
n e f r o l o g i a. 2 0  2 4;4 4(3):338–343

www.rev is tanef ro logia .com

Revista de la Sociedad Española de Nefrología

Brief review

Hypertonic  saline and  heart  failure:

s̈odium-centricör c̈hlorine-centric?̈

Jaime Mazón-Ruiza,∗, Gregorio Romero-Gonzálezb,c,  Emilio Sánchezd,
Eduardo Josué Banegas-Derasa,  María Salgado-Barquinero e,  Luis  Gutiérrez-de la  Varga e,
José  Joaquín Bande-Fernándeza,  Manuel Gorostidia, Roberto Alcázar f

a Servicio de Nefrología, Hospital Universitario Central de Asturias, Oviedo, Spain
b Servicio de Nefrología, Hospital Universitari Germans Trias i Pujol, Badalona, Spain
c International Renal Research Institute Vicenza, Italy
d Servicio de Nefrología, Hospital Universitario de Cabueñes, Gijón, Spain
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a  b s t r  a  c t

Up to 50% of patients admitted for heart failure (HF) have congestion at discharge despite

diagnostic and therapeutic advances. Both persistent congestion and diuretic resistance are

associated with worse prognosis. The combination of hypertonic saline and loop diuretic has

shown promising results in different studies. However, it  has not yet achieved a standard-

ized  use, partly because of the great heterogeneity in the concentration of sodium chloride,

the  dose of diuretic or the amount of sodium in the  diet. Classically, the movement  of water

from the intracellular space due to an increase in extracellular osmolarity has been pos-

tulated as  the main mechanism involved. However, chloride deficit is postulated as the

main  up-regulator of plasma volume changes, and its  correction may  be the main mecha-

nism involved. This c̈hloride centricäpproach to heart failure opens the door to therapeutic

strategies that would include diuretics to correct hypochloremia, as  well as sodium free

chloride supplementation.
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Suero  salino  hipertónico  e  insuficiencia  cardiaca:  ¿“sodio-centrista”  o
“cloro  centrista”?

Palabras clave:

Insuficiencia cardiaca

Resistencia diurética

Salino hipertónico

Cloruro de lisina

PoCUS

r e s u m e n

Pese a  los avances diagnósticos y  terapéuticos, hasta un  50% de  los pacientes ingresados por

insuficiencia cardiaca presentan congestión al alta. Tanto la congestión persistente como

la resistencia diurética se asocian con un peor pronóstico. La combinación de suero salino

hipertónico y  diurético de asa  ha mostrado en diferentes estudios resultados prometedores.

Sin  embargo, continua sin lograr un uso estandarizado, en parte por la gran heterogeneidad

en la concentración de cloruro sódico de  la solución, la dosis de  diurético o  la cantidad

de  sodio en la dieta. Clásicamente se ha  postulado el movimiento de agua del espacio

intracelular gracias al aumento de la osmolaridad extracelular como el  principal mecan-

ismo implicado. Sin embargo, el déficit de cloro se postula como el  principal regulador al alza

de  los cambios en el volumen plasmático, pudiendo ser su  corrección el principal mecan-

ismo implicado. Este abordaje “cloro centrista” de la insuficiencia cardiaca abre la puerta

a  estrategias terapéuticas que incluirían diuréticos que corrijan la hipocloremia, así como

aporte de  cloro libre de sodio.

©  2023 Sociedad Española de  Nefrologı́a. Publicado por Elsevier España, S.L.U. Este es  un

artı́culo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/

by-nc-nd/4.0/).

