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Abstract: The syndrome of inappropriate antidiuresis (SIAD), the commonest cause of
hyponatraemia, is associated with significant morbidity and mortality. Tolvaptan, an oral
vasopressin V2-receptor antagonist, leads through aquaresis to an increase in serum sodium
concentration and is the only medication licenced in Europe for the treatment of euvolaemic
hyponatraemia. Randomised controlled trials have shown that tolvaptan is highly efficacious
in correcting SIAD-related hyponatraemia. Real-world data have confirmed the marked
efficacy of tolvaptan, but they have also reported a high risk of overly rapid sodium increase

in patients with a very low baseline serum sodium. The lower the baseline serum sodium, the
higher the tolvaptan-induced correction rate occurs. Therefore, a lower starting tolvaptan
dose of 7.5 mg has been evaluated in small cohort studies, demonstrating its efficacy, but it
still remains unclear as to whether it can reduce the risk of overcorrection. Most international
guidelines, except for the European ones, recommend tolvaptan as second-line treatment for
SIAD after fluid restriction. However, the risk of unduly rapid sodium correction in combination
with its high cost have limited its routine use. Prospective controlled studies are warranted

to evaluate whether tolvaptan-related sodium increase can improve patient-related clinical
outcomes, such as mortality and length of hospital stay in the acute setting or neurocognitive
symptoms and quality of life in the chronic setting. In addition, the potential role of a low
tolvaptan starting dose needs to be further explored. Until then, tolvaptan should mainly be
used as second-line treatment for SIAD, especially when there is a clinical need for prompt
restoration of normonatraemia. Tolvaptan should be used with specialist input according to a
structured clinical pathway, including rigorous monitoring of electrolyte and fluid balance and,
if needed, implementation of appropriate measures to prevent, or when necessary reverse,

overly rapid hyponatraemia correction.
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Introduction

Hyponatraemia, the most frequent electrolyte
abnormality encountered in hospital practice, is
defined as a serum sodium concentration below
135 mmol/litre and is associated with significant
morbidity and excess mortality, with its common-
est cause being the syndrome of inappropriate
antidiuresis (SIAD). Fluid restriction has been
the mainstay treatment for SIAD in the last dec-
ades despite the limited evidence base supporting
its use.! The modest efficacy of fluid restriction in
increasing serum sodium, noted in large observa-
tional studies,? was also confirmed in the first and

only prospective randomised controlled trial
(RCT) which reported a failure to respond in
more than one-third of patients, highlighting the
need for other therapies for SIAD.

Vaptans are non-peptide antagonists of arginine
vasopressin (AVP) receptors that have been
shown to be useful for the treatment of hyponatrae-
mia by selectively increasing solute-free water
excretion from the kidneys. Several vaptans have
been developed and tested in humans, including
tolvaptan, conivaptan, mozavaptan, lixivaptan
and satavaptan.> However, the only vaptan that is
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currently licenced and available in Europe is
tolvaptan, but its role in the treatment of SIAD
has been disputed, and its place in therapeutic
strategies remains unclear. This review summa-
rises the current state of knowledge on the use of
tolvaptan for hyponatraemia due to SIAD, explor-
ing its effectiveness and safety. It also attempts to
define its place in the treatment armamentarium
of SIAD and to form a protocol for its optimal use
in clinical practice.

