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Abstract 

Heart failure remains a prevalent, high-risk condition particularly common among the elderly 

population. Impairment of systolic function, secondary dysregulation of maladaptive 

neurohormonal systems and HF therapies lead to electrolyte disturbances with hyponatremia being 

considered a robust marker of adverse prognosis in HF. Serum chloride has emerged as a promising 

prognostic marker, accurately predicting adverse outcomes in acute and chronic HF. Hypochloremia 

reflects a compound of maladaptive neurohormonal, renal, and acid–base mechanisms, frequently 

worsened by diuretic therapy, and is independently associated with increased cardiovascular 

mortality, HF hospitalization, and diuretic resistance. uCl⁻ has recently been shown to serve as a 

dynamic biomarker of HF severity, RAAS activation, and poor outcomes, offering incremental 

prognostic value. Our review synthesizes the latest evidence on serum and urinary chloride 

disturbances in HF, framing key distinctions between acute versus persistent electrolyte 

disturbances. We also explore the interrelationship between chloride and sodium, the differential 

impact of hypochloremia in HFpEF versus HFrEF, and clinical outcomes stratified by the temporal 

vs persistent nature of chloride imbalance. We have as well included practical, visual flowcharts for 

classifying and managing hypochloremia based on underlying etiology. 

Keywords: chloride; hypochloremia; heart failure; prognosis; biomarkers; chloride theory; urinary 

chloride 

 

1. Introduction 

HF remains a highly prevalent disease, carrying a substantial risk of morbidity and mortality. 

The estimated overall incidence and prevalence of HF according to the HFA atlas developed by the 

European Society of Cardiology was 1 to 4 cases per 1000 persons-years and 10 to 30 cases per 1000 

persons, accordingly[1]. Dysregulation of crucial neurohormonal systems as HF progresses leads to 

both limitation of free water clearance with subsequent dilution and depletion of important 

electolytes such as sodium and chloride. Electrolyte disturbances remain a commonly encountered 

and continuously investigated abnormality in HF era. Clinical significance of hyponatremia has been 

the major focus of research for decades, being associated with adverse outcomes and increased 

mortality in HF. Sodium’s anionic counterpart, chloride has recently emerged as a potential treatment 

target given its significant value for predicting adverse outcomes [2–4]. The singularity in chloride 

lies in the fact that fluctuation in its levels reflect the combination of maladaptive neurohormonal, 

renal and acid-base disturbances. Interestingly, several HF studies have established serum chloride 
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to be a more accurate predictor of adverse outcomes than sodium [5]. Apart from mortality, 

hypochloremia has been associated with an increased risk of HF hospitalization as well as poor 

diuretic efficiency and unsuccessful decongestion[6,7]. 

The purpose of this review is to summarize current evidence concerning serum chloride while 

an emphasis on more specific aspects of hypochloremia has been given such as the sodium-chloride 

interplay, the impact of acute vs chronic chloride disturbances and temporary vs persistent 

hypochloremia on survival as well as the role of hypochloremia across HF spectrum [HF with 

preserved and reduced ejection fraction. Practical and easy to implement in clinical setting flowcharts 

for classification and management of hypochloremia according to the underlying mechanism will be 

provided. A special section for the role of urinary chloride and its interpretation in the HF context is 

also included. 

2. Literature Review Methodology 

To inform this narrative review, a broad literature search was carried out using PubMed through 

June 2025. The search was limited to English-language publications, with no restrictions on 

publication date. Relevant studies were identified using a set of predefined keywords and their 

combinations. 

 

Keywords were selected for their relevance to chloride disturbances in heart failure and 

cardiorenal syndrome. Additional studies were identified by screening references of key articles and 

reviews, with priority given to original research, large cohorts, meta-analyses, and clinical trials. 

References were managed using Zotero v6.0 (George Mason University, Fairfax, VA, USA). 

3. Hypochloremia Across the Spectrum of Heart Failure 

The incidence of hypochloremia has been estimated to be up to 17% in AHF registries, ranging 

from 13-21%, based on a recent meta-analysis[8]. Numerous studies have demonstrated the strong 

and sodium-independent association existing between hypochloremia and mortality both in the 

setting of acute and chronic HF. Lower baseline chloride levels have also been related to poor diuretic 

response and impaired decongestion. According to a study by Maaten et al., based on the population 

of the PROTECT trial (Placebo-controlled Randomized Study of the Selective A1 antagonist 

Rolofylline for Patients Hospitalized with Acute Decompensated Heart Failure and Volume 

Overload to Assess Treatment Effect on Congestion and Renal Function), lower chloride 

concentration on admission was related to less weight loss with need for higher diuretic doses and 
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adjuvant use of thiazide diuretics, smaller percentage change in NT-proBNP levels compared to 

baseline values and greater need for inotropes therapy. Also, hypochloremic patients presented an 

impaired response in reduction of intravascular volume (based on percentage of hemoconcentration 

achieved during hospitalization). The association of chloride with diuretic response remained 

significant even after adjustment for sodium and bicarbonate levels [9]. Similarly, admission chloride 

was inversely and independently associated with mortality with every unit increase in its levels 

associated with a 6% improvement in survival by 6%, based on another study including patients with 

systolic dysfunction hospitalized for ADHF [4]. 

According to the findings of a study by Grodin et al., enrolling patients undergoing elective 

diagnostic coronary angiography with stable heart failure, hypochloremia was associated with an 

increase in 5-year mortality risk. Among sex, comorbidities such as diabetes, CAD, HFpEF or HFrEF 

and impaired renal function [eGFR 60ml/min], only diuretic usage seemed to interfere significantly 

with the hypochloremia-risk association [10]. The strong association of serum chloride with 

prognosis in HF was shown in a study conducted in a Chinese cohort [11]. Patients belonging to the 

lowest chloride quartile (chloride  101.2 mmol/L) presented a more adverse profile with lower 

values of LVEF, lower sodium and albumin levels and higher values of NT-proBNP, total bilirubin, 

urea, uric acid and inflammatory markers such as hs-CRP. 