Introduction

During the last  decades, we have experienced important

advances in the management of heart failure (HF) and

presently there are a  wide range of therapeutics available

thanks to the use of pharmacological groups such as  beta-

blockers (BB), angiotensin-converting enzyme inhibitors (ACE

inhibitors), angiotensin receptor blockers (ARBs), angiotensin

receptor antagonists (ARBs) and angiotensin-converting

enzyme inhibitors (ACE inhibitors), angiotensin II receptor

antagonists (ARA-II), neprilysin inhibitors, sodium-glucose

cotransporter type 2 (iSGLT2) inhibitors and mineralocorti-

coid receptor antagonists (MRA), among others, have been

able to transform the  treatment. However, HF continues

to be the leading cause of hospitalization in patients over

65 years in Spain, with congestion-related symptoms being

the main reason for admission. Furthermore, it is  associ-

ated with in-hospital mortality rates of 4–10%, and up to

20–30% of readmissions in  the first month with an esti-

mated average cost per patient of around 15,000 euros over

5 years.1–4

Diuretic resistance, although lacking a  uniform definition,

is often described as failure to reduce congestion despite ade-

quate and increasing doses of diuretics.

Vascular congestion and resistance to diuretic therapy

are associated with poorer survival and a prolonged hospi-

talization, as well as  higher readmission rates. Still, up to

50% of admitted patients remain congested at discharge.5

Moreover, up to  40% of patients have pulmonary congestion

as assessed by ultrasound and with the absence of symp-

toms, a concept recently termed “subclinical congestion” and

which is associated with outcomes similar to  those with

clinical congestion. About 50% of this group of patients will

present clinical signs of congestion during their follow -up as

outpatients.6–8

Hypertonic  saline  plus  furosemide:  possible
mechanisms  of  action

Several groups have studied the benefit of the association of

hypertonic saline (HS) and diuretics as a  treatment for patients

with decompensated HF, showing promising results. However,

standardized use has not been achieved, partly due to the

huge heterogeneity in the  concentration of sodium chloride

(NaCl) used in the solution (from 1.7% to 7.5%), the  dose of

loop diuretic or the amount of sodium in  the diet.9,10

One of the  main hypotheses underlying the possible ben-

efit of the association of HS and diuretic is the mobilization

of fluid from the intracellular to the extracellular space

due to to the increase in  extracellular osmolality, thereby

increasing the effective circulating volume (ECV) and sup-

pressing renin activity.11 In this case, its use seems more

appropriate in patients with a  tissue-predominant conges-

tive phenotype demonstrated by multiparametric assessment

combining physical examination (edema, crackles, pleural

effusion, ascitic semiology) with biomarkers (carbohydrate

antigen 125, CA 125) and bedside ultrasound (Point-of-Care

Ultrasound [PoCUS]), demonstrating the presence of B-lines

and/or pleural effusion in the  pulmonary study.12–15 However,

none of the major published studies on the benefit of HS in

HF perform a  congestion phenotyping, probably including het-

erogeneous populations in  this setting. Moreover, the theory

behind the benefit of HS has been conceptually challenged in

recent years following a  study that demonstrated that a  slow

continuous infusion of HS (NaCl 1.7%), was possibly insuf-

ficient to produce water movement  from the interstitial to

the intravascular compartment by osmolar gradient, and con-

sequently a  significant increase in  ECV, produced a benefit

similar to that of bolus dosing of 3% HS.16

In addition, sodium-restricted diets have not shown ben-

eficial results systematically, being even harmful in some
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Fig. 1 – Therapeutic approach to the patient with HF and diuretic resistance according to the congestion phenotype and the

serum chloride levels.

studies, with only a  level of evidence of C.17 The recently pub-

lished trial, SODIUM-HF (Study of Dietary Intervention Under

100MMOL in Heart Failure) did not demonstrate a reduction

in cardiovascular events in outpatients with HF.18 The use of

sodium infusion also seems controversial, since on the one

hand most of these patients have an  increase in total sodium,

but not natremia, and the  original studies of the use of HS plus

furosemide revealed a positive net sodium balance.19

Chloride plays a  fundamental role in the  maintenance of

acid-base balance through its inverse relationship with bicar-

bonate and in osmotic pressure homeostasis. The presence

of hypochloremia, either due to dilution or absolute deficit

secondary to diuretic use, dietary chloride restriction, and/or

decreased absorption in  the presence of intestinal wall  edema,

plays a key role in  diuretic resistance independent of serum

sodium levels, as  demonstrated in a  post hoc analysis of

the ROSE (Renal Optimization Strategies Evaluation) study.

