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INTRODUCTION

Hyponatremia is the most common electrolyte disturbance 
encountered in clinical practice and is associated with in-
creased mortality and morbidity rates.1 Liver disease, espe-
cially cirrhosis, is a relatively frequent etiology of hyponatre-

mia. Hyponatremia in liver cirrhosis is typically defined as a 
serum sodium (sNa) concentration <135 mmol/L; however, 
some experts have defined hyponatremia as an sNa concen-
tration <130 mmol/L.2,3 The prevalence of sNa concentrations 
<135 mmol/L, <130 mmol/L, <125 mmol/L, and <120 mmol/
L are 49.4%, 21.6%, 5.74%, and 1.2% in patients with liver cir-
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rhosis, respectively.3 Several studies have confirmed that hy-
ponatremia in advanced liver cirrhosis is associated with poor 
outcomes, including refractory ascites (RA), hepatic encepha-
lopathy (HE), hepatorenal syndrome (HRS), and mortality in 
advanced liver disease.4-6 Given that sNa levels have been in-
tegrated into the model for the end-stage liver disease 
(MELD) score, which is used to determine liver transplanta-
tion (LT) priority, hyponatremia management is crucial.7 

Herein, we review the causes, factors, clinical features, and 
pathophysiology of hyponatremia in patients with liver dis-
ease. We also discuss the general treatment for hyponatre-
mia in this patient population and management of hypona-
tremia before LT.

PATHOPHYSIOLOGY OF HYPOTONIC HYPONA-
TREMIA IN LIVER DISEASE 

The mechanisms of hyponatremia are mainly cirrhosis-in-
duced hemodynamic compromise and other pathogenetic 
or superimposed factors.

Hypervolemic hyponatremia in patients with 
cirrhosis (primary mechanism) (Fig. 1)

Systemic or splanchnic vasodilation
The primary pathophysiologic mechanisms that lead to hy-

pervolemic hyponatremia in patients with cirrhosis are sys-
temic vasodilation and arterial underfilling.8 Hyperdynamic 
circulation, resulting in increased cardiac output, which 
markedly reduces systemic vascular resistance and decreases 
mean arterial pressure, is common among patients with cir-
rhosis and progressive portal hypertension.9,10 A significant 
decrease in vascular resistance is mainly associated with 
splanchnic vasodilation, owing to an increase in vasodilators 
and an opening of portosystemic collaterals.8,11 Among vaso-
dilators, the most important mediator is nitric oxide released 
by endothelial cells. Other vasodilators, such as glucagon, va-
soactive intestinal peptide, substance P, platelet-activating 
factor, prostaglandins, prostacyclin, hydrogen sulfide, endo-
cannabinoids, adrenomedullin, and endothelium-derived 

hyperpolarizing factors are involved in splanchnic vasodila-
tion.12,13 Vascular endothelial growth factors, tumor necrosis 
factor-alpha, mechanical stimuli due to shear stress, and de-
creased endotoxin or bacterial DNA clearance exist in the 
gastrointestinal tract due to dysfunction of the reticuloendo-
thelial function and portal-systemic shunting.12,14,15 Extrahe-
patic hyporeactivity to vasoconstrictors (endothelin-1, 
thromboxane A2, leukotrienes, norepinephrine, and antidi-
uretic hormone [ADH]) also contributes to systemic vasodila-
tion, which is mediated by G protein-coupled transmem-
brane receptors.14 

Activation of endogenous vasoconstrictors (renin-
angiotensin-aldosterone system, sympathetic nervous 
system, and ADH)

Systemic or splanchnic vasodilation and lack of arterial fill-
ing cause decreased carotid and renal baroreceptor pressure 
in patients with cirrhosis and portal hypertension.14 As pres-
sure is reduced due to a decrease in the effective circulation 
volume, sodium retention mechanisms, such as the renin-an-
giotensin-aldosterone system, sympathetic nervous system, 
and ADH, are activated to retain sodium and water.16-19 Al-
though these factors increase extracellular sodium stores, 
plasma volume, and cardiac output, the net effect is sodium 
and water reabsorption by the kidneys because the patient is 
substantially depleted of body fluid.15,20 Serum osmolality is 
generally low in patients with decompensated cirrhosis; thus, 
ADH must be suppressed by osmotic stimulation.15 However, 
non-osmotic stimuli act predominantly over osmotic stimuli 
to cause hyponatremia in patients with decompensated liver 
cirrhosis.15 ADH released in response to hypovolemia in liver 
cirrhosis increases water permeability in the collecting ducts 
of the kidneys via aquaporin 2, a water channel protein.21-26 
This is one of the mechanisms leading to hypervolemic, dilu-
tional hyponatremia in liver cirrhosis.14,15

Other causes of hypotonic hyponatremia in 
patients with liver disease

Hypervolemic hyponatremia 
Kidney failure related to end-stage liver disease or acute 