It should be noted that the United States Food
and Drug Administration (FDA) licence of
tolvaptan for the treatment of hyponatraemia,
besides SIAD, includes individuals with hyper-
volaemic hyponatraemia, such as those with heart
failure.* The Efficacy of Vasopressin Antagonism
in Heart Failure Outcome Study With Tolvaptan
(EVEREST) found that tolvaptan was effective in
increasing serum sodium as well as in improving
dyspnoea and reducing body weight in patients
hospitalised with heart failure, but with no effect
on long-term mortality, cardiovascular morbidity
or rehospitalisation rate.>-® These findings were
confirmed by a recent meta-analysis,” suggesting
that tolvaptan may relieve water retention, but
there is not enough evidence that it improves the
long-term prognosis.® Interestingly, data from
recent RCTs showed that tolvaptan was superior
to placebo in terms of achieving rapid and persis-
tent weight loss,%10 as well as reducing dyspnoea
after 3days,® but without being associated with
greater improvement in dyspnoea within first
day.%10 Finally, recent evidence suggests that
long-term tolvaptan use in patients with
hyponatraemia and heart failure is associated with
better renal function, possibly due to its loop diu-
retic dose-sparing effect.!! With respect to the use
of tolvaptan in patients with hyponatraemia and
cirrhosis, tolvaptan is effective in increasing the
serum sodium concentration, as shown in the
subgroup of cirrhotic patients with hyponatrae-
mia in SALT (Study of Ascending Levels of
Tolvaptan in hyponatremia) studies!? and in the
interim results from a large post-marketing sur-
veillance study in Japan.!> However, and in view
of the risk for liver injury, the FDA states cirrhosis
as a contraindication for tolvaptan use because of
impaired ability of these patients to recover in
case of hepatotoxicity. In contrast, tolvaptan has
been approved in Japan for the treatment of fluid
retention in liver cirrhosis, regardless of serum
sodium levels, with real-world data showing a

significant reduction in body weight and improve-
ment in related symptoms.14

Mechanism of action

Tolvaptan is an orally administered AVP antago-
nist used at doses between 15 and 60 mg/day,
undergoes hepatic metabolism, and has an elimi-
nation half-life of 6-8 h. In vitro receptor-binding
studies have demonstrated that tolvaptan blocks
the binding of AVP to V2 receptors with 29-fold
greater selectivity than that for V1a receptors, the
activation of the latter promoting vasoconstric-
tion and myocardial contractility.!> In addition, it
shows no inhibition of V3 (also known as V1b)
receptors,!® which are involved in AVP-related
adrenocorticotrophic hormone (ACTH) release
from the anterior pituitary.1316 Therefore, tolvap-
tan, a selective V2-receptor AVP antagonist,
competitively blocks the binding of vasopressin to
V2 receptors located on renal collecting duct
cells. As a consequence of V2 receptor inactiva-
tion, there is inhibition of the synthesis and trans-
port of aquaporin-2 water channel proteins into
the apical membrane of the collecting duct cells,
resulting in a decrease in free water reabsorption.3
As shown in the SALT-1 and SALT-2 trials,
which evaluated the effect of tolvaptan on euvol-
aemic and hypervolaemic hyponatraemia, tolvap-
tan resulted in an average increase in urine output
of 1200 ml during the first day after its adminis-
tration.* Tolvaptan-induced diuresis is quantita-
tively similar to that induced by the intravenous
administration of 20 mg furosemide,!” albeit
qualitatively different to furosemide because
tolvaptan leads to increased water excretion with-
out significant increases in the excretion of urine
solutes, such as sodium or potassium.? For this
reason, tolvaptan has been termed an aquaretic in
contrast to classic diuretics, which are also natriu-
retic and kaliuretic.!® Since 2009, tolvaptan has
been approved for the treatment of euvolaemic
hyponatraemia due to SIAD by both the regula-
tory authorities in the United States (FDA) and
Europe (EMA; European Medicines Agency).

