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Abstract

Patients with advanced liver disease may present volume overloads that can lead to the development of
dilutional hyponatremia primarily as the result of persistently high levels of antidiuretic hormone. Liver trans-
plantation is the therapy of choice for patients with terminal liver disease. Patient survival time following trans-
plantation is excellent. Dilutional hyponatremia has proven to be a prognostic factor for patients with cirrhosis,
and it can even lead to mortality in patients on the waiting list for liver transplantation. Consequently, it is
currently part of the scoring system for classifying patients with advanced liver disease who are on the waiting
list for liver transplantation. The role of pretransplant hyponatremia in the prognoses of patients scheduled
for liver transplantation is the subject of renewed interest, but the data in the literature is rather contradictory.
Until recently, the only treatment for dilutional hyponatremia was the restriction of water intake, but now new
and encouraging treatments are available that are directed against dilutional hyponatremia in patients with
cirrhosis. Nevertheless, little is known about their effects in patients with cirrhosis who are about to undergo
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liver transplantation.
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INTRODUCTION

Hyponatremia in cirrhosis, arbitrarily defined as a low
serum plasma sodium concentration of 130 mEq/L, is a
fairly common complication (1). Hypovolemic hyponatre-
mia is associated with significant loss of extracellular fluid.
Hypervolemic hyponatremia, also known as dilutional
hyponatremia, occur when there is disproportionate reten-
tion of water compared to sodium. Patients develop ascite s
but no clinical signs of dehydration (2). It has been repor-
ted dilutional hyponatremia may be present in up to 21.6%
of patients with cirrhosis at diagnosis (3). For patients with
cirrhosis, the risk of dilutional hyponatremia is 14% per
year and 37% at S years (4).

ORIGIN OF DILUTIONAL HYPONATREMIA

Hyponatremia develops in cirrhotic patients secondary to
renal and severe circulatory dysfunction (1, 2). Initially,
the kidneys of patients with advanced liver disease lose the
ability to excrete sodium. Subsequently, this is followed
by decreasing ability to remove solute free water (1, S, 6).
This leads to a state of hypervolemia with dilutional hypo-
natremia and hypoosmolarity which manifests clinically as
ascites and peripheral edema (S). In more advanced stages,
renal vasoconstriction develops and may lead to hepatore-
nal syndrome (HRS) (Figure 1) (2).

Although the pathogenesis of water retention in cirrhosis
is complex, it is believed that the action of antidiuretic hor-

62 © 2015 Asociaciones Colombianas de Gastroenterologia, Endoscopia digestiva, Coloproctologia y Hepatologia



Portal hypertension

Splanchnic vasodilation

Systemic vasodilation

Decreased effective
plasma volume

Renal dysfunction

Chronic hepatopathy

Altered excretion of
sodium and water

Dilutional hyponatremia

Renal vasoconstriction Hepatorenal syndrome

Renal dysfunction

Figure 1. Pathophysiology of dilutional hyponatremia

mone, also known as arginine vasopressin (AVP), plays a
key role in its genesis (7). Patients with cirrhosis have been
documented to have increased serum levels of AVP due to
non-osmotic secretion secondary to splanchnic vasodila-
tion which occurs in order to maintain systemic perfusion
(S, 8). AVP plays pathogenic roles in two ways. First it sti-
mulates cells located in the convoluted distal duct and the
collecting duct through the V2 receptors to reabsorb free
water. Second, it stimulates vasoconstriction through the V1
receptors in the smooth muscle of blood vessels which affect
renal perfusion (1). The perpetuation of AVP stimuli favors
hypervolemia and therefore dilutional hyponatremia (8).
The release of other vasoactive substances such as norepi-
nephrine and renin-angiotensin-aldosterone has also been
demonstrated to occur concomitantly with the secretion of
AVP (8). In addition, the use of diuretics may contribute
significantly to the development of dilutional hyponatre-
mia in patients with cirrhosis and advanced liver failure (9).

