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Abstract

Purpose of Review To provide a contemporary overview of the pathophysiology, evaluation, and treatment of hyponatremia
in heart failure (HF).

Recent Findings Potassium and magnesium losses due to poor nutritional intake and treatment with diuretics cause an intra-
cellular sodium shift in HF that may contribute to hyponatremia. Impaired renal blood flow leading to a lower glomerular
filtration rate and increased proximal tubular reabsorption lead to an impaired tubular flux through diluting distal segments
of the nephron, compromising electrolyte-free water excretion.

Summary Hyponatremia in HF is typically a condition of impaired water excretion by the kidneys on a background of potas-
sium and magnesium depletion. While those cations can and should be easily repleted, further treatment should mainly focus on
improving the underlying HF and hemodynamics, while addressing congestion. For decongestive treatment, proximally acting
diuretics such as sodium-glucose co-transporter-2 inhibitors, acetazolamide, and loop diuretics are the preferred options.
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Abbreviation with heart failure (HF), being more frequent in advanced dis-
AVP Arginine vasopressin ease [1-5]. The presence of hyponatremia is associated with
ENaCs Epithelial sodium channels functional impairment (e.g., worse cognitive status [6, 7] and
HF Heart failure an increased risk for falls) as well as poor clinical outcomes in
MRA Mineralocorticoid receptor antagonists both acute and chronic HF [8]. Both admission and hospital-
Na* Sodium acquired hyponatremia are associated with a longer hospital
NCC Sodium-chloride co-transporter stay, more frequent need for discharge to a short- or long-term
SGLT2 Sodium-glucose co-transporter-2 care facility, and a higher risk for hospital readmissions or
SIADH Syndrome of inappropriate anti-diuretic all-cause mortality [9—12]. Up until now, it remains unclear

hormone whether hyponatremia itself is merely a marker of risk versus

a causal risk factor with an impact on disease progression and
prognosis. This review provides a contemporary overview of
Introduction the clinical problem of hyponatremia in HF, discussing its
pathophysiology, general approach, and treatment.
Hyponatremia, defined as a serum sodium (Na*) concentra-
tion < 135 mmol/L, is the most common electrolyte disorder
in hospitalized patients, affecting up to one-third of patients ~ Pathophysiology of Hyponatremia in Heart

Failure
>4 Frederik H. Verbrugge Serum Sodium Concentration and Plasma
frederik.verbrugge @uzbrussel.be .
Osmolality
' Division of Cardiology, Department of Health Sciences, San
Paolo Hospital, University of Milan, Milan, Italy Under normal circumstances, plasma osmolality is strictly
2 Centre for Cardiovascular Diseases, University Hospital regulated within a close range (i.e., 275-295 mOsm/L),
Brussels, Laarbeeklaan 101, 1090 Jette, Belgium as the brains can poorly cope with osmotic stress. Indeed,
3 Faculty of Medicine and Pharmacy, Vrije Universiteit brain tissue swells when hypotonicity is present (creating
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a risk for intracranial hypertension within the rigid skull),
while it shrinks in a hypertonic environment. Therefore,
even a tiny increase in plasma osmolality of 10 mOsm/L
results in a doubling of the plasma arginine vasopressin
(AVP) or “anti-diuretic hormone” concentration, promot-
ing thirst and water retention to protect normal plasma
osmolality [13].

Typically, hyponatremia indicates a low plasma
osmolality (<275 mOsm/L) and hypotonicity [5, 14].
Notable exceptions are pseudo-hyponatremia (i.e., low
serum Na* concentration due to a laboratory artifact
caused by hyperlipidemia or abnormally high protein
levels that may be seen in monoclonal gammopathies,
malignancy, chronic hepatitis C, or human immunode-
ficiency virus infection) and true hyponatremia with
normal or elevated plasma osmolality due to hypergly-
cemia, uremia, contrast agents, or another source of
osmoles. These conditions should always be excluded
in any case of hyponatremia to avoid inappropriate
treatment. A correction factor with a 1.6-2.4 mmol/L
decrease in serum Na™* per 100 mg/dL increase in glu-
cose concentration may be employed in case of signifi-
cant hyperglycemia [15, 16].

