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Abstract

Hyponatremia is a frequent complication of advanced
cirrhosis with ascites associated with increased
morbidity and mortality. It is caused by an impairment
in the renal capacity to eliminate solute-free water
and is considered to be related to persistent secretion
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of vasopressin despite low serum osmolality. This
nonosmotic release of vasopressin is mediated by
the autonomic nervous system, which senses the
underfilling of arterial vascular component. This
reduction of effective arterial blood volume is closely
related to the development of ascites. Although
the short-time effects of vasopressin V2 receptor
antagonists (vaptans) on hyponatremia and ascites
have been repeatedly reported, their effects on the
long-term management of cirrhotic ascites have not
been established yet. Considering that their effects on
water diuresis and their safety are limited by severe
underfilling state of patients, cautious approaches with
adequate monitoring are needed to advanced cirrhosis.
Proper indication, adequate doses and new possibility
of combination therapy should be explored in the
future controlled study. As hyponatremia is frequent
obstacle to ascites management, judicious combination
with low-dose diuretics may decrease the incidence
of refractory ascites. Although vaptans show much
promise in the treatment of advanced cirrhosis, the
problem of high cost should be solved for the future.

Key words: Liver cirrhosis; Ascites; Hyponatremia;
Pathophysiology; V2 receptor antagonist
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Core tip: Dilutional hyponatremia is a frequent
complication with high morbidity and mortality in
advanced liver cirrhosis with ascites. It is attributable
to disturbed water excretion related to enhanced
vasopressin activity on the background of underfilling
state in the splanchnic arterial circulation. V2 receptor
antagonist is theoretically promising for the future
treatment of hyponatremia and ascites. The present
review aimed to summarize the pathophysiological
backgrounds of ascites and hyponatremia and
to introduce major results of all controlled trials.
Although there existed several unsolved problems and
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controversies on the topic, discussions from the basic
standpoints may light up the dark road.
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INTRODUCTION

Hyponatremia is a frequent complication of advanced
cirrhosis related to an impairment in the renal capacity
to eliminate solute-free water''!. It becomes an
important clinical problem for decompensated cirrhosis
associated with increased morbidity and mortality™.
The failure to excrete solute-free water attributable
to persistent secretion of vasopressin despite low
serum osmolality has been considered to underlie the
development of this hyponatremia'®. Since vasopressin
V2 receptor antagonists or vaptans have selective
aquaretic effect, they may open new possibilities
for management of hyponatremia in advanced liver
cirrhosis™.

A basic understanding of the pathophysiologic
mechanisms leading to water retention and dilutional
hyponatremia is required for rational treatment of
decompensated cirrhosis®!. This review introduces
the basic mechanisms of ascites and water retention
and the major trials of vaptans in patients with liver
cirrhosis. It also discusses the areas of uncertainty for
the future clinical use of vaptans.

PATHOGENESIS OF ASCITES IN
CIRRHOSIS

The pathogenetic events leading to ascites forma-
tion in patients with liver cirrhosis are extremely
complex, being associated with multiple factors™®.
Pathophysiologic backgrounds and main theories of
ascites formation in liver cirrhosis are shown in Figure 1.
Cirrhotic patients exhibit the hyperdynamic circulation
characterized by arterial hypotension, increased cardiac
output, and reduced systemic vascular resistance'”.
These changes come from peripheral vasodilation
and arteriovenous shunt. The contraction of the ef-
fective plasma volume associated with peripheral
vasodilation may induce compensatory responses such
as mobilization of vasoactive hormones and activation
of the sympathetic nervous system'®..

Renal vasoconstriction is a common finding in pa-
tients with cirrhosis and ascites and more intense in
the renal cortex, which may lead to a reduction of renal
blood flow and glomerular filtration rate (GFR)™. Free
water clearance and urinary sodium (Na) excretion
are markedly decreased in those with tense ascites.
Water and Na retention in advanced cirrhosis is due to
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increased tubular reabsorption. Increased reabsorption
in the proximal convoluted tubule leads to a reduced
delivery of filtrate. An increased reabsorption in the
distal convoluted tubule may further enhance water
and Na retention.