CLINICAL MANIFESTATIONS OF DILUTIONAL
HYPONATREMIA IN CIRRHOSIS

Data on the clinical manifestations of patients with dilu-
tional hyponatremia during cirrhosis are limited (2).
Although the symptoms of hyponatremia are predomi-
nantly neurological, a wide spectrum of symptoms of all
sorts have been reported. They range from nonspecific
findings such as anorexia, lethargy, nausea and difficulty
concentrating to severe focal neurological deficits, seizures
and even coma (although this is quite rare) (10). It is often
difficult to differentiate whether patients’ symptoms are
secondary to their hyponatremia or if these are symptoms
of hepatic encephalopathy (2). It is known that patients
with hyponatremia, generally those in advanced stages of

liver disease, may have a greater predisposition to hepatic
encephalopathy (11).

Dilutional hyponatremia in pre-liver transplant patients

For several decades liver transplantation has been the ideal
treatment for patients with advanced liver disease, acute
liver failure with poor prognostic indicators, some meta-
bolic diseases affecting the liver, and some primary tumors
of the liver (12). In our environment the most common
cause of liver transplantation is alcoholic liver disease (12).
In 2002, the MELD score (Model for End-Stage Liver
Disease) began to be used in the United States to designate
distribution of organs from deceased patients. This score is
based on a logarithmic calculation that takes into account
bilirubin, creatinine and INR that was initially designed to
predict survival in patients with transjugular intrahepatic
portosystemic shunts (TIPS) (13).

Recently the prognostic role of hyponatremia for liver
transplant candidates has been revisited (1, 2). A study by
Kim et al. tried to predict mortality of patients registered
on the waiting list for liver transplantation in the United
States between 2005 and 2006 during their first 90 days on
the list (14). This study looked at all patients on the list.
The hazard ratio (HR) for death of patients on the wai-
ting list for 2005 was 1.0S for each decrease by 1 mmol/L
sodium values between 125 and 140 mmol/L with a 95%
confidence interval of 1.03 to 1.08. For 2006, the combi-
ned measurement of MELD and sodium (MELD-Na) (see
below) proved to be a better predictor of adverse outcomes
than the conventional MELD alone (14). A study by Moini
et al. also reported that patients on the waiting list for liver
transplantation who had hyponatremia had higher risks of
dying than did patients who had normal sodiumlevels (15).
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Sodium levels below 130 mEq/L increased mortality rates
at 90 and 180 days with odds ratios (OR) of 4.519 [95%
CI, 1,956 to 10,439] and 2.667 [95% CI, 1,554 to 4,579]
respectively. Measured by the MELD score, a decrease of 1
mEq/L meant an increased risk of death of 6% at 90 days
and 7% at 180 days (15).

Among pediatric patients on the transplant waiting list,
low levels of sodium, the presence of ascites, increased bili-
rubin and age (0 to 1 years vs. older than 1 year) have also
been demonstrated to be independent predictors of 90-day
mortality (16).

The role of MELD-Na for pre-liver transplant patients

Since hyponatremia has been demonstrated to indepen-
dently predict adverse outcomes in patients in patients with
cirrhosis on the waiting list for liver transplantation (17), it
was logical to think that adding serum sodium to the MELD
equation could improve its predictive power regarding sur-
vival of patients on the waiting list for liver transplantation.
The addition of serum sodium to the MELD equation is now
called the MELD-Na (18). The possibility has even been rai-
sed of using the MELD-Na equation to determine the best
candidates for transplantation from among patients (18, 19).
Nevertheless, there is still controversy regarding the genera-
lized use of MELD-Na since serum sodium may be an easily
modifiable variable which might only be a manifestation of
advanced liver disease (1,2).

Pretransplant Dilutional hyponatremia as a post-
transplant prognostic indicator

Pretransplant hyponatremia has also been linked with
adverse outcomes after transplantation (2), although this
issue is still a matter of controversy in the literature.

Studies supporting dilutional hyponatremia as a
prognostic factor

Londono et al, published a study of 241 consecutive
patients who underwent liver transplantation that retros-
pectively demonstrated that patients with serum sodium
levels below 130 mEq/L (8% of patients) before transplan-
tation had 3 month post-transplant a survival rate lower
than that of patients without hyponatremia (84% vs. 95%,
p <0.03) (20).

