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Abstract The analysis showed that the resistance index is high in rheumatic heart defects. After standard treatment with
sodium glucose cotransporter 2 inhibitors, the resistance index decreased in patients and led to positive changes in kidney
function. Correlations between the resistance index and a number of renal markers were also studied. In chronic heart failure
developed on the basis of rheumatic heart defects, inflammatory processes are long-term and latent. The article compares
renal hemodynamic parameters before and after treatment in patients with chronic heart failure developed on the basis of

rheumatic heart defects and ischemic heart disease.
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1. Introduction

The cardiovascular continuum is a chain that links
interrelated changes. This chain consists of the occurrence
and development of endothelial dysfunction caused by the
combined effects of risk factors such as arterial hypertension,
diabetes mellitus, obesity, dyslipidemia, tobacco smoking,
etc. atherosclerosis, left ventricular hypertrophy, coronary
heart disease, including myocardial infarction, as well as
heart failure and death [15]. The procedure is accompanied
by damage to the kidneys, as well as a number of other
organs, and the final part of this chain is chronic heart failure
(CHF).

CHF is considered a syndrome of various etiologies,
multifactorial, indicating a decrease in cardiac function,
in which the blood supply to the organs is disrupted in
accordance with the body's needs.

Although this severe complication is most often observed
in hypertension and coronary heart disease (CHD), among its
many causes is chronic rheumatic heart disease. It should be
noted that among the factors influencing the outcome of
CHF, developed aortic stenosis due to rheumatism, as well as
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mitral insufficiency, as shown, occupy one of the leading
places.

The pathological interaction of these substances on each
other in the close relationship between the heart and kidneys
leads early to negative consequences in patients with chronic
heart failure. Since these two cases have become increasingly
common in the population in the last decade, a double
epidemic of heart and kidney failure has been mentioned in
many cases [11]. In addition, the simultaneous occurrence of
these clinical conditions in most patients has led to the fact
that pronounced cardiorenal syndrome has entered practice
[19,20]. The phrase expresses the presence of dysfunction
(insufficiency) in the work of the heart and kidneys in
patients simultaneously [1,7].

Indeed, a meta-analysis (n=18634) by K. Dattan et al.
showed that renal impairment in chronic heart failure creates
a 61% risk of death, increasing rehospitalization by 30%
over 2-6 months of follow-up [3,4]. Similar results were
obtained by MaAlister et al. They noted that approximately
50% of patients have a SCF of less than 60 ml per 1.73 m2
of body surface (per minute) [10]. According to a study by A.
Kotgen, there were 18 cases of patients with SCF less than 60
ml per minute per 1.73 m2of body surface per 1000 people
per year [8]. In male patients with CHF, blood creatinine
levels above 132.6 umol/1, uncontrolled systolic (above 200
mmHg) blood pressure, heart rate above 100 beats per minute,
wheezing outside the basal part of the lungs, comparisons,
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patient age and renal dysfunction in diabetes mellitus are
predictors [2,5,6,9].

Hypotension and hypoperfusion observed in chronic heart
failure lead to compensatory activation of the renin-angiotensin
-aldosterone and sympathetic systems.

By activating this system, angiotensin Il stimulates the
sympathetic nervous system, which innervates afferent and
efferent blood vessels. Its activation causes contraction of
both vessels, which in turn causes a decrease in renal blood
flow and glomerular filtration rate [12,13]. Angiotensin Il
also causes an increase in arginine vasopressin levels, which
in turn contributes to the development of chronic kidney
disease [14].

Some authors have shown a correlation between the state
of renal blood flow and the outcome of chronic heart failure.
PV. Ennezat et al. were the first to demonstrate a negative
prognostic value of the renal vascular resistance index in
patients with chronic heart failure. This was confirmed in
studies by a number of other authors [16]. In addition, the
prognostic significance of renal volume flow indices in
chronic heart failure has been demonstrated in the Russian
population [17,18].

