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¢ Relevance. The article analyze the results of changes in the diuretic and natriuretic response to standard hyper-
volemic load and the injection of a diuretic in patients with chronic heart failure with preserved and reduced left
ventricular ejection fraction.

Purpose. Evaluation of changes in the natriuretic response to hypervolemia and diuretic injection in patients
with chronic heart failure.

Materials and methods. 25 men with chronic heart failure were examined; the average age was 68 y. 0. (67; 73).
Of these, 13 patients with chronic heart failure and a left ventricular ejection fraction (LVEF) of less than 50 %
entered the first studied group and 12 patients with chronic heart failure with preserved LVEF (more than 50%),
who entered the second studied group. In all the patients, hypervolemia was induced by Ringer’s solution, followed
by the injection of furosemide and the registration of diuresis and natriuresis.

Results. When analyzing natriuresis in the studied patients, it was found that at the same concentration of serum
sodium, there is a multidirectional reaction to the excretion of sodium in the urine in both groups. At the same
time, the rates of diuresis in both groups did not differ significantly.

Conclusion. Thus, with chronic heart failure and reduced LVF less than 50% patients had a lower natriuresis
compared to those studied with preserved LVE. In the patients with chronic heart failure fluid overload on the mixed
response it is noted that if the urine sodium level is at the lower limit of normal in patients with reduced LVF less
than 50%, then, against the background of stimulation of diuresis, sodium begins to be excreted more intensively.
In the patients with chronic heart failure with preserved LVE the urine sodium level is at the upper limit of the
norm and when furosemide is stimulated, there is a decrease in its excretion.

¢ Keywords: natriuresis; hypervolemia; chronic heart failure.
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¢ Axmyanvnocmo. [IpoaHann3upoBaHbl pe3ynbTaTbl U3MEHEHNUI JUYPETUYIEeCKOro ¥ HaTpUilypeTUYeCKOro OTBe-
Ta Ha CTaHJAPTHYIO TUIIEPBOTIEMIYECKYI0 HaTPY3Ky U BBe[leH)e IMYPeTHKA Y IIaLlMIEHTOB C XPOHMYECKOI cepAeIHO
HEJOCTATOYHOCTDBIO C COXPAaHEHHOM M CHYDKEHHOU (pakIiyeil BBIOpoca JIeBOTO XelyodKa.

Tom 12 ¢ N2 2 + 2020 Becthunk CeBepo-3anaaHOro rocyAapCTBEHHOrO MEAMLIMHCKOTO yHuBepcuTeTa um. M., Meunukosa

39



40

Ilenv — oneHUTb M3MEHEHN: B HATPUITypPeTUIECKOM OTBETE Ha IMIIEPBOIEMUIO M BBEleHNE INyPeTHKa Y Ma-
LIMEHTOB C XPOHMYECKON CEPAIEYHOI HEJOCTATOYHOCTBIO.

Mamepuanot u memoodwt. O6c1eoBaHO 25 MY>XYMH C XPOHUYECKOIT CEPHeIHOI HEeTOCTATOUHOCTBIO, CPefHMI
BO3PacT KOTOPBIX cocTaBumi 68 (67; 73) net. V3 Hux 13 manueHTOB ¢ XPOHUYIECKOIT CEPIeYHOI HE[OCTATOYHOCTHIO
u dpakimeli BLIOpoca JIeBOro xenyfodka MeHee 50 % BOLIIM B IEPBYIO IPYIITY, @ 12 MaLMeHTOB ¢ XPOHUYECKOI
CepyevYHOI HeOCTaTOYHOCTDIO C COXPaHEHHOII pakiyeit BbIOpoca eBoro xenypouka (6onee 50 %) — Bo BTO-
pyo rpymmy. Y Bcex 60/IbHBIX MHAYLMPOBAIU IUIEPBOTIEMUI0 PaCTBOPOM PHHrepa ¢ HOCIeyIoImuM BBefleHIueM
dypocemupsa u perucTpareit guypesa u HaTpuitypesa.

