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ASSESSMENT OF INTRACARDIAC HEMODYNAMICS AND ELECTROLYTE
BALANCE IN VARIOUS HEMODYNAMIC TYPES OF CHRONIC HEART FAILURE
ACCOMPANIED BY ANEMIA

Khalilova F.A.
Bukhara State Medical Institute,

v Resume

Markers of renal fibrosis were evaluated in dynamics in order to study specific changes in the
kidneys of patients with various hemodynamic types and functional classes of chronic heart failure
with anemia and to evaluate the effectiveness of treatment with the drug exex. It was found that the
marker of renal fibrosis TGF-g1 is 2591.0+108.4 and 755.0+18.87 PG/ml, respectively (p0,01),
when the indicators of chronic heart failure in the blood were without anemia and anemia. This
was evidenced by the process of fibrosis that occurred in the kidneys. After complex treatment with
the addition of iron preparation, the TGF-f1 index decreased by 2.25 times (p0,01), the clinical
condition, quality of life and indicators of resistance to physical exertion significantly changed in a
positive direction.

Keywords: chronic heart failure, chronic kidney disease, kidney dysfunction, fibrosis markers,
cystatin-S, TGF-p1, ferrokinetic markers, galectin-3, types of hemodynamics.

KAMKOHJIMK BUJIAH KEUYBYH CYPYHKAJIA IOPAK ETUIIMOBYNJIUT UHUHT
TYPJIA TEMOJINHAMMUMK TUILJIAPA BA ®YHKIIMOHAJI CUH®JIAPUJIA V3UT A XOC
V3IrAPUIUILJIAPHU YPTAHUII

Xanunosa D.A.
Byxopo naBnatr THOOMET HHCTHTYTH

v’ Pe3tome

Kamkonnuk ounan Keuyeuu CypyHKalu HOpPAK eMUWIMOGUUNUZUHUHZ MYPAU 2eMOOUHAMUK
munaapu 6a (QyHKyuonan cumgnapuoa 6emopnap oOyipaknapuoazu yzuza XocC y3capuuiiapHu
Jpeanuut 6a KOMHJIEKC 0a801aul CamMapadopauzunu oaxonauwi yuyn oyiupaxk ¢uopos mapkepaapu
ounamukaoa oaxonanou. byiupax ¢uopoz mapkepu TGF-f1 nu Kondazu Kypcamxuunapu
CYDYHKANIU 10PAK eMmUWIMOGUUNAUZY KAMKOHJIUK 64 KAMKOHIUKCU3 Keuzanoa Moc X010d
2591.0+£108.4 eéa 755.0+18.87 ne/mn nu mawkun xunou (p<0.01). By oyiipaxda 103aza kenzan
duobpo3z ncapaénuoan oanonam oepou. Temup npenapamu Kyuud ymkKazuican KoMRJIEKc
myonaxcanapoan xeiun TGF-f; kppcamxuuu 2.25 mapmaza (p<0.01) xamaiiou, KiuHuK xoaam,
Xaém cugamu ea HCUCMOHUIL I0KNAMA2A YUOAMAUIUK KYPCAMKUYAAPU CE3UNAPAU UNHCOOUI
Jy3eapou.

Kanum cyznap: cypyHkaiu opak emumimo8uuiuzu, CypyHKa1u Oyupak Kacannuzu, Oyupax
oucynxyusacu, puopos oenzunapu, cucmamun-C, TI'®-61, heppoxunemux denzunap, 2aneKmun-
3, cemoounamukanunz mypaapu.

OLEHKA BHYTPI/ICEP}IE‘IHOVI IT'EMOJIUHAMMKU U SJIEKTPOJIUTHOI'O
BAJIAHCA TTPHA PA3JIMYHBIX TEMOANHAMMWYECKHUX THUITAX XPOHUYECKOM
CEPIEYHOU HEJOCTATOYHOCTH, COITPOBOXKIAIOIIIEU AHEMUHA

Xanunosa D.A.