Three main hypotheses, the underfilling theory,
the overflow theory and the peripheral arterial va-
sodilation theory, are considered to explain variable
pathophysiological changes in a patient with advanced
liver cirrhosis. In the underfilling theory, excess lymph
accumulation in the peritoneal space attributable to
imbalance of Starling forces in the hepatic sinusoids
and splanchnic capillaries is considered to bring
contraction of circulating plasma volume, which is
thought to constitute an afferent signal to the renal
tubule to augment salt and water reabsorption™. The
postsinusoidal venous block and the decreased albumin
synthesis in the background of cirrhosis are important
initial events. In the overflow theory, renal Na retention
and plasma volume expansion are considered to
precede rather than follow the formation of ascites!”.
The investigators who supported this hypothesis!>***?
speculated that an increase in sinusoidal hydrostatic
pressure directly stimulates renal sympathetic nervous
system through the hepatorenal reflex!****, which
initiates primary renal Na retention. Schrier et a/*!
proposed the peripheral arterial vasodilation theory as
a revised underfilling theory. In this theory, peripheral
arterial vasodilation is considered to cause imbalance
of capacitance and volume, which leads to decreased
effective intravascular volume.

A wide variety of neurohumoral derangements may
influence renal handling of salt and water’®.. The activities
of the two major vasoconstrictor and antinatriuretic
systems, the renin-angiotensin-aldosterone (RAA)
system and the sympathetic nervous system, are
enhanced in most cirrhotics with tense ascites™!.
Increased plasma level of arginine vasopressin (AVP)
also known as antidiuretic hormone (ADH) increases
water reabsorption in the collecting duct and contributes
to water retention®.

The mechanism of splanchnic arterial vasodilation
in cirrhosis is complex and still undetermined™. For
many years, arterial vasodilation in cirrhosis has been
attributable to increased circulating vasodilators such
as estrogen, VIP, prostaglandins'®, CGRP!'”, substance
P8 adrenomedullin*®, atrial natriuretic factor?*"
and nitric oxide!'®***, As the most important site of
vasodilation is the splanchnic circulation, increased
production of nitric oxide, that acts in a paracrine
manner, has recently been considered essential'®.
Bacterial endotoxin closely related to bacterial
translocation is known to stimulate these vasodilators
especially nitric oxide®**,

BACKGROUNDS OF REFRACTORY
ASCITES

Refractory ascites was internationally defined as
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Figure 1 Phatophysiologic backgrounds and main theories of ascites formation in liver cirrhosis. The pathogenetic events leading to ascites formation in
patients with liver cirrhosis are multifactorial. They include hepatic venous outflow block, portal hypertension and hypoalbuminemia as hepatic factors, hyperdynamic
circulation, peripheral arterial vasodilation, decreased effective circulating blood volume and altered neurohumoral systems as systemic circulatory factors, and
enhanced salt and water reabsorption in proximal and distal nephron and convoluted duct related to intrarenal haemodynamic derangement as renal factors.
They are closely interrelated and enhance salt and water reabsorption in the kidney. The activities of the two major vasoconstrictor and antinatriuretic systems,
the renin-angiotensin-aldosteron system and the sympathetic nervous system, are increased in most cirrhotics with tense ascites. Increased plasma level of
arginine vasopressin enhances water reabsorption in the collecting duct and contributes to water retention. Endothelin, an endothelial-derived peptide with marked
vasoconstrictor activity, is also increased in advanced cirrhosis®™*”. Increased endothelin levels were proven to be related to creatinine clearance, effective renal

plasma flow™, serum creatinine and blood pressure®™,

and may also contribute to renal dysfunction in patients with cirrhosis™. Three main hypotheses, the

underfilling theory, the overflow theory and the peripheral arterial vasodilation theory, are considered to explain variable pathophysiological changes occurred
in a patient with advanced liver cirrhosis. VIP: Vasoactive intestinal peptide; CGRP: Calcitonin gene-related peptide; PG: Prostaglandin; TX; Thromboxane; LT:

Leukotriene.

ascites that does not recede despite Na restriction and
maximal diuretic therapy (furosemide 160 mg/d and
spironolactone 400 mg/d) or that recurs shortly after
therapeutic paracentesis™®!. However, most Japanese
cirrhotics with ascites develop electrolyte disturbance or
azotemia by this high-dose diuretic treatment. In order
to avoid diuretic-induced side effects, we designed
a stepped care protocol with a combination of low-
dose aldosterone antagonists (400 mg/d of potassium
canrenoate, iv) and loop diuretics (40-80 mg/d of
furosemide, iv) and studied the pathophysiological
backgrounds of these patients™®?”). In the early
step responders, basal renal function, serum Na
concentration, plasma renin activity (PRA), plasma
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levels of aldosterone, norepinephrine (NE), and AVP
were within normal limits and basal plasma a-human
atrial natriuretic peptide (a-hANP) was elevated™®.
On the contrary, in the late step responders and
nonresponders, basal PRA and plasma NE and AVP
were progressively elevated with the concomitant
decreases in basal creatinine clearance (Ccr), urine
volume, urinary Na excretion (UNaV), serum Na levels
and the increases in basal blood urea nitrogen (BUN)
and serum creatinine levels'***”), These results indicate
that the early responders were basically in the state
of vascular overflow, while the late responders and
nonresponders were relatively in the state of vascular
underfilling. The pathophysiological backgrounds of
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ascites are considered to be a continuum involving
both overflow (early stage) and underfilling states
(late stage). Interestingly enough, in the patients who
responded diuretics, PRA, plasma aldosterone and
NE were elevated and o-hANP was lowered by the
treatment, suggesting that the diuretics themselves
may cause relative vascular underfilling™®®..

