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Hyponatremia in Cirrhosis
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Hyponatremia is common in patients with cirrhosis. Portal
hypertension, diuretics, large volume paracentesis without
albumin, infection, and multiple medications are connected
with the development or worsening of hyponatremia.
Hyponatremia in cirrhosis, particularly advanced cirrhosis,
is a common development.1 In a population survey of 997
patients with cirrhosis, 486 (49.4%) and 211 (21.6%) had a
serum sodium concentration ([Naþ]) <135 mEq/L and �130

mEq/L, respectively.2 Hyponatremia and its severity
correlate with the presence of severe complications of
cirrhosis such as hepatorenal syndrome, encephalopathy,
and spontaneous bacterial peritonitis. The presence of
hyponatremia frequently complicates the management of
the cirrhotic patient. Journal of Hospital Medicine
2012;7:S14–S17VC 2012 Society of Hospital Medicine

Cirrhosis is one of the main causes of hypervolemic
hyponatremia, a dilutional form of hyponatremia that
occurs when there is an increase in total body water
but a relatively smaller increase in total serum so-
dium. Portal hypertension is the main precipitating
factor in fluid retention that leads to the development
of cirrhotic hyponatremia. In cirrhosis, portal hyper-
tension is determined by 2 main factors: increased in-
trahepatic resistance and increased spanchnic blood
flow. The increased intrahepatic resistance is due to
both structural (fibrosis, conversion of low resistance
fenestrated sinusoids into capillaries) and dynamic
(vasoconstriction due to endothelial cell dysfunction)
changes.1

The hepatic circulation normally is able to accom-
modate an increase in portal blood flow associated
with postprandial hyperemia. The elevated intrahe-
patic resistance in cirrhosis results in an inability to
accommodate the normal increase in portal blood
flow that occurs in the postprandial hyperemia state.3

As a result, portal pressure increases during postpran-
dial hyperemia, leading to reflex vasoconstriction,
which creates a shear stress and increases splanchnic
nitric oxide (NO) production.4 NO, one of the most
important vasodilators in the splanchnic circulation,
increases splanchnic blood flow and portal pressures.
When this happens repeatedly, it leads to a progres-
sive dilation of preexisting portosystemic vascular
channels and the development of varices.5 At the same
time, levels of vascular endothelial growth factor rise;

this is a very important mediator for angiogenesis
because it increases NO, further increasing splanchnic
vasodilation.6

Progressive splanchnic vasodilation and increased
blood flow into the splanchnic circulation leads to
central hypovolemia, arterial underfilling, and
decreased blood flow in renal afferent arterioles.
Vasoconstrictor norepinephrine and antinatriuretic
mechanisms are subsequently activated in an attempt
to normalize renal perfusion pressures. Baroreceptor-
mediated nonosmotic release of arginine vasopressin
(AVP) is triggered and renin angiotensin-aldosterone
system activity is increased, which increases sodium
reabsorption and activates the stellate cells, causing
fibrosis, vasoconstriction, and increased portal
pressures.6,7

AVP acts at vasopression-1A (V1A) receptors to
increase arterial vasoconstriction, and at V2 receptors
in renal tubule cells for solute-free water retention.1

The increased sodium and water reabsorption leads to
fluid retention, increased central blood volume, ve-
nous return to the heart, and an increase in cardiac
output to maintain arterial perfusion and create the
hyperdynamic circulation that is characteristic of cir-
rhosis with advanced portal hypertension. Dilutional
hyponatremia develops when free water retention is
more pronounced than that of sodium retention.

CLINICAL FACTORS ASSOCIATED WITH
CIRRHOTIC HYPONATREMIA
Diuretics lead to hyponatremia through several mech-
anisms.8 First, they induce a contraction of the central
blood volume, leading to the nonosmotic release of
AVP. In advanced cirrhosis, there is activation of the
renin-angiotensin system in addition to the nonos-
motic release of AVP, leading to sodium and free
water reabsorption. Diuretics block the sodium re-
absorption. However, the water-retaining effects per-
sist, further contributing to dilutional hyponatremia.8

This cycle is made worse by low sodium intake and
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frequent thirst experienced by these patients.8 Other
medications (eg, non-steroidal anti-inflammatory
drugs, proton pump inhibitors, and selective serotonin
reuptake inhibitors) commonly prescribed for cirrhotic
patients may also contribute to the development or
worsening of dilutional hyponatremia.8