However, the influence of the above factors on cardiorenal
relationships has been studied in most cases of chronic heart
failure developing on the basis of ischemic heart disease and
arterial hypertension. Data on renal dysfunction, including
its hemodynamics, in chronic heart failure caused by chronic
rheumatic heart disease have not been sufficiently described
in the literature. From this point of view, their study is one of
the most pressing problems in medicine.

2. Materials and Methods

This study was conducted in 2022 and 2023 in patients
with CHF due to rheumatic heart disease who were treated at
the clinic of the Bukhara State Medical Institute and the
regional multidisciplinary medical center. Among them, the
observation included patients whose serum creatinine level
exceeded the norm over the past 3 months and whose SCF
calculated with its help per 1.73 m?of body surface area was
from 60 to 90 per minute. To implement the solution of the
set research objectives, the following was carried out.

The study involved 100 patients with chronic heart failure
who were treated in a hospital setting and then were under
observation. The first group consisted of 60 patients with
chronic heart failure due to rheumatic heart disease, and
the second group consisted of 40 patients with CHF due to
ischemic heart disease and hypertension. The control group
included 20 healthy individuals. The average age of the first
group was 46.1+1.3 years, among them there were 22 men
(36.6%) and 38 women (63.4%). The average age of the second
group was 56.1+1.5 years, it included 25 (62.5%) men and
15 (37.5%) women. The average age of the control group was
41.4+1.2 years, 10 (50%) men and 10 (50%) women.

Patients included in the study underwent clinical,
laboratory and functional examinations. Diagnosis of chronic
heart failure and its functional classes is based on patient

complaints, anamnesis, objective examination data and
laboratory and instrumental studies in accordance with the
"Recommendations for the diagnosis and treatment of acute
and chronic heart failure”. "Refusal” updated in 2023 by
the criteria of the European Society of Cardiology and the
New York Heart Association (New York Heart Association,
1964). A thorough anamnesis was collected from patients,
special attention was paid to previous rheumatism,
echocardiographic changes confirming the presence of heart
defects, and risk factors for the development of chronic heart
failure.

Based on the stated goals and objectives, the results before
and after various complex standard treatment methods were
studied and analyzed, taking into account the functional class
of patients with chronic heart failure, as discussed above. All
subjects included in the study underwent a general clinical
examination before treatment and 6 months after it. Also,
based on the stated goal, KIM 1 (Kidney Injury Molecula 1),
a-tumor necrosis factor, interleukin-6, creatinine and cystatin-C
were determined in the blood for the purpose of comparative
assessment of renal dysfunction. All patients underwent
Doppler ultrasonography of the renal vessels to assess renal
hemodynamics. All study participants were regularly monitored
for 6 months and underwent repeated laboratory and instrumental
examinations.

All patients were prescribed standard therapy for chronic
heart failure: ACE inhibitors or angiotensin receptor antagonists,
B-blockers, mineralocorticoid receptor antagonists, and,
depending on the indications, diuretics, cardiac glycosides
and antiarrhythmic drugs. The first group, in addition to
the standard treatment complex mentioned above, was also
recommended empagliflozin, an inhibitor of the sodium-glucose
cotransporter type 2.

Doppler study of renal vessels.

Doppler studies were performed before and after treatment
to determine the resistance of the renal arteries and blood
flow velocity in the observed patients. The study was conducted
in the Bukhara Regional Hospital using a diagnostic device
with color Doppler mapping Sonoscape S20. The method
of spectral analysis of blood flow velocity and vascular
resistance in the main, segmental and intersegmental renal
veins was used. The following parameters were determined
at the confluence of the right and left renal arteries:

- PSV - systolic blood flow velocity, cm/sec;

- EDV - diastolic blood flow velocity, cm/sec;

In intrarenal arteries:

- segmental (SA) — V max, Vd;

- intersegmental (MA) —V max, Vd;

- main (RA) -V max, Vd.

