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Abstract: Hyponatremia is a very common electrolyte abnormality, associated with poor short- and
long-term outcomes in patients with heart failure (HF). Two opposite processes can result in hypo-
natremia in this setting: Volume overload with dilutional hypervolemic hyponatremia from conges-
tion, and hypovolemic hyponatremia from excessive use of natriuretics. These two conditions re-
quire different therapeutic approaches. While sodium in the form of normal saline can be lifesaving
in the second case, the same treatment would exacerbate hyponatremia in the first case. Hyper-
Received: December 30, 2018 volemic hyponatremia in HF patients is multifactorial and occurs mainly due to the persistent re-
iizéﬁ‘:d}:;‘zguri;yrjlzs 2%‘;9 lease of arginine vasopressin (AVP) in the setting of ineffective renal perfusion secondary to low
’ cardiac output. Fluid restriction and loop diuretics remain mainstay treatments for hyper-
DoL volemic/dilutional hyponatremia in patients with HF. In recent years, a few strategies, such as AVP
10.2174/1573403X15666190306111812 antagonists (Tolvaptan, Conivaptan, and Lixivaptan), and hypertonic saline in addition to loop diu-
retics, have been proposed as potentially promising treatment options for this condition. This re-
view aimed to summarize the current literature on pathogenesis and management of hyponatremia

in patients with HF.

ARTICLE HISTORY

Keywords: Hyponatremia, sodium, heart failure, congestive heart failure, vaptans, pathogenesis.

1. INTRODUCTION Hyponatremia, defined as a serum sodium concentration
<135 mEq/L, is the most common electrolyte abnormality in
the hospitalized patients associated with a prolonged hospital
length of stay, and higher risks of readmission and mortality
[12-14]. We analyzed the ESCAPE Trial analysis and found
a benign nature of mild hyponatremia on discharge in HF
patients with normal admission Na [15]. In fact, depending
on the patient population, the prevalence of hyponatremia in
HF patients ranges between 11% and 27% [10, 16-22]. In
addition to being well demonstrated in general patient popu-
lation [23], the presence of hyponatremia on or after admis-
sion in patients with HF is also associated with increased risk

Despite advances in medicine, heart failure (HF) remains
one of the most common principal diagnoses for hospital
admission worldwide [1-5]. In the United States (U.S.), total
costs, including indirect costs for HF, are estimated to in-
crease from $31 billion in 2012 to $70 billion in 2030 [6].
Patients with chronic HF are well known to have neuro-
hormonal abnormalities including activations of the sympa-
thetic nervous system and the renin-angiotensin-aldosterone
system (RAAS), which commonly lead to derangements in
electrolytes and acid-base balance [7, 8]. In addition to pa-
tient’s functional impairment, these metabolic abnormalities

such as hyponatremia, hypochloremia and hypokalemia have of morbidities' '(i'.e., falls and bf)ne fractures), disch'arge to
been considered as poor prognostic indicators of all-cause acute care facilities, longer hospital stays, and mortality [23-
mortality in HF patients [9-11]. 25]. Furthermore, studies have shown that HF patients with

hyponatremia were more likely to be admitted to the ICU
reflecting the severity of HF and/or the direct effect of hypo-

*Address correspondence to this author at the Department of Internal Medi- natrem%a [11, 26]. Amqng patients with HF, persistent hyp9'
cine, Icahn School of Medicine at Mount Sinai, 1000 10" Ave, New York, natremia after hospltahzatlon has been shown to be associ-
NY 10019, USA,; Tel: 212-523-4000; Fax: 212-523-8605; ated with a 1.5 to 1.7-fold increase risk of 30-day readmis-

E-mail: Chayakrit.Krittanawong@mountsinai.org sion or mortality [24, 27]
, .

*Equal contribution.

1573-403X/19 $58.00+.00 © 2019 Bentham Science Publishers



Hyponatremia in Heart Failure

In the U.S., the direct medical costs of hyponatremia
have been estimated between $1.6 billion and $3.6 billion
[14, 28]. This review aimed to present the current literature
and future directions regarding the pathogenesis and man-
agement of hyponatremia in patients with HF.