Pesynvmamvi. AHanu3 HaTpuitypesa y UCCIeLyeMbIX OONbHBIX IIOKa3al, 4TO IPU OfVHAKOBOV KOHI[eHTpaluu
CBIBOPOTOYHOTO HAaTpysI HAOMIOAAeTCsl pPa3sHOHAIIPaB/IeHHAs peaKIys Ha BbIBeleHUe HAaTPYs C MOYOI! Y IALIMEeHTOB
o6eux rpynm. IIpu aToM TeMIbl AUype3a y MalMEeHTOB 00eMX IPYIII 3HAYMMO He PasInyaiich.

3axniouenue. Y TaleHTOB C XPOHMYECKOIL CEPAEYHOI HEROCTATOYHOCTDIO U CHIDKEHMEM (pakiyu BeOpoca
JIEBOTO XKeNmy[ouKa MeHee 50 % oTMedeH Oojee HU3KMIT HATPUITypes 10 CPaBHEHMIO C TAIMeHTaMM C COXPaHEeHHOI
(dpaxuyert BEIOpoca I€BOr0 XKelmyfgouka. Y OONbHBIX XPOHMYECKOI CepfieyHOl HeOCTaTOYHOCTBIO HaOIIIofaeTcsa
pasHOHAIpaBjIeHHas peakuys Ha ruiepBoieMuio. Ecnu y manmeHTOB cO CHIDKeHMeM Gpakuyy BbIOpoca 1eBOro
Xenmyrouka MeHee 50 % ypoBeHb HaTpuA B MOYe HAXOJUTCS Ha HYDKHe! IpaHMIle HOPMBI, TO Ha (pOHE CTUMY/IALNN
[Uype3a HaTpUil HauMHAeT MHTEHCUBHeEe BBIBOSUTHCS. Y OOBHBIX XPOHMIECKOI CEPAEYHOI HeNOCTATOYHOCTHIO
C COXpaHeHHOI (pakijueil BBIOpOCca IeBOT0 XKeNyAouKa YpOBEHb HATPYs B MOYe HAXOAMUTCS Ha BepXHeil IPaHuUIIbI

HOPMbI I IIpU CTUMYIALNN (bypOCeMV[,T.[OM €ro BbIBE€JI€HII€ YMEHDbIIAETCA.

¢ KiroueBble cnoBa: HaTpuilypes; TMIepBoIeMIA; XPOHUYECKasl cepfiedHast HelOCTaTOYHOCTb.

Background

Severe congestion in the systemic and pul-
monary blood circulation is the main cause of
unexpected hospitalization of patients with heart
failure.

With age, renal function decreases in a sub-
stantial proportion of patients with chronic heart
failure (CHF), despite therapy with [-blockers
and angiotensin-converting enzyme inhibitors.
In addition, these patients may develop resistance
to diuretics following their long-term use, which
is associated with increased mortality [1].

Sodium is the main regulator of water and
acid-base balance. It is a component of all body
fluids and has the highest concentration in the
blood and extracellular fluid. The level of extra-
cellular sodium is mainly influenced by kidney
function. Healthy people have stable concentra-
tion of blood electrolytes, since their food intake
is balanced by defecation and excretion with
urine and sweat.

The sodium concentration in the extracellular
fluid is regulated by hormones that increase or
decrease the loss of sodium in the urine (natriuretic
peptide and aldosterone), prevent fluid loss in the
urine (antidiuretic hormone), and control thirst
(antidiuretic hormone). The human body takes
a portion of sodium intake for its own needs, and
the remaining amount is excreted by the kidneys
in the urine. As a result, the concentration of
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electrolytes in the blood is maintained within
a very narrow range [2].

This study aimed to evaluate changes in the
natriuretic response to hypervolemia and diuretic
administration in patients with CHE.

Materials and methods

We examined 25 male patients with CHE
including 13 patients with left ventricular ejection
fraction (LVEF) <50% (group 1) and 12 patients
with LVEF >50% (group 2). The average patient
age was 68 (67; 73; range, 61-78) years (Table 1).
The study groups were comparable in terms of age,
body mass index, and CHF duration. All patients
were treated according to the clinical guidelines
for the prevention, diagnosis, and treatment of
CHF in the absence of contraindications to the
drugs taken [3] (Table 1). In group 1, most patients
received spironolactone, a mineralocorticoid
receptor antagonist, at a dose of 25 mg/day, but
it did not significantly affect natriuresis. The rest
of the therapy was comparable. The level of the
N-terminal fragment of the brain natriuretic
peptide (NT-proBNP) was assessed. After
evaluating the initial clinical and instrumental
parameters for 9 h, the urine output volume
and urine sodium level were determined every
3 h. After the 3-h period, hypervolemia was
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Table 1/ Tabanua 1