Hypotonic Hyponatremia in Heart Failure

Hypotonic hyponatremia in HF is typically a condition with
normal or elevated total body Na™, resulting from impaired
water excretion rather than true Na™ depletion (Fig. 1).
However, due to poor nutritional intake and frequent use
of diuretics, potassium and magnesium depletion are very
common and contribute to low serum Na* levels.
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Fig. 1 Pathophysiology of hypotonic hyponatremia in heart failure

Depletional Hyponatremia

Potassium and magnesium are abundantly present in fruits,
vegetables, whole grains, nuts, and seeds, which are all
part of a healthy diet. While some patients with HF may
have unhealthy dietary habits (e.g., processed food), even
those with good nutritional intake are at increased risk for
deficiencies. Both loop and thiazide-like diuretics to pre-
vent or treat congestion cause considerable potassium and
magnesium wasting [17], which is even more pronounced
when acetazolamide is added for sequential nephron block-
ade. Moreover, neurohumoral activation that plays a cen-
tral role in HF with reduced ejection fraction stimulates
Na* retention at the cost of increased potassium losses in
the distal nephron [18]. Both aldosterone and sympathetic
nervous system activation promote magnesium loss as well.
As potassium and magnesium are the most abundant intra-
cellular cations, their depletion causes a Na* shift toward
the intracellular compartment to maintain its osmotic load
and limit cell shrinkage [19]. Furthermore, magnesium is
an essential cofactor for adequate functioning of the Na*/
potassium ATPase pump that keeps Na+in the extracellu-
lar environment [20]. The resulting intracellular Na* shift
contributes to low serum Na* levels that are easily corrected
with adequate repletion, hence, depletional hyponatremia.
Serum potassium levels of ~4.5 mmol/L are associated
with the lowest cardiovascular risk in HF [21]. Importantly,
serum potassium levels 3.5-3.9 mmol/L (generally reported
within the normal range) may already indicate substantial
potassium deficits of up to 200 mmol [22]. Also for serum
magnesium concentration, it is prudent to aim for the higher
side of the normal range, as serum magnesium only repre-
sent 0.3% of total body stores and therefore poorly reflects
total body and especially intracellular magnesium [23].

Heart failure

* Impaired water excretion
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* Intracellular volume depletion

* Intracellular sodium shift
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* Rare: true sodium depletion with
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In rare cases, patients with HF may present with a true
Na® deficit. Usually, this is caused by either overzealous
use of diuretics or increased extra-renal losses (e.g., diar-
rhea or vomiting). Increased Na™ avidity is a characteristic
finding that is already present in preclinical HF [24]. There-
fore, patients with HF usually have increased total body Na*
stores, with a buffer system for non-osmotic storage by gly-
cosaminoglycan networks in the interstitium and skin, offer-
ing effective protection against Na* depletion [25, 26]. How-
ever, in patients who adhere scrupulously to salt restriction
and are treated with intensive diuretic regimens, depletional
hyponatremia may still occur. Per definition, the presence of
clinical signs of extracellular fluid overload (which contains
abundant Na™) excludes this possibility and rather points
toward water retention with dilutional hyponatremia.

Distal-working diuretics [i.e., thiazide-like diuretics, min-
eralocorticoid receptor antagonists (MRA), and amiloride]
may contribute in particular to the occurrence of hypona-
tremia, as they interfere with the urine dilution capacity
of the kidneys [13, 27]. More often than not, however, this
form of hyponatremia occurs in normo- or hypervolemia
and thus reflects a problem of free water excretion rather
than true Na* depletion. In patients with HF, treatment with
thiazide-like diuretics elicits the risk of hyponatremia, usu-
ally occurring soon after initiation and reversible after stop-
ping [27, 28]. In the double-blind, placebo-controlled Safety
and Efficacy of the Combination of Loop with Thiazide-
type Diuretics in Patients with Decompensated Heart Fail-
ure (CLOROTIC) trial, including 230 patients with AHF
randomized to receive oral hydrochlorothiazide or placebo
in addition to an intravenous furosemide regimen, 8.8%
developed hyponatremia < 130 mmol/L in the thiazide group
versus only 5.2% in the placebo arm, a difference that was
not statistically significant [29]. In a Japanese cohort study
with 1844 consecutive AHF cases, the risk of hyponatremia
was significantly higher in patients treated with thiazide-like
diuretics, regardless of the dose of loop diuretics [30].