Byxapckuii rocy1apcTBEeHHBIA METUIIMHCKUI HHCTUTYT
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v’ Pe3tome

Mapkepovt noueunozo Quopoza ouyenusanu 6 OUHAMUKE O U3YYUEHUA CheyupuuecKux
U3MeHenull 8 ROYKAX Y OObHBIX C PAZTUYHBIMU MURAMU 2eMOOUHAMUKU U QYHKUUOHAIbHBIMU
Knaccamu  XpOHUYECKOU CcepOeyHOoll HeOOCMmAamoyHocCmu ¢ aHemuell U 014 OUeHKU
Ippexmusnocmu Komnaekcrnozo neuenus. Mapkep noueunozo Quoposa TGF-bl e kpoesu
cocmasun 2591,0+£108,4 u 755,0+18,87 ne/mn (p<0,01) coomeemcmeenno npu XpoHUYECKOI
CepoeuHoll HedOCMAmOUYHOCIU U aHemuu. IMmo ceUdemen,Cmeosano 0 GQuoposHom npouyecce 6
noukax. Ilocne komnnekcnozo neuenusn c oooaenenuem xnceneza TGF-bl cnuzunca ¢ 2,25 paza
»<0,01), cywecmeenno UBMEHUIUCL KIUHUYECKOE COCHMOAHUE, KaA4ecmeo MHCU3HU U
ycmouuueocmy K (puzuueckoil nazpysxe.

Kniouegvle cnoea: xponuueckas cepoeunas Hed0CmMamo4HOCHb, XPOHUUECKAA 001e3Hb Nouek,
ouchynkuusa nouex, mapkepuvl uoposa, yucmamun-S, TGF-1, peppoxunemuueckue mapkepel,
2anekmun-3, munsl 2eMOOUHAMUKU.

Relevance

Chronic heart failure (CHF) is a disease that is growing, and also has significant social and

economic significance among the causes of morbidity and mortality in the world. Despite the
advances in the treatment of cardiovascular diseases over the past 20 years, this serious complication
remains a clinical problem that was not solved until the end of this period. According to
epidemiological data, the prevalence of CHF ranges from 0.4% to 2% in the United States and
European countries, this indicator increases significantly with age and reaches 60% in people over 10
years old.

Currently, the incidence of CHF on our planet is steadily increasing, reaching a level comparable to
the level of extremely dangerous infectious epidemic diseases in terms of scale and speed of spread
(1). Almost 5.8 million of the USA population and 23 million citizens in the world suffer from chronic
heart failure (7.P.9-13).

It is known that in chronic heart failure, systemic organ damage develops, and from its initial
period, remodeling of the left ventricle of the heart occupies an important place (16. S 107-110).

According to the recommendations of the European Society of Cardiology (ESC 2016), patients
with chronic heart failure, taking into account hemodynamic disorders, have been divided into 3
groups since 2016. According to the indications of the left ventricular ejection fraction, its reduced
(<40%), intermediate (40-49%) and preserved (>50%) types are distinguished. The standard
composition of pharmacological therapy gives a relatively positive result in patients with a decrease in
the blood ejection fraction. On the contrary, in CHF, in which the leading fraction is preserved, taking
into account nitrates, there is practically no positive effect with standard pharmacological treatment.
Therefore, the stage of decompensation of the disease in almost all cases has negative consequences.
Indeed, according to a number of authors, in the pathogenesis of CHF, a violation of the diastolic
filling of the left ventricle is more important than systolic dysfunction, the severity of diseases, the
consequences of which are associated with it. The process of diagnosing diastolic CHF is complicated
by the fact that its pathophysiology has not been fully studied (12 from 14 p.1444-1451.; 6 p.1-12.; 3
p.36-46.; 15 p.1742-1749; 10 p.1354-1360).

In addition to the widespread prevalence of CHF, as noted above, it differs from a number of other
diseases by its unpleasant consequences and a high disability index [13]. In the population of patients
with CHF (I-1V FC), the average mortality rate for 5 years was 59% in men and 45% in women, which
is 6-7 times higher in the general population than at the same age (5s.20-26 88s-99-107.58 p.27-36).
Because with this complication, the degree of myocardial damage is important along with other organs
and organs, that is, concomitant pathology, which determines the fate of patients and the consequences
of the disease (15 p.93-102). Among them, anemia occupies a special place, which is often
accompanied by CHF (2016; 11(1): 37-46). Anemia not only increases the symptoms of CHF, but also
increases the duration of hospitalization, as well as worsens the quality of life, reduces endurance to
physical exertion, increases mortality by 2 or more times (175 p.).93-102). It should be noted that
there is a weak (stagnant) reconnection between hemoglobin and the left ventricular blood flow
fraction (28.p.106).
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As noted in a number of observations, in patients suffering from CHF, anemia is considered an
independent risk factor, in which oxygen supply to the myocardium is significantly reduced (176
p.101-106).