Increased intrathoracic pressure in patients with
tense ascites can also contribute to dilutional hypona-
tremia by increasing baroreceptor-mediated release of
AVP.9 Large volume paracentesis without the oncotic
influence of albumin, an intervention commonly
required in patients with cirrhosis and recurrent asci-
tes, may also lead to significant increases in plasma
renin activity and plasma aldosterone, which further
worsen these pathophysiologic mechanisms, resulting
in reduced serum sodium concentration.10 Following
removal of excess peritoneal fluid, blood flow to the
kidneys is initially improved, but ascitic fluid reaccu-
mulates and the patient becomes intravascularly
depleted.10

Infection is an important clinical mediator for the
development of both portal hypertension as well as
hyponatremia. Bacterial translocation leads to endo-
toxemia and increased tumor necrosis factor (TNF)-
alpha, resulting in increased splanchnic NO and
splanchnic arterial vasodilatation. This process
reduces cardiac output, which leads to increased AVP
secretion.11,12 Endotoxin-mediated splanchnic vasodi-
latation, especially with spontaneous bacterial perito-
nitis (SBP), can adversely affect central blood volume
status, especially in the presence of severe ascites.1

Clinicians providing care for patients with cirrhosis
should be aware of these factors and closely monitor
at-risk patients for the onset or worsening of
hyponatremia.1

PROGNOSTIC SIGNIFICANCE OF
HYPONATREMIA IN CIRRHOSIS
Hyponatremia has several important clinical implica-
tions for patients with cirrhosis.13 Hyponatremia is
associated with refractory ascites, greater fluid accu-
mulation, the need for paracentesis, and, importantly,
impaired renal function. In patients with ascites and
cirrhosis, approximately 50% have some degree of hy-
ponatremia.2 Moreover, the severity of hyponatremia
associated with advanced cirrhosis correlates with the
degree of cirrhosis complications, especially hypona-
tremia associated with hepatorenal syndrome, ence-
phalopathy, and SBP (Table 1).2

Similarly, hyponatremia is strongly associated with
increasing Child-Pugh and Model for End-Stage Liver
Disease (MELD) scores.14 In an analysis of data
among candidates for liver transplantation from the
Organ Procurement and Transplantation Network,
the combination of MELD score and serum sodium
concentration was a better predictor of death than the
MELD score alone.14 In addition, the effect of hypo-
natremia on clinical outcomes was greater in patients

with a low MELD score than those with a relatively
high MELD score.. These results suggest that combin-
ing serum sodium concentrations with MELD scores
to assign transplantation priority might reduce mortal-
ity among patients on the waiting list.14

Hyponatremia is also a marker for the development
of overt hepatic encephalopathy in patients with
cirrhosis.13 One of the proposed mechanisms for
encephalopathy is low-grade cerebral edema. This
leads to the conversion of glutamate to glutamine by
ammonia, which accumulates within astrocytes,
causing astrocyte swelling and dysfunction. Because
hyponatremia complicates the management of fluid
overload, it increases the risk of developing or
exacerbating hepatic encephalopathy.13

Hyponatremia is intimately involved with the devel-
opment of renal failure in the patient with cirrhosis. It
is an earlier and more sensitive marker of renal
impairment and/or circulatory dysfunction than serum
creatinine.15 It is often the precursor to the develop-
ment of hepatorenal syndrome.16,17

Hyponatremia is more common in hospitalized ver-
sus ambulatory patients with cirrhosis.1 In a study of
126 patients with cirrhosis admitted to an intensive
care unit, patients with serum [Naþ] �135 mEq/L had
a greater frequency of ascites, illness severity scores,
hepatic encephalopathy, sepsis, renal failure, and in-
hospital mortality than normonatremic patients
(73.1% vs 55.9%).18 Persistent ascites and low serum
sodium identified cirrhotic patients with a high mor-
tality risk, despite low MELD scores, in a study of
507 veterans in the United States with cirrhosis.19 In a
retrospective review of 127 patients, hyponatremia
was predictive of the development of acute renal fail-
ure during hospitalization; among patients with hypo-
natremia who developed renal failure in the hospital,
72% died.20

Clinical assessment of a patient with cirrhosis who
has hyponatremia can be difficult.1 These patients
have too much salt and water in the wrong spaces (ie,
in the peritoneal cavity and peripheral tissue). As a
result, it is possible to have fluid overload with intra-
vascular depletion. A further complication is that dilu-
tional hyponatremia is associated with hepatorenal
syndrome. Because these patients have elevated blood
urea nitrogen (BUN) and creatinine, and decreased