RCTs on tolvaptan for treatment of SIAD

The SALT-1 and SALT-2 trials were ran-
domised, placebo-controlled, double-blind,
multi-centre, phase III trials, which randomly
assigned adult patients with a serum sodium con-
centration of less than 135 mmol/litre to oral
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tolvaptan at a starting dose of 15 mg daily
(n=225) or placebo (#=223).* Within 8 h after
initiation of tolvaptan, the serum sodium concen-
tration was already significantly higher in the
tolvaptan group than in the placebo group, and
remained persistently higher over the 30-day
study period, across all ranges of hyponatraemia,
while the safe limit of 12 mmol/litre/day for
sodium correction was exceeded in only 1.8% of
cases.* Regarding the effect of tolvaptan on health
status, a prespecified combined analysis of Short-
Form 12 (SF-12) Health Survey showed that
scores on the physical component summary did
not differ significantly, whereas scores on the
mental component summary significantly
improved in the tolvaptan group.* Subsequently,
an SIAD subgroup analysis of the SALT studies
confirmed a significantly greater sodium increase
with tolvaptan than placebo both on days 4 and
30 (mean serum sodium change 5.3 versus 0.5
mmol/litre and 8.1 versus 1.9 mmol/litre, respec-
tively), with a rate of 5.9% for overly rapid sodium
correction.!® In the SIAD subgroup, tolvaptan-
treated patients showed a significant improve-
ment of the physical component summary in the
tolvaptan group after 30 days.!® These landmark
studies provided the high-quality evidence basis
for authorisation of tolvaptan use for hyponatrae-
mia by regulatory authorities across the world.

SALTWATER was a multicentre, non-ran-
domised, open-label extension of the SALT tri-
als, including a total of 111 tolvaptan-treated
patients for a mean follow-up period of 701
days.2® The short-term effect of tolvaptan on
sodium levels was sustained for a 2-year period,
suggesting that tolvaptan retains its efficacy long-
term with an acceptable safety margin.?° An
RCT, addressing the use of tolvaptan for the
treatment of hyponatraemia in patients with can-
cer, showed that a 14-day course of tolvaptan led
to hyponatraemia correction, defined as serum
sodium above 135 mmol/litre, in 94% of patients
compared with only 8% in the placebo arm, with-
out any cases of too rapid sodium correction.?!
However, tolvaptan did not improve the mini-
mental state examination score (MMSE) or the
length of hospital stay.?! The Investigation of the
Neurocognitive Impact of Sodium Improvement
in Geriatric Hyponatremia: Efficacy and Safety
of Tolvaptan (INSIGHT) trial, a multicentre,
randomised, double-blind, placebo-controlled,
parallel group trial, assessed the effect of 21-day
tolvaptan therapy in patients with chronic

euvolaemic or hypervolaemic hyponatraemia on
cognition and gait.22 Despite a statistically signifi-
cant increase in serum sodium levels in the tolvap-
tan group compared with placebo (136 versus 132
mmol/litre on day 21, p<0.01), there was no sig-
nificant difference in the primary endpoint of
overall neurocognitive composite score of speed
domains. The only neurocognitive measure to
show statistically significant improvement after
tolvaptan treatment was psychomotor speed,
particularly rapid motor movements.?? In addi-
tion, the tolvaptan group showed an increase in
serum osteocalcin, a bone formation marker,
and a decrease in the wurine N-telopeptide
(N'Tx):creatinine ratio, a bone resorption marker.
Despite these changes not being statistically sig-
nificant, there was a highly significant decrease in
the bone resorption index, calculated as change
from baseline in the urine NTx:creatinine ratio
divided by change in serum osteocalcin, suggest-
ing that long-term treatment of hyponatraemia
may potentially reverse hyponatraemia-induced
resorptive bone loss.?? In total, data from RCTs,
summarised in Table 1, have established tolvap-
tan as an agent, which is efficacious in increasing
serum sodium levels and is associated with a low
risk for overly rapid correction. In addition, some
data support tolvaptan-related improvement of
symptoms and quality of life.

Real-world data on the effectiveness and
safety of tolvaptan use and predictors for
rapidity of hyponatraemia correction

The Hyponatraemia Registry, the largest observa-
tional study in this field, examined the effective-
ness and safety of various treatment modalities
for a serum sodium level <130 mmol/litre in
diverse real-life settings, both in the United States
and Europe.? Real-world data analysis of 225
tolvaptan-treated SIAD patients with median
baseline serum sodium levels of 127 mmol/litre
recorded a median first 24-h sodium change of 4
mmol/litre following tolvaptan initiation.! The
effectiveness of tolvaptan was similar with that of
hypertonic saline and superior to fluid restriction.
Tolvaptan was also significantly more successful
compared with all other therapies for achieving
correction benchmarks, such as a sodium levels
increase of at least 5 mmol/litre (78% success
rate), final serum sodium =130 mmol/litre
(74%), and sodium = 135 mmol/litre (40%).
Overly rapid correction of hyponatraemia
occurred in 12.1% of tolvaptan-treated patients,
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Table 1. Randomised controlled trials and real-life studies of efficacy and safety of tolvaptan for the treatment of hyponatraemia.

