
Pituitary (2024) 27:889–897
https://doi.org/10.1007/s11102-024-01446-4

encountered in clinical practice. Essentially, hyponatremia 
covers every field of medicine.

According to serum osmolality, hyponatremia can be 
divided into hypotonic and non-hypotonic forms [4]. Non-
hypotonic hyponatremias include hypertonic hyponatremia, 
also defined as translational hyponatremia, isotonic hypona-
tremia, and pseudohyponatremia [4, 5]. Hypertonic hypo-
natremia is the result of a shift of water from cells into the 
extracellular fluid. In case of hyperglycemia, for instance, 
this shift is driven by the accumulation of glucose into the 
extracellular compartment. Isotonic hyponatremia may 
occur as a consequence of the retention of isotonic fluids 
that do not contain sodium into the extracellular space. This 
situation may be secondary to the infusion of large volumes 
of isotonic fluids during uro/gynecological surgery. Finally, 
pseudohyponatremia is the result of a laboratory artifact that 
occurs in the presence of severe hypertriglyceridemia or 
paraproteinemia, when serum [Na+] is measured by flame 
photometry [4, 5]. Hypotonic hyponatremia, also indicated 
as dilutional hyponatremia, is characterized by an excess of 
water in relation to sodium. This situation is most often due 
to impaired renal excretion of water and less frequently to 

Introduction

Hyponatremia is the most common electrolyte disorder 
among hospitalized patients. Based on the reduction of 
serum sodium concentration ([Na+]), mild hyponatremia 
(serum [Na+] between 130 and 135 mEq/L) occurs in about 
20% of patients, and moderate/severe hyponatremia (serum 
[Na+] < 130 mEq/L) is found in up to 7% of patients [1–3]. 
Such a frequent occurrence is not surprising, if the differ-
ent pathological conditions that can be associated with this 
electrolyte alteration are considered. Admittedly, hypona-
tremia encompasses a broad spectrum of different situations 
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Abstract
Hyponatremia is the most frequent electrolyte alteration among hospitalized patients and it has been reported in 20–40% 
of patients with SARS-CoV-2 (COVID-19) infection. Multiple causes of hyponatremia have been hypothesized in these 
patients. The syndrome of inappropriate antidiuresis (SIAD) has been considered one of the main reasons leading to 
hyponatremia in this condition. SIAD can be secondary to cytokines release, in particular IL-6. Positive pressure ventila-
tion can be another cause of hyponatremia due to SIAD. Other possible etiologies of hyponatremia in COVID-19 patients 
can be related to secondary hypocortisolism, nausea, vomiting, heart and kidney damage. Similar to many other clinical 
conditions, there is strong evidence that hyponatremia is associated with a worse prognosis also in patients with COVID-
19 infection. In particular, hyponatremia has been identified as an independent risk of ICU transfer, need of non-invasive 
ventilation and death. Hyponatremia in COVID-19 patients is in principle acute and symptomatic and should be treated 
as such, according to the published guidelines. Therefore, patients should be initially treated with i.v. hypertonic saline 
(3% NaCl) infusion and serum [Na+] should be frequently monitored, in order to remain within a safe rate of correc-
tion. There is evidence showing that serum [Na+] correction is associated with a better outcome in different pathologies, 
including COVID-19 infection.
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an excess of water intake in a short period of time (i.e. water 
intoxication). Patients, in which hyponatremia is a conse-
quence of impaired renal excretion of water, can be divided 
into three categories, according to the extracellular fluid vol-
ume (EFV), which can be reduced, normal or increased [6] 
(Fig. 1). To address EFV instead of volemia appears more 
appropriate to describe different forms of hyponatremia, 
because the former includes both the circulating volume 
and the interstitial fluids. Therefore, in this review the terms 
hyponatremia with reduced, normal or increased EFV will 
be used instead of the most commonly used hypovolemic, 
normovolemic and hypervolemic hyponatremia.

One of the most common forms of hyponatremia found 
in clinical grounds is related to the Syndrome of Inappropri-
ate Anti Diuresis (SIAD), which is classified as a hypotonic 
hyponatremia with a normal EFV. Additional diagnostic 
criteria of this condition include a urinary osmolality > 100 
mOsm/kg and a urinary [Na+] > 40 mEq/L with normal 
dietary salt intake, normal adrenal and thyroid function and 
no recent use of diuretics [7]. SIAD, which is due in most 
cases to arginine vasopressin (AVP) release not caused by 
increased serum osmolality (hence the previous name Syn-
drome of Inappropriate Anti Diuretic Hormone secretion), 
may be secondary to a number of different pathologies (e.g. 
tumors, central nervous system diseases, pulmonary dis-
eases), as well as to treatment with different drugs.