TABLE 1. Odds Ratio for Risk of Cirrhosis
Complications by Serum [Na1]2

Serum [Naþ] mEq/L

�130 131-135 >135

Hepatorenal syndrome 3.45 1.75 1 (reference value)
Hepatic encephalopathy 3.40 1.69 1 (reference value)
Gastrointestinal bleeding 1.48 0.93 1 (reference value)
Spontaneous bacterial peritonitis 2.36 1.44 1 (reference value)

NOTE: With permission from John Wiley & Sons. Angeli P et al. Hyponatremia in cirrhosis: Results of a
patient population study. Hepatology. 2006;44:1535–1542. VC 2006 by the American Association for the
Study of Liver Diseases.
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urine output and urine sodium concentration, they
appear to be indistinguishable from a patient with
prerenal azotemia prior to volume expansion.1 Many
of these factors and concerns are illustrated in the fol-
lowing case we handled several years ago.

A 70-YEAR-OLD WOMANWITH CIRRHOSIS
K.R. is a 70-year-old white woman recently dis-
charged from the hospital following treatment of
recurrent cellulitis. Her past medical history is positive
for cirrhosis secondary to active alcohol use, chronic
autoimmune hepatitis, and iron overload. Her hospital
course was notable for tense ascites, asterixis, and a
serum [Naþ] of 126 mEq/L at admission. K.R. was
managed with large volume paracentesis with 25%
salt-poor albumin, elevation of her lower extremities,
discontinuation of diuretics, and 1 L fluid restriction.
Her serum [Naþ] increased to 128 mEq/L. Although
her cellulitis and edema both improved, both per-
sisted. In addition, her mental status also improved,
but asterixis persisted. At this point in the hospitaliza-
tion, effective management of the cellulitis was hin-
dered by the persistent edema, and its treatment with
diuretics was limited by the hyponatremia and hepatic
encephalopathy.
Today, we have better treatment options for manag-

ing this patient. To effectively correct the hyponatre-
mia and facilitate treatment of the other complications
of cirrhosis, we can now initiate therapy with one of
the vaptans currently available.

TREATMENT OF MILD ASYMPTOMATIC
HYPERVOLEMIC HYPONATREMIA
The initial approach to treatment of patients with
mild asymptomatic, hypervolemic hyponatremia con-
sists of fluid restriction and a sodium-restricted diet.1

Fluid restriction, however, has limited efficacy and is
often not well tolerated by patients. For patients with
severe or progressive hyponatremia, diuretics should
be minimized or discontinued to avoid intravascular
volume depletion. If patients have severe dilutional
hyponatremia and tense ascites, therapeutic paracente-
sis with plasma expanders is safe.1

The pharmacologic approach to treating hyponatre-
mia has advanced with the discovery of vaptans, drugs
that inhibit V2 receptors in cells of the collecting
ducts.21 In contrast to conventional diuretics, vaptans
do not increase natriuresis. Administration of a vaptan
agent for 1 to 2 weeks has been shown to significantly
improve low serum sodium levels in patients with hy-
ponatremia, and promote aquaresis without signifi-
cantly altering renal or circulatory function or activity
of the renin-angiotensin-aldosterone system. The most
frequent side effect of vaptan therapy is thirst.21

Two vaptan agents are currently approved for use in
the United States: conivaptan and tolvaptan. Conivap-
tan is administered intravenously, and is a nonselec-
tive vasopressin inhibitor, blocking both V1A and V2

receptors. The course of therapy for conivaptan is 4
days. Tolvaptan, on the other hand, selectively blocks
V2 receptors, and is a once-daily oral vaptan that can
be given long-term.21

The efficacy of tolvaptan was evaluated in the Study
of Ascending Levels of Tolvaptan in Hyponatremia 1
and 2 (SALT-1 and SALT-2).22 In these multicenter,
prospective, randomized, placebo-controlled trials,
patients with dilutional hyponatremia (serum [Naþ]
<135 mEq/L) associated with cirrhosis (22.4% in
SALT-1, 30.5% in SALT-2), heart failure, or syn-
drome of inappropriate antidiuretic hormone (ADH)
hypersecretion, and who were hospitalized and clini-
cally stable, received tolvaptan 15 mg daily or pla-
cebo. Repeat serum sodium levels were obtained at 8
hours, 2, 3, and 4 days, and then weekly at days 11,
18, 25, and 30. The study drug was discontinued on
day 30, with follow-up serum sodium levels taken 7
days later. (In patients with persistent hyponatremia,
the tolvaptan dose was adjusted to 30 mg and then 60
mg with the goal of achieving a serum [Naþ] <135
mEq/L.) Increases in serum sodium concentration
were seen as early as 8 hours after the first adminis-
tration of tolvaptan and persisted throughout the
study period. After tolvaptan was discontinued, serum
sodium levels decreased to baseline within 1 week.22