Renal vascular resistance (RI) was calculated to assess
renal vascular resistance. The threshold value of the
interlobar artery resistance index was 0.64. Resistance index:
determined using peak systolic velocity of arterial blood flow
(PSV) - end diastolic velocity (EDV) / peak systolic velocity
of arterial blood flow (PSV). According to the literature,
this index is the main indicator determining changes in renal
hemodynamics.
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3. Result and Discussion

In patients included in the study, the results of intrarenal
hemodynamics obtained before and after treatment were
compared. In addition, a number of other factors affecting
intrarenal hemodynamics were studied.

Renal hemodynamics were assessed based on changes in
hemodynamics in its main, segmental and intersegmental
arteries. It is worth noting that both groups had an equal
number of patients with chronic heart failure of functional
classes Il and Ill. The results obtained are presented in
Table 1.

As can be seen from the table, in the control group, i.e. in
healthy individuals, the average systolic blood flow velocity
(PSV) in the main renal artery was 97.8+5.7 cm/s, and in the
segmental and intersegmental arteries — 84.4+4.3 and 64.3+
4.6 cm/s, respectively. It was noted that in patients with
chronic heart failure due to rheumatic defects, the systolic
blood flow velocity was 68.4+3.4 cm/s, 57.6+2.2 cm/s and
49.5+1.1 cm/s, respectively. When comparing the indicators
of the first group with the control group, a highly reliable
difference was noted (p<0.001). Secondly, in patients with
chronic heart failure due to ischemic heart disease and
hypertension, the PSV values were 75.6+4.2 cm/s (p<0.01),
64.2+3.8 cm/s (p<0.001) and 54.2+0.8 cm/s (p<0.001).
A significant decrease in systolic blood flow velocity was
observed in all renal arteries in the first and second groups.
When comparing the results obtained in both groups,
no significant difference (P>0.05) was found in the blood
flow velocity in the main and segmental arteries. A highly
significant difference was noted in systolic blood flow
velocity in the intercalated arteries (49.5+1.1 cm/s and 54.2+
0.8 cm/s, respectively, p<0.001). The main cause of this
condition is chronic heart failure, developing on the basis of
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rheumatic defects, as well as long-term persistent inflammatory
processes in the kidneys due to a decrease in the left
ventricular ejection fraction, as well as separate rheumatism,
not associated with this.

The diastolic blood flow velocity (EDV) in all renal
arteries in healthy individuals was 34.3+3.8 cm/s. In the first
group, its velocity in the main renal artery was 17.6+1.1 cm/s,
in the segmental artery - 8.9£1.0 cm/s, in the intersegmental
artery - 3.96x0.4 cm/s. When compared with the control
group, a very significant difference was observed (p<0.001).
In the second group, these indicators in the renal arteries
were 21.92+2.5 cm/s (p<0.05), 15.4+1.3 cm/s (p<0.01) and
5.42+0, which was equal to 5 cm/s (p<0.05).

When comparing the results obtained in the first and
second groups, no significant difference in the diastolic
blood flow velocity in the main renal artery was found, while
in the segmental (p<0.001) and intersegmental arteries, the
differences were significant (p<0.05).

The resistance index is one of the important Doppler
indices in assessing renal hemodynamics in patients with
chronic heart failure. In most cases of chronic heart failure,
there is an increase in systemic and renal vascular resistance
due to the activation of the renin-angiotensin-aldosterone
and sympathetic nervous systems. These changes lead to
vasoconstriction and increased renal vascular resistance. In
addition, an increase in central venous pressure in chronic
heart failure leads to congestion in the renal veins. This, in
turn, affects the pressure gradient in the renal tubules, causing
an increase in the resistance index. These pathophysiological
changes observed in chronic heart failure usually lead to
an increase in renal vascular resistance. Rl monitoring helps
diagnose renal failure, determine treatment tactics, and predict
the outcome of the pathological process in this group of
patients.