It is known that in addition to anemia, a number of other polymorbid diseases are detected in
patients with chronic heart failure. Among them, kidney dysfunction is the leading cause not only in
the pathogenesis and development of chronic heart failure, but also in the frequency of anemia (48
p.13-24). However, at the same time, it remains to be noted that such a concomitant disease is poorly
studied from a scientific point of view. (2014. vol.112. Ne 8. pp.7-37.)

The purpose of the study. To evaluate the effectiveness of antianemic therapy based on standard
therapy in the processes of renal and cardiac fibrosis in patients with various hemodynamic types
(recorded medium and low) of chronic heart failure with anemia.

Materials and methods

120 patients with chronic heart failure who participated in the study were divided into 2 groups (75
of them had anemia and 45 of them had anemia) and passed excellent clinical and laboratory tests. To
fulfill the tasks assigned to us, 75 patients with CHF were divided into 3 groups (in each group, more
than 25 of them were stored in the left ventricular blood ejection fraction, intermediate and low were
formed). Their age ranged from 50 to 70 years, on average 64.0+£5.0. All patients were under
outpatient supervision after treatment in a hospital setting.

The diagnosis of chronic heart failure and its functional classes in patients participating in the study
were determined based on their complaints, anamnesis, examination of the facility and laboratory and
laboratory tests, as well as in accordance with the criteria of the New York Society of Cardiology
(New York Heart Association, 1964).

It was also based on the recommendation of the World Health Organization (hemoglobin <13.0
g/dl for men and <12.0 g/dl for women) as the main criterion for anemia in group | patients.

Results and discussions

Various hemodynamic types of chronic heart failure in patients of all groups involved in the study
were studied in a comparative study of electrolyte metabolism (sodium and potassium) indicators
when anemia and anemia occurred without anemia.

As indicated in the table, the differences between patients with chronic heart failure registered in
the blood ejection fraction of the left ventricle without anemia, and in intermediate patients, the serum
sodium and potassium values did not show significant differences from each other (r>0.05), although
the differences in the blood ejection fraction of the left ventricle decreased (r<0.05).

Hypernatremia was observed in patients in the group with reduced left ventricular ejection fraction
and anemia, and its reliability was lower than in patients without anemia (144.7+1.2 and 140.6+1.4;
p<0.05). Also, in the presence of anemia, hyperkalemia was detected in this group (5.4+0.6 and
4.1£0.12, respectively; p<0.05).

The data obtained confirm the development of hypernatremia and hyperkalemia in patients with
chronic heart failure, accompanied by anemia and a decrease in the blood ejection fraction. The first of
them is associated with sodium reabsorption, while the second is associated with potassium retention
in the body due to chronic renal failure in patients of this group.

We also erased the recorded indicators even after complex treatments with the addition of iron
preparations. There were no significant changes in the indicators of sodium and potassium in the group
in which the fraction of blood ejection from the left ventricle was preserved, and electrolytes were
maintained at the standard level. It was noted that hyponatremia and hyperkalemia were significantly
reduced after complex treatment in the group where the left ventricular ejection fraction decreased and
anemia was observed. (137.1£1.2 and 139.2+1.3, respectively; r<0.01; 3.9+0.2 and 4.9+0.2; r<0.05).
This complex confirms that anti-inflammatory therapy, which is added to the treatment, also has a
positive effect on the electrolyte balance.

In recent years, it has been proven that galectin-3 is a reliable marker of fibrosis of pathological
processes in the body and, above all, in the heart. But even if this marker is studied in chronic heart
failure, there is no data in the existing literature on its change in the course of anemia. In our
observation, the fraction of blood ejection from the left ventricle was recorded, in the intermediate and
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descending groups, when they did not have anemia and anemia, galectin-3 indicators were 22.5+1.1
and 19.23£1.1, 19.55+1.3 and 18.5+1.5, 19.02+1.2 and 13.2+1.4 ng/ml, respectively, in all cases
(p<0.05). Bunda noted that her indicators were 1.2, 1.1 and 1.4 times higher, respectively, for different
types of hemodynamics than for people without it when anemia was detected.