Dilutional Hyponatremia

As explained, hyponatremia in HF is usually a state of
water overload rather than Na* depletion, hence, dilutional
hyponatremia. The cause of dilutional hyponatremia is
reduced urine dilution capacity and impaired free water
excretion by the kidneys. Urine dilution is performed in the
distal nephron (i.e., distal convoluted tubules, collecting
tubules, and collecting ducts) through Na* reabsorption by
the Na*-chloride co-transporter (NCC) and epithelial Na*
channels (ENaCs) in an otherwise water-impermeable part
of the nephron (Fig. 2). To achieve this process efficiently,
three conditions must be met: (1) active NCCs and ENaCs;
(2) impermeability of the distal nephron for water; and (3)
adequate flux of tubular fluid through the distal nephron.

@ Springer

In contrast, urine concentration requires the build-up of an
osmotic gradient in the renal interstitium, partly driven by
sodium and chloride uptake in the ascending part of Henle’s
loop.

Both the NCC and ENaCs are stimulated by neurohu-
moral activation, in particular, via the renin—angioten-
sin—aldosterone system [18]. As a result they are almost
always normally active to hyperactive in HF. However, as
explained, thiazide-like diuretics and MRA specifically
inhibit these receptors, thereby reducing free water excre-
tion while promoting natriuresis, which may cause or worsen
hyponatremia.

Additionally, the capacity of the kidneys for urine dilution
is reduced in HF because the distal nephron is leakier for
water. AVP (i.e., anti-diuretic hormone) leads to the move-
ment of aquaporin-2 channels toward the luminal membrane
of these ducts [31]. Because the renal medulla is hypertonic,
permeability of the ducts for water promotes free water reab-
sorption according to an osmotic gradient [32]. Several stud-
ies have demonstrated that AVP levels are elevated in HF,
making the collecting ducts more permeable for water [33,
34].

These elevated levels are mainly caused by neurohumoral
activation with non-osmotic AVP release, explaining why
hyponatremia is more frequent in advanced HF with low
cardiac output [13]. Because of a reduced effective circula-
tory volume in such cases, the plasma volume is defended
at a higher set point [35]. Yet, patients with HF benefit from
a normal to slightly contracted plasma volume, which is
associated with a lower risk of hospital admissions or death
[36]. Potent neurohumoral inhibition with guideline-directed
medical therapies may help to reduce the plasma volume
set point and decrease the risk of hyponatremia. In particu-
lar, Na*-glucose co-transporter-2 (SGLT2) inhibitors that
inhibit proximal tubular reabsorption and bring more Na*
(and chloride) to the distal nephron, diminish the plasma
volume without further deleterious neurohumoral activation
[18, 37].