Clinical characteristics of patients, Me (25; 75%)
KAannnueckaa xapakrepucruka naunentos, Me (25; 75 %)

Parameters (Gnr(;uﬁ);) gr(;uﬁ)f)
Age, years 70.5 (67.5; 75.5) 68 (61; 69)
Body mass index, kg/m? 34.3 (29.2;39.4) 30.8 (29.2; 37.8)
Left ventricular ejection fraction, % 40.5 (38; 45)* 54 (50; 57)
Duration of chronic heart failure, years 14 (12.5; 17.5) 10 (9; 18)

Drugs used to treat chronic heart failure

ACE inhibitors/ARBs 13 (100%) 12 (100%)
B-blockers 12 (92%) 10 (83%)
MCRA 12 (92%) 3 (25%)
Thiazide diuretics 6 (46%) 5 (42%)
Loop diuretics 3 (23%) 2 (17%)

N o te. ACE, angiotensin-converting enzyme; ARBs, angiotensin II receptor blockers; MCRA, mineralocorticoid receptor

antagonist. *p < 0.05.

induced (10-min infusion of Ringer’s solution
in a volume of 0.5 L [8.6 g/L sodium chloride,
0.33 g/L calcium chloride, and 0.3 g/L potassium
chloride], followed by parenteral administration
of 0.5 Ringer’s solution in a volume of 1 L for 1 h
50 min). Then, after 6 h of monitoring, 40 mg
of furosemide was administered intravenously to
the patients.

Statistical analysis of the results was performed
using Statistica 10.0 Software Package (StatSoft,
USA). Quantitative data were presented as Me
(25%; 75%), where Me is the median and 25%
and 75% are interquartile ranges in the form
of the 25" and 75" percentiles. Quantitative
indicators were compared using the Wilcoxon
rank method (for dependent variables) and the
Mann-Whitney U-test (for independent groups).
To analyze the relations between the studied
characteristics (correlations), the nonparametric
Spearman method (r) was used.

Results and discussion

The examination revealed that the NT-pro-
BNP level was 2000 (1200; 2250) pg/ml in
group 1 and 181.7 (140.6; 222.6) pg/ml in group 2
(p < 0.05), which corresponds to a more pro-
nounced CHF with LVEF <50%.

The renal function assessment revealed
that the glomerular filtration rate was signifi-
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cantly lower in patients with LVEF <50% at
60 (51; 66) ml/min per 1.73 m? than in patients
with preserved LVEF at 73 (73; 74) ml/min per
1.73 m? (p < 0.05), which is consistent with the
tindings of other studies [4-6].

At the same concentration of serum sodium,
natriuretic analysis showed a multidirectional
response to sodium excretion in the urine.
There was a tendency (p = 0.051) to lower va-
lues of the initial baseline natriuresis (3 h) as well
as natriuresis with intravenous administration
of Ringer’s solution (6 h) in group 1 than in
group 2. The absence of statistically significant
differences is apparently due to the small sample
size (Table 2).

Lower values of urine sodium in group 1
were possibly due to secondary hyperaldosteron-
ism in the presence of CHF with LVEF <50%.
A higher concentration of aldosterone leads to
increased sodium reabsorption and a decrease
in its excretion in the urine [6]. If the urine
sodium level was at the lower limit of the nor-
mal in patients with CHF with LVEF <50%,
sodium was excreted more intensively when
diuresis was induced. In patients with CHF
with preserved LVEE the urine sodium level
was at the upper limit of the normal, and when
stimulated with furosemide, its excretion de-
creased (Fig. 1). The decrease in sodium excre-
tion was probably due to the activation of the

Becthunk CeBepo-3anaaHOro rocyAapCTBEHHOrO MEAMLIMHCKOTO yHuBepcuTeTa um. M., Meunukosa

41



42

Table 2 / Tabanua 2

The level of sodium in serum and urine, Me (25; 75%)
YpoBeHb HaTpHs B CLIBOPOTKE KpoBHM M Mode, Me (25; 75 %)