The clinical features of hyponatremia depend on the 
degree of serum [Na+] reduction, but also on the time of 
onset. In principle, patients with severe acute hyponatre-
mia are more compromised (e.g. seizures, delirium, stupor, 
coma) than those with chronic hyponatremia (e.g. dizziness, 
gait alterations, headache, neurocognitive impairment, nau-
sea, vomit). Interestingly, hyponatremia has been associated 
with bone loss and an increased risk of fractures [8], inde-
pendent of bone density [9, 10]. Noteworthy, hyponatremia 
has been identified as an independent risk of death in several 
morbidities, including cancer [11–14]. Besides its clinical 
impact, low serum [Na+] represents a social and economic 
burden, because it causes an increased use of healthcare 
resources and a longer stay in the hospital, overall resulting 
in higher health-related costs [15].

The treatment of hyponatremia is variable, depending 
in principle on the EFV and on the severity of symptoms. 
In severely symptomatic hyponatremia, i.v. hypertonic 
(3% NaCl) saline solution should be administered, inde-
pendent of the EFV. In non-critical situations, rehydration 
with isotonic (0.9% NaCl) saline infusion is the mainstay 
therapy for hyponatremia with reduced EFV. Hyponatremic 
patients with normal or increased EFV may be treated with 
fluid restriction, urea, loop diuretics, vaptans [16, 17]. The 
use of tolvaptan, the only vaptan available in Europe, has 
been restricted to patients with hyponatremia secondary to 
SIAD [18]. More recently, the use of sodium-glucose co-
transporter-2 (SGLT-2) inhibitors in patients with SIAD has 
been advocated [19]. Noteworthy, the rate of serum [Na+] 
correction remains a critical issue, especially in chronic 
hyponatremia, because of the risk that an increase beyond 
8–10 mEq/L in 24 h may cause osmotic demyelination [16, 
17, 20, 21].

COVID-19 and hyponatremia: the numbers

It was in March 2020 that the WHO declared SARS-CoV-2 
(COVID-19) infection pandemic. Since then, more than 
700  million cases have been confirmed worldwide at the 
beginning of 2024, with more than 7 million deaths.

Among the hundreds of thousands of manuscripts related 
to COVID-19 infection, a Medline search using the words 
“COVID-19” and “hyponatremia” retrieved 229 articles by 
June 24 2024.

In the 2003 SARS-CoV-1 infection, hyponatremia had 
been reported in 30–60% of affected patients [22–24]. In 
COVID-19 infection 20–40% of patients were hypona-
tremic at hospital admission [25–30]. A meta-analysis that 
included 23 studies reported a pooled prevalence of hypo-
natremia among COVID-19 patients of 25.8% [95% CI, 
21.8–30.2%] [31].

When hyponatremia was categorized based on the 
extent of serum [Na+] reduction, most frequently mild 
(serum [Na+] 130–134 mEq/L) hyponatremia occurred, as 
expected. In one study, mild hyponatremia was found in 

Fig. 1  Etiology of hypotonic 
hyponatremia, according to the 
extracellular volume status
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22% of patients, moderate (serum [Na+] 121–129 mEq/L) 
hyponatremia in 7% of cases, and severe (serum [Na+] ≤ 120 
mEq/L) in 1% of cases [26]. In another study, 16.7% of 
patients had a serum [Na+] between 130 and 134 mEq/L, 
2.5% between 125 and 129 mEq/l, 0.9% between 121 and 
124 mEq/L and 0.4% ≤120 mEq/L [25]. In a study authored 
by the Northwell Nephrology COVID-19 Research Consor-
tium, in 35.5% of patients mild hyponatremia was detected, 
whereas serum [Na+] < 130 mEq/L was reported in 9.1% of 
cases [28]. In a Ducth study, 25.1% of patients presented 
with serum [Na+] ranging 131–134 mEq/L, 7.5% with 
serum [Na+] ranging 126–130 mEq/L and 1.8% with serum 
[Na+] ≤ 125 mEq/L [30].