Table 1. Renal hemodynamic parameters before treatment for chronic heart failure due to rheumatic heart disease and ischemic heart disease
- . The second group
Dopplerography Th_e first group (patleqts (patients with CHF due to | Control group (healthy
S with CHF of rheumatic . L _
indicators . _ coronary heart disease individuals), n=20
origin), n=60 - _
and hypertension), n=40
Main renal artery
PSV (sm/s) 68,4+3,4%** 75,614,2** 97.8+5.7
EDV (sm/s) 17,6+1,1%** 21,92+2,5* 34,3+3,8
RI 0,74+0,02* 0,71+0,03 0,65£0,03
Segmental artery
PSV (sm/s) 57,6£2,2%** 64,2+3,8*** 84,4+4,3
EDV (sm/s) 8,9+ 1,0%**## 15,4+1,3** 21,9+1,8
RI 0,84+0,03**# 0,79£0,02* 0,74£0,04
Intersegmental artery
PSV (sm/s) 49,541, 1%**{H# 54,2+0,8*** 64,3+4,6
EDV (sm/s) 3,96£0,4**# 5,42+0,5* 14,1+3,4
RI 0,92+0,04** 0,90+0,03* 0,80+0,04
Note: PSV - systolic blood flow velocity, cm/sec, EDV - diastolic blood flow velocity, RI - resistance index. * -
significance of differences compared to the control group: * - p<0.05., ** - p<0.01., *** - p<0.001., # - significance of
differences compared to the second group: # - p<0.05., ## - p<0.01., ### - p<0.001.
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In the patients we observed, when assessing RI using the
Doppler sonography of the renal vessels, it was found that in
the control group it was 0.65+0.03. RI in the main renal
artery in the first group was 0.74+0.02, a reliable difference
was revealed when compared with healthy individuals (p<0.05),
in the second group it was 0.71+0.03, a reliable difference
(p> 0.05). was not observed. When comparing the indicators
in both groups, the differences were insignificant (p>0.05).

In the group with chronic heart failure due to rheumatic
defects, RI in segmental and intersegmental arteries was
0.84+0.03 and 0.92+0.04, respectively. When comparing the
results with the control group, a significant difference was
found (p<0.01). In the second group, RI was 0.79+0.02 in
segmental arteries and 0.90+0.03 in intersegmental arteries;
a significant difference was noted (p<0.05).

It is known that chronic heart failure, regardless of its
etiological origin, causes systemic hypoxic and inflammatory
processes in the body. Long-term exposure of the kidneys
to these conditions affects the function of nephrons and leads
to the development of renal dysfunction. At the next stage
of our research, we compared the relationship between renal
hemodynamic parameters, the functional state of the glomeruli,
and inflammatory markers in patients with chronic heart
failure due to rheumatic heart disease and ischemic heart
disease. Table 2 below presents the results obtained in patients
with chronic heart failure due to rheumatic heart disease.

As can be seen from the table, in patients with chronic
heart failure due to rheumatic heart disease, there is a moderately
strong negative correlation between the resistance index,
one of the main indices of renal hemodynamics, and the left
ventricular ejection fraction (r=-0.535, p<0.001) and glomerular
filtration rate (r=-0.486, p<0.001). In particular, the resistance
index and inflammatory cytokines showed a strong correlation
between KIM 1 (r=0.640, p<0.001), moderately strong with
cystatin C (r=0.575, p<0.001) and tumor necrosis factor
alpha (r=0.372, p<0.001). 05) and weak correlations were
noted with IL 6 (r=0.432, p<0.01).

A weak positive correlation (r=0.388, p<0.01) was observed
between systolic blood flow velocity and left ventricular
ejection fraction, but no correlation with glomerular filtration
rate was found. Moderately strong negative correlation was
noted with inflammatory cytokines KIM 1 (r=-0.557, p<0.001)
and cystatin C (r=-0.417, p<0.01). No significant correlations
were found between interleukin 6, tumor necrosis factor
alpha and systolic blood flow velocity. A weak positive
correlation was observed between diastolic blood flow velocity
and left ventricular ejection fraction (r=0.357, p<0.01).
A moderately strong negative correlation was noted with the
inflammatory cytokines KIM 1 (r=-0.422, p<0.001) and
cystatin C (r=-0.358, p<0.01).

