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Abstract

Heart failure is a state of systemic chronic inflammatory. Serum Na* concentration levels cor-
relate with the severity of HF and predict poor prognosis. Hyponatremia occurs in advanced
heart failure, and it is a marker of the degree of neurohumoral activation as well as an indica-
tion of the severity of the underlying disease. Therefore, it is important to explore the me-
chanisms associated with the development of hyponatremia in heart failure and the effect of
hyponatremia on heart failure.
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1. 51§

KA I AE (Hyponaremia)F5 A2 ML Na WX T 135 mmol/L [1] [2] [3]8095R FRZS . E N 4N T 7
SERRI[4] [5] [6], ARBAMUREE T Co /) 3 vy 8 R AR VR TS P L TRIUANE . 0TI & MK
BIMAE TR R AERE R BTG . B S mIETo 23] [7] [8]. 2 WG PR BB LA Fe i, Wikde
SRR 1S AR AN L, B L BRI AN K AT 8 5 RSN I 1, AR IR AN B 38 BE T A 9 [ 9]
A I Na™5.0 35 v 2 A A ELVE AL, PTRE S N B 7RI D B A . AR SO N 1 32
S AR IIURE A AH S ME S . R ML LA R ISR Na "R B Bt oo g S8 38 PR S Wi 25 7 T HEAT 2538

2. L AFEESFHRMMAERITLIR

O SIS — PR RPN [10], — BRI R R AN R TS o W .0 70 3 v 565 W] e 1A H BAH
RIRRETIFET o OFERHLHE AR, B APE. MEAmLHL ESE . MRS 5%.
QR L I A f B S R R 2021 BEEE) HRIE[ 117, FREBLEC M B AN EL 3.3 12, 0 S5 890
Jio HF RIiZ. JRAE . RITHHCTE A IR i sy, (OREAIRAI R T DTE Hh 2 i (R4H
MAE: & HF 825 WA AR 3R AL, UM 1) NaWREE, SN EIiE Na 806, RN ek
7E Na i DLIE® Bl A & . HF B3 h R ARV IUE R 2158 10%~20% [2] [5] [12], BN WHIZEE
RPN AR, 5BVETUS BALAH G, DI BFNTE A%, Ot 20 KA RAEH i 75 = kb 51k
(1) 2 B b 2 A TRML 1) 53 3 G, P SR AR R 2590 T BRI AN SR BN S I R S 80K Na HEE 32 453 A
6 5 5] RGN I o (R LR X 00 308 1) R R AFAE ELAE B R 32 1R e, ] 51 ke 0o 84k, B INAE T2 [9] [13]
[14].

3. IWHFBEE RS I MER K RS

TR KIS Na P72 TP s B 5 2 - 1 R 5K 21 -BE [ i 5 4t (renin-angiotensin-aldosterone
system, RAAS)FIAZ JEAH £ 2 45 (sympathetic nervus system, SNS) I A0 55 F B IR T3 Wb ZE L 1R 25 1)
Pl AE LB/ IN ¥ L 2 B[ 15] [16]. HF &Pl RER A AEAE , HE R AEARBA IAE (0 BRI AR AR = %,
VO B 2 P S AR AN R R SRR LA

1) ADH JE5&E 14530 3 0

O3 BB AR U B I, B AR DRI I 2R 9505 T T B 0 SRS 2 BR IN I (arginine vasopressin, AVP) [ FE
D, AESRIXANE A AR IR LR A X AVP FIEME RS ER ATE R, AN AVP BAKPF- &
[15] [17], Bl ADH dEZZEMEWAIEIN. AVP M2 IR, MERT/K PR EZNEER, EH
TEMAER, A TEEE, SEERNIL, PAESURIRIEA[18]. FFEUREH AVP i3 hn &
PR G HhoKEIE R, Rl e KIBIE S -2 (AQP2), M/ E X /KIIEZEME, IEKHEE3].
I, AT PR AR I E & — PR AR RS 19].
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2) MEARBHLH R BE

HF 8 BN WL ARG MR 2B A R R AR MAE , MARCA/K R 8, &8 T s A R RS MR AN L
HF B O EE 7108055 3 B0H UG ML S, 61 RSZ 2800 , 5| AR AC AR 28 SR e, B I AU
B, RA& RAAS HWOE, (23 AVP BIR, HEIn7K Na 78 B At i) s, /KB CR T Na i)
B, AR E, A Na ke, HERANIMEE3] [15] [20].