Based on the above published data, hypochloremia is associated with greater disease burden, 

diuretic-resistant cardiorenal disease, and increased markers of adverse prognosis (low serum 

albumin and potassium, metabolic alkalosis) reflecting overall an advanced disease state. 

4. Clinical Significance of Hypochloremia in Patients with HF With 

Preserved Ejection Fraction (HFpEF) 

Most of the above findings for hypochloremia have been established in specific populations 

mainly including patients with HF with reduced ejection fraction (HFrEF). The clinical implications 

of serum chloride levels in patients with HF with preserved ejection fraction (HFpEF) were 

investigated in a study including participants from the TOPCAT trial (Treatment of Preserved 

Cardiac Function Heart Failure with an Aldosterone Antagonist Trial) [6]. The association of 

hypochloremia with all-cause mortality and cardiovascular mortality was found to be similar with 

the one shown in patients with HFrEF. Severe HF symptoms (NYHA class III/IV), increased filling 

pressures (E/e’) estimated by echocardiography and higher loop and thiazide diuretic use were more 

prevalent in patients presenting with lower baseline chloride levels. As expected, higher loop diuretic 

doses were associated with lower chloride levels. Additional echocardiographic data were presented 

in a study including patients extracted from the PURSUIT HFpEF study who were hospitalized for 

ADHF with a HFpEF phenotype. Patients in the low chloride group (73-101mEq/L) presented with 

lower stroke volume index, cardiac index and lower TAPSE values. The above findings direct 

towards right ventricular systolic function as the main cause of hypochloremia in patients with 

HFpEF [12]. A study by Wenyi Gu et al., sought to investigate the prognostic significance of 

hypochloremia across the three different HF phenotypes, given that LVEF remains a major 

determinant for prognosis in HF patients. As expected, hypochloremia was found to be an 

independent predictor of mortality in all three subtypes of HF. However, the coexistence of 

hypochloremia with low serum sodium levels was more frequent in patients with HFrEF compared 

to patients with HFpEF and HFmrEF, implicating that across HF spectrum the sodium-chloride 

correlation differs. The association of serum chloride with mortality was strong and independent for 

all different phenotypes of HF however there was a greater increase in mortality for each unit 

decrease in chloride for patients with LVEF 40% compared to those with LVEF < 40% (17,3% vs 

10,2%). 

Based on the above, it becomes evident that distinct pathophysiologic mechanisms associated 

with hypochloremia dominate each HF subtype, depending on the extent of neuro-hormonal 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 November 2025 doi:10.20944/preprints202511.0131.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202511.0131.v1
http://creativecommons.org/licenses/by/4.0/


 4 of 18 

 

activation, the different dosing and type of therapy and the predominant dysfunction of left 

ventricular vs bi-ventricular dysfunction [13]. 

5. Pathophysiologic Role of Hypochloremia in Heart Failure Progression 

Chloride, being the main anion in plasma and extracellular fluid, holds a central role by 

regulating vascular refill, osmotic pressure, acid-base balance and renin secretion[14].The role of 

chloride in preservation of fluid homeostasis is crucial and distinct from sodium, being implicated in 

important cardiac, renal and neurohormonal systems. In the context of hypochloremia, renin 

secretion from the juxtaglomerular apparatus is increased due to decreased chloride sensing in the 

macula densa which in turn triggers the tubuloglomerular feedback. This increase in circulating renin 

levels leads to inappropriate activation of RAAS which in turn induces increased renal sodium 

reabsorption and systemic congestion. Congestion state is further impaired by activation of 

sympathetic nervous system causing vascular contraction, further decreasing natriuresis and 

diuresis. Additionally, chloride is a key-regulator of sodium transport pathways located in the loop 

of Henle and distal convoluted tubule. Serine-threonine kinases-WNK (with-no-lysine protein 

kinases) are also known as chloride-sensing kinases detecting changes in chloride concentration, 

intracellular volume and plasma osmolarity. Hypochloremia triggers the upregulation of WNK 

kinases leading to increased activity of Na-K-2Cl- co-transporter and Na-Cl- symporters in the thick 

ascending limb of the loop of Henle and in the distal convoluted tubule accordingly thus facilitating 

chloride and sodium reabsorption [15,16]. Diuretic resistance is also a primary mechanism via which 

hypochloremia perpetuates congestion. A simple explanation for this is the ability of chloride to bind 

specifically to the catalytic site of WNK kinases affecting their ability to phosphorylate sodium-

regulatory pathways. Therefore hypochloremia competes the primary mechanism of action of loop 

and thiazide diuretic agents[17]. In fact, according to the results of the Renal Optimization Strategies 

Evaluation in Acute Heart Failure [ROSE-AHF trial], lower baseline Cl levels were associated with 

lower diuretic efficiency and higher in-hospital intravenous furosemide dose, independent of sodium 

levels, bicarbonate and Cystatin-C. Chloride-depletion alkalosis, a common acid-base abnormality in 

heart failure, is also considered to further impair diuretic resistance. The etiology for this lies in the 

fact that insufficient chloride leads to decreased excretion of bicarbonate in the lumen from pendrin 

a luminal Cl-/HCO3- exchanger located in the apical membrane of the collecting duct[18]. 