When describing these results using linear regression
analysis, the following results were obtained.

Table 2. Correlations between renal hemodynamics, left ventricular ejection fraction, functional state of platelets, and inflammatory cytokines in chronic
heart failure due to rheumatic heart disease

RI PSV cm/sec EDV, cm/sec
Pearson correlation -0.535" 0.388™ 0.357"
Left ventricular ejection fraction P 0.000 0.002 0.005
N 60 60 60
Pearson correlation 0.640" -0.557" -0.422"
KIM 1, pg/ml P 0.000 0.000 0.001
N 60 60 60
Pearson correlation 0.575" -0.417" -0.358"
Cystatin C, pg/ml P 0.000 0.001 0.005
N 60 60 60
Pearson correlation 0.372" -0.313" -0.203
Tumor necrosis factor alpha, pg/ml P 0.003 0.015 0.119
N 60 60 60
Pearson correlation 0.386™ -0.231 -0.093
Interleukin 6, pg/ml P 0.002 0.076 0.481
N 60 60 60
Pearson correlation -0.486™ 0.259" 0.232
Glomerular filtration rate P 0.000 0.045 0.075
N 60 60 60
Note: * - significance of differences: * - p<0.05, ** - p<0.01, *** - p<0.001..
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r=-0.535, p<0.001 1=-0.486, p<0.001

Figure 1. Correlation between renal vascular resistance (RI) index with left ventricular ejection fraction and glomerular filtration rate in chronic heart
failure caused by rheumatic heart disease
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Figure 2. Correlation between resistance index (RI) and inflammatory cytokines in chronic heart failure caused by rheumatic heart disease
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As shown in the figure, the decrease in the left ventricular
ejection fraction in patients with chronic heart failure increases
hypoxic processes in the kidneys and increases vascular
resistance. Ultimately, these processes affect the functioning
of nephrons and cause their death. This is manifested by
an increase in the level of renal markers in the blood and a
decrease in the glomerular filtration rate.

Elevated serum inflammatory cytokines negatively
affect the elasticity of muscular arteries, especially renal
arteries, leading to an increase in their resistance index.
As shown in the figure above, of these cytokines, KIM 1

and cystatin C have the greatest effect on vascular
resistance.

The results confirm that not only left ventricular ejection
fraction (LVEF) and eGFR, but also inflammatory cytokines
play an important role in the development of renal dysfunction
in patients with chronic heart failure due to rheumatic heart
disease.

Table 3 also presents the results of the correlation analysis
obtained in the second group of patients in our study, namely,
in patients with chronic heart failure due to coronary heart
disease and hypertension.

Table 3. Correlations between renal hemodynamics, left ventricular ejection fraction, platelet function and inflammatory cytokines in chronic heart failure
due to coronary heart disease and hypertension