2. HYPERVOLEMIC HYPONATREMIA

Hyponatremia in patients with HF can be multifactorial
as summarized in Table 1 [8, 11, 12, 18, 25, 26, 29-32]. The
main mechanisms of hyponatremia in HF include 1) adaptive
neurohormonal activation with a predominance and leading
role of arginine vasopressin (AVP) (dilution state); 2) potent
thirst stimulation from both low cardiac output and angio-
tensin II, and 3) free water retention in the setting of severely
reduced glomerular filtration rate (GFR).

2.1. Neurohormonal Activation in Dilutional Hypona-
tremia

AVP is synthesized in the supraoptic and paraventricular
nuclei of the anterior hypothalamus [33]. Through axonal
transport, AVP is transported into nerve terminals within the
posterior lobe of the pituitary gland and then released into
the bloodstream in response to hypertonicity [34]. AVP se-
cretion is increased by two different stimuli: baroreceptor
activation and decreased effective circulating volume [33].
Arterial underfilling from the reduced cardiac output along
with activation of the sympathetic nervous system and renin-
angiotensin-aldosterone system (RAAS) lead to increased
release of AVP. AVP binds to the vasopressin 2 (V2) recep-
tor in the collecting ducts of the nephron and via a cyclic
guanosine monophosphate (GMP) mediated mechanism in-
creases aquaporin-2 water channel expression on the luminal
side. This, in turn, leads to increased permeability of water in
the collecting ducts and enhanced free water retention [34].

In the usual state of health, AVP is degraded and ex-
creted by the liver and kidneys rapidly. At low levels, AVP
also stimulates Vla receptors in the liver, vasa recta, and
collecting ducts increasing the hypertonicity in the renal
medulla through urea production in the liver, urea reabsorp-
tion in the collecting duct and by decreasing flow through
the vasa recta. When vasa recta receive high flow, interstitial

Table 1.
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tonicity reduces by washout of osmoles in the medulla [35].

In patients with HF, the reduction in cardiac output in-
duces activation of the sympathetic nervous system [8]. The
peripheral vasoconstriction instigated by this phenomenon
coupled with the reduced cardiac output leads to sodium and
water retention as well as RAAS activation [5, 9]. RAAS
activation can increase angiotensin II levels, leading to thirst
stimulation and worsening hyponatremia in patients with HF.
Compared with patients without HF, AVP levels are higher
in patients with severe HF [33], which does not appropriately
decrease even with acute water loading [36, 37], thus results
in hyponatremia [29, 34, 36] (Fig. 1). AVP role in acute HF
and hyponatremia is crucial since it has been shown that HF
patients exhibit not only increased AVP production but also
a dysregulation of AVP characterized by an elevation of its
levels despite the presence of volume overload, atrial disten-
sion, and low plasma osmolality [36, 38-40].

2.2. Increase Free Water Consumption in the Setting of
Low GFR

Cardiorenal syndrome (CRS) encompasses a disorder of
the heart and kidneys whereby acute or chronic dysfunction
in one organ may induce acute or chronic dysfunction in the
other organ [41]. The Acute Dialysis Quality Initiative out-
lined a consensus approach in 2008 which phenotyped CRS
into two major groups: cardio-renal and reno-cardiac syn-
dromes, based on the primum movens of the disease process
[42]. This was further grouped into five subtypes of the car-
dio-renal syndromes based on disease acuity and sequential
organ involvement, which are outlined in Table 2. Over 40%
of HF patients had some degree of renal impairment (cardio-
renal syndrome) [3]. Conversely, HF is highly prevalent ap-
proximately up to 60% in patients with advanced CKD and
end-stage renal disease (reno-cardiac syndrome) [43]. In
patients with CRS, hyponatremia can be dilutional, due to
excess water or hypotonic fluid intake or impaired free water
clearance in the setting of elevated AVP levels and reduced
GFR [44].

2.3. Depletion Induced Hyponatremia

Diuretics are one of the most common reasons for drug-
induced hyponatremia (Table 1). This is particularly charac-

Summary of causes of hyponatremia in patients with heart failure [8, 11, 12, 18, 25, 26, 29-32].

