LVEF
CFU/g Il FC 11 FC Il FC 11 FC Il FC 11 FC
n=22 n=19 n=18 n=20 n=21 n=23

Bifidobacteria| r=-0.84 | r=-0.86 | r=-0.71 | r=-0.68 | r=-0.92 | r=-0.64
p<0.001 | p<0.001 | p<0.001 | p<0.001 | p<0.001 | p<0.01

Lactobacilli | r=-0.83 | r=-0.87 | r=-0.83 | r=-0.47 | r=-0.89 | r=-0.58
p<0.001 | p<0.001 | p<0.001 | p<0.05 | p<0.001 | p<0.01

'p‘o"";tt?\slg r=-0.77 | r=-0.85 | r=-0.60 | r=-0.45 | r=-0.90 | r=- 0.56
Escherichia p<0.001 | p<0.001 | p<0.01 p<0.05 | p<0.001 | p<0.01
r';ezcgaf‘/i r=051 | r=070 | r=049 | r=0.38 | r=030 | r=0.39

Escherichia p<0.02 | p<0.001 | p<0.05 |p=insig. | p=1nsig. | p =insig.
Enterobacteria| r=052 | r=0.66 | r=0.49 | r=0.37 | r=0.25 | r=0.41
p<0.02 | p<0.01 p<0.05 |p=insig. | p=insig. | p<0.05
Staphylococcus| r=0.51 r=0.64 r=0.48 r=0.19 r=0.26 r=0.42
p<0.02 | p<0.01 p<0.05 |p=1nsig. | p=insig. | p<0.05

Fungi r=055 | r=0.72 | =058 | r=044 | r=0.46 | r=0.51
p<0.01 | p<0.001 | p<0.02 | p<0.05 | p<0.05 | p<0.02

Note: degree of correlation (according to Chaddock’s scale): r< 0.3 — very weak, 0.3<r<0.5
- weak, 0.5<r< 0.7 — moderate, 0.7<r<0.9 — strong, 0.9<r<1.0 — very strong. insig. — correlation
is statistically insignificant.
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A reliable correlation between endotoxinemia and the degree of intestinal
dysbiosis was found in all groups of patients monitored. In particular, negative
moderate and strong correlations were noted between a decrease in normal
intestinal anaerobic microorganisms, such as bifidobacteria, lactobacilli and
lactosapositive escherichia on one hand and endotoxinemia on the other. At the
same time, in CHF patients with decreased LVEF, strong negative correlation
between endotoxinemia and obligate anaerobic microgranisms - bifidobacteria,
lactobacilli and lactose positive escherichia in patients with Il and Il FC was
observed (respectively r =-0.84; r =-0.83; r =-0.77. =- 0.86; r = -0.87; r = -0.85.
p <0.001). In this group, moderately positive correlation was found between
intestinal microorganisms that are considered conditionally pathogenic — lactose
negative escherichia, enterococci, staphylococci and fungi on one hand and the
level of endoxinemia (respectively r = 0.51; r = 0.52; r = 0.51. p <0.02 and r =
0.55. p <0.01, r = 0.70, p <0.001; r = 0.66; r = 0.66. p <0.01 and r = 0.72. p
<0.001).

In CHF patients with intermediate LVEF in both Il and Il FC,
correspondingly strong and moderately negative correlation was found between
endotoxinemia and bifidobacteria (r = -0.71 and r = -0.68, p <0.001). Between
endotxinemia and lactobacilli correlation was respectively, strong and weak
negative (r = -0.83, p <0.001 and r = -0.47. p <0.05) and between endotxinemia
and lactose-positive escherichia moderately and weak negative (r = - 0.60; p <0.01
and r = -0.45. p <0.05). Weak and moderately positive correlation was fond (r =
0.49; r = 0.49; r = 0.48. p <0.05 and r = 0.58. p <0.02, respectively) between
lactosanegative escherichia, enterococci, staphylococci, and fungi with level of
endoxinemia in Il FC of CHF patients in this group. In Il FC of the disease, the
only reliable correlation was between level of endoxinemia and fungi and it was
weak positive (r = 0.44. p <0.05).