RI PSV, cm/sec EDV, cm/sec
Pearson correlation -0.621" 0.280 0.265
Left ventricular ejection fraction P 0.000 0.080 0.098
N 40 40 40
Pearson correlation -0.419” 0.155 0.164
Glomerular filtration rate P 0.007 0.339 0.312
N 40 40 40
Pearson correlation 0.625" -0.423™ -0.498™
KIM 1, pg/ml P 0.000 0.007 0.001
N 40 40 40
Pearson correlation 0.427" -0.362" -0.192
Cystatin C, pg/ml P 0.006 0.022 0.235
N 40 40 40
Pearson correlation 0.513™ -0.346" -0.238
Tumor necrosis factor alpha, pg/ml P 0.001 0.029 0.139
N 40 40 40
Pearson correlation 0.456™ -0.379" -0.217
IL 6, pg/ml P 0.003 0.016 0.180
N 40 40 40
Note: * - significance of differences: * - p<0.05, ** - p<0.01, *** - p<0.001.
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Figure 3. Correlation between the resistance index (RI) with left ventricular ejection fraction and estimated glomerular filtration rate in chronic heart
failure due to coronary heart disease
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As can be seen from the table, in patients with chronic
heart failure developed due to ischemic heart disease and
hypertension, a strong (r=-0.621, p<0.001) negative correlation
was found between the resistance index, which is one of the
main indicators of renal hemodynamics, left ventricular ejection
fraction, and a moderately strong negative correlation between
the glomerular filtration rate. A correlation was found
(r=-0.419, p<0.01). A strong correlation was found between
the resistance index and inflammatory cytokines, in particular,
between KIM 1 (r=0.625, p<0.001), cystatin C (r=0.427,
p<0.01) and tumor necrosis factor alpha (r=0.513), p<0.01)
and IL 6 (r=0.456, p<0.01) had a moderately strong correlation.

In this group of patients, no correlation was found between
systolic blood flow velocity, left ventricular ejection fraction
and glomerular filtration rate. Among inflammatory cytokines,
a moderate correlation was observed with KIM 1 (r=-0.423,
p<0.01) and a significant correlation was observed with
cystatin C (r=-0.362, p<0.01), tumor necrosis factor alpha
(r=-0.346, p<0.01) and IL-6 (A weak negative correlation
was noted with (r=-0.379, p<0.01).

No correlation was found between diastolic blood flow
velocity and left ventricular ejection fraction and glomerular
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filtration rate. Of the inflammatory cytokines, only KIM 1
(r=-0.498, p<0.001) showed a moderately strong negative
correlation.

The conducted correlation analysis confirms that
long-term inflammatory processes in patients with rheumatic
heart disease and chronic heart failure developed against the
background of ischemic heart disease have a negative effect
on the hemodynamics of the kidneys and their functional
state. It was found that the inflammatory marker KIM 1 has a
pronounced effect on the renal vascular resistance index in
patients with chronic heart failure developed on the basis of
rheumatic heart disease. It was also confirmed that a
decrease in the left ventricular ejection fraction in this group
of patients has a reliable effect on renal hemodynamics
compared to patients with chronic heart failure developed on
the basis of ischemic heart disease.

The main group of patients included in the study received
standard treatment for chronic heart failure for six months,
including the glucose-sodium cotransporter type 2 inhibitor
empagliflozin. After treatment, renal hemodynamic parameters
were re-evaluated using Doppler ultrasound. The results are
presented in Table 4.
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Figure 4. Correlation between resistance index (RI) and inflammatory cytokines in chronic heart failure caused by coronary artery disease
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The first group (patients with CHF of The second group (patients with CHF due to
Dopplerography rheumatic origin), n=60 coronary heart disease and hypertension), n=40
indicators Before treatment | After treatment Before treatment | After treatment
Main renal artery
PSV (sm/s) 68,4+3,4 78,5+3,2* 75,6x4,2 82.4+3,6
EDV (sm/s) 17,6+1,1 23,6+1,8** 21,92+2,5 26,4+1.6
RI 0,74£0,02 0,70+0,03 0,71+0,03 0.68+0,01
Segmental artery
PSV (sm/s) 57,6£2,2 70,52,6*** 64,2+3,8 76,4+3,1*
EDV (sm/s) 8,9+1,0 16,941,1%** 15,4+1,3 19,1+1,2*
RI 0,84+0,03 0,76+0,02* 0,79+0,02 0,75+0.03
Intersegmental artery
PSV (sm/s) 49,5+11 56,3+0,9*** 54,2+0,8 60,5+1,0%**
EDV (sm/s) 3,96+0,4 9,8+0,3*** 5,42+0,5 10,89+0,6***
RI1 0,92+0,04 0,825+0,03* 0,90+0,03 0,82+0,02*
Note: PSV - systolic blood flow velocity, cm/sec, EDV - diastolic blood flow velocity, RI - resistance index. * - reliability
of differences in relation to the indicators after treatment: * - p<0.05., ** - p<0.01., *** - p<0.001.