6. Mechanisms Linking HF to Hypochloremia 

Hypochloremia along with hyponatremia is a frequently encountered electrolyte disturbance in 

HF occurring in the context of volume overload due to chloride depletion. Increased water 

reabsorption is a key pathophysiologic mechanism in HF resulting from increased non-osmotic 

release of arginine vasopressin, leading to dilution-induced hypochloremia. The other potent 

mechanism causing depletional hypochloremia is the diuretic-mediated chloride loss which leads to 

much greater relative wasting of chloride compared to sodium as well as enhanced neuro-hormonal 

response creating thus a vicious cycle [2]. Indeed, loop diuretic agents can increase chloride excretion 

up to 20 times. Loop diuretics mainly act in the thick ascending limb of Henle by inhibition of Na-K-

Cl cotransporters. Contrary to sodium, which is reabsorbed more distally down the nephron, chloride 

reabsorption is less possible as we move more distally to the nephron, resulting in a higher incidence 

of hypochloremia compared to hyponatremia. 

Recently, the pattern of change of urinary chloride and the association of urinary 

chloride/sodium during decongestive therapy has gained considerable interest as potential marker 

of diuretic response and it will be discussed in detail below. Although the theory of restriction of 

dietary salt intake is a common practice in HF patients, recent studies imply its potential adverse 

impact. Electrolyte disturbances mainly hyponatremia and hypochloremia provoked by rigorous 

sodium restriction induce neuro-hormonal activation and thus further evoke HF progression [16][19]. 

Increasing sodium intake in ADHF patients may be even beneficial provided that a negative sodium 
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balance is achieved via diuresis [20]. Interestingly, researchers have shown that the combination of 

hypertonic saline with high-dose loop diuretics resulted in greater natriuresis and diuresis compared 

to high-dose loop diuretics alone [21,22] 

There seems to be two distinct pathophysiological patterns of hypochloremia based on the 

underlying mechanism: dilutional vs depletional. In the first scenario, serum chloride concentration 

is decreased due to reduced chloride delivery to the macula densa resulting in renin secretion from 

the juxtaglomerular apparatus. Vasopressin and sympathetic nervous system are activated leading 

to renal vasoconstriction and decrease in renal blood flow. Also, the regulation of key sodium 

transporters in the distal tubule by with-no-lysine kinases [WNK] is lost because of hypochloremia 

which leads to their overactivation promoting further sodium reabsorption. The above processes lead 

to impaired aortic filling and HF progression. In this context, hypochloremia and hyponatremia 

coexist with hemodilution being the main contributor. Fluid restriction, electrolyte supplementation 

and use of potassium-sparing diuretics such as mineralocorticoid receptor antagonists are 

appropriate strategies in this case. In the second scenario, hypochloremia coexists with normal serum 

sodium levels and commonly with metabolic alkalosis while the main driving mechanism is true 

chloride deficit. The depleted phenotype is partly attributed to diuretic-induced chloride loss. The 

main strategy for this phenotype is aggressive repletion of electrolytes [16][23][24]. 

7. The Chloride Theory 

The central idea of this theory is that serum chloride concentration modulates renal water 

retention, vascular volume and aortic filling through its direct effect on sympathetic nervous system, 

RAAS system, ADH secretion and vasodilatory-natriuretic pathways. Chloride is a key-electrolyte of 

fluid distribution and fluid movement between intracellular and intravascular space during 

worsening HF [25]. Research has shed further light on this chloride-based theory by demonstrating 

that serum chloride concentration has a direct impact on alterations of the vascular volume, 

independently of serum sodium concentration[26,27] and also that chloride is a critical regulator of 

renal sodium reabsorption thus being implicated in the modulation of arterial pressure [28]. 

Based on the chloride accumulation pattern in relation to water retention, two distinct 

phenotypes under acute HF status exist: the excretion phenotype/ low renal Cl- avidity versus the 

absorption phenotype/high renal Cl- avidity. In the excretion phenotype, cardiac function is 

preserved, and patient can maintain an effective arterial blood volume leading subsequently to 

decreased RAAS activation. Vascular space is overloaded with electrolytes (mainly Na+ and Cl-) and 

water being excreted to the urinary tract due to low RAAS activity. However, there is insufficient 

movement of excess water and electrolytes from the vascular and interstitial space therefore favoring 

excess body fluid retention. Serum osmolality is maintained in this scenario leading to decreased 

secretion of ADH and inhibition of tubuloglomerular feedback. On the contrast, the absorption 

phenotype reflects a more serious HF state with vascular contraction, excess fluid accumulation into 

the interstitial space, impaired renal function and increased cardiac burden. In this clinical scenario, 

chloride concentration reaching the renal tubules is inadequate resulting in decreased absorption of 

renal sodium and subsequently reduced plasma volume. In addition, increases RAAS activity occurs 

due to decreased chloride reaching the macula densa. However, the increase in neurohormonal 

activation is not sufficient to increase reabsorption of electrolytes as their supply in the renal tubules 

is markedly decreased. In the excretion phenotype the optimal therapeutic strategy is the use of Cl-

depleting loop/thiazide diuretics in parallel with Cl-preserving diuretics such as SGLT2i and 

acetazolamide. In the case of low urinary chloride, increased RAAS activity and relative resistance to 

conventional loop/thiazide diuretic therapy is expected. So, in the absorption phenotype, Cl-

regaining diuretics in combination with Cl-depleting diuretics as well as the use of RAAS blockers 

would favor vascular volume restoration and transfer of excess fluid from the interstitial into the 

vascular space [Figure 1]. 