3) WRITAHSR KRB L E

BRAN. (A RERIRF vz ia B TR f er 3 1O R 3 121, RURFIE S V2 AR IR T O I3 A
[22]0 ECAEAREM LT AR IR B ARSI LT,  FURF SO AR O 3807 I R v S SRR B R PR 254
SEURIIRT RKEFE R IR RN, MAENE, HNAHENE, BEEA R R,

13E Na™ & #EF R 7 (loop diuretics, LDs)fE ) H A7 2 7[23]. LDs £ 5 E4E T Henle #F, ] Na*
K 2CI#ia A, ik Na Hiitt, im0 JR A /N S F R B R, o8 = AER PR G
FEMEEASR R, HLILE 1 AL A2 Na He R IE R R AR o KGR R, A AL
fife 2 S ECRM R, B RARHIE . FFTC RN, WERR SR PRI & /N B AR PR 7R 2 0 7 2 0 £
R AR MR AR AR L A S T R, A B I AE T2 [ 24].

4. RSAMAER 1L 3R 58 B & BN

1) EEHE VMR

Na' 4 AME 2 B RBEE B T, Na FadSt EFran i iE 5 A # BB AL Na {74
BHRRGZEKEFE2S]. AEEOT, QUM EA —E K SRR 4 (regulatory  volume decrease,
RVD)fE /), HMMEAINEIE R R LA JERr B S AR AN AR E . A RSt Na W EE BRI, 7= A2 5 i
BIERE, HRAMKS AN AR S, FELEMISIEEM K. R, 4 4 A AR ES T (n KR CT)
AEPBEROVEE . BERRNBR AN E IR 55 ) PR RN BE e, A 2R 140 M 25 AR ) 1E 3 S AR [25]
[26] [27] [28]. L JJZEum & FFARENIUAERS, BT IHB M EAE, LR MRE SR Wi, S &
B, AMANKAM R IR, SR REE LK . 400 RDV ThEE N MEa g a8 5, %hCo L4
IERRAN AT, A RERIATE, A RECE D, OV ST R, R0 3 A

2) OGP FEEL

70 9 ) 4D G 5 PR R I A7 ™ 2 | 2R A ) Na™/Ca® S8 e 5I (NCX) O3 1 R 32 7 ) (IE
B F)) [25] NCX iEVEMIRUNE T & BB T Ca” fads. AT, NCX Emtiztizfr,
¥ 1A Ca¥ sk H A, #4538 3 A Na' 3 N 41, AT 25 20 i P9 45 85 1 (OO LRI 28 ) B2 45 [29] [30]
MYHM A Na WREE T Bers, RPN RS AL B B B T B, A8 NCX Wi #5328 [31]. STEMIAMI
NIREE, TR/ A H A T ) A S A O, TR L P A S IR PR N [32] . SRS IR R
PR S FOERE OIS 1 TR I O3 i A

3) FHReEEAH

0P Na 95 ([Na 1) fl Na' iz il 2004 o (1) Na'/Ca® S8 e 28 45 il 2R ik Ca® i FE([Ca” Tm). ik
[Na'li GBI TFm[Ca* Im, HlS 5 = SRR M B A BE[33], INi#r~4: NADH #1 NADPH, #4jji ATP
P DA AR B R R T SR AR A IR SR RS . SR, 760 7 3208 P A I AN HURE 13 B AR BRI L T
[Na'li i FESE NS K B AR 34] [35], HIILZRRIA DR R, ATP G REEAWERS, IIRIIEER
3 v SR TS R R

4) XoF G B B B R SR

AN HILIRE A £ Bl iod 4 6 7K ek 3 S50 o R B Bt O AT e 25 R RRE (361 HBLIE T 400 17 (Th17)M
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I 3-17 (IL-17) B A 2ORERe M, 75 B HEPTAn B/ S A R BB IO RE 70, RIS 2 B B e MR (1 B
BIRFNE R BFFCIRIE, THI7 4UMThEE N M rT A5 b 6. Mo ik B S s R (e 3k 7 R i A H CD4
T T IR 4HA(CD4 T 4 i) 1) TH17 4HM 0 704k, e SR AR B BeE Th7 4 p e /I BB s 1
H & T PR [ R S [26]. [FIFE, 390GV FE RT B 2 B oo i B M ORGP PE L, T BRI SUA BRIk B
BRARAA IMLE vT LI I 0] Th17 4HMRBEAR RS ER, 1 SBUGIE R EL. /O 13205 5 N IEEH 7 LA
5%, SEGIER KR RS ThREZ 8, D IR, RSB AR . 4 B LRG3
AU B AU IR AR 5 FERAS[37], B4R AL R B 1 A S LRE, RO B AGFR B .