In CHF patients with preserved LVEF of both Il and Il FC, between
endotoxinemia on one hand and bifidobacteria, lactobacilli and lactose positive
escherichia on the other respectively strong (r = -0.92; r = -0.89 and r = -0.90; p
<0.001) and moderately (r = -0.60; r = -0.58 and r = -0.56. p <0.01) negative
correlation was found. In CHF patients of this group, there was moderately
positive correlation between the level of endoxinemia and lactose negative
escherichia, enterococci, and staphylococci (r = 0.46. R <0.05). Correlation
between endotoxinemia and enterococci as well as staphylococci was weak
positive, while with fungi it was moderately positive (r = 0.51. r <0.05).

Discussion. Patients with CHF have pathological changes not only in the
cardiovascular system, but also in a number of target organs, especially the
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gastrointestinal tract. Studies have shown changes of the composition of the
normal intestinal microflora in CHF, with a decrease in obligate anaerobic
microorganisms, an increase in gram-negative microflora [5, 6]. This in turn leads
to increased production of endotoxins by gram-negative bacteria in the gut. They
initially trigger a local inflammatory process in the intestine. In this case, the
bacteria and their breakdown products are phagocytosed by macrophages in the
intestinal wall and cells of the reticuloendothelial system. Activated macrophages
enter the local lymph nodes, where they pass into the circulating blood along with
broken down bacterial products, leading to activation of the immune system and
cytokinemia [11]. Activation of the immune system under the influence of BLPS
in CHF is carried out by immunocompetent cells CD14 and TLR-4 (Toll like
receptor - 4) receptors expressed by cardiomyocytes, and a systemic inflammatory
process occurs in the body [12, 19, 20, 21]. A study by S. Mag and co-authors
(2015) found that BLPS may have a direct effect on myocardial remodeling in
CHF. This study is based on the fact that BLPS has a direct or indirect effect on
intracardiac Ca (2+) homeostasis and leads to the development of myocardial
hypertrophy [17]. BLPS leads to the synthesis of excess collagen in the
extracellular matrix due to the activation of fibroblasts in the heart. Moreover,
BLPS induces apoptosis of cardiomyocytess by activating the endoplasmic
reticulum and stimulating the actin A-follistatin system [13]. In all three groups of
patients involved in our study, cardiac remodeling rates differed sharply. Spherical
dilatation and eccentric hypertrophy was found in CHF patients with decreased
LVEF. Interventricular septum thickening, which is a symptom of left ventricular
hypertrophy and an increase in the thickness of the posterior wall of the left
ventricle and the relative thickness of the left ventricle, ie in most cases concentric
hypertrophy was found in most cases of the preserved hemodynamic phenotype of
the disease. Cardiac remodeling in CHF with intermediate LVEF was found to be
between decreased and preserved hemodynamic phenotypes of the disease.

Indeed, the difference in cardiac remodeling in the patients involved in the
study was reflected in changes in the composition of the intestinal microbiota
depending on different hemodynamic phenotypes of CHF, disease stage, and FC.
The study found conditional pathogenic fungi of the genus Candida and bacteria
Campylobacter, Shigella, Yersinia in the feces of the majority of patients with
severe CHF [18]. In the research by E. Eroposa and co-authors it was noted that
the levels of dysbiosis, cytokinemia and endotoxinemia are related to the severity
of patients with CHF [4, 5, 7]. Investigation of intestinal microbiota in all groups
of patients of our study showed a statistically significant decrease in the normative
anaerobic microorganisms - bifidobacteria, lactobacilli and lactosapositive
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Escherichia coli (p <0.000), and increase of conditional pathogenic
microorganisms, in particular, gram-negative microflora, lactobacilli, lactobacilli,
lactose. (p <0.000). It was also found that the degree of intestinal dysbiosis in all
patients was consistent with the severity of the disease. The marked development
of intestinal dysbiosis in the decreased hemodynamic phenotype of CHF is due to a
sharp decrease in the inotropic properties of the heart with systemic arterial
hypoxemia, venous stasis and edema, and in the preserved LVEF phenotype of the
disease with impaired cardiac diastole and systemic neurohormonal activation. The
intermediate hemodynamic phenotype of the disease occupied the intermediate
state in regart to the low and preserved phenotypes of CHF.