In the advanced stages of decompensated cirrhosis,
patients develop low arterial pressure attributable
to further reduction of the peripheral vascular
resistances®®. An increase in the cardiac output to
refill the expanded intravascular bed and the release
of vasoconstrictors (RAA system, sympathetic nervous
system and AVP) to raise peripheral vascular resistance
are two compensatory mechanisms to overcome a
further reduction of the peripheral vascular resistances
and to maintain the hemodynamic stability™®®. Reduced
renal perfusion and further Na and water retention with
dilutional hyponatremia are the natural consequences
of this physiological response™®.

WATER RETENTION IN LIVER CIRRHOSIS

An impaired renal water handling, leading to inability
to excrete a water load and hyponatremia, represents
a common finding in advanced liver cirrhosis™. In
refractory ascites, hyponatraemia often develops,
which indicates more intense water retention™”, Free
water clearance, an index of water excretion, has been
reported to be markedly decreased in patients with
cirrhosis and ascites.

On the other hand, the results reported in patients
with compensated cirrhosis are still conflicting. By an
intravenous water overload of 20 mL/kg body weight,
we noted that free water clearance was decreased
with the progression of liver cirrhosis!®. Several other
authors™®"* showed a blunt diuretic and natriuretic
response to water administration in non-ascitic cirrhotic
patients. Conversely, Krag et al®® reported that the
Child B cirrhotic patients had increased free water
clearance and distal fractional water excretion during a
400 mL/h oral water load.

Pathogenesis of water retention is not fully
established, but two major mechanisms have been
considered: (1) increased nonosmotic release and
decreased clearance of AVP; and (2) decreased GFR
and excessive proximal tubular Na reabsorption
resulting in impaired free water excretion. For many
years, the role of enhanced AVP activity in the cause
of subnormal dilution capacity and water retention has
received strong support'. Taking these results, the
current pharmacological therapy has been focused on
the release or action of AVP™?. On the other hand,
Gatta et a*” found that free water clearance corrected
for distal Na delivery were normal both in non-ascitic
patients and in the majority (75%) of decompensated
cirrhotics. They thought that excessive proximal
Na reabsorption and reduced distal delivery of fluid
may play a primary role in the pathogenesis of the
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impaired water excretion of these patients'*. Krag et
al®” noted that Child C cirrhotics with ascites and mild
hyponatremia showed a low GFR, a low distal tubular
flow and an inability to increase free water clearance
during water loading, while plasma AVP levels re-
mained low. In general, the above two mechanisms
are hardly evaluated separately, for the maneuvers
leading to expansion of extracellular fluid volume not
only enhance the distal delivery of filtrate but may also
suppress AVP release by attenuating underfilling of
arterial vascular compartment™.

PLASMA LEVELS OF AVP

After the development of sensitive radioimmunoassay,
most investigators reported elevated plasma AVP
levels in liver cirrhosis™. However, its relation to cli-
nical findings including water excretion was variable.
Pérez-Ayuso et al** reported that plasma AVP levels
in cirrhotics were higher than those in normal subjects
and plasma AVP levels in cirrhotics with negative
free water clearance were even higher than those in
cirrhotics with positive free water clearance.
Castellano et a/®® found that basal AVP levels
were elevated only in decompensated cirrhotics with
hyponatremia, although water diuresis and fractional
proximal Na excretion were significantly decreased in
patients both with and without hyponatremia. They
concluded that impaired water excretion in those
without hyponatremia cannot be ascribed to enhanced
AVP activity but may be related to reduced delivery of
filtrate to the distal segment of the nephron'®*,
Although basal plasma AVP levels were not
different between well-compensated cirrhosis and
healthy controls®®**®!, suppression of plasma AVP after
water load (20 mL/kg body weight) noted in healthy
controls was not observed in cirrhotics”®®. Nicholls et
al®”! evaluated diuretic responses to head-out water
immersion, another maneuver to increase central
blood volume, and reported that the cirrhotic patients
with impaired water excretion revealed higher plasma
AVP levels than those with moderate water excretion
during water immersion. Bichet et a/’*® reported
that redistribution of central blood volume by water
loading in addition to water immersion to the neck
resulted in suppression of AVP levels and improvement
in water excretion in decompensated cirrhotics.
Epstein et al®*”, however, failed to demonstrate
plasma AVP suppression with their water immersion
despite increased diuresis in most decompensated
cirrhotics. They concluded that the diuresis in some
patients without concomitant suppression of plasma
AVP suggests that AVP may constitute a permissive
rather than pivotal factor in the impaired water
excretion in patients with advanced liver disease™.
The discrepancies among these results on plasma AVP
levels may be partly explained by the differences in
the basal and post-immersion central blood volumes.
The patients in Bichet’s study™®, who received a
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stronger central hydration (immersion plus intravenous
water load) are considered to reveal more effective
suppression of AVP™,