Abbreviations: 
ADH, antidiuretic hormone; ECF, extracellular fluid; HF, heart failure; HE, hepatic encephalopathy; HRS, hepatorenal syndrome; LT, liver transplantation; MELD, model for 
end-stage liver disease; ODS, osmotic demyelination syndrome; RA, refractory ascites; SIAD, syndrome of inappropriate antidiuretics; sNa, serum sodium
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Figure 1. Pathogenesis of hypervolemic hyponatremia in patients with liver cirrhosis. ADH, antidiuretic hormone; DNA, deoxyribonucleic acid; 
NO, nitric oxide; PG, prostaglandin; RES, reticuloendothelial system.
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kidney injury, including HRS, impairs urine dilution and 
causes dilutional hyponatremia accompanied by water reten-
tion.1,27-29 Nephrotic syndrome due to hepatitis B or C viral in-
fection causes hyponatremia.27,30,31 Coexistent cardiac disor-
ders, including heart failure (HF) or cardiomyopathy (e.g., 
alcoholic or hemochromatosis) in patients with liver disease, 
may result in hyponatremia via neurohormonal mecha-
nisms.27,32

Hypovolemic hyponatremia 
Depletion of effective arterial volume via non-renal sodium 

loss (lactulose-associated diarrhea or vomiting), renal sodium 
loss (diuretics such as spironolactone/eplerenone), or primary 
adrenal insufficiency (autoimmune adrenalitis in autoim-
mune hepatitis or adrenal tuberculosis in alcoholics) can 
markedly increase secondary ADH release leading to water 
retention.1,27,33 

Euvolemic hyponatremia 
Syndrome of inappropriate antidiuresis (SIAD) may be 

caused by infection or medications used in the treatment of 
liver disease (terlipressin,34 -36 interferon, brivanib,37 

sorafenib,37 cixutumumab,38 and boceprevir39), acute inter-
mittent porphyria, and malignancy (hepatocellular carcino-
ma).27 Endocrine disorders, including secondary adrenal in-
sufficiency (caused by the pituitary gland or hypothalamus) 
or severe hypothyroidism, are rare causes of hyponatremia in 
patients with liver disease.

CLASSIFICATION OF HYPONATREMIA 

The accurate classification of hyponatremia in patients with 
liver disease is crucial for appropriate diagnosis and manage-
ment. Hyponatremia is commonly classified based on the 
sNa concentration, severity of clinical symptoms, duration, 
and extracellular fluid (ECF) status (Table 1). 

Classification of hyponatremia based on the 
severity of clinical symptoms and duration

According to the severity of clinical symptoms, hyponatre-
mia can be divided into either moderate (nausea, confusion, 
and headache) or severe/profound (vomiting, seizure, cardio-
pulmonary collapse, and coma). Based on the duration, hy-

ponatremia can be differentiated as acute (<48 h) or chronic 
(>48 h).1 Patients with acute hyponatremia develop neuro-
logical symptoms due to cerebral edema because they do 
not have enough time to develop mechanisms that can pre-
vent cerebral edema.40 However, most patients with ad-
vanced cirrhosis have chronic hyponatremia, which allows for 
astrocytes to adapt and thus symptoms may not appear, 
making a diagnosis based on symptoms difficult.15

Classification of hyponatremia based on 
volume status 

Hyponatremia is classified into three types according to 
their ECF status: hypervolemic, euvolemic, and hypovolemic 
hyponatremia.41-43 Patients with liver cirrhosis commonly 
have hypervolemia (increased ECF volume), characterized by 
ascites, anasarca, and/or pedal edema.2,15,20 Hypervolemia is 
caused by sodium retention with impaired free-water excre-
tion, resulting from renin-angiotensin-aldosterone or sympa-
thetic nervous system activity and ADH hypersecretion, lead-
ing to dilutional hyponatremia.2,15 Euvolemic hyponatremia is 
rare except when with SIAD or endocrine disorders, including 
adrenal insufficiency and severe hypothyroidism. Some pa-
tients (<10%) with liver cirrhosis have hypovolemic hypona-
tremia due to ECF loss after diuretic use or diarrhea/vomiting, 
characterized by a lack of ascites and pedal edema.44

DIAGNOSTIC APPROACH TO HYPONATREMIA 

Based on a comprehensive assessment of the history (re-
cent body fluid loss, high water intake with low salt, presence 
of a malignant tumor, recent surgery, and use of drugs [thia-
zide diuretics, intravenous immune globulin, and terlipres-
sin], physical examination (detailed neurologic evaluation 
and assessment of ECF volume), and laboratory findings (se-
rum and urine osmolality and urine sodium), the physician 
can determine the underlying cause of hyponatremia and 
adjust the treatment accordingly for patients with liver dis-
ease.45-47 

Steps for hyponatremia diagnosis

A practical diagnostic approach to hyponatremia, which is 
similar to that used for the general population, is utilized for 
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patients with liver disease. The step-by-step process is pre-
sented below (Fig. 2). 