An often overlooked, but main contributor to hypona-
tremia in HF is insufficient tubular flow through the diluting
(distal) tubular segments of the nephron [13]. The amount
of tubular fluid that flows through the distal convoluted
tubules, collecting tubules, and collecting ducts represents
the theoretical maximal free water excretion (if complete
Na* reabsorption without any permeability for water would
be achieved). Because of the aforementioned rise in AVP
and potentially the use of thiazide-like diuretics and ENaC
blockers, this theoretical maximum is however significantly
reduced. Many patients with HF have a reduced glomerular
filtration rate and their proximal tubular absorption is usu-
ally increased because of higher angiotensin II levels and
impaired renal blood flow [18]. As a result, distal tubular
flow may be easily decreased to 2-2.5 L or less per 24 h,
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Urine dilution is achieved in the distal nephron
through sodium reabsorption by the sodium-chloride
co-transporter (NCC) and epithelial sodium channels
(ENaCs) in an otherwise water-impermeable part of
the nephron.
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Urine dilution capacity is reduced in heart failure
because: (1) the distal nephron is leakier for water.
Arginine vasopressin (AVP) promotes the movement
of aquaporin-2 channels towards the Iuminal
membrane of the collecting ducts and is elevated in
heart failure; (2) tubular flow is reduced because of
lower glomerular filtration and increased proximal
reabsorption, further promoted by activation of the
renin-angiotensin-aldosterone system (RAAS); (3)
thiazide-like diuretics and mineralocorticoid receptor
antagonists (MRA) inhibit distal sodium reabsorption.

Fig.2 A The process of urine dilution in the distal nephron, consisting of the distal convoluted tubules, collecting tubules, and collecting ducts.
B Changes that occur in heart failure and reduce the urine dilution capacity and free water excretion

significantly impacting on the kidneys’ ability for free water
excretion [13]. Improving renal blood flow through hemo-
dynamic optimization and inhibiting proximal tubular Na*
absorption with diuretics (i.e., acetazolamide and SGLT?2
inhibitors) may (partly) restore the urine dilution capacity.

Approach to the Patient with Heart Failure
and Hyponatremia

General Diagnostic Approach

A comprehensive medical history taking, review of the
medications, and clinical exam should be performed in any
patient presenting with hyponatremia. Patients should be
asked about fluid intake, extra-renal losses, concomitant
acute or chronic illnesses, alcohol and illicit drug mis-
use, and the use of specific medications. Clues may point
toward reasons for hyponatremia other than HF, which are
beyond the scope of this review. There should be a very
low threshold to confirm low plasma osmolality if pseudo-
hyponatremia or hyponatremia with normal or elevated
plasma osmolality cannot be reliably excluded (e.g., hyper-
glycemia). Laboratory testing should include a complete set

of electrolytes with chloride, potassium, and magnesium,
thyroid-stimulating hormone to exclude significant thyroid
disease, and within a suggestive clinical setting tests to
exclude adrenal insufficiency. With this general work-up,
hypotonic hyponatremia in the context of HF can usually be
confirmed. As most patients with HF and hyponatremia are
taking maintenance diuretics, classic urine indices of osmo-
lality and Na* concentration are often difficult to interpret
and usually unhelpful for differentiating between causes of
hyponatremia, or in particular to establish a diagnosis of the
syndrome of inappropriate anti-diuretic hormone (SIADH).
The latter is mainly a diagnosis of exclusion, but should be
considered also in patients with HF when hyponatremia is
severe and/or an unfavorable trajectory of serum Na* levels
is observed despite appropriate treatment. For SIADH, an
important part of the treatment is to increase to oral osmotic
load with salt or preferable oral urea intake.

Severe Symptomatic Hyponatremia
Severe symptoms of hyponatremia such as coma, seizures,
deep somnolence, and cardiorespiratory distress are usually

not present unless hyponatremia is severe (serum Na* con-
centration < 120—125 mmol/L) and more likely to occur with
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an acute or subacute onset of hyponatremia [38, 39]. Such
patients should definitely be managed in an intensive care
or stepdown unit with the possibility of frequent serum Na™*
controls. In patients with severe, symptomatic hyponatremia,
guidelines recommend the administration of 150 mL of 3%
hypertonic saline, administered over 10-20 min through a
central or peripheral line [38, 39]. Concerns about the use of
hypertonic saline via a peripheral line originate from older
studies with caustic amino acid solutions and are unfounded
as the risk of phlebitis is actually low (~6.2%) and compa-
rable with other solutions [40e]. An increase in serum Na*
concentration > 5 mmol/L or above the level of 125 mmol/L
should be enough to reverse most severe symptoms and if
not should lead to the consideration of alternative causes [41,
42]. In patients with HF, the risk of worsening congestion
with hypertonic saline should always be balanced against
the need to reverse severe symptoms of hyponatremia [43].
However, because the combination of hypertonic saline with
diuretics markedly improves diuretic efficiency, this problem
is usually easily managed and the risk of worsening conges-
tion should not be overstated [44e].