As shown in the table, significant positive changes were
observed in both groups after treatment. Systolic blood flow
velocity in the main renal artery improved by 1.14 times
from 68.4+3.4 to 78.5+3.2 cm/sec, with a significant (p<0.05)
difference. In the second group of patients with chronic heart
failure developed due to coronary heart disease and hypertension,
the improvement was 1.04 times (from 75.6+4.2 to 82.4+3.6
cm/sec, p>0.05). Diastolic blood flow velocity in the first
group significantly increased from 17.6+1.1 to 23.6+1.8
cm/sec (p<0.01), and in the second group from 21.92+2.5 to
26.4+1.6 cm/sec. /sec (p>0.05). Although the resistance index
improved by the same 10% in both groups, no significant
difference (p>0.05) was observed.

In the first group, systolic and diastolic blood flow velocities
in segmental arteries increased from 57.6+2.2 to 70.5+2.6
cm/sec and from 8.9+1.0 to 16.9+1.1 cm/sec, respectively.
increased by 1.0% and a highly reliable difference was noted
(p<0.001). The resistance index improved by 11%, from
0.84+0.03 before treatment to 0.76+0.02 after treatment,
a significant difference was revealed (p<0.05). In the second
group, the systolic blood flow velocity after treatment increased
from 64.2+3.8 to 76.4+3.1 (p<0.05), diastolic blood flow
velocity increased from 15.4+1.3 to 19.1+1, significantly
(p<0.05) increased by 2 times. The resistance index improved
by 6% after treatment (a decrease from 0.79+0.02 to
0.75+0.03, respectively, p>0.05). Systolic blood flow velocity
in the intercalated arteries increased in the first group by 1.13
times from 49.5+1.1 to 56.3+0.9 cm/sec, and in the second
group from 54.2+0.8 to 60.5+1.0. It improved by 1.11 times
and the difference was found to be highly reliable (p<0.05).
The diastolic blood flow velocity increased from 3.96+0.4 to
9.84£0.3 cm/sec and from 5.42+0.5 to 10.89+0.6 cm/sec in
both groups, respectively, which indicates a higher significant
difference (p<0.001). IR in patients with chronic heart failure

of rheumatic origin increased from 0.92+0.04 to 0.825x0.03,
by 12%, and in patients with ischemic heart disease with
hypertension - from 0.90+0.03 to 0.82+0.03, decreasing by
11% to. 02. When comparing the results obtained in both groups,
a significant difference was revealed (p<0.05).

4. Conclusions

The resistance index is one of the important Doppler
indices in assessing renal hemodynamics in patients with
chronic heart failure. In most cases of chronic heart failure,
there is an increase in systemic and renal vascular resistance
due to activation of the renin-angiotensin-aldosterone and
sympathetic nervous systems. These changes lead to
vasoconstriction and increased renal vascular resistance.
In addition, in chronic heart failure, increased central venous
pressure also leads to congestion in the renal veins. This, in
turn, affects the pressure gradient in the renal tubules, causing
an increase in the resistance index. These pathophysiological
changes, which are also observed in chronic heart failure,
usually lead to an increase in renal vascular resistance. IR
monitoring helps to diagnose renal failure, determine treatment
tactics and predict the outcome of the pathological process in
this group of patients. The positive results obtained are due
to the stabilizing effect of sodium-glucose cotransporter type
2 inhibitors not only on the functional state of the heart and
glucose metabolism, but also directly on renal hemodynamics
by reducing swelling of the renal corpuscles and causing
positive changes in the renin-angiotensin system. As a result
of these pathophysiological processes, vascular resistance
decreases and renal hemodynamics stabilizes, which leads to
nephroprotective changes, i.e., improvement of renal markers.
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