Step 1. Rule out pseudohyponatremia and calculate the 
glucose-corrected sNa concentration in patients with 
hyperglycemia

The main objective of this step is to determine whether the 
hyponatremia is hypotonic. The serum osmolality is mea-
sured to differentiate hypotonicity.1 For serum osmolality 
that is <275 mOsm/kg (hypotonic hyponatremia), further 
predefined steps are followed, while for serum osmolality 
that is ≥275 mOsm/kg, hyponatremia may be hypertonic 
(usually from hyperglycemia) or isotonic (due to pseudohy-
ponatremia). In patients with hyperglycemia, the corrected 
sNa concentrations are calculated based on equations (1) and 
(2)48,49:

Hillier et al., 1999: corrected Na level=Na+0.024×(serum 
glucose [mg/dL]−100)         (1)

Katz, 1973: corrected Na level=Na+0.016×(serum glucose 
[mg/dL]−100)         (2)

Pseudohyponatremia is defined as a spurious decrease in 
plasma sodium (<135 mmol/L) due to marked hyperprotein-
emia or hyperlipidemia.1 Hyperproteinemia with increased 
globulin due to autoimmune hepatitis (elevated immuno-
globulin G), primary biliary cirrhosis, alcoholic liver disease 
(elevated immunoglobulin M and immunoglobulin A), or liv-
er cirrhosis (elevated γ-globulin) are occasionally observed in 
patients with chronic liver disease.27 Moreover, marked dys-
lipidemia is often observed in patients with liver disease. Hy-
pertriglyceridemia can occur due to excessive alcohol con-
sumption, interferon treatment, and uncontrolled diabetes 
mellitus; mixed dyslipidemia can occur due to hepatitis B vi-
rus- or C virus-related nephrotic syndrome; and hypercholes-
terolemia can occur due to primary biliary cirrhosis or other 
cholestatic liver diseases.50-53 Consequently, the aforemen-
tioned liver diseases are potential causes of pseudohypona-

Table 1. Classification on hyponatremia in liver disease

Classification

Serum sodium concentration (I) (II)†

Mild 130–134 mmol/L 125–129 mmol/L

Moderate 125–129 mmol/L 120–124 mmol/L

Severe <125 mmol/L <120 mmol/L

Severity of clinical symptoms

Asymptomatic-mild Less pronounced

Moderate Nausea without vomiting, confusion, headache, drowsiness, general 
weakness, myalgia

Severe Vomiting, stupor, seizures, coma (Glasgow Coma Scale ≤8)

Time of development

Acute <48 hours

Chronic ≥48 hours

Serum osmolality

Hypotonic <275 mOsm/kg

Isotonic (pseudohyponatremia) 275–295 mOsm/kg

Hypertonic >295 mOsm/kg

Clinical assessment of volume status

Hypervolemic Ascites, pedal edema, anasarca 90%

Euvolemic Rare

Hypovolemic No ascites/pedal edema 10%
†Hyponatremia is defined as serum sodium concentration <135 mmol/L, whereas hyponatremia is defined as serum sodium concentration 
<130 mmol/L in patients with liver cirrhosis.4
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tremia. Pseudohyponatremia is commonly observed using 
indirect ion-selective electrodes for serum electrolyte mea-
surement.19,54 Therefore, the use of direct ion-selective elec-
trodes or an osmometer for serum osmolality measurements 
is suggested to determine the true sNa concentration.19,54

Step 2. Evaluate the severity of clinical hyponatremia 
symptoms 

Symptomatic moderate or severe/profound hyponatremia 
should be treated promptly with hypertonic saline to im-
prove symptoms, and this should be prioritized over further 
diagnostic testing.1,55 If acute management has been initiated 
or there is asymptomatic or mild hyponatremia, step 3 
should be followed. 

Step 3. Measure urinary osmolality
When urinary osmolality falls to 100 mOsm/kg or below, 

which indicates maximally diluted urine, excessive water and 
hypotonic food or fluid (e.g., beer, rice wine, liquid diet) 
should be discontinued.1,55 

Step 4. Classify hyponatremia based on urine sodium 
concentration and extracellular fluid status

The ECF status is divided into hypovolemia, euvolemia, or 
hypervolemia using the patient’s history and physical exami-
nations. A urine sodium level ≤30 mmol/L indicates low ef-
fective arterial volume, including hypovolemia and hypervol-
emia. For contracted ECF volume (hypovolemia), non-renal 
sodium loss including diarrhea, vomiting, or remote diuretics 
should be considered, while for expanded ECF volume (hy-
pervolemia), liver cirrhosis, HF, and nephrotic syndrome 
should be considered. When the urine sodium level is >30 
mmol/L, diuretics and kidney disease should be ruled out 
and ECF status should be assessed. For contracted ECF vol-
ume (hypovolemia), diuretics or renal sodium loss including 
renal or cerebral salt wasting should be considered, while for 
normal ECF volume (euvolemia), SIAD, secondary adrenal in-
sufficiency, or hypothyroidism should be ruled out.1,27,55 The 
clinical assessment to determine the volume status is difficult 
as both the sensitivity (0.5–0.8) and specificity (0.3–0.5) are 
low.1 Therefore, additional modalities such as fractional ex-
cretion of sodium (with a cutoff of 1) or urea (with a cutoff of 
35) or point-of-care ultrasound (POCUS) can be helpful for 
assessing volume status.56,57 The fractional excretion of urea 

Figure 2. Hyponatremia diagnostic approach in patients with liver disease. CHF, congestive heart failure; GI, gastrointestinal; LVP, large vol-
ume paracentesis; SIAD, syndrome of inappropriate antidiuresis.
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can provide additional assistance in patients receiving diuret-
ics.57

Step 5. Conduct a rapid adrenocorticotropic hormone 
test, assess thyroid function, and measure serum creati-
nine 

Coexisting factors, including adrenal insufficiency, severe 
hypothyroidism, and kidney failure, should be evaluated. 