It is rather unusual for HF to be the sole cause of severe
hyponatremia < 120-125 mmol/L, so its occurrence should
prompt the investigation for alternative causes after address-
ing urgent symptoms. This is mainly important because
rapid correction of chronic, severe hyponatremia may result
in the osmotic demyelination syndrome [45]. Occurrence of
this condition remains anecdotal, but the neurological conse-
quences are devastating and permanent. Therefore, after the
initial increase in serum Na* concentration to abate severe
symptoms, it is generally recommended not to increase
Na* levels further than 10 mmol/L during the next 24 h or
18 mmol/L over 48 h. Intriguingly, a recent, large (n =3274),
multi-center, observational study has called this practice
into question, as it found a shorter length of hospitalization
and lower in-hospital mortality with more rapid correction
[46e¢]. About a third of the population had HF and those
patients seemed to benefit more from rapid correction. All
but one of the seven patients who developed osmotic demy-
elination syndrome in the study (corresponding to an overall
incidence of 0.2%) had alcohol use disorder, malnutrition,
hypokalemia, or hypophosphatemia, indicating that more
caution is needed when these risk factors are present.

Treating Depletional Hyponatremia

Because low potassium and magnesium levels directly con-
tribute to low serum Na* levels, the first step when treating
hyponatremia in HF is aggressive repletion of those cations.
We aim for serum potassium levels >4 mmol/L and serum
magnesium levels > 0.85 mmol/L (or 2.1 mg/dL) at the
higher end of the normal laboratory range. In those patients
with clear signs and symptoms of hypovolemia, halting all
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diuretics is indicated and a fluid bolus of isotonic crystalloid
solution may be considered. The benefit of using an isotonic
rather than a hypertonic solution if no severe symptoms are
present is that it constitutes a diagnostic test at the same
time. In case of true Na*t depletion, the serum Na* concen-
tration will rise subsequently, while an unrecognized SIADH
will see the Na™ concentration drop further. In most scenar-
ios of depletion, Na® is lost as Na-chloride with concomitant
losses of potassium-chloride as well. Therefore, serum chlo-
ride levels are often disproportionally low, hence, “contrac-
tion or hypochloremic alkalosis.” A serum Na* minus chlo-
ride concentration > 40 mmol/L is thus another good clue
that hyponatremia is mainly depletional. When providing
fluids (or diuretics as explained below), it is always a good
idea to obtain a fresh urine sample afterward and measure
the urine Na* and potassium concentrations. The electro-
lyte-free water clearance, which ultimately determines the
impact on the serum Na™ concentration, may be calculated
from those [47]. If the sum of the serum concentrations of
Na* and potassium exceeds their respective counterparts in
the urine, electrolyte-free water is excreted and the serum
Na™ concentration will rise. Vice versa, if the sum of both
urine concentrations is higher than the total plasma concen-
tration, the serum Na*t concentration falls. This knowledge
allows anticipation and early treatment changes in case of
any unforeseen and unwanted effects.

Treating Dilutional Hyponatremia
Optimizing Hemodynamics and Renal Blood Flow

As explained, poor distal nephron perfusion is the most
important contributor to dilutional hyponatremia in HF.
Therefore, any therapy that improves renal blood flow would
be expected to restore serum Na' levels in this scenario.
Indeed, increased renal blood flow translates into a higher
glomerular filtration rate and hence total tubular flux, as well
as a decreased filtration fraction, which is associated with
less proximal reabsorption and thus more flow toward the
distal nephron, boosting free water excretion capacity [13,
18]. Optimizing systemic hemodynamics with vasoactive
therapies, diuretics, and carefully selected use of inotropes
and/or mechanical circulatory support may aid renal perfu-
sion in acute and advanced HF [48] with subsequent, favora-
ble effect on the serum Na*t concentration.