Causes of Hyponatremia in Patients with Heart Failure

. Low cardiac output

. Decreased renal blood flow

1. Continued release AVP despite a reduction in osmolality due to the following reasons:

. Reduced baroreceptor stimulation mediated by low blood pressure
2. Low cardiac output leads to activation of RAAS and increase in angiotensin II levels, potent stimuli to thirst, resulting in enhanced water intake
3. Medications used to treat heart failure, hypertension, or cardiac-related conditions

. Diuretics (especially thiazides, less commonly aldosterone antagonists, amiloride, loop diuretics)
4.  Hyponatremia in the setting of advanced CKD/ESRD due to Cardiorenal syndromes

. Hypotonic hyponatremia due to increased free water intake in the setting of low GFR

Abbreviations: ACEIs, Angiotensin-Converting Enzyme Inhibitors; AVP, Arginine Vasopressin; CKD, Chronic Kidney Disease; ESRD, End-Stage Renal Disease; GFR, Glomeru-

lar Filtration Rate; RAAS, Renin-Angiotensin-Aldosterone System.
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Fig. (1). Pathophysiology of dilutional hyponatremia in heart failure.

Table2. Summary of cardio-renal syndromes (CRS) phenotypes [117].
CRS Type Denomination Description Model
. Acute cardiac decompensation leads to acute kidney injury | Acute coronary syndrome/acute HF triggering acute
I Acute Cardio-renal . . . .
which can be reversible kidney failure
1I Chronic Cardio-renal Chronllc cardiac dysf‘unctlor? leé?ds to progresswe. chronic Chronic heart failure causing chronic kidney disease
kidney dysfunction which is mostly irreversible
1II Acute Reno-cardiac Abrupt primary kidney dysfunc‘tlon leads to acute cardiac Acute glomerulonephritis instigating acute HF
dysfunction
. . . . . . . hronic ki i i rt
v Chronic Reno-cardiac Primary kidney dysfunction leads to cardiac impairment ¢ I‘OIIIC‘ idney ‘dlsea‘se cansIns coron‘ary artery
disease/diastolic heart dysfunction
. Acute/chroni temic di leading t i - . s . -
\Y Secondary Cardio-renal cute/chronic s?/s emie qlsease eadmg‘ o combined car Sepsis, vasculitis, diabetes mellitus, amyloidosis
diac and kidney dysfunction

teristic of thiazide diuretics because they work entirely in the
distal tubules and do not interfere with urinary concentrating
capacity and the action of AVP to promote water retention
[45, 46]. Diuretic-induced hyponatremia is usually mild, but
idiosyncratic reactions have been reported [31, 32]. Thiaz-
ides more commonly cause hyponatremia compared to loop
diuretics, with a thiazide-induced hyponatremia incidence
that ranging 4.1-14 % [46]. Female gender, advanced age,
low body mass, multiple comorbidities and increasing dos-
age of thiazides are risk factors for hyponatremia from this
drug class. Thiazides have more propensity to cause hypona-
tremia because of inhibition of urinary dilution through de-
creased sodium-chloride re-absorption in the distal tubule, a

mechanism that loop diuretics do not have. In general, the
pathophysiological factors implicated in thiazide-induced
hyponatremia are increased water intake from AVP stimula-
tion through thirst from water loss, reduced free water clear-
ance from antidiuretic hormone (ADH) stimulus and as men-
tioned above, renal sodium /potassium loss.

Although less commonly, loop diuretics can also contrib-
ute to hypovolemic hyponatremia. According to the Acute
Decompensated Heart Failure National Registry (ADHERE)
registry, loop diuretics are utilized in up to 88% of HF pa-
tients as the mainstay of management [47]. Following man-
agement of acute HF decompensation, up to 70% of patients
continue loop diuretics chronically [47, 48]. Loop diuretics
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block the sodium-potassium-chloride cotransporter in the
thick ascending limb of the loop of Henle [48]. This part of
the nephron makes a substantial contribution to the tonicity
of the renal interstitium. Loop diuretics interfere with the
concentrating capacity of kidneys which leads to reduced
free water reabsorption that in turn leads to the production of
hypotonic urine [47]. Nevertheless, if profound volume de-
pletion with robust neurohormonal activation ensues, water
diuresis will be less pronounced leading to decreased glome-
rular filtration rate and distal nephron flow in the setting of
increased AVP levels, which constitutes an ideal scenario for
hyponatremia development [49].