5. REE

AECBA LR A2 /0 77 5 08 S8 B LA AR I 3R L2 — o O 3o S8 TP IR ILAE Je o 1 2 WA R R
AER AOAERE AT SE AL 2 AR B JRIM, R AURE JE 5 A PR IR ACIEAR % 2 e PR = T 2 A . 24
AT AN REARAN MU S A A @A O S 32y B F TS, RS IOGE ™ E A IFAE bR E, R E
FEOUT . AXTHEAN Na W T BT o ) 52 3 8 TS O RE A 75 ZEEAT 3 — 20 B R 7E AT it L A
PO E R AOHLA, DASR SO RAN URE A B, RIS SR, e TS .

SE K

[1] Adrogué, H.J., Tucker, B.M. and Madias, N.E. (2022) Diagnosis and Management of Hyponatremia: A Review. JAMA,
328, 280-291. https://doi.org/10.1001/jama.2022.11176

[2] RS, AKIL, FiB2, BBUAB ER 0 e B E A BT MANK-F 5B WAL R R R T]. Th A )5
UL 44 4, 2020, 4(1): 37-42.

[3] Ishikawa, S.E. (2015) Hyponatremia Associated with Heart Failure: Pathological Role of Vasopressin-Dependent Im-
paired Water Excretion. Journal of Clinical Medicine, 4, 933-947. https://doi.org/10.3390/jcm4050933

[4] Lee, H., Lee, S.E., Park, C.S., ef al. (2018) Hyponatraemia and Its Prognosis in Acute Heart Failure Is Related to Right
Ventricular Dysfunction. Heart (British Cardiac Society), 104, 1670-1677.
https://doi.org/10.1136/heartjnl-2017-312084

[5] Klein, L., O’Connor, C.M., Leimberger, J.D., et al. (2005) Lower Serum Sodium Is Associated with Increased
Short-Term Mortality in Hospitalized Patients with Worsening Heart Failure: Results from the Outcomes of a Prospec-
tive Trial of Intravenous Milrinone for Exacerbations of Chronic Heart Failure (OPTIME-CHF) Study. Circulation,
111, 2454-2460. https://doi.org/10.1161/01.CIR.0000165065.82609.3D

[6] Bettari, L., Fiuzat, M., Felker, G.M., ef al. (2012) Significance of Hyponatremia in Heart Failure. Heart Failure Re-
views, 17, 17-26. https://doi.org/10.1007/s10741-010-9193-3

[7] Sato, N., Gheorghiade, M., Kajimoto, K., et al. (2013) Hyponatremia and In-Hospital Mortality in Patients Admitted
for Heart Failure (from the ATTEND Registry). The American Journal of Cardiology, 111, 1019-1025.
https://doi.org/10.1016/j.amjcard.2012.12.019

[8] Bavishi, C., Ather, S., Bambhroliya, A., et al. (2014) Prognostic Significance of Hyponatremia among Ambulatory Pa-
tients with Heart Failure and Preserved and Reduced Ejection Fractions. The American Journal of Cardiology, 113,
1834-1838. https://doi.org/10.1016/j.amjcard.2014.03.017

[9] Hoorn, E.J. and Zietse, R. (2013) Hyponatremia and Mortality: Moving beyond Associations. American Journal of
Kidney Diseases: The Official Journal of the National Kidney Foundation, 62, 139-149.
https://doi.org/10.1053/j.ajkd.2012.09.019

[10] Yuzefpolskaya, M., Bohn, B., Nasiri, M., et al. (2020) Gut Microbiota, Endotoxemia, Inflammation, and Oxidative
Stress in Patients with Heart Failure, Left Ventricular Assist Device, and Transplant. The Journal of Heart and Lung
Transplantation: The Official Publication of the International Society for Heart Transplantation, 39, 880-890.
https://doi.org/10.1016/j.healun.2020.02.004

[11]  hEOMmERES ORI EREH. T EO ISR RES PR Y 2021 BE]. HEGTRE, 2022, 37(6):
553-578.

[12] Fonarow, G.C., Heywood, J.T., Heidenreich, P.A., et al. (2007) Temporal Trends in Clinical Characteristics, Treat-

ments, and Outcomes for Heart Failure Hospitalizations, 2002 to 2004: Findings from Acute Decompensated Heart
Failure National Registry (ADHERE). American Heart Journal, 153, 1021-1028.

