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The maladaptive handling of sodium is central to the patho-
physiology of heart failure (HF).1 Two key observations shape our
perception of sodium in HF. Sodium homeostasis is impaired in
HF, promoting its accumulation, as patients with HF are believed
not to be able to excrete it in adequate quantities. Sodium excess
is associated with edema and pulmonary congestion; experimen-
tal exposure of patients with HF to a sodium chloride (NaCl) load
led to its retention and the development of congestion.1,2 This
perspective follows logical reasoning: in a decompensated
patient, sodium restriction should prevent further accumulation
of this electrolyte (and water), thereby facilitating decongestion,
but it often fails to do so.

Sodium Is Needed to Eliminate Sodium andWater
There are some fundamental considerations that contradict this
traditional paradigm. First, the kidney controls body fluid space
volume primarily by kidney electrolyte (sodium and chloride)
handling. There is a positive relationship between natriuresis and
urine output, making sodium a critical cofactor in effective urine
excretion. Second, loop diuretics act primarily through sodium-
dependent mechanisms. Third, sodium and chloride are closely
linked in our body and are regulators of intravascular tonicity
(influencing water movement across a semipermeable mem-
brane), renin-angiotensin-aldosterone system (RAAS) activity,
and diuresis.

Moreover, pathophysiological considerations suggest that so-
dium, through various mechanisms including modulation of the
RAAS, intraglomerularhypertension, andglomerularperfusion,may
help preserve kidney function. However, these assumptions re-
main theoretical.

Together, these insights suggest that, rather thanalwaysbeing
deleterious, sodium availability to the kidney and its proper han-
dlingmay be important for effective decongestion. The concept of
using sodiumtoeliminate sodiumthuschallengesconventionalwis-
dom and demands reexamination in light of emerging clinical data.

The Benefit of Sodium and Chloride Supplementation
During Decongestion
Considering the previously mentioned caveats, various findings
indicate that NaCl supplementation in conjunction with diuretics
may provide decongestive benefits in decompensated HF, chal-
lenging the traditional approach of sodium restriction. The evolv-
ing understanding of the role of sodium in HF is reflected in the
recent relaxation of sodium restriction recommendations pre-
sented in the European Society of Cardiology Heart Failure
Association document.1

Previous research indicated that limiting sodium intake sig-
nificantly reduced the natriuretic response to furosemide,

contributing to the drug’s diuretic tolerance, even in healthy
individuals.3 On the other hand, in animal models of shock, hyper-
tonic saline infusion has been reported to improve central hemo-
dynamics, visceral flow, and urine output.4 Moreover, salt supple-
mentation suppresses the neurohormonal drive, a core
mechanism in the pathophysiology of HF and sodium avidity.

All theseobservationsset thestageforearlyattemptstouseNaCl
supplementation in HF. Real-world data on the use of hypertonic sa-
line inpatientswithdiuretic-refractoryHFdemonstrated that theap-
proachmaybeassociatedwithincreaseddiureticefficiency(andweight
loss), clinical andmetabolic improvementwithout adverse effects. A
meta-analysis of randomized clinical trials (RCTs) reported potential
benefitsofcombininghypertonicsalinewithfurosemide, including in-
creaseddiuresis,natriuresis, and improvements inclinicalendpoints,
comparedwith furosemide alone.5

Intheopen-labelTARGET-1andTARGET-2trials,patientswithde-
compensated HF received Reprieve System therapy (an automated
fluidmanagement system),whichwas used in addition to diuretics.6

The system continuously monitored urine output and returned a
matchedvolumeof0.9%NaCl intravenouslytomaintainasetfluidbal-
ance(eg, 100mL/hournetnegative).Withthisapproach,patientshad
significantly higher urine output (approximately 6 L/day) during the
continuous infusion of NaCl compared to the day before (approxi-
mately 2 L/day) and after (approximately 2 L/day) system support.6

Two insights canbederived fromthis small, uncontrolled study. First,
contrarytotraditionaldogma,patientswithdecompensatedHFwere
able to excrete the sodium (and water) they were continuously ex-
posed to. Moreover, they maintained a negative sodium-water bal-
ance despite (or perhaps in response to) the NaCl supplementation.
Second, they appeared to excrete sodium and volume more effec-
tivelywhen supported byNaCl infusion.