We designed a “body compression” apparatus as a
means to restore effective blood volume in cirrhotics
with ascites!®. All four limbs and the lower abdomen
were compressed with constant pressure for 3 h,
using stroke rehabilitation splints, while patients lay
supinel®”l, Repeated body compression alleviated
ascites in those with well-preserved renal function,
but was ineffective in those with markedly impaired
renal function®”. In the responders, plasma AVP levels
were within normal limits during the study, whereas
in the nonresponders, markedly elevated AVP was not
depressed by the body compression™®.

NONOSMOTIC RELEASE OF AVP

The possible mechanism for increased AVP activity
in patients with liver cirrhosis may include enhanced
nonosmotic release of AVP, decreased hepatic me-
tabolism and enhanced tubular sensitivity to AVP™.
Among them, enhanced nonosmotic release of AVP is
considered to play most pivotal role. In physiological
state, mechanisms of osmoregulation and volume
regulation help to maintain water balance and tonicity
in the body™"!. AVP is synthesized by two hypothalamic
nuclei (supraoptic nuclei and paraventricular nuclei)
and secreted by the posterior pituitary in response to
an increase in plasma tonicity or decrease in plasma
volume. Effective circulating arterial volume acts as
a nonosmotic factor which regulates the secretion of
AVPHY,

The major nonosmotic pathway for AVP rele-
ase involves the autonomic nervous system, which
is mediated via the baroreceptors located mainly
in the left ventricle and carotid sinus'*’!. These
baroreceptors communicate to the hypothalamus via
parasympathetic pathways and cause a release of AVP
in response to hypovolemia®. Small changes of <
10% in blood pressure or blood volume have no effect
on AVP levels. However, once decreases in volume or
pressure exceed this value, baroreceptor-mediated
signals provide persistent stimuli for AVP secretion®.
In cirrhotic patients with ascites, the nonosmotic
release of AVP from the posterior pituitary becomes
the dominant force and the end result is impaired
free water excretion and subsequent dilutional
hyponatraemia™.

The peripheral arterial vasodilation of splanchnic
vascular bed attributable to vasodilators such as
nitric oxide, is considered to cause typical circulatory
derangement in liver cirrhosis, i.e., hyperdynamic
circulation. Although total plasma volume may be
increased in these circumstances, splanchnic arteriolar
vasodilation leads to underfilling of arterial vascular
component. The reduction of “effective plasma volume”
is sensed by the high-pressure osomoreceptors and
stimulates RAA system and sympathetic nervous
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systems, resulting an increase in AVP release'™.

ROLE OF AQUAPORIN-2

AVP plays an important role in water and Na ho-
meostasis. It acts via three receptor subtypes-V1a,
V1b, and V2-distributed widely throughout the body™,
V1a receptors are present on vascular smooth muscle
cells, myocardium, platelets, and hepatocytes, and
mediate vasoconstriction, platelet aggregation, and
glycogenolysis!*!l. V1b is expressed in the anterior
pituitary gland where it mediates adrenocorticotropin
release!*. V2 receptors are located in principal cells
of the renal collecting duct system and mediate water
reabsorption. AVP acts on V2 receptors, which activate
the cyclic adenosine monophosphate (cAMP)/protein
kinase A (PKA) signaling pathway and translocate
intracellular vesicles of water channel aquaporin-2
(AQP-2) to the apical plasma membrane of collecting
duct cells. This AQP-2 in the cell surface increases the
reabsorption of free water from the tubular fluid back
into the circulation™*"*¢!, AVP further regulates the
long-term water permeability of the collecting ducts
by increasing AQP-2 gene expression™*® and AQP-2
protein synthesis'*’”’. AVP thus plays a pivotal role
in the on-off regulation of the cellular trafficking of
AQP-2 and the synthesis of AQP-2 in collecting duct
cells”), Nonsuppressible release of AVP is profoundly
involved in abnormal antidiuresis in pathological states
of impaired water excretion””). Such a chronic AVP
excess is closely associated with abundance of AQP-2
protein in collecting duct cells despite hypoosmolar
condition™”’.