Implementing Guideline-Directed Medical Therapies
for Heart Failure

Increased neurohumoral activation contributes to systemic
and renal vasoconstriction, while promoting non-osmotic
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Comprehensive medical history & clinical exam

Laboratory testing

Severe symptomatic hyponatremia <120-125 mmol/L

Hyponatremia in Heart Failure

Serum Na+ =135 mEq/L

Fluid intake

Extra-renal fluid losses

Concomitant acute or chronic illnesses

Alcohol & illicit drug use

Use of specific medications that interfere with urine dilution or may cause SIADH

Complete set of electrolytes with chloride, potassium & magnesium
Thyroid-stimulating hormone to exclude significant thyroid disease
Exclude adrenal insufficiency within suggestive clinical setting
Plasma osmolality

L [2(o81)] 3 Pseudohyponatremia

= low serum Na+ concentration due to laboratory artefact
« Hyperlipidemia
« Abnormally high protein levels (i.e., monoclonal gammopathies,
malignancy, chronic hepatitis C or HIV infection)

Hyponatremia with normal or elevated plasma osmolality

Hyperglycemia

Uremia

Contrast agents

Other source of osmoles

.
.
.

Hypotonic Hyponatremia in Heart Failure

(Plasma osmolality <275 mOsm/L)

Coma

Seizures

Deep somnolence -
Cardiorespiratory distress

- Admit to intensive care or stepdown unit
- 150 mL of 3% hypertonic saline in 10-20 min

through central or peripheral line
Diuretics if signs of fluid overload

I GOAL: rapidly increase serum Na* with >5 mmol/L or 2125 mmol/L

Consider concomitant cause of hyponatremia other than heart failure 1!

Treat depletional hyponatremia

Aggressive potassium repletion >4 mmol/L \

Aggressive magnesium repletion >0.85 mmol/L

L Signs & symptoms suggestive of hypovolemia?

Serum Na+ minus serum chloride >40 mmol/L?

» Pause all diuretics
- Consider fluid bolus of isotonic crystalloid (=diagnostic for SIADH) j

Treat dilutional hyponatremia

1. Optimize hemodynamics & renal blood flow
2. Implement guideline-directed medical therapy

Start/uptitrate in particular

Renin-angiotensin blockers (angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, angiotensin-neprilysin inhibitors)

Sodium-glucose co-transporter-2 inhibitors that increase distal nephron flux and may cause osmotic diuresis

3. (Consider fluid restriction as adjunctive therapy)

Poor quality evidence, especially in acute heart failure

4. Treat fluid overload with diuretics

.

.

Combination: Acetazolamide 500 mg OD + Adequately dosed loop diuretics
Avoid: thiazide-like diuretics and amiloride unless diuretic resistance (Urine Na+ <80 mmol/L)
Consider temporarily interrupting mineralocorticoid receptor antagonists, always restart before discharge

Aim for positive electrolyte-free water excretion with urine Na+ =280 mmol/L

Electrolyte-free water excretion

predicts serum Na* evolution

= (Urine Na+* plus potassium concentration)
- (Serum Na* plus potassium concentration)
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«Fig. 3 Therapeutic approach toward a patient presenting with heart
failure and hyponatremia. HIV, human immunodeficiency virus; Na*,
sodium; SIADH, syndrome of inappropriate anti-diuretic hormone

AVP release, both facilitating hyponatremia development.
At least in HF with reduced ejection fraction (where hypona-
tremia is more frequent), it is also a central driver of disease
progression. Therefore, rapid initiation and up-titration of
guideline-directed medical therapies such as renin-angioten-
sin system blockers or angiotensin-neprilysin inhibitors, beta
blockers, and MRA is at least equally if not more impor-
tant in patients with HF and hyponatremia [49, 50]. With
an improving underlying HF status, these treatments may
provide a durable restoration of normal serum Na* levels
as well. Renin-angiotensin system blockers, in particular,
promote predominant vasodilation of the efferent arterioles
of the nephron, thereby increasing renal blood flow and
decreasing the intra-glomerular pressure and filtration frac-
tion. Consequently, their use in HF has been consistently
associated with small increases in serum Na* levels [51, 52].