A study by I'. ApytionoB and co-authors (2005) noted that serum endotoxin
levels in severe (111-1V) FC of CHF were in the upper limit of normal values, twice
as high as in healthy volunteers in the control group [2]. E. Eroposa and co-authors
(2012) found that serum endotoxin levels in patients with stage 1A and B of CHF
were respectively 1.5 and 2 times higher, than in stage | of the disease. It has also
been suggested that some authors suggest that BLPS levels higher than 0.51 EU/mI
in patients with CHF indicate small circulatory stagnation in 90% of cases [16].
Another study found that serum endotoxin levels in patients with MI were three
times higher than in healthy people of the same age [1]. The connectedness of
clinical and functional status and endotoxinemia in patients with CHF has been
noted by a number of authors [4, 5, 15]. Hypoxia and acidosis in enterocytes,
impaired sodium and hydrogen metabolism, increased fluid and sodium retention
in the intestinal wall, decreased intestinal pH and permeability events associated
with inflammation are directly related to the severity of CHF [19]. Some authors
have suggested that bacterial translocation in CHF leads to endotoxinemia. A
number of scientific papers published under the direction of I'. ApyTtioHoB have
shown that in patients with CHF, the microbiota is disturbed due to the increase of
gram-negative flora in the colon, and fibrosis in the small intestine. It has been
noted that these changes are related to the amount of C reactive protein (CRP) in
the blood serum and the degree of swelling of the intestinal mucosa [2, 3]. The
level of serum endotoxinemia in the patients involved in our study was 3.5-29.5%
higher in patients with group dysbiosis 11-111 than in groups 2 and 3, respectively,
and the endotoxin level was 3.04 and 3.6 EU/mlI, respectively. It was statistically
significant increase relative to the indicators (p <0.000). It was also found that the
amount of endotoxin in this group was 1.4 - 1.6 (p <0.000) and 2.0 - 2.1 (p <0.000)
times higher than in patients of groups 2 and 3, respectively. Moreover, in all three
groups, the amount of endotoxin in the serum was found to be consistent with the
severity of the disease (p <0.001). Also, in patients with CHF, moderate and strong
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negative correlation (p <0.001) was found between endotoxinemia and
bifidobacteria, lactobacilli and lactose positive escherichia. The correlation
between endotxinemia and lactose negative escherichia, enterococci, staphylococci
and fungi in decreased hemodynamic phenotype of the disease was moderately
positive (r=0.66. p<0.01 Ba r=0.72. p<0.001), it was weak and moderately positive
in the intermediate and preserved hemodynamic phenotypes of the disease
(respectively r = 0.48. p <0.05; r = 0.58 p <0.02; and r=0.46. p<0.05; r= 0.51.
p<0.05).

This means that patients with CHF undergo a number of changes not only in
the cardiovascular system, but also in the colon. Different hemodynamic
phenotypes of CHF differ in the composition of the intestinal microbiota, the
decreased LVEF hemodynamic phenotype has a high degree of dysbiosis
compared to intermediate and preserved phenotypes, with a decrease in normal
anaerobic microflora and conditional pathogens, especially gram-negative in all
three groups. It has also been found that the degree of disruption of the intestinal
microbiota is consistent with an increase in FC of CHF. This can lead to an
increase in the level of endotoxinemia in the serum, leading to the activation of
immune inflammatory processes. Indeed, for the adequate treatment of various
hemodynamic phenotypes of CHF, it is advisable to periodically monitor the level
of intestinal microbiota and dysbiosis and endotoxinemia.
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