However, based on these data, it was impossible to determine
whether theobservedeffectsof infusionstemmeddirectly fromthe
NaClcompensation, fromavolume-relatedbenefit,orboth.Thepro-
spective, randomized SOLVRED-AHF trial was designed to answer
this question.7 In this mechanistic study, patients with HFwere as-
signed to receive an isotonic infusion during decongestion: 0.9%
NaCl (to prevent sodium and volume depletion) or 5% glucose (to
preventvolumedepletiononly).TheNaCl infusionoutperformedglu-
cose across all primary end points: the NaCl group showed signifi-
cantly higher diuresis, natriuresis, and lower diuretic demand. This
effectwasdrivenby lower sodiumavidity, inhibitionof proximal tu-
bular sodiumreabsorption (without compensatorydistal reabsorp-
tion), and lower aldosterone levels.7 We are currently awaiting the
detailed results of the randomizedFASTR trial,which is expected to
provide further data on the utility of NaCl for decongestion.

In theSALT-HFtrial, a short-terminfusionofNaClcombinedwith
diuretics did not alter urine outputwithin the first 3 hours in ambu-
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latory decompensated patients.8 This may reflect the fact that a
3-hour observation window is insufficient to detect a meaningful
physiological response to supplementation. It is plausible that a cer-
tain time interval is required to restore sodiumdeficits and achieve
adequate intravascular andtubular sodiumavailabilitybeforedown-
stream physiological mechanisms can be effectively engaged. Im-
portantly,patientsallocatedtoNaCl infusionhadasignificantlyhigher
(approximately −0.5 kg) weight decrease on day 7.

Although available datamay support the hypothesis that NaCl
supplementation can enhance decongestion, the relevant ques-
tion is whether such an intervention translates into improvement
in important clinical end points. Although residual congestion has
been associated with adverse outcomes, this does not imply that
enhancing short-term diuretic response will necessarily translate
into improved prognosis; such an assumption would represent re-
verse causal reasoning rather than evidence of a true outcome-
modifying effect. There is no evidence that improving diuretic
response per se leads to better clinical outcomes. In contrast, data
from large RCTs (PUSH-AHF, ADVOR) indicate that even effective
decongestion (despite improvingsurrogatemarkers)doesnot trans-
late intoa reduction inhardclinical outcomes, suchasall-causemor-
tality or HF rehospitalization.9,10

Conclusions
Although there is no definitive evidence supporting the hypoth-
esis, an increasing number of studies suggest that controlled NaCl
supplementation may facilitate decongestion in patients with HF.
However, it is important to note that most of the data come from
relatively small,mechanistic studies,which inherently limit their ex-
ternal validity andgeneralizability.On theother hand, it is crucial to
recognize that our understanding of the current sodium paradigm
largely stems from outdated observational studies completed be-
fore the broad adoption of neurohormonal blockade, highlighting
a significant limitation. As a result, it may be necessary to reassess
our perspective on the roles of sodium and chloride in HF, espe-
cially in light of findings regarding the effects of guideline-directed
medical therapy on sodium avidity and water-sodium balance.

Although administering salt to a fluid-overloaded patient may
seem counterintuitive, physiological foundations and preliminary,
hypothesis-generating data justify further investigation in ad-
equately powered randomized trials. NaCl, when administered in a
controlledmanner, could enhance diuresis and counteract harmful
RAAS activation. Thus, our understanding of sodium chloride inHF
is likely to evolve, and the sodiumrestrictionparadigmmayneed to
be reevaluated in further well-designed studies.
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