Author Study type Baseline Na Changein Na Rate of Predictors Effect on other
Country population (mmol/litre) overly of great Na outcomes
rapid Na response
correction? to tolvaptan
Schrier RCT Tolvaptan Day 4 Tolvaptan Marked Improvement in
etalt Inpatients Median Tolvaptan 1.8% hypoNa mental component
United Na <135 128.7 + 5.8 Placebo (Na <130) summary
States and Euvolaemic and Placebo Placebo 0 compared
Europe hypervolaemic Median + 0.7 with mild
N=225 (tolvaptan]) 128.8 p<0.001 hypoNa
N=223 (placebo) (Na 130-134)
FU: 30 days
Verbalis RCT Day 4 Tolvaptan NDA Improvement in
etal"? Inpatients with SIAD Tolvaptan 5.9% physical (p=0.019)
United N=58 I+ B3 Placebo and mental
States and (tolvaptan) Placebo 0 (p=0.051)
Europe N=52 + 0.5 component
(placebo) p<0.001 summary
FU: 30 days
Berletal.? Open-label Mean 130.8 Mean NDA NDA NDA
United extension of SALT 138
States and studies
Europe Outpatients
N=111
(tolvaptan)
Mean FU: 701 days
Chenetal?® RCT Tolvaptan Day 4 NDA NDA NDA
China Inpatients with SIAD Mean 127.1 Tolvaptan
N=19 Placebo + 8.4
(tolvaptan) Mean Placebo
N=18 125.3 + 33
(placebo) p<0.001
FU: 7 days
Salahudeen RCT Tolvaptan Day 14 Tolvaptan NDA No significant
etal? Inpatients Median 129 Tolvaptan 0 changes on MMSE
United Na <135 With cancer Placebo +10.2 Placebo (Mini-Mental State
States Euvolaemic or Median Placebo 0 Examination)
hypervolaemic 129 + 3.9 Score and length
N=17 p<0.001 of hospital stay
(tolvaptan)
N=13
(placebo)
FU: 14 days
Verbalis RCT Tolvaptan Median Tolvaptan NDA No difference in
etal?2 Outpatients Median Day 21 0 neurocognitive
United With SIAD 129.4 Tolvaptan Placebo composite score
States Na 122-134 Placebo + 7 0 Improvement in
>50 years old Median Placebo psychomotor
N=29 129.8 + 2 speed domain
(tolvaptan) p<0.01 Decrease in bone
N=27 resorption index
(placebo)
FU: 21 days

[Continued)]
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Table 1. (Continued)