One study analyzed retrospective cohort studies, aiming 
to assess whether hyponatremia in COVID-19 patients per-
sists in the subacute (30–90 days) and chronic (> 90 days) 
period [32]. Cohorts of patients at high risk of hyponatremia 
were divided into two groups: COVID-19 patients and no-
COVID-19 patients. The authors found that patients with 
COVID-19 infection had a higher risk to have acute and 
subacute, but not chronic, hyponatremia than other patients. 
These findings are in agreement with the idea that, once the 
inflammation resolves, serum [Na+] returns to pre-infection 
levels.

Etiopathogenesis of hyponatremia in 
COVID-19 infection

The identification of the etiopathogenesis of hyponatremia 
in COVID-19 infection is not obvious. First, as a general 
consideration, patients may present more than one condi-
tion leading to a reduced serum [Na+]. In addition, it is well 
known that a number of drugs can cause hyponatremia. 
Finally, most of the published studies on COVID-19 and 
hyponatremia, did not address this issue.

Some reports tried to assess the EFV in hyponatremic 
COVID-19 patients, based on clinical and biochemical 
evaluation. Keeping in mind that the heterogeneity of the 
data is likely due to the fact that the studies have been per-
formed by different groups, the ratio between hyponatremia 
with reduced or normal EFV in four published studies was 
75%/25% [33], 53.9%/46.1% [34], 55.1%/44.9% [35] and 
42.8%/57.2% [36].

Overall, SIAD has been described as one of the main 
causes of hyponatremia in COVID-19 infection. Non-
osmotically induced AVP secretion appears to be stimulated 
by pro-inflammatory cytokines released by monocytes and 
macrophages from infected patients [37–39]. Among these, 
IL-6 is a known factor that can induce AVP secretion, thus 
causing SIAD [40, 41]. Accordingly, in IL-6 gene knockout 
mice, the expression levels of AVP in the paraventricular 

nucleus were reduced [42]. In the first published study that 
addressed this issue during the COVID-19 pandemia, we 
showed the presence of an inverse relationship between 
serum [Na+] and IL-6 in a small cohort of COVID-19 
patients [43]. Hyponatremic patients (lowest serum [Na+] 
128 mEq/L) were divided into two groups: one group 
received treatment with tocilizumab, a humanized anti-IL-6 
receptor antibody, whereas the other group did not. A sig-
nificant increase in serum [Na+] was observed in patients 
treated with tocilizumab, compared to the control patients. 
These data further support the role of IL-6 in inducing hypo-
natremia. It is worth mentioning that tocilizumab has been 
effectively used in the treatment of seriously ill patients with 
COVID-19 infection [44]. The inverse relationship between 
serum [Na+] and IL-6 was confirmed in a subsequent study 
that collected data from 380 patients hospitalized at the 
Careggi University Hospital in Florence, Italy [29], as well 
as in a Swiss study that included 184 COVID-19 patients 
[45]. This study also demonstrated that such a relationship is 
stronger in COVID-19 infection than in other viral or bacte-
rial infections.

Another possible etiology of SIAD in COVID-19 
infection has been related to positive pressure ventilation, 
which is a known cause of hyponatremia. In this con-
dition SIAD is probably a consequence of non-osmotic 
stimulation of AVP secretion, which can be induced by 
pulmonary venous baroreceptors activation in response 
to a reduction in effective blood volume [46].

Euvolemic hyponatremia in COVID-19 patients has 
been also associated to secondary hypocortisolism. In 
one study, 40% of 61 patients had low serum ACTH and 
cortisol levels [47]. The authors suggested that the viral 
infection might have induced a reversible hypophysitis 
or a direct hypothalamic damage. Interestingly, angio-
tensin converting enzyme 2 (ACE2) expression has been 
detected in different areas of the brain, including the 
hypothalamus and the pituitary [48]. It is well known that 
ACE2 has an important role in facilitating the entry of 
the virus into host cells. It is also worth mentioning that 
anti-ACTH antibodies have been detected in the serum of 
COVID-19 patients, which may lead to secondary hypo-
cortisolism. Because similarities in amino acid sequences 
of SARS-CoV-2 and ACTH have been found, the pres-
ence of anti-ACTH antibodies has been suggested as a 
possible mechanism of the virus to evade the immune 
response [49].