CLINICAL SIGNIFICANCE OF HYPONATREMIA 
IN LIVER DISEASE

Hyponatremia has been linked to higher morbidity and 
mortality in patients with acute and chronic liver disease, 
acute-on-chronic liver failure (ACLF), or those awaiting LT.58,59

Liver cirrhosis 

Several studies have found that hyponatremia in liver cir-
rhosis is associated with a high incidence of liver-related 
complications, including a high prevalence of RA, HE, sponta-
neous bacterial peritonitis, and HRS; an increased need for 
massive paracentesis; and a shorter interval between para-
centeses.3

Hepatic encephalopathy and hyponatremia 
Patients with acute hyponatremia have a higher incidence 

of neurological symptoms (such as headache, disorientation, 
confusion, focal neurological deficits, seizures, and in some 
cases, death due to brain herniation) than patients with 
chronic hyponatremia.60 Hypoosmolar hyponatremia ex-
pands astrocytes by moving water from the extracellular 
space into astrocytes to maintain osmotic balance; however, 
the expansion of brain cells is constricted due to the limited 
anatomical space.60,61 Accordingly, intracellular solutes are 
discharged in the opposite direction to reduce intracellular 
osmotic pressure. Intracellular potassium is excreted first, fol-
lowed by organic osmotic pressure, including myoinositol, 
glutamine, choline, and taurine shifts.60,61 This protective ad-
aptation mechanism can be observed in chronic hyponatre-
mia and liver disease. The secondary increase in the intracel-
lular glutamine content due to ammonia metabolism acts 
synergistically, mainly resulting in astrocyte edema and dys-
function of the glial-neuronal communication pathway.15,62,63 

Hyponatremia then further exacerbates astrocyte swelling 
and causes HE in patients with liver cirrhosis.4,15 Hyponatre-
mia is a major risk factor for HE in patients with liver cirrhosis, 
increasing HE risk by 8.36 times.4 Therefore, monitoring sNa 
levels in patients with cirrhosis is critical for preventing or 
managing HE.

Refractory ascites, acute kidney injury, and hepatore-
nal syndrome

The pathogenesis of ascites is similar to that of hyponatre-
mia due to excess water in the body, arterial vasodilation, ar-
terial underfilling, and activation of the renin-angiotensin-al-
dosterone system and ADH.64-66 In addition, a large amount 
of body fluid may accumulate due to increased intestinal 
capillary permeability resulting from the decrease in albumin 
synthesis caused by decreased liver function.66 As much as 
10% of patients with decompensated liver cirrhosis develop 
RA, characterized by severe ascites and requiring repeated 
large-volume paracenteses, even after receiving adequate 
diuretics and a salt-restricted diet.64-67 One study found the 
incidence of RA to be higher in patients with hyponatremia 
than in patients with normal concentrations of sNa (sNa level 
<130 mmol/L: 29.4% vs. sNa level >135 mmol/L: 13.5%, 
p<0.001).3 A study of American veterans showed that the 
1-year mortality rate for patients with RA was close to 70%.68 
Similarly, a study in Spain showed that the 1-year survival 
rate among patients with RA was only 31.6% and also 
showed that hyponatremia was an independent predictor of 
survival in patients with cirrhosis and RA.69

Approximately 14–50% of patients with ascites and hypo-
natremia develop renal dysfunction in the form of acute re-
nal injury or HRS.44,69,70 Renal failure is more common in pa-
t ient s  who have hy p onatremia with  asc i tes ,  and 
hyponatremia is known to be an independent risk factor for 
acute renal injury (28% of those with sNa levels >135 mmol/L, 
40% of those with sNa levels <130 mmol/L).3 

Acute-on-hronic liver failure

ACLF is defined as acute and rapidly progressive liver failure 
in patients with previously diagnosed or undiagnosed chron-
ic liver disease, associated with multi-organ failure and very 
high short-term mortality.59,71 Approximately 25% of patients 
with ACLF have hyponatremia,59 and the frequency of hypo-
natremia is higher on the first day of hospitalization in pa-
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tients with acutely decompensated cirrhosis and ACLF (with-
out ACLF: 10.5% vs. with ACLF: 22.2%).71 In cirrhotic patients 
hospitalized with bacterial infection, the presence of hypo-
natremia is an independent predictor of ACLF and subse-
quent mortality.72 

Liver transplantation

A prospective cohort study showed that patients referred 
for consideration of LT with hyponatremia have a higher risk 
of early death regardless of cirrhosis severity, as assessed us-
ing the MELD score.5 Therefore, some researchers have advo-
cated for rapid LT in patients with cirrhosis and a MELD score 
<21, persistent ascites, and hyponatremia.5 Another prospec-
tive multicenter study showed that incorporating the sNa 
level into the MELD score more accurately predicted survival 
compared to the MELD alone.73 As a result of these studies, 
the United Network for Organ Sharing incorporated the sNa 
level into the MELD score (MELD-Na) for organ allocation in 
January 2016.74

The effect of pre-transplant hyponatremia on survival after 
transplantation is controversial. The largest study (n=19,537) 
conducted during the MELD era showed no significant re-
duction in survival after LT for patients with hyponatremia.75 
In another study conducted in the US, no significant differ-
ence in the survival rate at 90 days after LT between recipi-
ents with normal sNa concentrations and those with hypona-
tremia was found.76 Another UK study revealed that the 
3-year risk-adjusted mortality rate was higher in patients 
with pre-transplant hyponatremia than those with normal 
sNa levels.77 A small single-center study also showed a rela-
tive decrease in 3-month survival in patients with an sNa 
concentration <130 mmol/L compared to patients without 
hyponatremia.78 In addition, patients with hyponatremia had 
a high incidence of neurologic complications, renal failure, 
prolonged hospitalization in an intensive care unit, and in-
creased ventilator requirements after LT.78 The impact of pre-
transplant hyponatremia on posttransplant prognosis is still 
controversial; however, hyponatremia correction before 
transplantation is one of the methods used to reduce the risk 
of various complications.

