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A prospective study was conducted with the participation of 396 patients
hospitalized for decompensation of chronic heart failure. Hyponatremia was
diagnosed with a decrease in serum sodium <135 mmol/I, while hyponatremia
detected at admission was considered prehospital, and hyponatremia
developed during treatment in a hospital setting. In patients with prehospital
hyponatremia, the dynamics of sodium levels during hospitalization was
analyzed, while in the case of a decrease in sodium levels > 3 mmol/l compared
with the baseline value, progressive hyponatremia was diagnosed. The
influence of various types of hyponatremia on the course and hospital
prognosis of the disease was determined, with the primary endpoint of the
study being the combined indicator "death and/or transfer to the intensive care
unit". Results. Patients with hyponatremia had more pronounced clinical signs
of chronic heart failure. In patients with decompensated chronic heart failure,
the presence of prehospital or hospital hyponatremia is associated with a more
severe course of the disease and a worsening of the hospital prognosis.
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Currently, the attention of clinicians of various the background of the natural course of the disease and

specialties is attracted by the problem of electrolyte
metabolism disorders in inpatient patients. The most
common electrolyte anomaly among patients
hospitalized for any reason is hyponatremia [1]. It
accompanies the course of a number of diseases and is
associated with an increase in the duration of
hospitalization, the economic costs of treatment and a
worsening of the prognosis [2-4]. Among patients
hospitalized with decompensation of chronic heart
failure (CHF), hyponatremia upon admission to the
hospital is detected in 5-35% of cases [5-8], while its
prevalence depends on the patient population and the
timing of determining the level of sodium in the blood.
In most studies devoted to this issue, the prevalence
and prognostic significance of reduced blood sodium
levels recorded at admission to the hospital were
studied [9-13]. At the same time, the incidence and
clinical significance of hyponatremia that developed
during hospitalization have not been practically studied.
Nevertheless, the normal sodium level with a single
measurement in the first days of hospitalization does
not exclude the possibility of its further decrease against

active diuretic therapy.

In addition, the frequency of progression of prehospital
hyponatremia during hospital stay also remains
unexplored. In this regard, the aim of our study was to
assess the clinical and prognostic significance of various
types of hyponatremia in patients hospitalized for CHF
decompensation.

The purpose of the study. to evaluate the clinical and
prognostic significance of various types of hyponatremia
in patients hospitalized for decompensation of chronic
heart failure.

MATERIAL AND METHODS. A prospective study was
conducted with the participation of 396 patients
hospitalized at the V.K. Gusak Institute of Emergency
and Reconstructive Surgery in connection with
decompensation of CHF for the period 2013-2016. The
criteria for inclusion in the study were considered to be
age over 18 years, hospitalization for decompensation
of CHF and signed informed consent. The exclusion
criteria were acute coronary syndrome, valvular and
septal heart defects, myocarditis, hypertrophic and
dilated cardiomyopathy, other conditions associated

17| Page



ISSN: 2749-3644

with hyponatremia (burn disease; acute gastrointestinal
disorders; liver cirrhosis; nephrotic syndrome,
glomerular filtration rate <15 ml/min, adrenal
insufficiency, acute  hypovolemia), concomitant
pathology in the decompensation stage, pregnancy,
oncological diseases, alcohol and drug addiction,
participation in another clinical trial during the previous
30 days.

At admission to the hospital and during the hospital
treatment period, the level of sodium in the blood serum
was determined in all patients. The study was
performed using ion-selective electrodes on an
automatic biochemical analyzer "Cobas C 311". The
electrolyte concentration was expressed in mmol/l.
Hyponatremia was diagnosed with a decrease in serum
sodium <135 mmol/Il. The severity of hyponatremia was
assessed in accordance with generally accepted
recommendations: at sodium levels of 130-134 mmol/I,
hyponatremia was regarded as mild, at 125-129 mmol/I
— as moderate, and at <125 mmol/l — as severe [14-
16]. Hyponatremia detected at admission was
considered prehospital, and hospital — developed
against the background of treatment in a hospital
setting. In order to assess the timing of the
development of hospital hyponatremia, electrolyte
levels were examined every 3 days. In patients with
prehospital hyponatremia, the dynamics of sodium
levels during hospitalization was also analyzed, while in
the case of a decrease in sodium levels > 3 mmol/I
compared with the baseline value, progressive
hyponatremia was diagnosed.