Author Study type Baseline Na Changein Na Rate of Predictors Effect on other
Country population (mmol/litre) overly of great Na outcomes
rapid Na response
correction? to tolvaptan
Verbalis Real-world Median 127 Median Tolvaptan Lower NDA
etal’ HypoNa Day 1 12.1% baseline Na
United Registry + 4 Marked
States and SIAD hypoNa
Europe Na <130 (Na <120)
N=225
(tolvaptan)
Rajendran Real-world Mean Mean 0 NDA NDA
etal.?s One site 120.1 Day 1
United Inpatients + 6.7
Kingdom SIAD
Na <125
N=15
Tzoulis Real-world Mean Mean 23% Lower NDA
etal.?s Two sites 119.9 Day 1 baseline Na
United Inpatients + 9
Kingdom SIAD
Na <130
N=61
Humayun Real-world Mean Mean 0 NDA NDA
and One site 117.8 Day 1
Cranston?¢ Inpatients + 7.2
United SIAD Day 3
Kingdom Na <125 + 8.9
N=31
Han et al.?’ Real-world Mean Mean 13% Lower NDA
South Korea  Multi-centre 126.8 Day 1 baseline Na
Inpatients + 6.9 Severe
SIAD Day 4 hypoNa
Na <135 + 8.8 (Na <125)
N=39 Low BMI
Estilo etal.?®  Pharmacovigilance study  Mean Mean 24.6% Lower Improvement
Seven Inpatients 123.2 Day 7 baseline Na in hypoNa
European SIAD +11.8 symptoms
countries Na <135
N=252
Umbrello ICU Mean Mean 10.5% Lower NDA
etal.?? SIAD 133 Day 1 baseline Na
Italy Na <135 + 6.7 Lower urine
N=38 Na
Lower BUN
Morris Inpatients Mean Mean 25% Lower NDA
et al.30 SIAD 120.6 Day 1 baseline Na
United Na <130 + 8.3 Lower BUN
States N=28

BMI, body mass index; BUN, blood urea nitrogen; FU, follow-up; ICU, intensive care unit; Na, sodium; NDA, no data available; RCT, randomised

controlled trial; SALT, Study of Ascending Levels of Tolvaptan; SIAD, syndrome of inappropriate antidiuresis.
2Defined as rise of serum sodium concentration exceeding 12 mmol/litre in the first 24 h or 18 mmol/litre in the first 48 h after tolvaptan

administration
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Figure 1. Linear regression between baseline serum sodium concentration (x-axis) and sodium correction in

the first 24 h after initiation of tolvaptan (y-axis).
Adapted by Tzoulis et al.2°

Red vertical line indicates baseline serum sodium of 125 mmol/litre.
Red horizontal line indicates serum sodium increase of 12 mmol/litre in the first 24 h.

Correlation coefficient: -0.23 (p=0.012).
sNa, serum sodium.

with both the magnitude of correction and the
rate of overly rapid sodium rise being higher than
in RCTs.! Of note, the patients at greatest risk for
unduly rapid sodium correction were those with
severe baseline hyponatraemia, especially those
with a sodium concentration <120 mmol/litre.?
Subsequently, a retrospective study of 61 tolvap-
tan-treated SIAD patients with a mean starting
sodium level of 119.9 mmol/litre reported a mean
first day sodium increase of 9 mmol/litre and an
unprecedented rate of overly rapid correction of
23%.25 The baseline serum sodium concentration
was lower compared with previous studies, while
a significant negative correlation was found
between baseline sodium value and its 24-h rise,?5
as illustrated in Figure 1.

A prospective study confirmed the inverse corre-
lation between baseline serum sodium levels and
tolvaptan-induced sodium change, but it also
identified low weight and body mass index (BMI)
as predictors for a more rapid sodium rise.?” A
prospective, observational, post-marketing, phar-
macovigilance study, including 252 tolvaptan-
treated patients with SIAD across several
European countries, confirmed the great effec-
tiveness of tolvaptan in sodium correction in
combination with a high rate of around 25% for

overly rapid hyponatraemia correction, most
commonly in those with a lower starting sodium.?8
The fact that the lower the baseline serum sodium
concentration, the greater the magnitude of
tolvaptan-induced sodium rise, was confirmed in
further studies?®-3° and may merely reflect that
subjects with more severe degree of hyponatrae-
mia have greater room for improvement.2? Other
biochemical parameters, such as urine sodium
and blood urea nitrogen (BUN), were also identi-
fied as predictors for the rapidity of tolvaptan-
induced sodium rise.?>3° The inverse correlation
of baseline urine sodium with serum sodium rise
may be explained by the competitive nature of the
AVP antagonism exerted by tolvaptan, indicating
that lower urine sodium represents lower degree
of AVP activation and, therefore, predicting a
higher response to tolvaptan.?® A possible expla-
nation for the negative correlation with BUN, an
observation also shown in relation to conivaptan-
induced response,3! is that subjects with the low-
est BUN levels may have the largest increase in
whole body water content, greatest extracellular
fluid expansion, highest glomerular filtration
rate (GFR), lowest proximal tubular reabsorption
and greatest distal delivery of substrate, thereby
making them more responsive to water diure-
si8.29:30 Therefore, BUN may serve as a useful
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pre-treatment marker of response to vaptans,
with patients with a very low BUN showing a
larger sodium rise. Finally, acquired resistance to
tolvaptan has rarely been described and has been
attributed to escalating plasma AVP concentra-
tions in the setting of progression of malignant
disease, competing with tolvaptan at AVP kidney
receptors.32