In experimental studies, increased expression of
AQP-2 mRNA and protein were also found and closely
related to volume of ascites in CCls-induced cirrhotic
rats™*®l, Jonassen et al'*”’ conversely showed that the
renal expression of the AQP-2 was down-regulated in
bile duct-ligated cirrhotic rats with Na retention but
without ascites. They further demonstrated that renal
AQP-2 expression in membrane fractions of both whole
kidney and inner medulla from CCls-induced cirrhotic
rats with hyponatremia and ascites was unchanged™.

In clinical investigations, Ivarsen et al*® showed
that urinary AQP-2 excretion was increased in parallel
with impairment of free water clearance with the
progression of liver cirrhosis, although it was not
related to plasma AVP levels. They concluded that
there is a functional association between increased
AQP-2 excretion and increased renal reabsorption of
water in cirrhosis. Chung et a/®" also reported that
urinary AQP-2 secretion was increased in patients
with liver cirrhosis, especially in those with ascites. In
contrast to these results, Esteva-Font et a/l®*! found
a progressive decrease in urinary AQP-2 excretion as
the progression of liver cirrhosis, from compensated
cirrhosis to cirrhosis with ascites and hepatorenal
syndrome. Plasma AVP level did not correlate with
urinary AQP-2 excretion and markedly increased in
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[52] [30]

those with hepatorenal syndrome™~. Krag et al
reported that plasma AVP level was suppressed but
AQP-2 excretion was unchanged and urine volume,
free water clearance and distal fractional water
excretion were not increased after water load in Child
C patients. These discrepancies between plasma
AVP level and urinary AQP-2 excretion support an
uncoupling of AVP/AQP-2 system attributable to a AVP-
independent production of AQP-2 in decompensated
liver cirrhosis®®”. The regulation of AQP-2 may be
modified by a nhumber of hormones and bioactive
substances, such as angiotensin I, aldosterone,
dopamine, atrial natriuretic peptide, PGE2 and
adrenergic hormones™. The lack of responsiveness
of the collecting ducts to changes in the plasma AVP
could explain why a number of patients respond poorly
to vaptans®”.

TREATMENT BY VASOPRESSIN
RECEPTOR ANTAGONIST

Given the central role of AVP in limiting renal water
excretion, AVP receptor antagonists represent a
physiologic and rational method to increase renal water
excretion®®!, Several vasopressin receptor antagonists
have been evaluated in treating hyponatremia in
patients with cirrhosis/end-stage liver disease™.
These include the intravenous dual V1A/V2 -receptor
antagonist conivaptan, and the oral V2 -receptor
antagonists lixivaptan, RWJ-351647, satavaptan,
and tolvaptan®. Main characteristics of randomized
double-blind placebo-controlled trials on vaptans for
patients with liver cirrhosis are listed in Table 1.

Lixivaptan

Guyader et al*¥ first reported the randomized double-
blind, placebo-controlled trial on the effect of V2-
receptor antagonist lixivaptan (VPA-985; ascending
single doses of 25, 50, 100, 200, and 300 mg) in
patients with liver cirrhosis and ascites and found a
dose-related increase in daily urine output and a dose-
related decrease in urine osmolality together with
increases in serum osmolality and Na concentration for
24 h*, Gerbes et al™ studied the effects of lixivaptan
(100 or 200 mg/d) or placebo in cirrhotics with ascites
and hyponatremia (serum Na 115-132 mmol/L) in a
double-blind controlled trial. The authors found that
normalization of serum Na concentration was achieved
in 27% and 50% of patients in the lixivaptan 100 mg/
d and 200 mg/d groups, respectively, but in none of
the patients in the placebo group. Although the effect
of lixivaptan on ascites was not described in the report,
a significant decrease of body weight was recorded
in subjects receiving lixivaptan 200 mg/d™>. Wong
et al®*® investigated the add-on effects of lixivaptan
(doses of 25, 125, and 250 mg twice daily) or placebo
to diuretics (mostly furosemide and spironolactone) on
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cirrhotics with ascites and hyponatremia (< 130 mmol/
L) and found that lixivaptan produced a significant
overall aquaretic response with significant dose related
increases in free water clearance and serum Na.

Lixivaptan was also shown to be effective and safe
for long-term management of hyponatremia after
outpatient initiation™*”). Normalization of serum Na
levels was maintained during the 24-wk study period.
It was titrated safely in the outpatient setting without
over-rapid serum Na level correction®*”.