To compare two samples of continuous variables that
are subject to the normal distribution law, we used
paired and unpaired Student t-criteria, with Wilcoxon
criteria different from the normal distribution law. To
compare more than two samples subject to the normal
distribution law, a one—factor analysis of variance was
used and, if there was a statistically significant
difference between the groups, a pair comparison using
the Scheffe criterion, and with the control group, the
Dunnet criterion. If the distribution law differed from the
normal one, a rank univariate Kruskal-Wallis analysis of
variance was performed, and if there was a statistically
significant difference between the groups, a comparison
using the Dunn criterion was performed.

THE RESULTS OF THE STUDY. Patients with
hyponatremia were significantly (p <0.05) older than
those with normal sodium levels, among them patients
with anemia, concomitant chronic obstructive
pulmonary disease, type 2 diabetes mellitus and
impaired renal function were more common. There
were no significant differences in body mass inde,
prevalence of concomitant hypertension, atrial
fibrillation, myocardial infarction between the groups.
Patients with hyponatremia had more pronounced
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clinical signs of CHF. According to echocardiography,
they had a smaller ejection fraction and more
pronounced diastolic dysfunction of the left ventricle
compared to normonatremic patients. Analysis of drug
therapy showed that patients with hyponatremia were
more likely to receive thiazide and thiazide-like diuretics
compared to patients with normonatremia. In the group
with hospital hyponatremia, in addition, the frequency
of administration of mineralocorticoid receptor
antagonists was higher compared to the other groups
of patients.

A detailed analysis of diuretic therapy during the active
phase revealed differences in the doses of drugs:
patients with hyponatremia higher doses of
hydrochlorothiazide, indapamide and spironolactone
were prescribed compared to patients with normal
sodium levels. The highest doses of spironolactone were
taken by patients with hyponatremia that developed
during hospitalization. To assess the impact of various
types of hyponatremia on the course and hospital
prognosis of the disease, the frequency of development
of the combined primary endpoint "death and/or
transfer to the intensive care unit" and its individual
components was analyzed. Patients with hyponatremia
were more likely to develop adverse outcomes, and
their hospital stay was longer compared to those with
normal blood sodium levels. The reasons for the
transfer to the intensive care unit were analyzed, and if
there were several indications for the transfer, the
leading one was chosen as the reason for the analysis.
It was revealed that patients with hyponatremia,
compared with patients with normal sodium levels,
developed gi more often during hospitalization-potency
or hypoperfusion of organs requiring treatment in the
intensive care unit. Among people with prehospital
hyponatremia, it is more common to-the occurrence of
refractoriness to diuretics was observed. According to
the results of pathoanatomic studies, cardiovascular
diseases were the leading causes of hospital mortality
in both groups of patients, while cardiovascular
mortality was higher among patients with
hyponatremia. Persons with reduced sodium levels died
more often than patients with normal electrolyte levels
due to the progression of heart failure, while the
statistical significance of the differences was achieved
due to a subgroup of patients with prehospital
progressive hyponatremia. It is noteworthy that death
against the background of increasing symptoms of
decompensation of CHF among this cohort of patients
was several times higher than in the subgroups of
patients with hospital and prehospital non-progressive
hyponatremia and reached 31.3%.

Regression analysis adjusted for age, comorbid
pathology and the severity of CHF showed that the
presence of hyponatremia was associated with a
significant increase in the risk of death and transfer to
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the intensive care unit. At the same time, prehospital
hyponatremia had a greater prognostic value in relation
to an unfavorable outcome compared to hospital. It is
noteworthy that the progression of the existing

upon admission, hyponatremia significantly increased
the risk of the end point. At the same time, hospital non-
progressive hyponatremia retained its influence in the
multifactorial model only on the risk of developing a
combined endpoint, while its prognostic value in relation
to individual components of the latter did not reach
statistical significance.