Addition of thiazides (e.g., metolazone or chlorothiazide)
to loop diuretics, so-called sequential nephron blockade has
been shown to be an effective approach to overcome diuretic
resistance in patients with HF [50, 51]. However, this
combination of diuretic therapy can result in significant elec-
trolyte abnormalities including hypokalemia, hyponatremia,
and hypochloremic metabolic alkalosis [51, 52]. Hyponatre-
mia can occur in this setting because the increase in urine
sodium excretion is much higher than the increase in urine
water excretion, resulting in more hypertonic urine after se-
quential nephron blockade than after treatment with loop
diuretics alone [51, 53].

Aldosterone antagonist such as spironolactone, work by
blocking reabsorption of sodium in the distal convoluted
tubules and collecting ducts, generating less hypotonic urine.
Their use in heart failure with reduced ejection fraction is
usually after betablocker and ACEI have been started. In a
retrospective study by Goland et al. [54] they analyzed 157
patients of whom 100 were given spironolactone (were al-
ready on ACEI and betablocker). At 1 year follow up, 6 pa-
tients developed hyperkalemia and 2 patients developed hy-
ponatremia [54].

2.4. Management of Hyponatremia

Management of hyponatremia, in general, represents a
challenge, especially for the patient with expanded extracel-
lular volume. In patients that are admitted with acute HF
exacerbation, the concomitant presence of hyponatremia on
admission has shown to be associated with higher all-cause
and cardiovascular mortality, especially when there is a fur-
ther decrease in the sodium level during the hospitalization
[55]. Currently, there are no specific guidelines for the man-
agement of hyponatremia in the setting of HF; data from a
U.S. registry shows that the most commonly used treatment
modalities for hyponatremia in HF are fluid restriction, and
non-specific management strategies including diuretic ther-
apy for congestion along with isotonic or hypertonic saline,
or V2 receptor antagonists [55].

2.5. Hyponatremia with Severe Symptoms

The initial management of the patient with hyponatremia
should be guided by the severity of symptoms and the acuity
of the hyponatremia [56, 57]. The most urgent complication
of hyponatremia is cerebral edema [57]. Acute hyponatre-
mia, defined as the one that develops in <48 hours, and can
often present with neurological symptoms, given that there
has been no time for counter-regulatory mechanisms to help
abate its clinical impacts [56, 57]. These neurologic symp-
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toms are due to brain edema resulting from fluids shifts from
a hypotonic extracellular media into relatively hypertonic
brain tissue. The patient with hyponatremia and severe
symptoms (coma, seizures, abnormal deep somnolence,
vomiting) should be managed in the intensive care unit,
where frequent clinical and laboratory monitoring can be
provided [57]. Hyponatremia with severe symptoms requires
emergent treatment regardless of the patient’s volume status,
whether the onset is acute or chronic. The European guide-
lines for the management of hyponatremia with severe symp-
toms recommend an infusion of 150 ml of 3% hypertonic
saline over 20 minutes, to a goal of 5 mEq/L increase in se-
rum sodium in the first hour, with further management
guided by clinical and laboratory response [58]. Correction
should not exceed 8 mEq/L in the first 24 hours of treatment
[56-58]. However, the additional sodium load provided by
the use of hypertonic saline in HF patients could worsen
their symptoms [59, 60]. In patients admitted with HF, the
use of intravenous fluids during the first 48 hours of hospi-
talization has been associated with a higher risk of intuba-
tion, renal replacement therapy, and hospital mortality [61];
therefore, hypertonic saline treatment should be reserved
only for patients with severe neurologic symptoms in which
benefits of immediate treatment to decrease neurological
dysfunction, outweigh the risk of congestion. In addition,
concurrent infusion of loop diuretics such as furosemide is
also suggested when HF patients are treated with hypertonic
saline solution Fortunately, acute presentation of hyponatre-
mia is infrequent in HF. Typically, a decrease in serum so-
dium occurs gradually and causes mild symptoms or is as-
ymptomatic.