RWJ-351647

Thuluvath et a/®® evaluated the effect of another
selective V2-receptor antagonist RWJ-351647 in
cirrhotics with ascites, who failed to lose = 2 kg weight
in the week by the diuretic regimen of furosemide
(40 mg/d) and spironolactone (100 mg/d), as a
randomized double-blind, placebo-controlled trial.
They found that this vaptan is an effective aquaretic
causing dose-dependent increases in urine output
and free water clearance, when co-administered with
conventional diuretics®®. There was no influence on
the pharmacokinetics of concomitant furosemide and
spironolactone in their study™®.

Satavaptan

Gines et al***” investigated the effects of satavaptan on
ascites management and serum Na in decompensated
cirrhotic patients with and without hyponatremia.
They first compared the effect of three fixed doses
of satavaptan (5, 12.5 or 25 mg once daily) versus
placebo for 14 d in 110 cirrhotic patients with ascites
and hyponatremia (serum Na < 130 mmol/L), who
continuously received spironolactone at 100 mg/d™?.
The authors reported that satavaptan was effective
for control of ascites (indicated by a reduction in body
weight and abdominal girth), which was associated
with improvements in serum Na and concluded
that this vaptan improves the control of ascites
and hyponatremia in patients with cirrhosis under
diuretic treatment®®. They next evaluated the effect
of satavaptan on ascites in 148 cirrhotics without
hyponatremia as the similar double-blind randomized-
controlled trial®. Duration of treatment was also 14 d
but all patients received spironolactone 100 mg/d plus
furosemide 20-25 mg/d. As a result, the administration
of satavaptan was associated with reduction of ascites
in cirrhotics without hyponatraemia®.

On the other side, Wong et al®"! evaluated the
long-term effect of satavaptan on the recurrence of
ascites and survival. They first performed a double-
blind placebo-controlled trial investigating the effects
of the addition of satavaptan (5, 12.5 or 25 mg) or
placebo to 100 mg spironolactone for 12 wk on ascites
recurrence after a large volume paracentesis in 151
patients with liver cirrhosis irrespective of the presence
of hyponatraemia™!. Although the frequency of pa-
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d was considered the optimal dose in patients with
liver cirrhosis and ascites, who showed inadequate
response to conventional diuretics in Japan'®”. This
conclusion was verified by another multicenter double-
blind placebo-controlled trial by Sakaida et a/'®®, by
which tolvaptan is proved to improve hyponatremia
and to exert its effect on body weight and initial urine
volume of the patients regardless of serum albumin
level®®®, They also doubled the duration of tolvaptan
treatment and showed that it's effect on body weight
persisted for 14 d””., In order to avoid adverse effects
of tolvaptan in cirrhotics, Sakaida et a’*! further tried
to decrease the dosage of tolvaptan and compared
3.75 mg/d and 7.5 mg/d schedules by a double-blind,
parallel-group study. Although tolvaptan resulted in
dose-dependent decreases in body weight and ascites
volume and increases in urine output, 3.75 mg/d
tolvaptan exerted significant effects as well”*..

Conivaptan

In patients with Child-Pugh class A-C cirrhosis,
conivaptan is administered via an intravenous loading
dose of 10 mg followed by continuous infusion of
10 mg over 24 h for 2 to 4 d with titration up to 20
mg over 24 h if serum Na is not rising at the desired
rate™?.

A retrospective review of 24 cirrhotic patients
with hyponatremia showed that it raised serum Na
in patients with and without diuretics™’?. Because
conivaptan is available only as a parenteral formulation,
chronic use in cirrhotic patients with hyponatremia
may be limited. Theoretically, it should be cautious
to use conivaptan in patients with cirrhosis because
it blocks both V2 and V1 A receptors™’?. There is a
possibility that V1A inhibition may result in splanchnic
vasodilation, which leads to further reduction in blood
pressure and increased risk of variceal bleeding®*.
Dilatation of the splanchnic bed and interference with
platelet aggregation could exacerbate complications of
variceal bleeding™"..

AREAS OF UNCERTAINTY

It is not determined if V2-receptor antagonists are
helpful for asymptomatic hyponatremic patients!*?.
It is also undetermined if early use of vaptans
prevent diuretic-induced hyponatremia in cirrhotics.
Although it remains unclear whether correction of the
hyponatremia per se will improve patient outcomes,
V2-receptor antagonist offer an opportunity to test
this uncertainty in patients with euvolemic and
hypervolemic hyponatremia™.