DOI: 10.12677/acm.2023.132280 2015 I IR = =23t e


https://doi.org/10.12677/acm.2023.132280
https://doi.org/10.1001/jama.2022.11176
https://doi.org/10.3390/jcm4050933
https://doi.org/10.1136/heartjnl-2017-312084
https://doi.org/10.1161/01.CIR.0000165065.82609.3D
https://doi.org/10.1007/s10741-010-9193-3
https://doi.org/10.1016/j.amjcard.2012.12.019
https://doi.org/10.1016/j.amjcard.2014.03.017
https://doi.org/10.1053/j.ajkd.2012.09.019
https://doi.org/10.1016/j.healun.2020.02.004

BIRHLEF «

HIR, BER

[13]

[14]

[15]

[16]

[17]

(18]

[19]
[20]

[26]

https://doi.org/10.1016/i.ahj.2007.03.012
BT, LR, kR, O RMER. RENIUREXS | 35RO 3 B O R D RE N TS M R2ma ). ImIRZEE, 2011,
26(24): 2153-2155.

Jao, G.T. and Chiong, J.R. (2010) Hyponatremia in Acute Decompensated Heart Failure: Mechanisms, Prognosis, and
Treatment Options. Clinical Cardiology, 33, 666-671. https://doi.org/10.1002/clc.20822

Urso, C., Brucculeri, S. and Caimi, G. (2015) Acid-Base and Electrolyte Abnormalities in Heart Failure: Pathophysi-
ology and Implications. Heart Failure Reviews, 20, 493-503. https://doi.org/10.1007/s10741-015-9482-y

Schrier, R.W. (1990) Body Fluid Volume Regulation in Health and Disease: A Unifying Hypothesis. Annals of Inter-
nal Medicine, 113, 155-159. https://doi.org/10.7326/0003-4819-113-2-155

Schrier, R.W. (2006) Water and Sodium Retention in Edematous Disorders: Role of Vasopressin and Aldosterone. The
American Journal of Medicine, 119, S47-S53. https://doi.org/10.1016/j.amjmed.2006.05.007

Bankir, L., Bouby, N. and Ritz, E. (2013) Vasopressin: A Novel Target for the Prevention and Retardation of Kidney
Disease? Nature Reviews. Nephrology, 9, 223-239. https://doi.org/10.1038/nrneph.2013.22

LR, XIS, SKEZ, T AREN IR T R[], PR O 2 (R T RR), 2021, 14(5): 688-691.

Davila, C.D. and Udelson, J.E. (2019) Hypervolemic Hyponatremia in Heart Failure. Frontiers of Hormone Research,
52, 113-129. https://doi.org/10.1159/000493242

Taylor, C.J., Moore, J. and O’Flynn, N. (2019) Diagnosis and Management of Chronic Heart Failure: NICE Guideline
Update 2018. The British Journal of General Practice: The Journal of the Royal College of General Practitioners, 69,
265-266. https://doi.org/10.3399/bjgp19X702665

Simonavicius, J., Knackstedt, C. and Brunner-La Rocca, H.P. (2019) Loop Diuretics in Chronic Heart Failure: How to
Manage Congestion? Heart Failure Reviews, 24, 17-30. https://doi.org/10.1007/s10741-018-9735-7

XA, FVLL, X, miEsE, (M. TPAL 0 775 vl B ) PR FIHE DT B 1R AR Al PR S e Bt 7 (], v 1O I
BRI, 2022, 20(9): 854-858.

TRAERY, EF, EARBE, EARIN, XUEE. RG0S R AR O S R ST AR SRR [T]. SR O i L
e &, 2021, 29(5): 8-13.

Klapczynska, K., Aleksandrowicz, M. and Kozniewska, E. (2022) Role of the Endothelial Reverse Mode So-

dium-Calcium Exchanger in the Dilation of the Rat Middle Cerebral Artery during Hypoosmotic Hyponatremia.
Pflugers Archiv: European Journal of Physiology, 475, 381-390. https://doi.org/10.1007/s00424-022-02770-z

Tang, W., Li, D.Y. and Hazen, S.L. (2019) Dietary Metabolism, the Gut Microbiome, and Heart Failure. Nature Re-
views. Cardiology, 16, 137-154. https://doi.org/10.1038/s41569-018-0108-7

Pasantes-Morales, H., Franco, R., Ordaz, B., et al. (2002) Mechanisms Counteracting Swelling in Brain Cells during
Hyponatremia. Archives of Medical Research, 33, 237-244. https://doi.org/10.1016/S0188-4409(02)00353-3

dRENE, XA, PRAESE, SEERSP, AR, KRG 3 LAH AR T P20 M 2R AR R 1) B s TE AL T[], ORI,
2009, 21(4): 445-448.