2.6. Hyponatremia without Severe Symptoms

In patients without symptoms of acute neurological dys-
function due to hyponatremia, it is often difficult to establish
whether the hyponatremia has developed acutely (<48 hours)
or chronically [56, 57]. Despite limited data on the chronic-
ity of hyponatremia in the setting of HF, it is reasonable to
presume the condition is chronic especially in the patient
with progressively worsening HF [34, 36]. Importantly, even
mild hyponatremia increases the risk of falls and cognitive
deficits [62]. In the setting of chronic hyponatremia, plasma
sodium level correction should not exceed the 8mEq/L in a
24-hour period in order to avoid the risk of osmotic demyeli-
nation syndrome (ODS) [59]. Currently, mainstay treatments
of chronic hyponatremia in HF patients (hypervolemic state)
with acceptable/stable kidney functions remain fluid
restriction and loop diuretics [29, 34, 36]. Other modalities
that have been studied include loop diuretics with hypertonic
saline [60, 61, 63, 64], angiotensin-converting enzyme in-
hibitors (ACEIs) [63], and AVP receptor antagonists [64,
65], depending on whether depletion or dilutional hypona-
tremia is thought to be the problem. In challenging cases,
right heart catheterization should be performed to differenti-
ate between volume overload and volume depletion.

3. TREATMENT OF HYPOVOLEMIC HYPONA-
TREMIA

In uncommon instances, HF patients can present with
hypovolemic hyponatremia due to volume depletion related
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Table3. Summary of proposed treatment options for HF patients with hyponatremia [11, 21, 29, 38, 69, 70, 72, 73, 78, 80, 108].

Proposed Treatment Options for HF Patients with Hyponatremia (Hypervolemic Hyponatremia)

Current Standard/ Conventional Approaches
. Fluid restriction less than 800-1000 mL/day

. Loop diuretics

. Renal replacement therapy for cases diuretic resistance, advanced CKD/ESRD, severe AKI

Proposed/Possible Optional Approaches
* ACEIs

. AVP antagonists: Tolvaptan and Lixivaptan

. Hypertonic saline in addition to diuretics

Abbreviations: ACEIls, Angiotensin-Converting Enzyme Inhibitors; AKI, Acute Kidney Injury; AVP, Arginine Vasopressin; CKD, Chronic Kidney Disease; ESRD, End-Stage

Renal Disease.

Table 4.

Summary of clinical trials for treatment of HF patients with hyponatremia.

First Author Treatment

Outcomes

Albert et al. [70
ertet al. [70] patients with heart failure

Fluid restriction (<800 ml/day) in hyponatremic

Better quality of life at 60 days

Aliti et al. [118] . . . -
restriction in patients with acute heart failure

Fluid (<800 ml/day) and sodium (<800 mg /day)

Nonstatistically significant decrease in rehospitalizations. Aggressive fluid
and sodium restriction has no effect on weight loss or clinical stability.

Gheorghiade et al. [119] Tolvaptan 30,45 or 60 mg vs. placebo

Normalization of serum sodium after 24 h, greater decrease in body
weight and edema, increase urine output with tolvaptan.

Gheorghiade et al. [120] Tolvaptan 30,60 or 90 mg vs. placebo

Normalization of serum sodium with tolvaptan

Ghali et al. [121] Conivaptan 40 or 80 mg vs. placebo

Normalization of serum sodium wit conivaptan

Zeltser et al. [122] Conivaptan 40 or 80 mg vs. placebo

Increase in serum sodium concentration with conivaptan

Konstam et al. [123] Tolvaptan 30 mg vs. placebo

No effect on mortality or hospitalization, significant increase in serum
sodium with tolvaptan

Felker et al. [91] Tolvaptan 30 mg vs. p.lzcebo added to fu-
rosemide

Greater weight loss and fluid loss, but no improvement in number of

responders at 24 hrs

Abbreviations: BID, twice (two times) a day; IV, Intravenous; vs., Versus.

to prominent gastrointestinal, or third-space losses [11].
These HF patients with volume depletion and concurrent
hyponatremia can have a severely reduced effective circulat-
ing volume, especially with inadequate dietary intake of os-
moles (protein and electrolytes) and use of thiazide diuretics
[11]. In this setting, optimization of mean arterial pressure
(MAP), in order to maintain adequate renal perfusion is sug-
gested by withholding blood pressure lowering medications,
and treatments to improve heart function by the use of
inotropes [21, 26, 66, 67]. It is also suggested that hypona-
tremia in this setting (depletion induced hyponatremia) can
potentially be improving with normal saline administration
[11]. However, clinicians have to do a careful evaluation of
the patient’s volume status, since intravenous fluids in pa-
tients with HF has never been shown to provide benefits and
is associated with worse outcomes [57, 60, 68]. Independent
of the pathophysiological mechanism, magnesium, and po-
tassium deficiencies have to be corrected, and thiazide diu-
retics should be discontinued [11].