So far no study has revealed that the effects
of vaptans are related to plasma AVP levels in
patients with liver cirrhosis. As plasma AVP levels
are considered to be normal in cirrhotics without
hyponatremia, the reported effects of tolvaptan in
these patients may be related to hypersensitivity of V2-
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receptor to AVP as noted in congestive heart failure”,

In fact, the effect of spironolactone for cirrhotics with
normal plasma aldosterone levels have been explained
by the renal tubular hypersensitivity to aldosterone'™!.

Proper indication of vaptans

Hospitalized patients with mild to moderate symptoms
of hyponatremia can be considered ideal candidates
for the use of vaptans. Although restriction of fluid
intake has been recommended in patients with severe
hyponatremia, it has very limited efficacy for cirrhotic
patients™). While it remains speculative as to whether
correction of the hyponatremia per se will improve
patient outcomes, the vaptans offer an opportunity
to test this uncertainty in patients with euvolemic
and hypervolemic hyponatremia'’. One remaining
question is if they are helpful in hyponatremic patients
who are asymptomatic or mildly symptomatict!.
Hyponatraemia with serum Na < 130 mEq/L is one
of several predictive factors for the development of
overt hepatic encephalopathy™**®. Investigators have
hypothesized that low-grade cerebral edema asso-
ciated with hyponatremia may predispose cirrhotics
to encephalopathy™*’”). Treating hyponatremia is,
therefore, considered to be a prudent step to reduce
the frequency and severity of encephalopathy in
cirrhosis™!. Hyponatraemia in cirrhosis is associated
with impaired cognition and poor health-related quality
of life (HRQOL), which were recently proved to be
improved by hyponatraemia correction by short-term
tolvaptan therapy!®..

Dahl et a/”" made meta-analyses to evaluate
the effects of vaptans (tolvaptan, satavaptan and
lixivaptan) on patients with cirrhosis and hypona-
traemia or ascites. As a result, they did not find clear
differences between the vaptan groups and the control
groups regarding mortality, variceal bleeding, hepatic
encephalopathy, spontaneous bacterial peritonitis,
hepatorenal syndrome, or renal failure, although
vaptans increased serum Na levels and led to reductions
in weight and the time to the first paracentesis. They
admitted that vaptans have a small beneficial effect
on hyponatremia and ascites but concluded that these
data do not support the routine use of vaptans in
cirrhosis”®. Further studies about using different end-
points such as hospitalizations for hyponatremia, need
for more or less diuretics to control the ascites, and
need for paracentesis, would better define how to use
this new class of drugs in the patient with cirrhosis and
ascites®™,

A recent FDA drug safety communication recommended
that tolvaptan should not be used for longer than 30 d
and should not be used in patients with underlying
liver disease due to a risk of liver injury leading to liver
transplant or death®"). This arose from surveillance in a
3-year placebo-controlled study of 1400 patients with
autosomal dominant polycystic kidney disease. Among
them 3 patients treated with tolvaptan at a dose of
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120 mg/d developed significant increases in serum
ALT and total serum bilirubin levels®. No vasopressin
receptor antagonist is currently approved by the FDA
for treatment of hyponatremia in patients with liver
disease or cirrhosis™?.

Proper doses of vaptans

The effect of vaptans may be less robust in hyponatremia
of cirrhosis compared with other causes®®¢*¢>!, A
subgroup analysis of cirrhotic patients in the SALT
trials also supported this observation™®. Reasons for
limited response to vaptans in some hyponatremic
patients with advanced cirrhosis may be that avid
proximal reabsorption of solute leads to decreased
distal delivery of the glomerular filtrate, although this
possibility has not been studied. Another possibility
is that V2 receptor-independent pathways play a role
in APQ-2 regulation in cirrhosis*”. The difference
in the doses of tolvaptan between international
trials and Japanese trials are noticeable. Of course,
it should be kept in mind that the primary efficacy
outcomes in the Japanese studies were improvement
of ascites and edema of the extremities and not that
of severe hyponatremia, hence refractory ascites
in end-stage cirrhotics was excluded from these
studies. International tolvaptan trials used 15 to
60 mg/d in cirrhotics for decompensated cirrhotics
with hyponatremia, whereas the doses of Japanese
trials first settled between 7.5 to 30 mg/d™® finally
decreased to 3.75 and 7.5 mg for decompensated
cirrhotics without hyponatremia”*!. This study, how-
ever, showed that tolvaptan induced significant
increases in urine volume and significant decreases
in body weight from basal levels for 4 d even in the
3.75 mg/d group”™. Significant increase in serum Na
concentrations within normal limits were noted in the
7.5 mg/d group”". Although the approved dose of
tolvaptan for cirrhotics is 7.5 mg/d, intial dose of 3.75
mg/d is recommended for safety in advanced cirrhotics
in Japan. Although the reason why some Japanese
cirrhotic patients responded to such a low dose of
tolvaptan as 3.75 to 7.5 mg/d is not clear, it is now
advisable to use low-dose tolvaptan for cirrhotic ascites
to prevent the risky liver injury warned by FDAP?.,