During decongestive therapy of worsening HF serum chloride concentration has a central 

pathophysiologic role. Interventions to reduce or increase serum chloride concentration based on 
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baseline levels will have a direct therapeutic effect on plasma volume and vascular tone regulation, 

on renal water and electrolyte handling and on RAAS and ADH systems. 

 

8. Hypochloremia and its Contribution to Diuretic Resistance 

Diuretic resistance is defined as a dissatisfying rate of natriuresis and diuresis despite escalating 

dose of diuretic therapy. Yet its definition remains subjective and problematic to measure in clinical 

practice. 

Mechanisms of diuretic resistance are complex and are both extra-tubular and tubular with the 

latter being the primary driver of poor diuretic response. Distal nephron sodium reabsorption 

significantly contributes to the development of diuretic resistance. The interaction of chloride with a 

family of serine/threonine protein kinases, known as with-no-lysine kinases, is crucial for the function 

of serum/chloride (NCC) and serum/chloride/potassium (NKCC2) co-transporters (located in the 

thick ascending Henle’s loop and the distal convoluted tubule accordingly). Hypochloremia results 

in un-regulation of these transporters via activation of WNK kinases resulting in activation of 

channels that are pharmacologically inhibited by diuretics, thus leading to diuretic resistance. 

Another possible mechanism linking hypochloremia and hypochloremic alkalosis with worse 

diuretic response may be explained by their effect on distal tubular sodium handling. Metabolic 

alkalosis is a known contributor to diuretic resistance. Pendrin is a luminal exchanger located in the 

collecting duct modulating bicarbonate excretion in parallel with chloride reabsorption. In the 

presence of chloride depletion, there is insufficient substrate on the tubular lumen for pendrin to 

exchange with bicarbonate. Therefore contraction alkalosis is maintained further decreasing diuretic 

efficacy [2][31][32]. 

Several studies have investigated the role of hypochloremia in the genesis of diuretic resistance. 

A study by Hanberg et al. [34], included two separate HF populations: one group receiving loop 

diuretics and another group of stable outpatients receiving standard dose of furosemide on top of 

lysine chloride supplementation. The primary aim of the study was to investigate whether an 

association existed between serum chloride levels and diuretic efficiency as well as to investigate 

whether chloride changing levels would have an impact on laboratory and clinical parameters. 

Among the first group, patients with hypochloremia were under treatment with higher standard loop 

diuretic dose and use of adjuvant therapy with thiazide diuretics compared with those with normal 

chloride levels. A modest association was also found between serum chloride and diuretic efficiency 

(defined as the increase in serum sodium output per doubling of loop diuretic dose, with a reference 

dose of 40mg of intravenous furosemide equivalents) with the odds of low diuretic efficiency being 
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substantially high in patients with hypochloremia, even after adjustment for serum sodium and 

bicarbonate levels. In addition to that, the relative excretion of diuretic and the total quantity of 

diuretic in urine were both decreased in hypochloremic patients implicating reduced diuretic tubular 

delivery and impaired tubular response to the amount of diuretic delivered as primary mechanisms 

of diuretic resistance. Similar findings from numerous studies have confirmed the association of 

hypochloremia with markers of poor decongestion such as less weight change and lower 

improvement in intravascular volume as estimated by percentage of hemoconcentration achieved 

[35]. 

9. Special Issues to be Considered In Hypochloremia Management 

9.1. Serum Chloride Alterations in AHF Decongestion and Clinical Prognosis 

Although the association of hypochloremia with worse clinical outcomes is known, we have 

little knowledge concerning the impact of timing and duration of hypochloremia on prognosis of 

AHF patients. 

A retrospective study by Kurashima et al.[36], including 2798 patients admitted for AHF, sought 

to investigate the effect of change in serum chloride levels during decongestion therapy. For this 

purpose, population was divided into 4 separate groups: patients with normochloremia (98 mEq/L) 

during the investigation period, patients developing hypochloremia throughout treatment 

(normochloremia on presentation with following decrease in serum chloride levels <98 mEq/L), those 

with transient hypochloremia present on admission but disappearing at discharge and persistent 

hypochloremia existing both on admission and on discharge. In total, most patients (78%) presented 

with hypochloremia, 12% with treatment-induced hypochloremia, 5% with resolved hypochloremia 

and the rest 5% with persistent hypochloremia. Interestingly the presence of constant hypochloremia 

was associated with more severe dyspnoea on discharge (estimated by NYHA class), lower levels of 

systolic blood pressure (SBP), more frequent use of diuretics and lower serum sodium levels both at 

admission and discharge. Also, discharge only BNP levels were found to be significantly higher in 

the persistent hypochloremia group. When associating hypochloremia status with primary (all-cause 

death) and secondary outcomes (cardiovascular death and combined outcome of cardiovascular 

death and rehospitalization for HF), persistent hypochloremia had a statistically significant with both 

outcomes. Apparently, patients presenting with resolved hypochloremia had a similar favorable 

prognosis to those patients presenting with normal chloride levels. However, patients presenting 

with evolving hypochloremia presenting during diuretic therapy, had better prognosis compared to 

those with persistent hypochloremia but worse outcomes compared to those with resolved 

hypochloremia or normochloremia. The above observations highlight the possible prognostic 

significance of improved hypochloremia at discharge being a marker of favorable outcomes. Another 

similar retrospective study by Maaten et al.[37], including a cohort of patients from the PROTECT 

study (Placebo-controlled Randomized study of the Selective A1 antagonist Rolofylline for Patients 

Hospitalized with Acute Decompensated Heart Failure and Volume Overload to Assess Treatment 