Furthermore, it is independently associated with increased

mortality in different cohorts of patients.20–24

The presence of hypochloremia induces the expression

of the sodium-chloride cotransporter (NCC) through interac-

tion with a family of WNK  protein kinases, and favors the

development and perpetuation of metabolic alkalosis (not

always present) through the chloride-bicarbonate exchanger

via pendrin. Furthermore, chloride, and not sodium, is the

main regulator of renin production in the  juxtaglomerular

apparatus, causing an increase in  sodium reabsorption in

the presence of hypochloremia.25 In fact, it has been postu-

lated that chloride would have additional and different actions

to those of sodium to  regulate intraerythrocyte water vol-

ume.  Chloride would also have an added tonicity effect that

would favor the  distribution of fluid from the interstitial space

to the intravascular space.26 If chloride deficit emerges as

the main up-regulator of plasma volume changes, it  would

seem reasonable to expect a  benefit from its replacement.27

Moreover, if we  take into account that approximately 90%

of the chloride provided in the diet is  in the  form of salt,

this could explain the little evidence in favor of dietary salt

restriction.28

Chloride-centric  approach  to  heart  failure

The combination of a  multiparametric and “chloride-centric”

approach to congestion summarized in Fig. 1  suggests avoid-

ing a standardized sequential nephron blockade in cases of

diuretic resistance, and opens the door to therapeutic strate-

gies that in case of hypochloremia would deliver sodium-free
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Table 1 – Effect of the different pharmacological groups with diuretic effect on urinary excretion and serum concentration
of the main electrolytes.

Urinary excretion Serum concentration

Chloride Sodium Potassium Chloride Sodium Potassium

Loop diuretics ↑  ↑ ↑  ↓ ↓  ↓

Thiazides ↑  ↑ ↑  ↓ ↓  ↓

Antialdosteronics ¿?  ↑ ↓  <=> ↓<=>  ↑

Acetazolamide ↓  ↑ ↑  ↑ ↑  ↑

Tolvaptan <=> <=> <=> ↑ ↑  ↑

ISGLT2 ↓ ↑ <=> ↑ ↑<=>  ↓<=>

Source: Adapted from Kataoka.25

Table 2 – Summary of available clinical trials on the use of lysine chloride in HF patients.

Study Title Size Intervention Inclusion criteria Objectives Status

Prospective “pre-post” pilot

study on the effects of

dietary chloride

supplementation on

neurohormonal and  diuretic

function in patients with

heart failure

11  Lysine chloride

21  g/day for 3

days

HF on  loop diuretics

Dose of Furosemide

>80 mg or equivalent.

Stable volemia

Primary:  Plasma Renin

activity, levels of  renin

in urine and response to

diuretics.

Secondary: No  recorded

Completed

completed

Mechanism and effects of

manipulating chloride

homeostasis in acute heart

failure20

125 Lysine chloride,

115 mmol vs

placebo during 7

days

Decompensated HF.

Chronic use of loop

diuretics.

Anticipated need of I.V.

diuretics

Primary: Plasma volume

measured by Volumex®

at 7  days

Secondary: NT  proBNP,

Serum Creatinine,

Cystatin, Chloride,

bicarbonate at 7 days

Patient

Recruitment

Mechanism and effects of

manipulating chloride

homeostasis in stable heart

failure21

20  Lysine chloride,

115 mmol vs

placebo during 5

days

Stable HFa

Maximal dose tolerated

ACEI/ARA2/ARNi, BB

and ARM

Furosemide dose

≥40 mg or equivalent

Serum chloride

<102 mmol/L

Primary: Primary:

plasma volume

(Volumex® method) at 7

days.