4. TREATMENT OF HYPERVOLEMIC HYPONA-
TREMIA

For hypervolemic hyponatremia (dilution), the mainstay
of management is focused on fluid restriction, promoting
free water excretion by increasing the distal nephron flow
and lowering of AVP levels or its function (i.e., use of AVP
receptor antagonists) [64, 65]. Tables 3 and 4 summarized
the proposed treatments for hypervolemic hyponatremia in
HF patients.

4.1. Fluid Restriction

Fluid restriction is helpful in the treatment of dilutional
hyponatremia [69]. This approach has been studied in a ran-
domized study allocating patients to a group with usual care
vs. fluid restriction of <IL per day [70]. After 60 days, pa-
tients in the fluid restricted group had better scores of symp-
toms burden and overall quality of life [70]. In a small study,
comparing fluid restriction vs. tolvaptan (a V2 receptor
antagonist) in hyponatremic patients, the sodium level in-
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creased by 1 mEq/L in the fluid restriction group at outpa-
tient follow up (although the increase was greater in the tol-
vaptan arm) [71]. A clinically significant increase in serum
sodium with water restriction alone might be difficult, and
free water restriction is difficult to maintain following
hospital discharge as patients with HF often have increased
thirst [70, 72]. In most cases, however, more liberal fluid
intake of 2L per day is appropriate.

4.2. Diuretics

An increase in distal nephron flow can be achieved with
loop diuretics [49]. Loop diuretics will also decrease tonicity
in the renal medulla and facilitate increased free water excre-
tion. Loop diuretics represent the first line of management in
dilutional hyponatremia of acute HF [11, 29, 36, 73, 74]. In
the ESCAPE trial, we found that patients with ADHF and
hyponatremia on admission had a higher degree of conges-
tion and required higher doses of furosemide, compared with
normonatremic subjects [75]. Interestingly, our group has
shown that the association between the percentage increase
in loop diuretic utilization in-hospital relative to baseline and
the development of discharge hyponatremia [76]. Whether
diuretics should be accompanied by hypertonic saline has
been debated [77], since it is suggested that osmotic action
of hypertonic saline admiration can result in instantaneous
mobilization of extravascular fluid into the intravascular
space [77, 78]. Small studies in patients with severe refrac-
tory HF have shown that the addition of small-volume hy-
pertonic saline to high dose furosemide can be well tolerated,
can cause an increase in serum sodium, improve signs and
symptoms of congestion, and has a reduction in readmission
rate and mortality [77, 79]. However, the use of hypertonic
saline in addition to diuretics for the sole management of
hyponatremia in HF still requires validations in future stud-
ies. Currently, there is no evidence to support the use of hy-
pertonic saline in HF patients with hyponatremia without
neurological symptoms [55, 56]. When renal replacement
therapy is indicated in subjects with diuretic refractoriness,
advanced CKD or severe AKI, careful serial sodium moni-
toring during dialysis must be ensured to avoid rapid correc-
tion of serum sodium [80].

4.3. ACEI

Angiotensin-converting enzyme inhibitors (ACEI) help
improve the hemodynamic perturbations intrinsic to CRS
[81]. In addition, they have been shown to increase serum
sodium level in patients with HF in small studies [82, 83].
This effect is likely due to enhanced cardiac output, and via
their AVP antagonist activity in the collecting ducts, they
increase the ability of the kidney to excrete diluted urine
[33]. Thus, it is suggested that ACEI should be utilized in the
admitted patients with HF who are also hyponatremic unless
there are contraindications to their use [11]. However, in the
long term, an analysis of the Italian HF registry showed that
the use of ACEI did not modify the relationship between
hyponatremia and 1-year mortality in HF patients [84].