Karapanagiotou et al. published a study that evaluated
outcomes following orthotropic liver transplants (21).
They found that the rates of neurological complications,
acute kidney damage and ICU mortality were lower for
patients with hyponatremia than for those with eunatre-
mia. The differences were statistically significant. The survi-
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val thirty day and one year survival rates were also lower for
the group of patients with hyponatremia (62.5% vs. 88.5%
and 60.9% vs. 88.5%, respectively). Multivariate logistic
regression demonstrated that both acute kidney failure
and hyponatremia were pretransplant factors that indepen-
dently predicted survival at 30 days and one year after liver
transplantation (21).

A cohort study by Boin et al. has also demonstrated that
patients who had sodium levels lower than 130 mEq/L had
worse prognoses than those of a control group. Those with
lower sodium survived months less than those in the other
group (mean survival 37.2 + 51.2 months versus 51.2 +
54.1 months respectively, p <0.05) (22).

A retrospective review by Li et al. of 207 patients who had
received liver transplants from living donors showed that
pretransplant hyponatremia, defined as serum levels less
than 130 mEq/L, was an independent predictor of postope-
rative bacterial infections in the transplanted organ (23).

A Japanese retrospective review of 134 patients found
that those with pretransplant levels of sodium less than 130
mEq/L had 3 months and 1 year survival rates that were
much lower than those of patients whose sodium levels
were higher (97 % vs. 74%, and 96% vs. 58%, respectively,
p <0.001). In the multivariate analysis, sodium levels pre-
dicted graft survival after transplantation (p = 0.005) (24).

Finally the study of Abdalla et al. documented that graft
loss occurred in the first months after transplantation
more frequently in patients with serum sodium levels
below 135 mEq/L than in patients without hyponatremia

(p=0.01) (29).

Studies that do not support dilutional hyponatremia as
a prognostic factor

A study by Leise et al. have published their experience in the
management of liver transplant patients with pretransplant
hyponatremia (26). Their study involved 19,357 patients.
It showed that the probability of survival was similar in
groups of patients with hyponatremia and normal natremia
(94.7% and 94.0 % respectively).

A Korean study sought to demonstrate the prognostic
impact of pretransplant hyponatremia and of correction
of pretransplant hyponatremia for outcomes of patients
undergoing liver transplantation (27). That study included
a new variable known as the delta of sodium which measu-
res serum sodium in the first 48 hours after liver transplan-
tation. The study included 512 orthotopic liver transplant
patients. Patients with severe pretransplant hyponatre-
mia, defined as serum sodium lower than 125 mmol/L,
had higher in-hospital rates of mortality (9.6%), delirium
(54.8%), neurological complications (24.7%) and acute
kidney failure. All of these were statistically significant.
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Nevertheless, the multivariate logistic regression showed
that neither the concentration of sodium and nor the delta
of sodium were associated with in-hospital mortality.

Treatment of dilutional hyponatremia in patients who
are candidates for liver transplantation

Little is known about whether treating patients with hypo-
natremia prior to liver transplantation improves their prog-
noses, and if it does whether or not it should become a the-
rapeutic modality (1, 2). A study by Fukuhara et al. looked
at 24 patients with hyponatremia whose sodium levels were
corrected at speeds that would prevent the development of
osmotic demyelination syndrome. The prognoses of these
patients with corrected sodium levels were similar to those
of patients whose levels could not be corrected (24).

Currently, dilutional hyponatremia in patients with cirr-
hosis is handled with fluid restriction and diuretic therapy
for patients with volume overload (28). The most successful
therapeutic regimen is the combination of daily doses of
100 mg of spironolactone and 40 mg of furosemide daily.
Doses are titrated gradually to maintain the same ratio of
the dose in order to maintain normal levels. Nevertheless,
in some cases the use of these diuretics subjects the patient
to serious complications such as kidney injury and electro-
lyte disturbances which limits their usefulness (29).