In addition, Critical Illness-Related Corticosteroid 
Insufficiency (CIRCI), which is defined as a dynamic 
condition characterized by inappropriate cellular activity 
of glucocorticoids compared to the severity of the dis-
ease, has been associated with COVID-19 infection [50]. 
A possible explanation for the reduced cortisol secretion 
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Prognostic value of hyponatremia in 
COVID-19 patients

Hyponatremia is known to be associated with a worse prog-
nosis in a number of clinical conditions, including cancer, as 
previously mentioned. Early studies suggested that this was 
the case also among COVID-19 patients.

In our previously mentioned study, which included a 
small group of patients, we found a direct relationship 
between serum [Na+] and PaO2/FiO2 ratio at admission 
and an inverse relationship between serum [Na+] and IL-6 
levels [43]. Hyponatremia was associated with a more fre-
quent transfer to ICU, need of non-invasive ventilation and 
death. We suggested that serum [Na+] measurement, which 
is more readily available than IL-6, might be used as a sur-
rogate biomarker of disease severity.

In our subsequent study, which reported data on 380 
patients with COVID-19 infection, we confirmed the pres-
ence of a direct relationship between serum [Na+] and PaO2/
FiO2 ratio and an inverse relationship between serum [Na+] 
and IL-6. Again, hyponatremic patients had a more severe 
disease and a 2.7 fold higher risk of in-hospital mortality 
than normonatremic ones [29]. In particular, for each mEq/L 
of serum [Na+] reduction, a 14.4% increased risk of death 
was calculated. Other studies showed that higher IL-6 levels 
were associated with a greater disease burden [58, 59].

A number of other published manuscripts have addressed 
the issue of hyponatremia as a predictor of a worse outcome 
in patients with COVID-19 infection, and in most cases 
such a relationship was confirmed. One study analyzed 
many variables possibly associated with a progression to 
a more severe disease. Hyponatremia, together with pul-
monary inflammation indexes, platelet counts, C-reactive 
protein and prealbumin levels, and PaCO2, was among the 
most powerful variables predicting a heavier disease burden 
[60]. In another study, a pooled analysis of 1415 COVID-
19 patients from 5 different studies, was performed, aim-
ing to assess the relationship between a more severe disease 
and electrolyte abnormalities. Lower serum [Na+], [K+] 

was based on the observation that vasopressors were 
among the treatments used in COVID-19 patients with 
severe acute respiratory syndrome [51]. ACE2 receptor 
and transmembrane serine protease 2 immunopositivity 
was found in adrenocortical cells (zona fasciculata and 
zona reticularis). Reduced serum cortisol levels were 
found in the majority of critically ill patients and were 
possibly attributed to a damage of the zona fasciculata of 
the adrenal cortex (primary adrenal insufficiency or Addi-
son’s disease) [51]. Other precipitating factors leading to 
CIRCI in COVID-19 infection have been hypothesized, 
such as the increased activity of 11-β hydroxysteroid 
dehydrogenase type 2, which inactivates cortisol, or the 
decreased expression levels and affinity of cortisol recep-
tors [51].

Another mechanism that can determine serum [Na+] 
reduction is related to fluid loss, due for instance to 
vomiting or diarrhea consequent to viral replication in 
intestinal epithelial cells [52], with an excessive gastro-
intestinal sodium loss [53]. A report concluded that about 
60% of patients with COVID-19 who presented diarrhea 
had hyponatremia [54].

Finally, COVID-19-associated kidney or heart dam-
age, two conditions known to cause hyponatremia with 
an increased EFV, may play a role in reducing serum 
[Na+] in affected patients. Viral entry into the kidney in 
COVID-19 patients is facilitated by the extensive renal 
localization of ACE2, which the virus employs as a gate-
way [55]. Viral particles have been detected in the proxi-
mal convoluted tubule and in podocytes, thus suggesting 
a direct renal cell damage [55]. IL-6 release can precipi-
tate acute kidney injury, documented by glomerular alter-
ations, and acute tubular necrosis [55]. In the heart, ACE2 
expression in the cell membrane of myocytes facilitates 
virus access [56]. Cardiomyocyte damage results in mus-
cle hypofunction and heart failure [57] Fig. 2.

Fig. 2  Possible causes of hypo-
natremia in COVID-19 infection. 
PPV = positive pressure ventila-
tion; EFV = extracellular fluid 
volume
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echocardiography, and a greater pulmonary involvement, as 
indicated by a higher RALE (for Radiographic Assessment 
of Lung Edema) score.