4.4. AVP-receptor Antagonists

AVP antagonists (i.e., vaptans) were thought to be patho-
physiologically promising in the management of HF and
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CRS, but evidence has shown otherwise [21, 60, 71]. AVP
antagonists act on the collecting ducts of the distal nephrons
by preventing aquaporin 2-channel availability in production
[85]. Conivaptan is an intravenous aquaretic agent that inhib-
its both V1 and V2 receptors, whereas tolvaptan and lixivap-
tan are oral selective V2 receptor antagonist agents [64].
Vaptans increase plasma sodium levels without compromis-
ing the hemodynamics or impairing renal function [74, 81].
Regarding AVP receptors, cardiovascular, renal and other
effects are mediated through 3 main receptors: V1A, V1B,
V2. These receptors are G protein-coupled and they differ
mainly by their second messenger mechanism. V1A receptor
is coupled to a phosphoinositol (IP3) second messenger
mechanism and is found mainly on vascular smooth muscle,
myocardium and platelets, meaning activation mediates
vasoconstriction in peripheral and coronary circulation as
well as platelet aggregation [86]. Contrasting, V1B (some-
times referred to as V3) receptors are calcium and IP3 sec-
ond messenger receptors that are mainly located in the ante-
rior pituitary and mediate adrenocorticotropic hormone re-
lease. V2 receptors use cyclic adenosine monophosphate as a
second messenger and are found on the collecting tubules of
the kidney and mediate free water absorption [86].

Vaptans should be used carefully as they can cause
xerostomia, polydipsia and sodium overcorrection. It is rec-
ommended that the therapy is initiated in the hospital at a
lower dose with slow up-titration [64]. Fluids should not be
restricted, and serum sodium should be monitored every 6-8
hours when vaptans are being used. Vaptans should not be
used in patients with hypovolemic hyponatremia, and their
effectiveness might be reduced in patients with renal failure
[87]. Due to the risk of liver injury, FDA issued a warning to
not administer vaptans for more than 30 days or in patients
with the underlying chronic liver disease [88]. In general, the
role of vaptans in hyponatremic patients with HF is limited
mainly to patients who failed adequate correction with other
medical management strategies.

4.5. Tolvaptan

In an investigation called “Study of Ascending Levels of
Tolvaptan in Hyponatremia” (SALT-1 and -2), an improve-
ment in serum sodium level and cognitive ability in the tol-
vaptan group in comparison with the control arm was re-
ported, but only 30% of subjects had HF [87]. Several other
studies have also shown improvement in serum sodium with
the use of vaptans, but outcomes in the long term remained
unknown [64, 74]. The EVEREST trial (efficacy of
Vasopressin antagonism in HF outcome study with tolvap-
tan) was an event-driven, randomized, double-blind, pla-
cebo-controlled trial designed to examine the acute and
chronic effects of a fixed dose (30 m/day) of tolvaptan [88].
Tolvaptan induced normalization of serum sodium. How-
ever, its use did not show a significant reduction in all-cause
mortality, readmission rates in patients with Na <135 while
indicated an improved survival free from cardiovascular
death or readmission in patients with Na <130 [89, 90]. A
post hoc analysis of the EVEREST database showed that in
the hyponatremia subgroup tolvaptan was associated with
greater weight loss, greater likelihood of normalization of
serum sodium, less likelihood of having a decrease to a more
severe level of hyponatremia; and greater relief of dyspnea,
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with no effects on long-term outcomes [90]. The Targeting
Acute Congestion with Tolvaptan in Congestive Heart Fail-
ure (TACTICS-HF) trial showed no improvement in dyspnea
relief or long-term outcomes despite greater weight loss and
fluid loss [91]. At higher doses of 60 to 90 mg/day, Tolvap-
tan has shown a non-statistically significant increase in ad-
verse effects, and renal failure [92]. Tolvaptan has been ap-
proved in the US for patients with clinically significant hy-
pervolemic and euvolemic hyponatremia with a serum so-
dium of <125, who did not respond to fluid restriction and
diuretics [56, 57].