Effect on Congestion and Renal Function) [38] aimed to investigate the presence of association 

between changing chloride levels and diuretic efficiency, decongestion and mortality. Low chloride 

levels measured at day 7 and at day 14 were both associated with a higher risk of mortality whereas 

admission chloride levels were no longer predictive of mortality after adjustment for baseline sodium 

levels. Interestingly a decrease in chloride levels observed either on day 7 or on day 14 was associated 

with an increased risk of mortality. A similar significant extent of increase in the mortality rate was 

observed in patients presenting with persistent hypochloremia. Similarly with the findings of the 

previous study of Kurashima et al., patients with resolved hypochloremia and patients with 

normochloremia exhibited similar prognosis. Moreover, the association of admission hypochloremia 

with adverse outcomes was attenuated after correction for chloride levels achieved in subsequent 

measurements [ie. Day 7 or day 14], implicating that the final chloride measurement portends 

stronger prognostic significance than the change observed itself. The above observations highlight 
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new aspects in chloride evaluation implicating that the time point at which hypochloremia occurs 

has probably a greater prognostic significance than the presence of hypochloremia itself. 

9.2. Sodium and Chloride: A Linked Electrolyte Axis: 

Numerous studies have found a well-established and strong association of hyponatremia with 

increased mortality risk in chronic and acutely decompensated heart failure[39–41]. However, 

therapeutic strategies aiming to increase serum sodium levels such as vasopressin antagonists did 

not have a significant impact on outcomes as shown by the TACTICS-HF (Targeting Acute 

Congestion with Tolvaptan in Congestive Heart Failure) study [42]. On the other hand, chloride 

known as the anion counterpart of sodium in salt, is an emerging predictor of adverse outcomes in 

heart failure. Hypochloremia frequently presents with concomitant hyponatremia, probably 

reflecting a more serious homeostatic impairment. Given that sodium and chloride both are subject 

to kidney metabolism, it is likely that they carry relevant information [43]. 

Therefore, it is of paramount importance, to clarify whether these two electrolytes have a 

different and independent role from one another before considering hypochloremia as a separate 

treatment target. 

A Chinese study by Zhang et al.[44], aimed to investigate the prognostic significance for all-

cause mortality of serum chloride in patients with chronic heart failure. According to the results, 

serum chloride levels were independently and inversely associated with mortality both in the 

univariate association and after multivariable adjustment for age, sex, LVEF, loop diuretic use, eGFR 

and NT-proBNP. However, when sodium was added to the adjustment, the relation of chloride with 

mortality no longer existed. When the cohort of patients was divided into separate groups based on 

median concentration of serum sodium and chloride, Kaplan-Meier survival curves showed the 

worst survival for the group with the lower sodium and chloride concentration whereas the patient 

group with high serum sodium but low serum chloride had a better survival but still a worse 

prognosis as compared to the group with low serum sodium and high chloride levels (HR for 

mortality: 4.334, 1.624, 1.166 accordingly). Moreover, the Na/Cl ratio was also calculated, and survival 

curves were analyzed across Na/Cl quartiles. Those patients with the higher Na/Cl ratio had the 

higher mortality rate. The above findings point towards the hypothesis that the prognostic role of 

chloride is probably affected by sodium concentration, implicating that hypochloremia can serve as 

an additive prognostic marker of sodium for mortality. Felker et al., studied symptomatic patients 

with chronic heart failure to identify novel laboratory markers associated with all-cause mortality in 

HF. Among them, serum chloride was found to be statistically stronger parameter of all cause-

mortality, when compared to sodium, in a multivariable model [45]. 

On the opposite, Grodin et al. [4],investigating the prognostic role of chloride in patients 

hospitalized for ADHF, showed an inverse association for serum chloride and sodium with mortality. 

However, chloride levels on admission showed a greater discrimination for mortality as compared 

to sodium and when chloride values were added to the multivariable adjustment, serum sodium was 

no longer associated with mortality. Also, Kaplan-Meier survival curves classified by levels of 

chloride and sodium demonstrated the lowest survival rate when both chloride and sodium were 

low (<96mEq/L and <134mEq/L accordingly) with the second worst survival rate for those patients 

with hypochloremia (<96mEq/L) but with normal serum sodium levels ( 134mEq/L). Similar 

findings were described by another study carried out in stable chronic heart failure patients [46]. 

In the context of HF, the relative concentrations of sodium and chloride can be lowered 

symmetrically or asymmetrically. This Na/Cl relation may have diagnostic utility in HF therapy. A 

study by Zhiqing et al. [47], sought to evaluate the clinical utility of the above ratio in patients with 

acute heart failure and its possible association with mortality. It was a single-center retrospective 

study enrolling 2,008 patients admitted for acute HF with the primary outcome being all cause 

mortality at 3 months after discharge. Three patient groups were analyzed according to Na/Cl ratio 

values (<1,3, 1,3-1,4 and 1,4) with the values between 1,3-1,4 used as the reference group. Patients 

with a ratio below 1,3 and above or equal to 1,4 had the highest adjusted HR for mortality (3.58 and 
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2.66 accordingly) with the value of 1,34 carrying the lowest mortality risk. Also, Na/Cl ratio when 

associated with 3-months mortality created a U-shaped curve. The significant association found 

between Na/Cl and mortality was independent of age, sex, LVEF, absence or presence of 

hyponatremia or hypochloremia. The use of Na/Cl ratio can help categorize patients in distinct risk 

groups and therefore customize decongestive strategies. When Na/Cl ratio is low (ie. <1,3), 

hyponatremia is more frequent pointing towards circulatory congestion and dilution as an etiology 

of electrolyte disturbance. When Na/Cl ratio is high (ie. 1,4) hypochloremia is present implicating 

that there is residual tissue congestion after aggressive diuresis which in turn led to electrolyte 

depletion. So in the first case, the appropriate strategy is fluid restriction combined with electrolyte 

supplementation, whereas in the second case therapy includes intense chloride and sodium 

supplementation which will restore plasma osmotic pressure and thus improve tissue congestion 

[Figure 2]. 