MRA are a foundational therapy in HF with reduced ejec-
tion fraction and among the first medications considered in
HF with preserved ejection fraction [49, 50]. MRA promote
natriuresis through inhibition of ENaCs in the distal nephron
[18]. Therefore, they reduce the kidneys’ capacity of free
water excretion and—just like thiazide-like diuretics—may
promote hyponatremia [13]. In the Eplerenone Post-Acute
Myocardial Infarction Heart Failure Efficacy and Survival
Study (EPHESUS), the use of eplerenone versus placebo in
patients with left ventricular dysfunction after a myocardial
infarction was associated with a serum Na* concentration that
was on average 1 mmol/L lower (with a highly significant
p-value of <0.0001) and with a higher incidence of hypona-
tremia (15% vs. 11%; p=0.0001) [S3ee]. Importantly, favora-
ble effects of eplerenone on mortality or HF hospitalizations
were observed among the whole spectrum of serum Na* con-
centrations. Consequently, clinicians should probably be per-
missive for low-grade chronic hyponatremia caused by MRA
in HF, as benefits seem to clearly outweigh the risk. Nonethe-
less, only a minority of patients in the EPHESUS actually had
hyponatremia at baseline (i.e., 6%) and most of these cases
were not severe. In HF with severe hyponatremia, temporarily
interrupting MRA with reintroduction after achieving reason-
ably safe serum Na* levels > 130 mmol/L may still be consid-
ered in individual cases, especially at the higher end of the left
ventricular ejection fraction spectrum where the evidence in
favor of MRA is less compelling.

Sodium-Glucose Co-transporter-2 Inhibitors

SGLT?2 inhibitors are a foundational therapy in any patient
with HF, irrespective of the ejection fraction [49, 50]. Some
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features of SGLT2 inhibitors make them of particular inter-
est to patients with hyponatremia. Because the SGLT2 is
only present in the proximal tubules of the nephron, SGLT2
inhibitors decrease proximal tubular reabsorption, thereby
increasing distal nephron flow, which improves the capacity
for free water excretion [54]. Moreover, predominantly in
patients with hyperglycemia, SGLT2 inhibitors cause gly-
cosuria as well, which acts as an osmotic diuretic, thereby
removing electrolyte-free water. Recent data suggest that
SGLT?2 inhibitors are also effective in SIADH, with a more
pronounced effect in severe hyponatremia < 125 mmol/L
[55e¢]. Consequently, SGLT2 inhibitors protect against
(worsening) hyponatremia, which is further helped by their
favorable long-term effects on the underlying HF. Indeed,
mortality and HF readmissions are reduced to a similar
extent in patients with versus without hyponatremia [56e].
Thus, SGLT2 inhibitors are probably the first guideline-
directed medical therapy to consider in patients with HF
and hyponatremia.

Fluid Restriction

General recommendations for fluid restriction in HF are
under increased scrutiny because of questionable benefits
and poor adherence. The soon-to-report Fluid Restriction
in Heart Failure versus Liberal Fluid Uptake (FRESH-UP)
study will provide more insight, as it is currently studying
the impact of fluid restriction < 1.5 L versus usual care on
quality of life and safety in HF [57].

In patients with hyponatremia however, most clinicians
still recommend strict fluid restriction. The rationale is that
hyponatremia in HF is classically a dilutional hyponatremia,
resulting from water overload rather than Na*t depletion.
However, one should not forget that in most patients, the
intracellular volume is actually slightly contracted (Fig. 1).
Moreover, because the central pathophysiological culprit is
poor distal nephron flow through a leakier tubular system,
the capacity for free water excretion may be decreased well
below 500 mL, a target that is obviously not attainable with
fluid restriction [13]. Thus, while moderate to strict fluid
restriction may somewhat help to keep the serum Na* con-
centration within the desired range, it should probably not
be the primary focus of management.