4.6. Conivaptan

Conivaptan is a V1A and V2-receptor blocker that is ad-
ministered intravenously [64]. The hemodynamic effects of
conivaptan have been evaluated in small studies with chronic
stable HF patients on standard medical treatment [64]. The
addition of conivaptan to furosemide showed an increase in
urine volumes, as well as urine sodium excretion [93]; pul-
monary capillary wedge pressure and right atrial pressure
showed a decrease [94]. Despite potentially favorable toler-
ability profile of conivaptan in these small studies [64, 95,
96], it is still currently suggested that conivaptan should not
be used in patients with HF; given there is no strong evi-
dence suggesting benefits as treatment for HF [96]. In addi-
tion, significant hypotension can occur in patients receiving
conivaptan therapy [97, 98].

4.7. Lixivaptan

Lixivaptan is an oral, V2-receptor antagonist [64].
Lixivaptan’s safety and effects in hospitalized patients
with worsening HF and hyponatremia are currently being
evaluated in a randomized, double-blind, placebo-
controlled trial [99]. The BALANCE (Treatment of Hy-
ponatremia Based on Lixivaptan in NYHA Class HI/IV
Cardiac Patient Evaluation) study is enrolling only pa-
tients with HF hyponatremia and utilizes tailored thera-
peutic dosing [99]. In addition to assessing whether Lix-
ivaptan can correct hyponatremia, The Balance study will
assess improvement in cognitive function and clinical
outcomes in HF patients [99]. Recruitment status has been
completed. However, the publication of results is cur-
rently awaited [100]. In general, there is no strong evi-
dence that vaptans improve outcomes in HF, and current
guidelines recommend considering them (IIb) only in pa-
tients hospitalized with volume overload, with persistent
severe and who are at risk for or having active cognitive
symptoms despite water restriction [101].

5. FUTURE DIRECTIONS

In recent years, many risk prediction models combining
clinical models with biomarkers have emerged to facilitate
prognosis assessment of HF patients in either reduced or
preserved ejection fraction in different settings [102-113].
Since hyponatremia is independently associated with ad-
verse clinical outcomes in patients with HF [103-105], a
number of predictor models incorporating serum sodium
have been developed [106-109] such as the Heart Failure
Survival Score (HFSS) [107], the Seattle Heart Failure
Model (SHFM) [108], and the metabolic exercise test data
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combined with cardiac and kidney indexes [106]. While
these models require further external validation on their
performance [102], these predictor models suggest the use-
fulness of serum sodium assessment in clinical care for
patients with HF. In the era of big data, implementing
sophisticate analytical techniques such as artificial intelli-
gence to analyze serum sodium from multiple EHRs may
be useful [114-116].

Hyponatremia in patients with HF remains a challenge
for clinicians, and available treatment options are limited.
Ongoing studies are still underway to determine the utility of
vasopressin receptor antagonists whether they have an im-
pact on long-term outcomes [109]. Currently, there is ongo-
ing randomized controlled trial NCT02183792, The Aquare-
sis Utility for Hyponatremic Acute Heart Failure Study
(AQUA-HF), comparing the effects of tolvaptan-based
aquaretic regimen versus furosemide infusion in acute HF
with hyponatremia. The findings from this study will poten-
tially provide more information on the efficacy and safety
outcomes of a tolvaptan-based diuretic regimen, compared to
a furosemide-based regimen in hyponatremic acute HF pa-
tients.

CONCLUSION

Pathophysiology of hyponatremia in HF patients is often
multifactorial. Clinical and biochemical evaluation often
helps in differentiating dilutional from depletional hypona-
tremia to guide treatment strategies. The presence of hypona-
tremia in patients with HF is associated with increased risk
of morbidity and mortality reflecting the severity of HF, or a
direct effect of hyponatremia. Hyponatremia with severe
symptoms is a medical emergency, and due to the high risk
of neurologic sequelae, should be treated regardless of the
patient’s volume status. Currently, fluid restriction and loop
diuretics remain cornerstones of dilutional hyponatremia
management in patients with HF. Although V2 receptor an-
tagonists are considered as potentially promising treatments
for refractory hypervolemic hyponatremia in patients with
HF, resulting in improvement in serum sodium, improved
dyspnea, negative fluid balance, and weight loss, these po-
tential short-term effects have not translated in improve-
ments in long-term clinical outcomes and require future stud-
ies.
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