Parameters

Group 1
(n=13)

Group 2
(n=12)

Serum sodium, mmol/l

142.5 (139.5; 143.5) 144 (143; 145)

Urine sodium after 3 h, mmol/l (normal 40-220 mmol/l)

62 (49.5; 71.5) 203 (196; 204)

Urine sodium after 6 h, mmol/l

63 (57.5; 70) 126 (90; 204)

Urine sodium after 9 h, mmol/I

112.5(104.5; 120.5) 105 (76; 145)

mmol/|
MMOAb/A
250
200
150
100
50 i/v Ringer’s solution i/v furosemide 40 mg
BHyTpuBeHHoO BryTpunBeHHO
0 pactBop Punrepa thypocemmna 40 mr
3 hours 6 hours 9 hours
34 64 9y
— Group 1 —— Group 2

[Mepsaa rpynna Bropas rpynna

Fig. 1. Dynamics of urinary sodium levels

Puc. 1. [InHaMuKa ypoBHA HaTpUA B MOYE

renin-angiotensin-aldosterone system and re-
sulted in a decrease in sodium excretion in the
urine. The syndrome of paradoxical sodium re-
tention is also possible, which is accompanied
by a decrease in sodium excretion in the urine,
water retention, and an increase in body weight
due to latent edema. The syndrome is associated
with a paradoxical reaction to vasopressin; in re-
sponse to hyperhydration with Ringer’s solution,

Table 3 / Tabaunua 3

Characterization of diuresis, Me (25; 75%)
Xapaxtepuctuka anypesa, Me (25; 75 %)

mmol/|
MMOAb/A
1600
1400 i/v-furosemide 40 mg
BHyTprseHHo
1200 thypocemna 40 mr
1000 iV Ringer’s solution
800 BHyTpunBeHHO
pactsop Punrepa
600
400
200
0
3 hours 6 hours 9 hours
34 64 94
— Group 1 —— Group 2

lNepsas rpynna Bropaa rpynna

Fig. 2. Dynamics of diuresis

Puc. 2. [Ilnnamuka puypesa

the release of vasopressin increases. Sodium re-
mains in the body and retains water, but the di-
uresis volume does not decrease since sodium is
exchanged for water in the collecting tubules [7].

The characteristics of diuresis in patients are
presented in Table 3 and Fig. 2.

The rate of diuresis in both groups was quite
comparable and increased significantly with the
introduction of loop diuretics.

Parameters

Group 1
(n=13)

Group 2
(n=12)

Diuresis volume after 3 h, ml

125 (90; 375)

200 (150; 400)

Diuresis volume after 6 h, ml

275 (125; 575)

200 (150; 300)

Diuresis volume after 9 h, ml

1350 (1250; 1450)

1400 (11005 2200)
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Diuresis and sodium excretion correlated
positively (r=0.99; p <0.05) in group 1 and
negatively (r = —0.76; p < 0.05) in group 2, which
confirms the theory of the activation of the
renin-angiotensin-aldosterone system and the
paradoxical reaction of vasopressin to sodium
administration. Under physiological conditions,
excess sodium blocks the release of vasopressin
and is excreted in the urine. In a paradoxical
response, an increase in the urine excretion of
sodium with its excess in the blood still stimulates
the release of vasopressin. As a result, sodium is
exchanged for water in the collecting tubules and
released into the blood, and the water is removed,
but not completely. A portion of the water is
retained due to the presence of excess sodium
levels in the blood; the sodium particle enters
the cells and pulls water with it, causing latent
intracellular edemas [7, 8] which can be detected
using modern bioimpedance body composition
analyzers.

Conclusion

Patients with CHF and LVEF <50% are cha-
racterized by a lower natriuresis than patients
with preserved LVEF. Patients with CHF have
a multidirectional response to hypervolemia.
In patients with LVEF <50%, sodium is excreted
more intensively when diuresis is stimulated, pro-
vided that the urine sodium level is at the lower
limit of the normal. In patients with CHF and
preserved LVEE, the urine sodium level is at the
upper limit of the normal, and when stimulated
with furosemide, its excretion decreases. Further
research is required to clarify the causes of these
changes.