Osmotic demyelination syndrome

Osmotic demyelination syndrome (ODS) is a rare but irre-

versible neurologic complication from excessive hyponatre-
mia therapy that can result in death. When sNa levels return 
to normal, electrolytes and osmolality are restored in brain 
cells. Electrolytes are rapidly corrected, whereas organic os-
molality is corrected slowly. This results in the shrinkage of 
glial cells, axonal shear damage, tight junction destruction, 
and cell death.79 ODS occurrence is difficult to predict;80 how-
ever, it has been established that individuals who are alco-
holics, malnourished, or have advanced liver disease and are 
liver transplant recipients are at high risk for developing ODS, 
especially during overcorrection of chronic hyponatremia.27,81 
Furthermore, the conditions that increase susceptibility to 
ODS, including malnutrition, hypokalemia, and hypoxia, are 
frequently observed in patients with liver disease.27,81 ODS 
symptoms can range from mild behavioral changes to dysar-
thria, dysphagia, ataxia, Parkinson’s disease, and widespread 
neurological deficits. According to the 2013 American guide-
lines, patients with advanced liver disease are classified as 
high risk for developing ODS; thus, a lower target of 4–6 
mmol/L/day, with a maximum of 8 mmol/L in any 24-hour 
period, is recommended.81 Therefore, assessing the underly-
ing disease and major risk factors for ODS is critical for the 
proper management of hyponatremia in patients with liver 
disease. 

RECOMMENDATION OF MANAGEMENT

The approach to hyponatremia treatment in liver disease is 
similar to that used in the general population; however, some 
specific considerations are required in advanced liver disease. 
Hyponatremia management is guided by the severity of 
symptoms (asymptomatic or symptomatic [mild, moderate, 
severe]) and duration of hyponatremia (acute [<48 h] or 
chronic [≥48 h or unknown]). Hyponatremia treatment aims 
to prevent a further decrease in the sNa concentration, re-
duce intracranial pressure in patients at risk of brain prolapse, 
relieve hyponatremia symptoms, and prevent overcorrection. 
Hyponatremia management strategies in patients with liver 
disease are presented in Figure 3.

Symptomatic acute or chronic hyponatremia 

The 2013 American guidelines81 and 2014 European guide-
lines1 recommend that patients with moderately or severely 
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symptomatic hyponatremia undergo treatment with hyper-
tonic saline. In cases of severe symptomatic hyponatremia, 
rapid intermittent bolus regimens of hypertonic saline 
should be immediately infused to raise sNa levels by 4 to 6 
mmol/L to improve cerebral edema. In cases of moderate 
symptomatic hyponatremia, rapid intermittent boluses or 
slow continuous infusions of hypertonic saline may be ad-
ministered. The target correction rate is an sNa concentration 

of 5–9 mmol/L within the first 24 hours and 10–17 mmol/L or 
130 mmol/L within 48 hours.82 However, for patients with de-
compensated liver cirrhosis, administration of hypertonic sa-
line should be limited to severely symptomatic patients with 
life-threatening conditions such as cardio-respiratory dis-
tress, seizures, and coma because it may worsen volume 
overload or increases ascites and edema. Hypertonic saline is 
also used to increase sNa levels in patients with hyponatre-

Figure 3. Treatment of hyponatremia in patients with liver disease. GCS, Glasgow Coma Scale; OLT, orthotopic liver transplant; sNa, serum so-
dium concentration. *Acute, If the hyponatremia has developed over a period of less than 48 hours. †Chronic, If the hyponatremia has been 
present for 48 hours or more or if the duration is unknown.
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the serum sodium has increased by 
4 to 6 above nadir serum sodium.

• Further decline in serum sodium 
indicates no autocorrection or 
delayed absorption of ingested 
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• Albumin replacement (≥40 g/day)

• Tolvaptan OLT setting
- Start tolvaptanat 15 mg/day and 
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sodium ≥ 125 mmol/L
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• Albumin infusion or/and 0.9% 
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Check volume status
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Yes

Yes

Yes
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†Chronic, If the hyponatremia has been present for 48 hours or more or if the 
duration is unknown
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Seziure
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Coma (GCS ≤8)

• 150 ml over 15-30 minutes can be 
repeated 1-2 times, as needed, if 
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by 4 to 6 mmol/L after which the 
frequency of monitoring can be 
reduced

• Recurrent hyponatremia may 
require repeat treatment as above
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mia before LT to prevent rapid hyponatremia correction after 
LT.83 The correction rate for hyponatremia should not exceed 
8 mmol/L in any 24-h period in advanced liver disease be-
cause of the high risk for ODS.81