Secondary: NTproBNP,

Serum Creatinine,

Cystatin, Chloride,

bicarbonate at 7 days

Patient

Recruitment

Ace: angiotensin II receptor antagonists; ARM: mineralocorticoid receptor antagonist; BB:  beta-blocker; LVEF: left ventricular ejection fraction; HF:

heart failure; Ace: angiotensin-converting enzyme inhibitor; NTproBNP: N-terminal fragment of  B-type natriuretic peptide;  ARNi: angiotensin-

neprilysin receptor inhibitor.
a Absence of hospitalization in the last 90 days or changes in diuretic doses in the last 30 days.

chloride and/or prioritize drugs with a  diuretic effect that

increase serum chloride,26 as well  as with a  greater natriuretic

or aquaretic effect depending on the congestive phenotype.

It should be pointed out that regardless of the  existence or

not of diuretic resistance, as well as the congestive phe-

notype and the levels of serum chloride, the initiation of

iSGLT2 is indicated in the entire spectrum of patients with

HF. Table 1 summarizes the effect of the different drugs

with diuretic effect on urinary excretion of the main ions

(chloride, sodium, potassium) and their serum concentra-

tion. The iSGLT2 would increase serum chloride both by its

aquaretic effect (osmotic diuresis) and by the activation of

aldosterone, and the  decrease in urinary bicarbonate reab-

sorption (by inhibiting the NaH3N exchanger and increasing

tubular reabsorption of chloride). Acetazolamide, which also

decreases tubular reabsorption of bicarbonate and increases

tubular reabsorption of chloride, has demonstrated its efficacy

in the treatment of acute heart failure, especially in the pres-

ence of metabolic alkalosis (the ADVOR study: Acetazolamide

in  Decompensated Heart Failure with Volume Overload).29 It

should be noted that in this study the use of iSGLT2 was

not allowed, since during the recruitment period it  was not

approved for the treatment of HF. Moreover, the results of the

EMPULSE study showed improvement in the combined effect

on cardiovascular death and hospitalization in patients with

acute HF who received empagliflozin 10  mg  during admission.

Certainly, additional studies are needed to demonstrate the

benefit of the combined use of iSGLT2 and acetazolamide.30

Currently, there are three ongoing randomized clinical tri-

als evaluating the efficacy of lysine chloride (sodium-free)

administration in both outpatients with HF and reduced

left ventricular ejection fraction (LVEF) and in  hospitalized

patients with decompensated HF independently of LVEF, these

trials are summarized in Table 2.20,21 If the main benefit of HS

plus furosemide is based on the correction of hypochloremia,

a positive result in  favor of lysine chloride would question the

use of sodium chloride, and therefore HS, in patients with HF

and chloride deficiency.
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Future  lines  of  research

New studies are needed to determine the usefulness of the

combination of HS plus diuretic in  HF and clarify the patho-

physiological basis that explains its benefit. It is important to

pursue specific patient profiles avoiding its generalized use

in patients refractory to  diuretic treatment. This requires the

inclusion of more  homogeneous populations, randomizing

patients according to serum chloride and congestive profile

using new tools such as  PoCUS.

The evidence generated could imply a shift from a  “sodium-

centric” paradigm to a  “chloride-centric” approach for the

management of congestion.
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Key concepts

- Congestion and resistance to diuretic therapy in  HF are asso-

ciated with increased morbidity and mortality. Despite this,

up  to a 40% of patients admitted with this diagnosis present

at discharge a subclinical congestion, undetectable without

the implementation of bedside ultrasound.

-  Chloride deficiency, a factor in  refractoriness to diuretic

treatment and mortality in patients with HF, emerges as the

possible main upward regulator of plasma volume changes.

-  The association of HS and loop diuretic as a  treatment for

patients with decompensated HF has not achieved a  stan-

dardized use, partly due to the  great heterogeneity of the

population included, the concentration of NaCl in the  solu-

tions used, the dose of loop diuretic and/or the amount of

sodium in the diet.

- Correction of hypochloremia may  be the main beneficial

mechanism of HS treatment, rather than the movement  of

water into the extracellular space by osmotic processes.

- In patients with HF and resistance to  diuretic treatment, we

suggest to bring together a  multiparametric assessment of

congestion with the concentration of serum chloride, both

to optimize the therapeutic approach and aiming the design

new studies to assess the usefulness of the association of HS

and loop diuretic.
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