References

1. ®ponros A.C., Uycros C.b., bapcykos A.B., n ap. Bro-
puiHas HechponaTust MpK apTepuaAbHOM rUnepTeH3um //
AeyeHue u npoduaaktka. — 2015. - N2 3. - C. 39-45.
[Frolov DS, Shustov SB, Barsukov AV, et al. The secondary

¢ Information about the author (Adpec asmopa ons nepenucku)

Dmitriy S. Frolov / Imumputi Cepeeesuyu ®@ponos
Tel. / Ten.: +79117891396

SPIN-code / SPIN-kop: 4089-0078

E-mail: froloff_82@mail.ru

Tom 12 ¢ N2 2 + 2020

nephropathy under arterial hypertension. Lechenie i pro-
filaktika. 2015;(3):39-45. (In Russ.)]

. Wenman A.A. Tlatodmsnonorus Nouku / MOA peA.

l0.B. HatounHa. — M.: bunom, 2019. — 192 c. [Shey-
man DA. Patofiziologiya pochki. Ed. by Y.V. Natochina.
Moscow: Binom; 2019. 192 p. (In Russ.)]

. Mapees B.1O., ®omnn U.B., Arees ®.T., n Ap. XpoHu-

yeckasi cepAevHas HeaoctaTouHocTb (XCH) // XKypHana
CepAeYHast HEAOCTaTOYHOCTb. — 2017. = T. 18. - N2 1. -
C. 3-40. [Mareyev VY, Fomin IV, Ageev FT, et al. Chronic
heart failure (CHF). Zhurnal serdechnaia nedostatochnost’.
2017;18(1):3-40. (In Russ.)]. https://doi.org/10.18087/
thf}.2017.1.2346.

. ®ponos A.C., Caayxos B.B., Wycros C.b., n ap. Oco-

BEHHOCTM  CTPYKTYPHO-(DYHKLMOHAABHOTO  COCTOSIHMS
MMOKapAQ Y MaLMEHTOB C XPOHUUECKON BOAE3HBIO Mouek
M XPOHMYECKOM CEPAEHHOM HEAOCTAaTOYHOCTbIO // BecT-
HMK CeBepo-3anaAHOro rOCyAapCTBEHHOTO MEAMLIUH-
ckoro yHusepcuteta um. MM, Mednukosa. — 2019. -
T. 11. = N2 3. — C. 79-84. [Frolov DS, Salukhov VV,
Shustov SB, et al. Features of the structural and functional
condition of the myocardium in patients with chronic
kidney disease and chronic heart failure. Vestnik Severo-
Zapadnogo gosudarstvennogo meditsinskogo universiteta
im. .I. Mechnikova. 2019;11(3):79-84. (In Russ.)]. https:/
doi.org/10.17816/mechnikov201911379-84.

. Knepper MA, Kwon TH, Nielsen S. Molecular physiology

of water balance. N Engl ] Med. 2015;372(14):1349-1358.
https://doi.org/10.1056/nejmra1404726.

. Felker GM, Ellison DH, Mullens W, et al. Diuretic therapy

for patients with heart failure: JACC state-of-the-art review.
J Am Coll Cardiol. 2020;75(10):1178-1195. https://doi.
org/10.1016/j.jacc.2019.12.059.

. Owusnororns nouku / noa pea. 10.B. Hatoumna. -

A.: Hayka, 1972. — 398 c. [Fiziologiya pochki. Ed. by
Y.V. Natochin. Leningrad: Nauka; 1972. (In Russ.)]

. Tioankos MN.A., Kaamnuenko C.1O., Bopcros A.O., Tuiosa

tO.A. BasonpeccuH: Hekaaccuueckue aphexTbl Bazonpec-
CMHa M MX POAb B MaToreHe3e accoLMMpPOBaHHbIX C BO3pac-
TOoM 3aboaeBanuit // DcbdpexTrBHAs papmakoTepanms. —
2015. = N2 26. - C. 38-50. [Tyuzikov IA, Kalinchenko SY,
Vorslov LO, Tishova YA. Vasopressin: Non-Classic Effects
and Role in Pathogenesis of Age-Associated Diseases.
Effektivnaya farmakoterapiya. 2015;(26):38-50. (In Russ.)]

Becthunk CeBepo-3anaaHOro rocyAapCTBEHHOrO MEAMLIMHCKOTO yHuBepcuTeTa um. M., Meunukosa