Vaptans

Recently, a new group of drugs that antagonize the effect
of AVP has come onto the market. These drugs, known as
vaptans, include conivaptan, lixivaptan, satavaptan and tol-
vaptan. They have been shown to correct the sodium levels
in patients with euvolemic hyponatremia or hypervolemic
hyponatremia (28). Their use is restricted to patients with
persistent secretion of antidiuretic hormone despite low
plasma osmolality (28).

Some studies have shown that conivaptan and lixivap-
tan may be useful in patients with cirrhosis and dilutional
hyponatremia (30-32). Some small clinical trials have
shown that lixivaptan and satavaptan are more effective
than placebos for correcting sodium levels, but they suggest
that they have less effect on hyponatremia in patients with
cirrhosis than on hyponatremia due to other causes (30,
33). The Study of Ascending Levels of Tolvaptan (SALT)
which analyzed subgroups within the study population
including a group of patients with cirrhosis supports this
observation (34). Some authors propose that the limited
response in these patients is the effect of proximal reab-
sorption of solutes leading to decrease in the amount of
glomerular filtration in distal nephrons (35), although this
possibility has not been studied. Others have proposed
that regulation of aquaporin 2 in patients with cirrhosis is

regulated independently by means of the AVP V2 recep-
tors (36). Although initial studies showed that satavaptan
could be useful, Phase 3 studies did not have results that
were hoped-for. A satavaptan Phase 3 study demonstrated
that mortality increased among patients with cirrhosis who
used the drug (37). For this reason, research was suspen-
ded in 2008 (28).

Tolvaptan has the advantage that it does not require
adjustment according to age, gender, or race, or to car-
diovascular, hepatic or renal impairment (GFR> 10 mL/
min). Nevertheless, it is contraindicated for patients with
hypovolemic hyponatremia, those who have altered thirst
centers, those who cannot access liquids orally if required,
those with acute symptomatic hyponatremia, patients with
anuria, and those undergoing treatment with potent inhi-
bitors of isoenzyme CYP3A4 (28). Furthermore, although
tolvaptan is taken orally, serum sodium levels and any
changes in them must be monitored constantly while a
patient is taking this medication which means that, ideally,
the patient should be hospitalized. On the other hand, it
is important to remember that evidence only supports the
use of tolvaptan for a maximum for 30 days: there is no evi-
dence to support prolonged use (38).

The treatment of patients with chronic liver disease with
tolvaptan has generated safety concerns since a clinical trial
found that episodes of gastrointestinal bleeding increased
in patients managed with tolvaptan (34, 39). Nevertheless,
Sakaida et al. recently demonstrated the usefulness of tol-
vaptan for management of edema in patients with cirrhosis
(40). This study showed that doses of 7.5 mg daily of tolvap-
tan for 7 days may improve serum sodium levels at a rate of
mmol/L without deviation from the normal range. Although
tolvaptan may be useful for management of hyponatremia in
patients with chronic liver disease (40), the study reported
two episodes of severe complications. One was a case of
bleeding gastrointestinal varices on the 14" day of treatment,
and the other was a patient who developed hepatic encepha-
lopathy in the third day of treatment (40).

Additional studies are needed to support the use of vaptans
in patients with cirrhosis and advanced liver failure let alone
their use for perioperative liver transplantation patients. In
any case, vaptans are not yet available in Colombia.

CONCLUSION

Dilutional hyponatremia in patients with chronic liver
disease is an indicator of severity and a marker of poor
prognoses. It is a consequence of the pathophysiology of
an advanced stage of renal dysfunction and a hemodyna-
mic consequence of cirrhosis. The use of this prognostic
marker for determining the list of candidates for liver trans-
plantation has been helpful, however little is known about
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whether pretransplant hyponatremia may be an adverse
indicator in patients who have had liver transplants. Our
group is currently conducting a study here in Colombia to
clarify that question.

To date, the only way to reverse the process that leads
to hyponatremia is transplantation. Other non-pharmaco-
logical and pharmacological measures such as vaptans are
being tried, and there are promising drugs, but there are
still not enough studies supporting their use are lacking to
allow us to recommend their use.
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