Another study aimed to determine whether there was an 
association between hyponatremia correction and patients’ 
outcome. Among 414 patients admitted for COVID-19 
infection, 91 were hyponatremic at admission. Those, in 
which hyponatremia had been corrected at 72–96 h, had a 
lower mortality rate compared to those with persistent low 
serum [Na+] [72].

Management of hyponatremia in COVID-19 
patients

The treatment of hyponatremia in COVID-19 patients is 
in principle based on the known recommendations for the 
management of hyponatremia [16, 17]. However, it has to 
be considered that in this setting patients may not be suit-
able for fluid restriction in view of increased fluid losses due 
to hyperthermia, vomiting and/or diarrhea, and malnutrition 
[73]. Although clinical experience on the use of other medi-
cations for hyponatremia in COVID-19 patients remains 
limited, the use of tolvaptan or urea may be considered [73]. 
To our knowledge, data about the possible use of SGLT-2 
inhibitors in these patients are lacking.

In principle, hyponatremia should be virtually considered 
an acute event in this scenario, unless it is already present 
for different reasons. Therefore, similarly to hyponatre-
mia caused by etiologies other than COVID-19 infection, 
patients with acute, symptomatic hyponatremia should 
receive hypertonic (3% NaCl) saline infusion regardless 
of the EFV status [16, 17]. According to the published rec-
ommendations, in the presence of severe symptoms i.v. 
boluses (100/150 mL over 10/20 minutes and repeated until 
an increase in serum [Na+] of about 5 mEq/L is obtained) 
should be used. In such a situation, boluses have been shown 
to be more effective than i.v. continuous infusion, in terms 
of a higher increase in serum [Na+] and a higher improve-
ment of the Glasgow Coma Scale at 6 and 12 h [74]. How-
ever, in COVID-19 patients additional caution should be 
deserved for severely ill patients, because an excessive rate 
of infusion might facilitate pulmonary edema [75]. There-
fore, continuous i.v. infusion of hypertonic saline solution at 
a reduced rate might represent a safer approach. Indications 
on the management of hyponatremia in COVID-19 patients 
are summarized in Table 1.

With regard to the 24 h and 48 h limits, published guide-
lines suggest that serum [Na+] increases should be lim-
ited to ≤ 8 mEq/L and ≤ 18 mEq/L, respectively [15, 16]. 
Although the risk of osmotic demyelination syndrome 
(ODS) is reduced in acute hyponatremia, in patients at high 

and [Ca++] were found to correlate with disease sever-
ity [61]. Hyponatremia, hypochloremia and hypocalcemia 
were associated with a more frequent access to ICU units 
in a study from Turkey. Here, hyponatremia in particular 
appeared an independent risk factor for death [62].  Again, 
in a cohort of Chinese patients, each one of the above men-
tioned electrolyte disorders was associated with a longer 
hospitalization [63]. A study performed in New York City, 
which assessed the relationship between serum [Na+] and 
severity of COVID-19 infection in 4645 patients, found 
that hyponatremia occurred in 1373 cases [26]. A signifi-
cant correlation between the severity of hyponatremia and 
a more negative outcome was found. In particular, patients 
with moderate (serum [Na+] 121–130 mEq/L) and severe 
(serum [Na+] ≤ 120 mEq/L) hyponatremia more frequently 
required invasive mechanical ventilation and had a longer 
hospitalization [26].

More recent retrospective studies confirmed the ini-
tial findings. A Japanese multicenter cohort study, which 
reported data from 1055 patients with COVID-19 infec-
tion, showed that a lower initial serum [Na+] predicted an 
increased risk of oxygen therapy and of in-hospital death 
[64]. A meta-analysis of 28 observational studies for a total 
of 953 COVID-19 patients demonstrated that hyponatremia, 
hypernatremia or hypocalcemia were associated with a poor 
COVID-19 outcome, defined as a composite of ICU admis-
sion, respiratory aid, acute respiratory distress syndrome 
and death [65]. The presence of hypocalcemia, as one of the 
most frequent electrolyte alterations in COVID-19 patients, 
and its association with a more severe outcome have been 
reported also by other authors [66, 67]. Interestingly, hypo-
calcemia and hypovitaminosis D have been related to 
skeletal complications, including vertebral fractures [67]. 
It is worth mentioning that hyponatremia has been also 
addressed as a risk factor for osteoporosis and bone frac-
tures [68] and that the activation of inflammatory immune 
cells in response to COVID-19 infection has been associ-
ated with bone loss [69].