Discussion. The results of the study confirm the
literature data that hyponatremia is a frequent violation
of the water-electrolyte balance in patients hospitalized
for decompensation of CHF. According to the data
obtained by us, in general, its frequency reached
33.3%, while in 48.5% of patients it occurred at the
pre—hospital stage, and in 51.5% - during treatment in
the department. Hospital hyponatremia developed on
average by the end of the first week of hospital stay.
Interestingly, by the time of discharge, spontaneous
normalization of sodium levels occurred only in 7.8% of
patients, in 25% of patients, on the contrary,
progression of hyponatremia was observed. In the
prevailing majority of cases, patients with
decompensated CHF developed mild hyponatremia,
while the frequency of moderate and severe
hyponatremia was low (84.8% and 4.6%, respectively).
It is believed that a decrease in blood sodium levels in
CHF is a variant of hypervolemic hypernatremia and is
caused mainly by a violation of water excretion by the
body [22, 23]. At the same time, the pathophysiological
basis for the development of hyponatremia in this case
is excessive neurohumoral activation in conditions of a
decrease in cardiac output. Despite the absolute excess
of water in the extracellular space of the body during
decompensation of CHF, the effective volume of
circulating blood remains low, which through the system
of baroreceptors promotes non-osmotic stimulation of
the secretion of antidiuretic hormone and effectors of
the renin-angiotensin-aldosterone  system. Such
neurohumoral activation is compensatory in nature and
is aimed at normalizing perfusion pressure by limiting
the excretion of sodium and water. The release of
antidiuretic hormone directly enhances the reabsorption
of water in the collecting tubules of the kidneys,
whereas angiotensin-2 and norepinephrine limit the
delivery of water to the kidneys by reducing their
perfusion and, consequently, contribute to a decrease
in its

division [24]. In addition, a decrease in cardiac output
and a high level of angiotensin-2 are powerful stimuli
for thirst, which leads to an

increase in water consumption.
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The degree of neurohumoral activation in CHF, and
hence the risk of hyponatremia, as a rule, correlates
with the severity of cardiac

dysfunction, which is confirmed in our study. Indeed,
patients with hyponatremia had more severe clinical (FC
according to NYHA,

severity of congestion, test distance with 6-minute
walking) and echocardiographic (degree of systolic and
diastolic dysfunction) signs of CHF compared to patients
with normal blood sodium levels. It cannot be excluded
that active diuretic therapy also makes a certain
contribution to the development of hospital
hyponatremia. Thus, according to the results of our
study, patients with hyponatremia received thiazide,
thiazide-like diuretics and spironolactone significantly
more often and in higher doses. It is noteworthy that
the highest doses of spironolactone were taken by
patients with hyponatremia that developed during
hospitalization. Of course, ensuring adequate sodium
and diuresis is the most important factor in preventing
the symptoms of CHF decompensation, and with the
development of signs of hypervolemia, it is a necessary
condition for their elimination. Nevertheless, it is worth
remembering that the use of diuretic therapy may be
accompanied by the development of undesirable side
effects, among which various electrolyte disorders,
including hyponatremia, occupy a leading position.
According to the literature, hyponatremia is most often
observed when using thiazide and thiazide—like
diuretics, less often - loop and potassium-sparing [22].
Thiazide diuretics have a mixed mechanism of
hyponatremic action: they enhance the effect of
antidiuretic hormone at the level of collecting tubes and
at the same time stimulate natriuresis. The
development of  hyponatremia  when  using
spironolactone, in addition to the natriuretic effect of
the drug, is associated with its ability to block the
release of sodium from the cell, which leads to an
increase in the intracellular electrolyte content and a
decrease in its concentration in the blood.

Thus, active diuretic therapy in patients with
decompensated CHF, especially with the use of thiazide,
thiazide-like diuretics and high doses of spironolactone,
should be carried out with caution, under the control of
blood electrolyte levels, which is regulated by modern
guidelines [21]. It remains unclear whether
hyponatrimia per se is a factor determining the
deterioration of the prognosis in CHF, or it only acts as
a laboratory marker of the severity of the disease. To
answer this question, further large-scale research is
needed. However, in any case, a decrease in blood
sodium levels can serve as a simple and reliable tool for
risk stratification in patients with decompensated CHF,
as it is associated with a deterioration in the hospital
prognosis of the disease and an extension of the
hospitalization period.
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CONCLUSION. Hyponatremia is a frequent violation of
the water-electrolyte balance in patients hospitalized for
decompensation of CHF. In general, its frequency
reaches 33.3%, while in 48.5% of patients it develops
at the pre-hospital stage, and in 51.5% during
treatment in the department. By the time of discharge,
spontaneous normalization of sodium levels occurs only
in 7.8% of patients, in 25% of patients, on the contrary,
there is a progression of hyponatremia. The presence of
both prehospital and hospital hyponatremia is
associated with a more severe course of CHF,
deterioration of the hospital prognosis and lengthening
of hospital stay. The progression of hyponatremia
present at admission significantly increases the risk of
death and transfer to the intensive care unit.