It is known that numerous studies have proven that aldosterone is actively involved not only in
water-salt metabolism in the body, but also in the processes of fibrosis. In recent years, there have
been reports that this hormone is produced not only in the adrenal glands, but also in other internal
organs, including the kidneys, heart. In chronic heart failure, many studies have been conducted on its
change under the influence of various FS and a number of medications. But when this serious
complication occurs with concomitant diseases with anemia, there is not enough data on the indicators
of aldosterone in the blood. From this point of view, we obtained its indicators in patients with chronic
heart failure without anemia and anemia.

In patients with intermediate, reduced and anemia, in whom the Bund remained in the blood
gjection fraction in the left ventricle, aldosterone was significantly higher by 1.1, 1.1 and 1.2 times
(p<0.05) than in patients without anemia, respectively. The indications confirm not only the
hemodynamic types of chronic heart failure, but also an increase in the level of aldosterone in the
blood, hence the processes of fibrosis, depending on the presence of anemia.

TGF-B, plays a leading role in the development of fibrosis processes in the body and, above all, in
kidney tissues. But there is not enough information in scientific sources about the change of this
cytokine in chronic heart failure accompanied by anemia. In our study, the indicators of TGF-§3; were
higher in patients with intermediate, reduced and experimental anemia and anemia, respectively
2554.7£125.4 and 2209.4+122.2 (p<0.05), 2832.7+176.0 and 2194.3+75.8 (p<0.05), 2332.8+167.8
and 1994.2+73.1 PG/ml (p<0.05) in patients with intermediate, reduced and experimental anemia.

In those who had anemia in bun, cytokine levels were recorded at 13.5%, 22.5% and 14.5% higher,
respectively, than in those who did not have it.

It is known that in recent years, special importance has been attached to cystatin-C in assessing the
functional state of the kidneys. It has a number of advantages over creatine. Therefore, in our
observation, we determined the indicators of cystatin-C in the blood of patients and assessed capillary
filtration with its help. Histatin-C values were 10.1%, 24.6% and 4.54% higher, respectively,
compared with patients without anemia in groups with preserved, intermediate, reduced and anemia in
the left ventricular ejection fraction.

It has been shown that patients with anemia develop kidney fibrosis processes early and this process
negatively affects the functional state of the kidneys.

The indicators of capillary filtration detected using cystatin-C also confirm these changes, which means
that in all types of hemodynamics, when anemia was detected, it was noted that it decreased by 4.3%, 7.4%
and 20.2%, respectively (p<0.05) compared with those without anemia.

The correlation of markers of heart and kidney fibrosis, as well as markers of fibrosis with ferrokinetic
indicators identified at a later stage of our study was studied. Among all hemodynamic types of chronic
heart failure with anemia, the relationship between the 6-minute walk test and aldosterone indicators is
shown in the 1st diagram.
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Among the indicators registered in patients with intermediate and reduced levels, in whom the
fraction of blood ejection from the left ventricle was registered, the correlation was, respectively, r =-
0.87; p<0.001, r =-0.95; p<0.001 and r =- 0.2; p<0.01. In all cases, a significant negative correlation
was found between aldosterone and the 6-minute walking test. This is evidenced by the fact that an
increase in the level of aldosterone in the blood, which is considered one of the markers of kidney and
heart fibrosis, significantly negatively affects the resistance of patients to stress.

In addition, the correlation between galectin-3 indicators, which were considered a reliable marker
of the 6-minute walking test and the processes of cardiac fibrosis among all hemodynamic types
experienced by chronic heart failure, turned out to be equivalent to r = - 0.95; p< 0.001, r=- 0.97; p<
0.001 and r = -0.89; p<0.01 (2-diagram).
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Diagram 2

This analysis showed that there is a significant inverse correlation with galectin-3 for all types of
hemodynamics and a 6-minute walk in the cinema.

Although the above 1-2 diagrams showed a significant correlation between the resistance of
patients with fibrosis markers in all types of chronic heart failure to physical overload, but a high
correlation with chronic heart failure was observed in the left ventricular blood flow fraction and was
more pronounced in intermediate types (respectively r=- 0.87; p<0.001, r=-0.95; p<0.001 and r =-0.95;
The results obtained confirm the data presented in the literature on the occurrence of chronic heart
failure with more fibrosis processes than diastolic type.