 

Chloride seems to have a stronger prognostic role as a marker of risk. Although hypochloremia 

is equally prevalent in HF patients, it only partially overlaps with hyponatremia. As explained by 

chloride’s unique pathophysiological role, hypochloremia may enlighten different mechanistic 

pathways explaining its stronger prognostic significance [48]. However, the two electrolytes should 

always be interpreted in parallel, and their ratio should be taken into account. It is evident that 

patients presenting with both hypochloremia and hyponatremia are in increased mortality risk as 

compared to those with normal electrolytes. In the setting of low serum chloride, serum sodium value 

should also be considered. If it is within normal range or even increased, this translates as a state 

effective decongestion. 

9.3. Pathophysiologic Role of Bicarbonate in Hypochloremia 

Bicarbonate is the most abundant anion in human body after chloride. Its main role is to maintain 

acid-base balance and charge balance, correlated negatively with chloride. This inverse relation 

between chloride and bicarbonate is actually beneficial, helping in maintaining cation-anion balance 

[14]. Metabolic alkalosis is a very common electrolyte disturbance in the context of HF. The activation 

of sympathetic nervous system and renin-angiotensis-aldosterone system leads to an increase in 

noradrenaline and aldosterone levels which subsequently result in enhanced reabsorption of 

bicarbonate in the proximal convoluted tubule. Meanwhile, aldosterone activates the H+ -ATPase 

pump in the collecting duct, thus increasing the H+ concentration in urine, resulting in a positive 

balance of bicarbonate. 
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Patients are entrapped in a vicious cycle of metabolic alkalosis and hypochloremia, attributed 

mainly to the HF pathophysiology but also to the use of loop diuretics. Given its significant 

association with serum chloride, it is possible that the effect of chloride in HF prognosis may be partly 

influenced by serum bicarbonate concentration. Moreover the presence of hypochloremia occurring 

due to either increased bicarbonate absorption or to aggressive diuresis, further sustains alkalosis as 

there is less chloride in the urine to be exchanged with bicarbonate. The above further contributes to 

diuretic resistance associated with pendrin a luminal Cl-/HCO3 – exchanger in the collecting duct. 

A study by Zhaochong et al.[49], investigated the presence and the degree of impact of serum 

bicarbonate levels in the association of hypochloremia with in-hospital mortality. Patients admitted 

to the intensive care unit [ICU] with a principal diagnosis of HF were included in this study. Patient’s 

laboratory parameters were divided based on serum chloride and bicarbonate levels into three 

groups for different levels of each electrolyte: hypochloremia[<96mEq/L], normochloremia (96-

108mEq/L), hyperchloremia (>108mEq/L) and low bicarbonate (<22mEq/L), medium bicarbonate (22-

26mEq/L) and high bicarbonate (>26mEq/L). Based on the results patients with hypochloremia 

tended to have higher bicarbonate levels and an inverse correlation was found between serum 

chloride and serum bicarbonate, (R= -0,334), as expected. In association with serum bicarbonate 

groups, serum chloride was linearly associated with in-hospital mortality only when bicarbonate 

levels were in the low and medium range. Therefore, increasing serum chloride levels in the above 

patient groups resulted in a decrease in in-hospital mortality. However, when bicarbonate levels were 

high, hyperchloremia was not a predictor for in-hospital-mortality. Interestingly, when the 

prognostic risk of HF patients with hypochloremia was analyzed according to different bicarbonate 

concentrations, the in-hospital mortality was found to be greater in those patients having 

hypochloremia accompanied by low serum bicarbonate levels. The latter finding confirms the rule 

that chloride needs to be inversely related to bicarbonate to maintain cation-anion balance. When 

these two electrolytes increase or decrease simultaneously the prognosis of the patient becomes poor. 

On the contrary, alkalosis may have a prognostic role when occurring in the context of effective 

diuresis by being a prognostic indicator of improved volume status and therefore useful in clinical 

practice. Khan et al.,[50] sought to investigate the prognostic role of chloride associated depletion 

alkalosis in acute decompensated heart failure. Population of interest was divided into two categories 

based on the change of serum bicarbonate values on admission and on discharge. A change of  

3mmol/L in serum bicarbonate levels was defined as contraction depletion alkalosis (CDA). The 

primary endpoints of the study were in-hospital mortality as well as all-cause mortality in 30 days 

and need for hospital readmission. In-hospital mortality was significantly higher in the group 

without CDA whereas no statistically significant difference concerning the other endpoints of the 

trial between the two groups. Also, the group that developed CDA presented also a slight 

improvement in serum creatinine. CDA reflects a state of decreased volume due to effective 

decongestion. Therefore, it may be useful in conjunction with other parameters as a marker of 

favorable prognosis and adequate diuresis. 

10. Urinary Chloride: A Marker and Tool in Heart Failure Management 

The accurate assessment of fluid overload and the implementation of adequate diuretic therapy 

in acute heart failure have been the main interest for many years. However, research has now focused 

not only on the total urine volume as a marker of successful decongestion but also on urine 

composition analysis to estimate therapy response and overall outcome. Low urinary sodium has 

been recently identified as a marker of poor diuretic response and increased mortality in acute heart 

failure [51][52][53]. Based on chloride’s pathophysiological significance in renal salt sensing, in the 

tubuloglomerular feedback and regulation of renin secretion at the macula densa[54], it seems 

reasonable to investigate the potential utility of urinary chloride in determination of prognosis, as a 

marker of renal response adjustment and diuresis in acute and chronic heart failure. 