Annunziato, L., Pignataro, G. and Di Renzo, G.F. (2004) Pharmacology of Brain Na*/Ca>" Exchanger: From Molecular
Biology to Therapeutic Perspectives. Pharmacological Reviews, 56, 633-654. https://doi.org/10.1124/pr.56.4.5

Kim, B. and Matsuoka, S. (2008) Cytoplasmic Na'-Dependent Modulation of Mitochondrial Ca®* via Electrogenic
Mitochondrial Na*-Ca®" Exchange. The Journal of Physiology, 586, 1683-1697.
https://doi.org/10.1113/jphysiol.2007.148726

Kashihara, T., Nakayama, K., Matsuda, T., e al. (2009) Role of Na'/Ca®* Exchanger-Mediated Ca®>" Entry in Pres-
sure-Induced Myogenic Constriction in Rat Posterior Cerebral Arteries. Journal of Pharmacological Sciences, 110,
218-222. https://doi.org/10.1254/jphs.09054SC

Borgdorft, A.J., Somjen, G.G. and Wadman, W.J. (2000) Two Mechanisms That Raise Free Intracellular Calcium in
Rat Hippocampal Neurons during Hypoosmotic and Low NaCl Treatment. Journal of Neurophysiology, 83, 81-89.
https://doi.org/10.1152/jn.2000.83.1.81

McCormack, J.G., Halestrap, A.P. and Denton, R.M. (1990) Role of Calcium Ions in Regulation of Mammalian Intra-
mitochondrial Metabolism. Physiological Reviews, 70, 391-425. https://doi.org/10.1152/physrev.1990.70.2.391

Liu, T. and O’Rourke, B. (2008) Enhancing Mitochondrial Ca*" Uptake in Myocytes from Failing Hearts Restores
Energy Supply and Demand Matching. Circulation Research, 103, 279-288.
https://doi.org/10.1161/CIRCRESAHA.108.175919

Barsony, J., Manigrasso, M.B., Xu, Q., et al. (2013) Chronic Hyponatremia Exacerbates Multiple Manifestations of
Senescence in Male Rats. Age (Dordrecht, Netherlands), 35, 271-288. https://doi.org/10.1007/s11357-011-9347-9

DOI: 10.12677/acm.2023.132280 2016 I IR = =23t e


https://doi.org/10.12677/acm.2023.132280
https://doi.org/10.1016/j.ahj.2007.03.012
https://doi.org/10.1002/clc.20822
https://doi.org/10.1007/s10741-015-9482-y
https://doi.org/10.7326/0003-4819-113-2-155
https://doi.org/10.1016/j.amjmed.2006.05.007
https://doi.org/10.1038/nrneph.2013.22
https://doi.org/10.1159/000493242
https://doi.org/10.3399/bjgp19X702665
https://doi.org/10.1007/s10741-018-9735-7
https://doi.org/10.1007/s00424-022-02770-z
https://doi.org/10.1038/s41569-018-0108-7
https://doi.org/10.1016/S0188-4409(02)00353-3
https://doi.org/10.1124/pr.56.4.5
https://doi.org/10.1113/jphysiol.2007.148726
https://doi.org/10.1254/jphs.09054SC
https://doi.org/10.1152/jn.2000.83.1.81
https://doi.org/10.1152/physrev.1990.70.2.391
https://doi.org/10.1161/CIRCRESAHA.108.175919
https://doi.org/10.1007/s11357-011-9347-9

BORHA « B3R, #HEHE

[36] Mandai, S., Kuwahara, M., Kasagi, Y., et al. (2013) Lower Serum Sodium Level Predicts Higher Risk of Infec-
tion-Related Hospitalization in Maintenance Hemodialysis Patients: An Observational Cohort Study. BMC Nephrology,
14, Article No. 276. https://doi.org/10.1186/1471-2369-14-276

[37] Tang, W.H., Kitai, T. and Hazen, S.L. (2017) Gut Microbiota in Cardiovascular Health and Disease. Circulation Re-
search, 120, 1183-1196. https://doi.org/10.1161/CIRCRESAHA.117.309715

DOI: 10.12677/acm.2023.132280 2017 I IR = =23t e


https://doi.org/10.12677/acm.2023.132280
https://doi.org/10.1186/1471-2369-14-276
https://doi.org/10.1161/CIRCRESAHA.117.309715

	心力衰竭合并低钠血症相关机制的研究
	摘  要
	关键词
	Research of the Mechanisms Associated with Hyponatremia in Heart Failure
	Abstract
	Keywords
	1. 引言
	2. 心力衰竭合并低钠血症的现状
	3. 心力衰竭患者发生低钠血症的发病机制
	4. 低钠血症对心力衰竭患者的影响机制
	5. 展望
	参考文献