Asymptomatic acute hyponatremia

An absence of symptoms indicates that significant brain 
swelling has not yet occurred. Therefore, instead of adminis-
tering hypertonic saline infusions, the etiology of hyponatre-
mia must be assessed and cause-specific treatments be initi-
ated. However, if the acute drop in sNa concentration 
exceeds 10 mmol/L, hypertonic saline should be adminis-
tered to prevent a further decrease in the concentration.1 Hy-
pertonic saline administration may be delayed if hyponatre-
mia is corrected by water diuresis. Urine volume, low urine 
specific gravity, and low urine osmolality can help clinicians 
determine the hypertonic saline infusion volume. The treat-
ment goal is to rapidly increase the sNa concentration to 4–6 
mmol/L to relieve symptoms and prevent brain hernias.1

Asymptomatic chronic hyponatremia

Asymptomatic chronic hyponatremia does not require ur-
gent correction; however, identifying and treating the under-
lying cause is critical. In liver cirrhosis, hyponatremia is mostly 
the chronic asymptomatic type due to brain adaptation. 
Therefore, it is essential to differentiate the cause of hypona-
tremia based on the ECF volume status. 

Hypovolemic hyponatremia is caused by excessive use of 
diuretics and reduced effective volume due to gastrointesti-
nal bleeding. Thus, hypovolemic hyponatremia must be cor-
rected by discontinuing the diuretics and expanding the 
plasma volume using crystalloid fluids, albumin, etc. 

Hypervolemic or dilutive hyponatremia is common and 
worsens as liver disease advances. Considering the etiology 
of hypervolemic hyponatremia, the ideal solution is to in-
crease the excretion of water without solutes. Various man-
agement methods have been introduced and are discussed 
below. The treatment evidence is summarized in Table 2. 

Water restriction
Fluid restriction has been suggested as a first-line treat-

ment for hyponatremia. For effective fluid restriction, water 
intake should be about 500 mL/day less than the sum of Ta
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urine output and insensible loss (1–1.5 L/day).14 Fluid restric-
tion should be considered if there are neurological symp-
toms or if the sNa concentration is <120 mmol/L; however, 
the role of fluid restriction is limited in patients with mild, as-
ymptomatic hyponatremia.3 The water restriction method is 
associated with poor patient compliance, making it difficult 
to achieve sNa normalization. A good indicator of adequate 
fluid restriction is a change in the sNa concentration within 
the first 24–48 hours. However, if sNa levels do not increase 
within the first 48–72 hours, other options should be consid-
ered.84

Correction of hypokalemia
Hypokalemia may result from increased urine loss due to 

diuretic treatment or increased gastrointestinal fluid loss in 
patients with diarrhea or vomiting. Hypokalemia correction 
is recommended for two reasons: hypokalemia increases re-
nal ammonia synthesis, and concomitant alkalosis increases 
the fraction of bound ammonia in plasma, which can lead to 
HE. When osmotically active potassium is corrected, replen-
ished potassium enters the cells, and intracellular sodium 
moves in the opposite direction, increasing the sNa concen-
tration and osmotic pressure without external sodium ad-
ministration.45,47 Hence, since potassium is as osmotically ac-
tive as sodium, excessive sNa and hypokalemia corrections 
can cause severe complications such as ODS due to overcor-
rection.45

Vasopressin receptor antagonists or vaptans
Key question: In hyponatremic patients with liver disease, 

does the vaptan group show more effective sodium correc-
tion than the no vaptan group?

Vasopressin receptor antagonists or vaptans are non-pep-
tide drugs that inhibit ADH action on the V1a, V1b, and V2 re-
ceptors.85 The V2 receptor responsible for water absorption is 
located in the basolateral membrane of the renal collecting 
duct, and a blockade of this receptor can cause water diuresis 
and increase the sNa concentration (Fig. 4).86 The V2 selective 
blocker of ADH effectively improves the sNa concentration in 
SIAD or HF cases with elevated vasopressin.87

Tolvaptan is the only selective V2 receptor antagonist that 
can be administered orally, and several studies have shown 
that tolvaptan significantly increases the sNa concentration 
and improves ascites in patients with liver cirrhosis, but does 
not improve the survival rate. In a multicenter clinical trial 

that followed patients with HF, SIAD, and liver cirrhosis longi-
tudinally for an average of 1.9 years, the sNa concentration 
significantly increased in patients with HF, SIAD, and liver cir-
rhosis after taking tolvaptan; however, the increase in the 
sNa concentration in patients with liver cirrhosis was slower 
than that in patients with HF and SIAD.88 To evaluate the ef-
fect of tolvaptan in terms of sodium correction, we per-
formed a database search of Ovid MEDLINE and conducted a 
meta-analysis of existing randomized controlled trials  
(Fig. 5A). Tolvaptan was found to be effective at correcting 
hyponatremia in patients with liver disease (Fig. 5B and Table 
2).89-93 Additionally, the beneficial effect of vaptan on ascites 
was confirmed in three meta-analyses.94-96 A recent cohort 
study showed that an increase in sNa levels after one month 
of tolvaptan treatment could positively affect the risk of 
death in patients with cirrhosis and hyponatremia.97 Howev-
er, a previous meta-analyses reported no change in the 
short-term and long-term survival of patients with cirrhosis 
after treatment with vaptan.94-96 For patients with cirrhosis 
and hyponatremia at baseline, survival rates tended to im-
prove after treatment with vaptan, though it was not statisti-
cally significant.96 The most common side effects of tolvaptan 
include thirst, polyuria, and dry mouth. Serious side effects 
such as dehydration with hypotension, dehydration with diz-
ziness, syncope, and acute renal failure can also occur. In an 
open-label phase 4 study aimed at evaluating the efficacy 