Under this prospect, a Polish study [55] aimed to record the trajectory of urinary sodium and 

chloride in 50 patients with ADHF undergoing intensive diuretic treatment. Both urinary chloride 
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(UCl) and sodium levels (UNa) reached their peak values simultaneously, that is two hours after 

implementation of intravenous diuretic therapy. UCl excretion at this timepoint and at all subsequent 

timepoints was significantly higher compared to UNa concentration. Additionally, a strong linear 

correlation was shown between UCl and UNa at all timepoints, with its strongest value observed at 

1h after diuretic administration. Moreover, a UCl< 72mmol/L was associated with greater odds for 

poor diuretic response compared to UNa concentration <50-70mmol/L. 

Similarly another study by Nawrocka-Millward et al.[56], enrolled patients with AHF and 

divided them into two separate groups of low and high UCl, based upon urinary chloride levels. The 

group of low UCl presented lower levels of blood pressure [systolic and diastolic], higher incidence 

of hypochloremia and hyponatremia and higher NT-proBNP levels at discharge. Also, creatinine and 

urea on admission and creatinine levels 24h after admission were statistically significant higher 

compared to the high UCl group. Renin and aldosterone levels were estimated on admission and on 

the first day of hospitalization, both being significantly increased in the low UCl group. In terms of 

outcomes, in-hospital mortality, need for inotropic support, worsening of HF during therapy and 

need for treatment in an intensive cardiac unit were all increased in the low UCl group. One-year 

mortality and the combined outcome of one-year mortality and rehospitalization for HF were both 

significantly higher in the low UCl group (HR: 2.42 and 2.20 accordingly). In a multivariable model 

including urinary and serum chloride levels, UCl was found to be an independent prognostic marker 

along with serum creatinine levels. 

The achievement of normovolemia is the goal of therapy during HF decongestion as residual 

congestion has been associated with poor outcomes. The assessment of urinary composition during 

decongestive treatment combined with clinical examination and monitoring of urine output could 

help in reaching euvolemia. The validity of this hypothesis was examined in a study by Verbrugge 

et al.[57]. Patients with HFrEF, hospitalized for an episode of acute decompensation underwent 

analysis of 24-hour urinary samples collected for three consecutive days during decongestive therapy 

with combinational diuretic therapy. While urine output remained stable during the study period 

(after adjustment for loop diuretic dose), urinary sodium and chloride excretion both presented a 

significant decline in the first 24 hours of therapy and stabilized thereafter. Interestingly, the ratio of 

Na+/Cr and Cl-/Cr were found to be predictors of negative fluid balance (urine output lower than total 

daily fluid intake of 1,5L). Moreover, 26% of patients developed acute kidney injury (defined as a rise 

in creatinine  0,3 mg/dL). Total 24-hour UNa and UCl were statistically significant lower in this 

patient group. Similarly, another study by Xanthopoulos et al. [58], aimed to assess the predictive 

value of urinary sodium and chloride values during decongestion in acutely decompensated patients 

with advanced HF. UCl values were estimated at baseline, 2-hours and 24-hours after administration 

of diuretic therapy. 2-hours UCl value presented good discrimination with a cut-off value  99,8 

meq/L having 13 times higher odds for the primary study outcome (all-cause mortality and/or HF 

rehospitalization) with UCl values at admission and at 24-hours having no prognostic significance. 

In a univariate logistic regression analysis, UNa and UCl levels at 2-hours were among those factors 

associated with the primary study outcome. 

The appropriate combination and dosing of diuretics as well as the timely-correct down titration 

once euvolemia has been reached remain questionable in HF management. Urinary chloride 

combined with urinary sodium assessment can potentially serve as a marker of effective 

decongestion and no further need for up titration of diuretics. Especially when these values are 

corrected for urinary creatinine compared to absolute ion concentrations alone, account better for 

changes in renal function. Based on the above, there is accumulating evidence that urinary chloride 

could be implemented in everyday clinical practice, similarly to a urinary sodium-guided diuresis as 

a marker of response to HF treatment and as a predictor of a more advanced disease state. 

  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 November 2025 doi:10.20944/preprints202511.0131.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202511.0131.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 18 

 

11. Emerging Therapeutic Strategies in the Management of Hypochloremia and 

a Practical Framework for Serum and Urinary Chloride Disorders 

According to the chloride theory, chloride has a key role in regulating body fluid distribution. 

An attractive strategy would be to use diuretics having an impact on serum chloride levels. SGLT2i 

are known for their natriuretic and osmotic diuretic effects leading to significant diuresis through 

decrease in plasma volume [59]. However, little is known concerning their effect on serum chloride 

concentration. This knowledge gap was investigated by a small retrospective single-center study [60]. 

Ten patients with type 2 diabetes mellitus, without known history of HF, receiving therapy with 

empagliflozin were enrolled. Serum and urinary chloride levels were evaluated for each patient. 

Treatment with SGLT2i led to a statistically significant increase in serum chloride levels. This 

chloride-regaining effect may be attributed to several SGLT2i-associated mechanisms such as 

aquaresis mediated hemoconcentration, impact on RAAS activity and decrease in serum bicarbonate 

concentration. However, this study included a small number of diabetic, non-HF patients, therefore 

larger observational studies are needed to further elucidate the effect of SGLT2i on chloride handling. 