Some studies reported that hyponatremia is more fre-
quent in male COVID-19 patients and that it is associated 
with a more severe outcome than in females [26, 35, 70].

Interestingly, it was observed that hyponatremia at 
admission may also affect the health status at follow-up. We 
performed an observational study in which 6-month follow-
up data were collected from 189 patients with a previous 
hospitalization for COVID-19 infection. Among them, 
25% had hyponatremia at admission [71]. In these patients, 
despite serum [Na+] normalization at follow-up, higher 
levels of LDH, fibrinogen, troponin T and NT-ProBNP 
were detected compared to those with normonatremia at 
admission. Furthermore, early hyponatremia was associ-
ated with a worse right ventricular function, as assessed by 
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Conclusions

Hyponatremia is frequently observed in hospitalized 
patients, and this was also confirmed in patients admitted 
with COVID-19 infection. In such a scenario, hyponatremia 
associated with different etiologies was reported at hospi-
tal admission in about 25% of patients. Noteworthy, similar 
to what is known for many other pathological conditions, 
hyponatremia was associated with a worse outcome also 
in COVID-19 patients. Hence, this electrolyte alteration 
deserves careful medical attention also in this condition, in 
order to use the appropriate treatment strategies, aiming to 
promptly and safely increase serum [Na+].
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risk of ODS (i.e. serum [Na+] ≤ 105 mEq/L, hypokalemia, 
alcoholism, malnutrition, advanced liver disease), the limit 
of correction of serum [Na+] in the first 24 h should be low-
ered to 6 mEq/L [16]. A case report-review article published 
in 2024 retrieved a total of 14 confirmed cases of ODS in 
patients with COVID-19 infection, in addition to the case 
presented in the article [76]. However, in most cases nei-
ther the initial serum [Na+] nor the rate of correction were 
reported. As a matter of fact, initial hyponatremia was doc-
umented only in 4 cases. Among the few cases, in which 
serum [Na+] increase was reported, apparently only in one 
case the established limits of correction were exceeded (38 
mEq/L serum [Na+] increase in 48 h). It has to be said, as 
the authors mention, that the diagnosis of ODS is difficult 
in ICU, where encephalopathies of different etiologies are 
rather common. The gold standard for the diagnosis of 
ODS relies on an MRI assessment. MRI may not be easily 
feasible in an ICU setting and among the 15 cases of ODS 
reported in the literature it was performed in only 6 cases. It 
has to be also added that ODS, which is due to extracellu-
lar osmotic changes resulting in oligodendrocyte apoptosis 
and disruption of myelin sheaths, may be caused by condi-
tions other than rapid serum [Na+] correction. These include 
other electrolyte alterations, such as hypophosphatemia or 
hypokalemia, hyperglycemia, decreased food intake [77]. 
Thus, admittedly the association between serum [Na+] cor-
rection and ODS in COVID-19 patients, as reported in the 
literature, appears in most cases elusive.

Besides the risk represented by an overly rapid correc-
tion of hyponatremia, also inappropriate treatment strate-
gies may lead to negative consequences. This aspect has 
been covered by an afore mentioned retrospective study, 
which analyzed 247 patients with COVID-19 infection and 
hyponatremia (mostly mild), admitted to a tertiary hospi-
tal in Madrid, Spain [36].  EFV was clinically assessed in 
208 patients and in 57.2% it was considered normal. Most 
patients with hyponatremia and a normal EFV were incor-
rectly treated with isotonic saline solution. A higher mortal-
ity rate was observed in these patients, compared to those 
correctly treated or left untreated, which was possibly attrib-
uted by the authors to the higher rate of uncorrected hypona-
tremia, yet not statistically significant, and to fluid overload.

Table 1  Treatment of hyponatremia in COVID-19 patients
Routine Care According to guidelines [0.9% NaCl i.v. if EFV is reduced, otherwise fluid 

restriction (but it may not be possible), urea, loop diuretics, tolvaptan [16, 
17, 73]

Acute synthomatic 3% NaCl i.v.
▪ Preferably continuous infusion
▪ Desired limit of serum [Na+] correction: 8 mEq/L /24 h or 18 mEq/L /48 h

EFV = extracellular fluid volume
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