Figure 4. Mechanism of action of vaptan. ADH, antidiuretic hor-
mone; AQP2, aquaporin-2; AQP3, aquaporin-3; AQP4, aquaporin-4.
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and safety of tolvaptan in autosomal dominant polycystic 
kidney disease, aspartate transaminase and alanine transami-
nase levels were elevated in two patients (1.7%), and these 
abnormal findings improved after maintaining the dose or 
temporarily discontinuing tolvaptan.98 Therefore, the US 
Food & Drug Administration has limited tolvaptan use to less 

than 30 days and recommends that it not be used in patients 
with underlying cirrhosis due to the risk of liver failure and 
death.99 However, it should be noted that the dose of tolvap-
tan in this study was 4–8 times the dose commonly used to 
treat hyponatremia.100 The European Association for the 
Study of the Liver clinical practice guidelines for decompen-

Figure 5. Results of hyponatremia treatment in liver disease. (A) Flowchart of selection of studies on the effect of tolvaptan treatment on hy-
ponatremia. (B) Forest plot showing the effect of tolvaptan treatment on hyponatremia (change from baseline hyponatremia [mmol/L]). (C) 
Flowchart of selection of studies on the effect of albumin treatment on hyponatremia. (D) Forest plot showing the effect of albumin treatment 
on hyponatremia (improvement in hyponatremia [%]).
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sated cirrhosis recommends the routine use of tolvaptan for 
correction of low sodium levels only in controlled clinical tri-
als.101 Korea’s Ministry of Food and Drug Safety has approved 
tolvaptan for hyponatremic patients with HF or SIAD, but not 
for patients with liver disease.102 The Japanese Society of Gas-
troenterology does not mention tolvaptan use for correcting 
hyponatremia; however, tolvaptan has been approved as an 
additional drug for fluid retention in patients with liver cir-
rhosis and is recommended as an additional drug for patients 
with ascites that is refractory to treatment with existing di-

uretics (furosemide and spironolactone).103 The use of vap-
tans in patients with reduced liver function is restricted in 
most countries, and caution is advised when administering 
vaptans because relevant studies on long-term survival are 
lacking.

Albumin
Key question: In hyponatremic patients with liver disease, 

does the albumin group show more effective sodium correc-
tion than the no albumin group?

Figure 5. Continued.
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Albumin replacement is another treatment option that can 
improve hyponatremia associated with liver cirrhosis. Fur-
thermore, albumin replacement in patients with cirrhosis has 
been widely used to manage various complications such as 
spontaneous bacterial peritonitis, HRS, ascites, and HE.104-109 

Previous authors have argued that intravenous albumin infu-
sions can increase the sNa concentration through expanding 
the intravascular volume, thus increasing free water clear-
ance in the urine.102,110 Regarding the pathogenesis of hypo-
natremia in liver cirrhosis, the sNa concentration can be in-
creased by maintaining colloidal osmotic pressure and 
affecting the inflammatory pathway, improving the hyper-
volemic circulation state, and removing inflammatory fac-
tors.111

Most previous studies have evaluated the role that albumin 
replacement plays in preventing hyponatremia after large-
volume paracentesis in cirrhosis hyponatremia, but relatively 
few studies have evaluated the role that albumin plays in hy-
ponatremia treatment.112-117 In a retrospective multicenter 
study of 1,125 patients with liver cirrhosis accompanied by 
hyponatremia (regardless of large-volume paracentesis) at 
the time of admission, the delta values of the sNa concentra-
tions between the albumin replacement group and the non-
albumin replacement group were compared, showing signif-
icantly higher delta values in the albumin replacement 
group.113 In addition, the post-hoc analysis of the ANSWER 
study, which compared the group receiving long-term albu-
min treatment (20% human albumin in a 50 mL vial: 40 g 
twice a week for 2 weeks, then 40 g weekly thereafter) to the 
group receiving standard medical treatment, showed at the 
3-month follow-up that albumin was associated with sNa 
normalization over time.115 The most recent meta-analysis 
evaluating the efficacy of albumin replacement also suggest-
ed that albumin replacement can be helpful in the preven-
tion and treatment of hyponatremia in liver cirrhosis.116 How-
ever, recommendations on the use of albumin replacement 
therapy in the management of cirrhosis with hyponatremia 
vary according to clinical guideline. While some suggest that 
albumin should be used to prevent or treat hyponatremia in 
liver cirrhosis,103 other reports recommend that albumin infu-
sions be carefully evaluated due to lack of data.111,118