RECOMMENDATIONS

1. Deitelzweig S.B., McCormick L. Hyponatremia in
hospitalized patients: the potential role of
tolvaptan. Medical Practice (1995). 2011;
39(3): 87-98.

1. Brown M.M., Barstow S.H., Bragg F. et al .
Diagnosis and treatment of sodium disorders:
hyponatremia and hypernatremia as a family
doctor. 2015; 91(5): 299-307.

2. Holland-Bill L. Hyponatremia and mortality risk:
a Danish cohort study involving 279,508 acutely
hospitalized patients. European Journal of
Endocrinology. 2015; 173(1): 71-81.

3. Callahan M.A.,, Do H.T., Kaplan D.V. et al.
Economic consequences of hyponatremia in
hospitalized patients: a retrospective cohort
study. Postgraduate study in medicine. 2009;
121(2): 186-91.

4. Silberberg M.D., Exuzides A., Spaulding J. et al.
Epidemiology, clinical and economic
consequences of hyponatremia in a cohort of
hospitalized patients. Current medical report.
2008; 24: 1601-8.

5. Vaikar S.S., Mount D.B., Kurkhan G.S. Mortality
after hospitalization with mild, moderate and
severe hyponatremia. American Medical
Journal. 2009: 122857-865.

6. Sturdik I., Adamtsova M., Kollerova J. et al .
Hyponatremia is an independent predictor of
hospital mortality. European Journal of Internal
Medicine. 2014; 25: 379-382.

7. Frenkel V.N., van den Born B.J., van Munster
B.S. and others. The relationship between
serum sodium levels at the time of admission
and mortality and morbidity in elderly patients
admitted on an emergency basis: a prospective
cohort study. Journal of the American Geriatric
Society. 2010; 5: 2227-2228.

10.

11.

12.

13.

14.

15.

16.

World Bulletin of Public Health (WBPH)
Available Online at: https://www.scholarexpress.net
Volume-29, December 2023

Shchekochikhin  D.Y. Prognostic value of
prehospital and intrahospital hyponatremia in
decompensation of chronic heart failure.
Rational pharmacotherapy in cardiology.
2014:10(6):640

Oren R.M. Hyponatremia in congestive heart
failure. Am J. Cardiol. 2005; 2:95(9A): 2B-7B.
Filippatos G., Rossi J., Lloyd-Jones D.M. et al.
Preliminary significance due to urea blood in
patients diagnosed with heart failure: repeated
studies. investigation of acute and chronic
therapeutic effects of vasopressin antagonist in
chronic heart failure (ACTIVISION pri CHF). J-
card failure. 2007; 13: 360-364.

Georgiade M., Rossi 1.S., Cotts U. et al. Analysis
and prognostic value of the persistent
hypothesis in patients with severe heart failure
as a result of ESCAPE. Archives of Internal
Medicine. 2007; 167(18): 1998-2005.

Klein L., O'Connor K.M., Leimberger 1.D. and
others. A decrease in serum sodium is
associated with an increase in short-term
mortality in hospitalized patients with
exacerbation of heart failure: results of a
prospective study of intravenous administration
of milrinone in exacerbations of chronic heart
failure (optimal heart failure). Circulation. 2005;
111(19): 2454-2460.

Spasovsky G., Vanholder R., Allolio B., et al.
Clinical practice guidelines for the diagnosis and
treatment of hyponatremia. Transplantation of
nephrolithiasis. 2014; 40 (6): 924.

Hillier T.A., Abbott R.D., Barrett E.J.
Hyponatremia: estimation of correction factor
for hyperglycemia. I'm Jay Honey. 1999; 106
(4): 399-403.

Kishkun A.A. Clinical laboratory diagnostics: a
textbook. 2015; 458 p.

Ponikowski P., Vors A.A., Anker D.S. et al. Esc
Recommendations for the Diagnosis and
Treatment of Acute and Chronic Heart Failure
2016: Task Force for the Diagnosis and
Treatment of Acute and Chronic Heart Failure
of the European Society of Cardiology (ESC).
EHJ. 2016; 37 (27): 2129-2200.

20| Page