Diuretic Therapy

Dilutional hyponatremia is often present in patients
with acute HF and fluid overload, which may pose a
challenge for diuretic treatment. Indeed, especially
those patients with persistent hyponatremia have
more advanced HF with more severe diuretic resist-
ance, less successful decongestion, and hence poor
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long-term outcomes [12]. The primary focus in such
patients should remain with achieving complete decon-
gestion rather than focusing too heavily on the serum
Na' concentration. In fact, the best chance to obtain
and keep normal serum Na™ levels on the long term
in those patients is with a state-of-the-art treatment
of the underlying HF. Nevertheless, choosing diuretic
combinations carefully may help to keep the serum Na™*
concentration within range and will often resolve the
problem of hyponatremia.

Loop diuretics are the backbone of diuretic treat-
ment in acute HF [49, 58, 59]. They inhibit the
Na*-potassium-chloride co-transporter in the ascend-
ing limb of Henle’s loop. This transport plays a cru-
cial role to trap Na* and chloride within the renal
interstitium, thereby creating a hypertonic gradient
toward the medulla that is needed for the process of
urine concentration and represents the driving force for
water absorption in the collecting ducts [18]. Inhibi-
tion of this process by loop diuretics generally produces
hypotonic urine, providing relative protection against
hyponatremia. The addition of acetazolamide to loop
diuretics leads to more efficient and faster deconges-
tion, as was shown in the Acetazolamide in Decompen-
sated Heart Failure with Volume Overload (ADVOR)
trial [60]. Because acetazolamide is a potent inhibitor of
proximal tubular Na™ reabsorption, it markedly increases
distal tubular flow, promoting free water excretion [13].
Therefore, it probably represents the first-choice agent
(together with SGLT2 inhibitors) to tackle diuretic
resistance in patients with HF and hyponatremia, with a
low threshold if not universal upfront use in hospitalized
patients with acute HF. For reasons explained, thiazide-
like diuretics may worsen hyponatremia, making them
less suitable in this population. However, in cases of
severe diuretic resistance, sequential nephron block-
ade with thiazide-like diuretics may be needed, also in
patients with hyponatremia. In those cases, monitoring
urine indices is very helpful. A urine Na* concentra-
tion > 80 mmol/L indicates good diuretic efficiency and
was associated with higher odds for decongestion and
better outcomes in the ADVOR trial [61]. We would cur-
rently only consider the use of thiazide-like diuretics in
patients with HF and hyponatremia who demonstrate a
urine Na* concentration < 80 mmol/L despite treatment
with acetazolamide on top of adequately dosed loop diu-
retics (on a background of SGLT2 inhibitors and low-
dose MRA). At the same time, a negative electrolyte-free
water clearance should be avoided as it indicates worsen-
ing hyponatremia. Therefore, a urine Na* concentration
80-100 mmol/L is probably about the target range in
such difficult cases, also depending on the amount of
kaliuresis and the actual serum Na* level.

Conclusions

Hyponatremia in HF is associated with worse functional and
cognitive status as well as adverse outcomes, but it remains
unclear whether this relationship is causal. Typically, it rep-
resents impaired water excretion by the kidneys because
of diminished renal blood flow that leads to compromised
tubular flux through the distal diluting part of the nephron
on a background of increased neurohumoral activation with
non-osmotic AVP release, making this part more perme-
able to water. Low potassium and magnesium levels often
contribute to hyponatremia in HF and should be aggressively
repleted. Further treatment should focus on the underlying
HF and adequately address congestion. For this goal, proxi-
mally acting diuretics including SGLT?2 inhibitors, aceta-
zolamide, and loop diuretics are preferred, with thiazide-like
diuretics being reserved for severe diuretic resistance. Our
therapeutic approach toward a patient with HF and hypona-
tremia is provided in Fig. 3.
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