Tolvaptan was well tolerated, with the most common
side effects being increased thirst, dry mouth, and
increased urination.22

Longer-term administration of tolvaptan was shown
to maintain a higher serum sodium concentration
with an acceptable safety profile in SALTWATER, the
open-label extension of the SALT-1 and SALT-2 tri-
als.23 The study included 111 patients with hyponatre-
mia who received oral tolvaptan for a mean follow-up
of 701 days. The most common adverse effects poten-
tially related to tolvaptan were thirst, dry mouth,
polydipsia, and polyuria.22,23 Overall, there were 9
possible and 1 probable serious adverse events, which
represents an acceptable safety profile over 77,369
patient-days of exposure. Over time, 64 patients dis-
continued tolvaptan, 30 due to adverse reactions or
death.22 The results of SALTWATER indicated that
most patients received benefit from treatment with tol-
vaptan, with a decreased need for fluid restriction.23

PATIENT CHARACTERISTICS
FOR TOLVAPTAN
In the SALT trials, tolvaptan was administered to clin-
ically stable patients. Based on recommendations by
the US Food and Drug Administration (FDA), tolvap-
tan should be initiated or reinitiated in a hospital set-
ting.1 Patients with severe neurologic symptoms due
to hyponatremia should be treated with normal saline
instead of tolvaptan; combination therapy with
tolvaptan and normal saline should be avoided due to
the potential for a too-rapid correction of hyponatre-
mia and the potential for central pontine myelinolysis.
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Saline should be discontinued and persistent hypona-
tremia confirmed before beginning tolvaptan therapy.1

Several additional factors should be considered
before patients begin tolvaptan. First, tolvaptan
increases thirst, as well as the frequency and volume
of urination. Therefore, patients must be able to
respond appropriately to thirst with increased water
intake. Patients should not be fluid-restricted during
the first day of tolvaptan therapy; instead, they should
be instructed to respond to their thirst with increased
water ingestion. Because of these factors, caution
should be exercised in administering tolvaptan to a
confused, restrained patient. In addition, patients
should have adequate toileting aids, such as a bedside
urinal or commode.1

As with most new drugs, acquisition costs for tol-
vaptan should be considered in light of the clinical
benefits of treatment outcomes. In a retrospective
review, median hospital costs for patients with moder-
ate-to-severe ($16,606) and mild-to-moderate hypona-
tremia ($14,266) were higher than matched patients
without hyponatremia ($13,066).24 In the Efficacy of
Vasopressin Antagonism in Heart Failure Outcome
Study With Tolvaptan (EVEREST) trial, in which
patients with severe congestive heart failure (including
those with and without hyponatremia) were random-
ized to tolvaptan or placebo, the adjusted mean length
of hospital stay for those with hyponatremia at base-
line who received tolvaptan was 1.72 days shorter
than those who received placebo.25 Although tolvap-
tan is somewhat expensive, the cost compares favor-
ably with the daily cost of hospitalization.

SUMMARY
Portal hypertension plays a pivotal role in the devel-
opment of hyponatremia in patients with cirrhosis.
Reflex vasodilation in the splanchnic circulation com-
promises the effective central blood volume, triggering
compensatory vasoconstrictor and antinatriuretic
mechanisms. The net effect is greater free water accu-
mulation than sodium retention, creating dilutional
hyponatremia.
The severity of hyponatremia correlates with the se-

verity of cirrhosis complications, such as hepatorenal
syndrome, encephalopathy, SBP, and renal failure.
The presence of hyponatremia is a marker for poor
outcomes and shortened survival, regardless of MELD
scores.
In a hospitalized, acutely ill patient with cirrhosis,

such as the person in this case, therapy may involve
discontinuation of diuretics, evaluation and treatment
of infection, volume expansion with salt-poor albu-
min, and tolvaptan for treatment of hyponatremia.
Regarding tolvaptan, early morning administration is
recommended. At initiation of therapy, fluid restric-
tion should be discontinued, and off-floor testing

should be avoided. Concomitant medications should
be reviewed to avoid potentially harmful interactions.

Disclosure: Advisory Board: Otsuka America Pharmaceutical, Inc.;
Speaker’s Bureau: Otsuka America Pharmaceutical, Inc. The author
received support for travel and an honorarium from Paradigm Medical
Communications for time and expertise spent writing this article.
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