Effect for refractory ascites
Zhang et al® recently reported that the combination
of 15 mg/d tolvaptan with diuretics effectively
increased the urine output in 89.7% of patients with
refractory ascites. They selected the patients who
were not satisfactorily controlled after either 1 wk of
Na intake restrictions, albumin infusion and high doses
of diuretics (more than 160 mg/d of furosemide and
200 mg/d of spironolactone) or 2 wk of large volume
therapeutic paracentesis.

Patients with Child-Pugh scores of greater than
10 have been excluded in most tolvaptan trials
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except for this study'®!. The more severe forms
of hyponatremia (Na < 125 mmol/L) are seen in
patients with more advanced liver disease, and
hence the safety and efficacy of vaptans in this
group of patients with cirrhosis should be carefully
examined™, It is conceivable that combining vaptans
with diuretics could be beneficial in patients with
refractory ascites reducing the frequency of large-
volume paracentesis™®®. This hypothesis, however, was
not validated with large-scale randomized controlled
studies. We cannot generally recommend vaptans
for all refractory ascites, until they are proved to be
effective in the same kind of study that include only
patients with refractory ascites.

A low serum Na level is a strong predictor of pre-
transplant mortality, independent of the Model for End-
stage Liver Disease score (MELD)®*. Vaptans may
have some merit in the management of patients before
liver transplantation. This should be also evaluated in
an adequate control study.

FUTURE POSSIBILITY OF ASCITES
TREATMENT BY DIURETICS AND
VAPTANS

The doses of diuretics in combination with vaptans
have been reported to be variable; i.e., furosemide
20-80 mg/d and spironolactone 25-200 mg/d.

Large-doses of diuretics frequently lead difficult-
to-treat hyponatremia, which disturbs further use
of diuretics. Although the level of hyponatremia at
which diuretics should be abandoned is contentious,
most experts agree that they should temporarily
stop diuretics in patients whose serum Na decreases
to less than 120-125 mmol/L**. By an addition of
vaptans we may continue diuretics to these severe
hyponatremic patients with ascites, or we may prevent
the development of severe hyponatremia itself in the
diuretic treatment. It is advisable to evaluate in a
prospective controlled study if we can decrease the
incidence of diuretic-intractable ascites by an early
combination of diuretics and vaptans. The fact that
disturbed water excretion already exists in the early
cirrhosis without hyponatremia may become the
theoretical basis for this strategy.

Considering the mechanism of water excretion,
markedly decreased GFR and distal delivery of fluid
may cancel the effect of vaptans. Although we have
no definite data yet, the effect of tolvaptan seems
weak in patients with renal dysfunction related to the
underfilling state. Except for Zhang et al®s report,
we have no evidence to say that vaptans benefit
these advanced cases. More clinical data are needed
to know if tolvaptan is really effective for difficult-to-
treat ascites in patients with marked underfilling state.
Although vaptans show much promise, further study
is needed to clarify whether we can establish this
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drug in the outpatient setting as a combination with
diuretics™® and whether we can improve the morbidity
and cost burden™.

CONCLUSION

Although there is no evidence that correcting the
serum Na influences the patient’s prognosis, it is clear
that severe hyponatremia leads to hospitalization,
discontinuation of diuretics and fluid restriction,
all of which are undesirable outcomes'™!. Even if
hyponatremia is not the direct cause of symptoms, it
may lower the threshold for changes in mental status
resulting from poor cerebral perfusion*’l. Therefore,
meticulous use of vaptans may become a choice
in the management of ascites and hyponatremia
before considering large-volume paracentesis or
TIPS. Although tolvaptan has a possibility to make
a breakthrough in the treatment of difficult-to-treat
ascites, its high price is a major barrier to go beyond
for the future’.

Considering that the use of vaptans is only a
symptomatic therapy, we should make every effort to
improve the backgrounds of water retention. There
is now considerable evidence to suggest that long-
term anti-HBV treatment can improve liver fibrosis
in patients with advanced hepatitis B virus-related
cirrhosis™. As endotoxemia and resultant increase of
nitric oxide are important precipitating factors for the
underfilling state of cirrhotics, adequate management
of the gut-liver axis may merit the patients™',
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