At a later stage, we planted correlation correlations with TGF-B;, which was detected in the blood
of patients with chronic heart failure anemia and with TGF-B;, which reflected more renal
tubulointerstential processes, and a heart fibrosis marker galectin-3, as well as cystatin-C, which was
widely used in the latter years in assessing the functional status of the kidneys (diagram 3).
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Diagram 3.
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The correlation between TGF-B, and ferrocinetic markers, galectin-3, cystatin-C and blood throw
fraction in patients with reduced left ventricular blood throw fraction with chronic heart failure
anemia.

An increase in TGF-p; in the blood, as indicated in Graph 4, leads to a significant decrease in the
fraction of blood ejection from the left ventricle (r=-0.39; p<0.05). A negative correlation of TGF-SS1
with ferrokinetic parameters was also noted. Bund was determined, respectively, r=-0.54 with
hemoglobin index; p<0.001, R=-0.57 with iron in blood serum; p<0.001, r=-0.31 with ferritin; p<0.05.
This is evidenced by the fact that the marker of renal fibrosis with markers confirming anemia
negatively affect each other, causing the development of fibrosis processes, an increase in TGF-B; in
the blood, as indicated in diagram 4, leads to a significant decrease in the fraction of blood ejection
from the left ventricle (r=-0.39; p<0.05). A negative correlation of TGF-SS1 with ferrokinetic
parameters was also noted. Bund was determined, respectively, r=-0.54 with hemoglobin index;
p<0.001, R=-0.57 with iron in blood serum; p<0.001, r=-0.31 with ferritin; p<0.05. This is evidenced
by the fact that the marker of renal fibrosis with markers confirming anemia negatively affect each
other, causing the development of fibrosis processes.

In recent years, the relationship between cystatin-C and pharmacokinetic indicators, which are
widely used in assessing the functional state of the kidneys, has shown that its increase in the blood
leads to an increase in the level of anemia.

The results obtained confirm that anemia is synchronized with an increase in cystatin-C in the
blood, and they have an aggravating effect on each other.

This has been confirmed by numerous studies that have shown that a decrease in the fraction of
blood ejection from the left ventricle leads to a decrease in the level of resistance of patients to
physical exertion.

The results confirmed that galectin-3 and TGF-f;, which indicate the processes of fibrosis in the
heart and kidneys, as well as aldosterone, which is considered a marker of fibrosis in both organs,
increase in parallel when chronic heart failure is accompanied by anemia. The increase in markers
registered in Bunda was more pronounced in chronic heart failure than in markers registered in the
blood ejection fraction, and was more pronounced in intermediate types of hemodynamics, that is, in
diastolic dysfunction. In cases where chronic heart failure is accompanied by a decrease in the fraction
of blood ejection from the left ventricle, a pronounced negative correlation was found between
ferrokinetic parameters with the marker of renal fibrosis TGF-f; and cystatin-C. This confirms that in
chronic heart failure accompanied by anemia, the development of fibrosis processes and an increase in
the norm of cystatin-C in the blood leads to an overabundance of existing anemia. The results obtained
indicate the need for harmonious anti-anemic and antifibrosis treatment based on standard treatment
for chronic heart failure accompanied by anemia.

Conclusions

1. Anincrease in galactin-3 indicators in the blood led to a significant decrease in the six-minute
walking test in all hemodynamic types (preserved, intermediate, reduced), which were accompanied
by anemia of chronic heart failure.

2. The positive reliable correlation revealed between aldosterone and galectin-3 in all
hemodynamic types of chronic heart failure with anemia confirmed the synchronization of fibrosis
processes in the body.

3. An increase in galactin-3 in the blood led to a corresponding decrease in the six-minute
walking test in all hemodynamic types (preserved, intermediate, reduced), which were accompanied
by anemia of chronic heart failure.

4. With TGF-B1, a negative correlation between ferrokinetic indicators, i.e. hemoglobin, iron and
ferritins, they showed a causal effect.

5. A high level of aldosterone indicators was detected in patients in the group who retained the
blood ejection fraction in the left ventricle.

6. In chronic heart failure, it was found that complex procedures with eplerenone in their
composition by controlling the amount of potassium and sodium in the blood do not lead to a change
in the electrolyte balance.
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