We searched the Ovid MEDLINE database for studies evalu-
ating the efficacy of albumin infusions for sodium correction 
in patients with liver disease. Only one RCT and two cohort 
studies were found that evaluated the use of albumin in the 

treatment of hyponatremia for patients with liver cirrhosis. 
The results of this one RCT are replicated here, and we per-
formed a meta-analysis of the two cohort studies (Fig. 5C and 
Table 2).113,115,117 Our analysis (Fig. 5D) showed that the use of 
albumin was significant for treating hyponatremia that had 
already occurred. In most studies, the use of albumin resulted 
in significant improvements in hyponatremia; however, long-
term outcomes, including the survival rate, showed a hetero-
geneous relationship. In a cohort study conducted by Bajaj et 
al.113 (2018) that evaluated 1,126 patients with hyponatremia, 
the albumin group showed resolution of hyponatremia and a 
higher 30-day survival rate. However, a post hoc analysis of 
the ATTIRE trial conducted in 2021, which included 206 hypo-
natremic patients, showed that albumin infusions were not 
associated with mortality.114 In another cohort study con-
ducted by Bai et al.117 (2022), which included 339 patients 
with liver cirrhosis, albumin infusions were found to effec-
tively improve serum sodium levels during hospitalization in 
patients with cirrhosis and hyponatremia, but did not have a 
significant effect on long-term mortality.

Although high-quality studies on hyponatremia treatment 
are lacking, it appears that albumin injections may help pre-
vent and treat hyponatremia in patients with cirrhosis. How-
ever, these findings must be validated through a well-de-
signed, large-scale study, and the optimal dosages and 
durations of treatment and their effect on outcomes, includ-
ing survival rates, must be further evaluated.

Perioperative management of patients 
awaiting liver transplantation 

Pre-transplant hyponatremia is associated with prolonged 
hospitalization, prolonged intensive care unit admission, and 
neurologic complications.76-78,119,120 Efforts to optimize sNa 
levels to >125 mmol/L before LT are needed, as patients with 
severe hyponatremia before transplantation are more prone 
to neurological complications such as ODS after transplanta-
tion.76,121,122 The risk of ODS after LT in patients with liver dis-
ease increases with lower baseline sNa levels.76 Patients un-
dergoing LT are at increased risk for rapid sNa correction due 
to fluid shifts that occur during surgery from the intraopera-
tive administration of intravenous crystalloids, blood prod-
ucts, and sodium bicarbonate.10,83,123 However, despite the 
importance of correcting hyponatremia, no definitive proto-
col for perioperative management of hyponatremia and no 



938

Clinical and Molecular Hepatology
Volume_29 Number_4 October 2023

http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2023.0090

correction threshold for sNa levels are currently available.123

The incidence of ODS, a severe complication caused by 
rapid sNa correction after LT, ranges from 0.5% to 29%.7,76,124 
Symptoms such as quadriplegia (up to 45%) and seizures 
(27–36%) occur within 1–2 weeks after LT.7,125,126 Since ODS is 
associated with poor prognosis,76,125,126 various methods have 
been used to prevent rapid correction of sNa. LT recipients 
receive a large amount of sodium-containing intravenous 
fluids, such as packed red blood cells, platelet concentrates, 

and fresh frozen plasma; thus rapid sNa correction may occur 
after surgery.10,83,123 To minimize this rapid correction, 0.45% 
saline or 5% glucose water can be used instead of 0.9% nor-
mal saline.127 Additionally, prothrombin complex concen-
trates with low sNa levels can be used instead of fresh frozen 
plasma.127 Finally, for patients who have received or will re-
ceive high intraoperative sodium loads through blood trans-
fusions and intravenous fluids, continuous veno-venous he-
mofiltration using dilute solutions before or during surgery 

Figure 6. Management of a patient with hyponatremia and end-stage liver disease (ESLD) for liver transplantation (LT) (Figure modified from 
Praharaj and Anand. J Clin Exp Hepatol 2022;12:575-594).129
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hypertonic saline infusion/

Low sodium dialysate 
Hemodialysis or post filter 

replacement fluids with 
Dextrose 5% water

Serum Na ≥ 125 mmol/L

Proceed with Figure 3.

Pre-LT period

If no response

Proceed with LT

Elective LT
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may be considered for managing rapid changes in sNa lev-
els;123 however, relevant data are very limited.

Since hyponatremia improves when fundamental liver 
function is restored after LT, the occurrence of severe compli-
cations such as ODS due to rapid changes in sNa must be 
monitored. Some studies have shown that mortality due to 
ODS after LT is 40% at 3 months126 and 63% at 1 year,76 and 
up to 84% of surviving patients have been reported to suffer 
from permanent sequelae.125,126 Desmopressin administration 
as a rescue measure is useful when unintended overcorrec-
tion of hyponatremia occurs.128 One proposed approach for 
the perioperative management of hyponatremia in patients 
awaiting LT is summarized in Figure 6.129

CONCLUSION

Hyponatremia is a pervasive electrolyte disorder in ad-
vanced chronic liver disease. Fundamental treatment strate-
gies include water restriction, hypokalemia correction, and 
diuretic discontinuation. Hypertonic saline can be considered 
in acutely symptomatic hyponatremia; however, caution is 
advised given the potential for fatal complications such as 
ODS and worsening ascites. Furthermore, although vasopres-
sin receptor antagonists and albumin replacement can be 
used to correct hyponatremia in liver cirrhosis, supportive 
studies are lacking, and individual countries may have con-
troversies regarding their use. Although LT is ideal for man-
aging hyponatremia in patients with advanced chronic liver 
disease, multidisciplinary approaches to perioperative man-
agement are essential for correcting hyponatremia.
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