Acetazolamide, is a carbonic anhydrase inhibitor which has recently gained attention as a 

chloride-regaining diuretic. By inhibiting carbonic anhydrase, increases bicarbonate concentration in 

proximal renal tubules and creates the necessary electrochemical gradient that subsequently 

promotes chloride reabsorption and reduces activity of the chloride/bicarbonate exchanger located 

at the proximal convoluted tubule. Acetazolamide enhances sodium and bicarbonate excretion and 

chloride reabsorption, thus preventing the development of both metabolic alkalosis and 

hypochloremia [61]. The addition of acetazolamide in standard intravenous loop diuretic therapy in 

ADHF patients has been associated with increased odds of successful decongestion and reduced 

hospital stay irrespectively of baseline chloride levels, based on a post-hoc analysis of the ADVOR 

trial (Acetazolamide in Decompensated Heart Failure With Volume Overload). The decongestive 

property of acetazolamide is probably attributed to its chloride-preserving effect. Chloride-depletion 

can also be achieved either by administering orally lysine chloride or intravenous hypertonic saline 

solution. Indeed, the possible beneficial impact of intravenous administration of hypertonic saline in 

conjunction with loop diuretics has been shown by several studies concerning increase in urine 

output, sodium excretion, urine furosemide delivery and greater weight loss [21][62]. Sodium-free 

chloride supplementation with orally administered lysine chloride has been tested in a pilot study of 

10 patients. The results were favorable concerning the improvement of markers of fluid overload 

such as serum albumin and weight loss following treatment with lysine chloride combined with loop 

diuretics [34]. 

Based on serum and urinary chloride levels four distinct phenotypes of HF state exist. The 

underlying pathophysiology and appropriate therapeutic management are illustrated in Figure 3. 
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When serum chloride levels are within normal range or increased, plasma volume is maintained 

or even increased with a tendency for fluid accumulating into the blood vessels due to the increase 

in serum osmolality. Adequate chloride is being delivered ti the distal parts of the nephron. 

Therefore, TGF remains intact and RAAS and ADH activity are only mildly activated. The optimal 

strategy is to continue titration of loop diuretics and monitor electrolytes. However, in case where 

normochloremia with low UCl- occur, distal delivery of chloride is impaired which subsequently 

leads to enhanced renin release and neurohormonal activation. Loop diuretic effect is inadequate 

which mandates further increase in loop diuretic dose while considering also adding acetazolamide 

or SGLT2i. 

When hypochloremia is present, vascular contraction and extravasation of ex vascular fluid into 

the interstitial space occurs due to decreased serum osmolality as well as decreased supply of chloride 

to the macula densa resulting in decreased reabsorption of filtered sodium from the tubular space 

towards the extracellular space and increase in RAAS activity. In addition, as a response to arterial 

under-filling, ADH and RAAS activity are increased leading to excess water retention relatively 

greater in relation to serum chloride. Despite enhanced RAAS activity, reabsorption of filtered odium 

and chloride is not respectively increased as their supply in the urinary tubules is itself reduced. 

If hypochloremia coexists with high UCl- means that adequate chloride is present in the distal 

tubule. In this case therapy should focus on chloride depletion in parallel with decongestion. Thus, 

combination of loop diuretics with chloride-gaining diuretics such as ACTZ and SGLT2i with 

concomitant chloride supplementation would be advisable in this setting. If serum and urinary 

chloride levels are both suppressed, TGF is impaired resulting in increased renin release which 

further worsens diuretic resistance. In this scenario, the correction of hypochloremia is the key either 

by using ACTZ either by oral or intravenous administration of chloride with hypertonic saline 

solution or free-sodium chloride supplementation. 

12. Conclusions 

Maintaining electrolyte balance and reducing cardiorenal damage remain central goals in the 

management of heart failure. Chloride—sometimes called the “queen of electrolytes”—is the body’s 

main anion and plays a key role in maintaining electrical neutrality, osmotic pressure, and acid–base 

balance. Current evidence shows that low serum chloride levels are linked to more advanced disease 

state, higher diuretic use, and greater comorbidity burden. While chloride itself may not be a direct 

therapeutic target in HF, it can serve as a valuable tool for prognosis and clinical decision-making. 
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For these reasons, advancing our understanding of its regulatory and homeostatic role in HF remains 

important. 

More evidence is needed to clarify the prognostic value of serum and urinary chloride in larger, 

more diverse patient groups receiving modern guideline-based therapies, with outcomes measured 

for both survival and non-survival endpoints. The mechanisms behind hypochloremia may also hold 

prognostic significance and should be explored further using direct urinary electrolyte measurements. 

In addition, considering total cations and other major anions—particularly bicarbonate and 

albumin—is essential for accurately interpreting the clinical consequences of hypochloremia. 

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is not applicable 

to this article. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

ACTZ Acetazolamide 

ADH Anti-diuretic hormone 

ADHF Acute Decompensation of Heart Failure 

AHF Acute Heart Failure 

CAD Coronary Artery Disease 

CDA Contraction Depletion Alkalosis 

eGFR Estimated Glomerular Filtration Rate 

HF Heart Failure 

HFmrEF Heart Failiure with Mildly Reduced Ejectin Fraction 

HFpEF Heart Failure with Preserved Ejection Fraction 

HFrEF Heart Failure with Reduced Ejection Fraction 

hs-CRP High-sensitive C-reactive protein 

LVEF Left Ventricular Ejection Fraction 

NCC Serum/chloride co-transporters 

NKCC2 Serum/chloride/potassium co-transporters 

NT-proBNP NT-pro-B-type Natriuretic peptide 

NYHA New-York Heart Association class 

RAAS Renin-Angiotensin-Aldosterone System 

SBP Systolic Blood Pressure 

SGLT2i Sodium 

TGF Tubuloglomerular Feedback 

UCl Urinary chloride 

UNa Urinary Na 

WNK With-no-lysine-kinases 
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