In summary, several real-world studies have
reported a substantial risk of overly rapid
hyponatraemia correction, estimated at around
25% for individuals with a starting serum sodium
of 120 mmol/litre.25-28:30 This significantly greater
magnitude of sodium rise in real-life data com-
pared with RCTs, as summarised in Table 1, is
most likely explained by real-life tolvaptan use in
individuals with much lower baseline serum
sodium levels. The underlying explanation may
be that patients starting with lower serum sodium
have higher volumes of excess body water, which
becomes available for renal excretion after tolvap-
tan administration, leading to a more pronounced
aquaresis and a greater increase in serum sodium.

Efficacy and safety of low tolvaptan doses

The high therapeutic potency of tolvaptan is asso-
ciated with a risk of unduly rapid correction of
hyponatraemia, raising concerns about the likeli-
hood of osmotic demyelination syndrome (ODS),
a severe neurological condition associated with
rapid increase of serum sodium levels. Tolvaptan
doses, which are lower than the formally approved
15 mg starting dose, have been successfully used
for other indications, such as an adjunct to stand-
ard treatment in symptomatic heart failure.?3-3¢ A
case series of 11 patients with paraneoplastic
SIAD, who were treated with a low (7.5 mg)
tolvaptan dose and achieved normonatraemia
without any cases of too rapid sodium correction,
in 2011 provided the first evidence that lower
than suggested tolvaptan doses may be an effec-
tive and safe treatment, at least for malignant
SIAD.35 Following this report, several research
groups have reported their real-world experience
on the effectiveness and safety of low-dose tolvap-
tan for the treatment of SIAD. The largest study
to date of low-dose tolvaptan reported the out-
comes of using a starting 7.5 mg tolvaptan dose in
55 patients with malignant SIAD and a mean
baseline serum sodium of 117.9 mmol/litre.3°
After the initiation of tolvaptan, the median serum
sodium increase was 9 and 10 mmol/litre at 24

and 72 h, respectively, with the vast majority of
patients (87.3%) achieving a serum sodium rise
of at least 5 mmol/litre over 48 h. However, the
high efficacy of low-dose tolvaptan was accompa-
nied by a high rate (30.9%) of overly rapid
hyponatraemia correction.3°

Post-marketing assessments of tolvaptan use in
Europe have reported that a significant propor-
tion of physicians use a low 7.5 mg tolvaptan
starting dose on a patient-by-patient case basis,
with the hope of lowering the risk of overly rapid
sodium correction.37:38 All real-world studies sug-
gest that a starting 7.5 mg dose, half the approved
initiation dose of tolvaptan, is effective in treating
hyponatraemia. With respect to the risk of over-
rapid sodium correction, some studies suggest
that a low dose may reduce it,35:39-41 whereas
other studies still report high rates of too rapid
correction.?528:36:37:42 Critical review of these data
suggests that tolvaptan at a 7.5 mg dose seems to
be still associated with a substantial risk for overly
rapid sodium correction, especially in individuals
with more severe hyponatraemia and a basal
serum sodium level below 120 mmol/litre.?6-37
Finally, an even lower starting tolvaptan dose of
3.75 mg has been used anecdotally by some clini-
cians, but the only available data from 10 indi-
viduals in a pharmacodynamic study does not
allow us to draw any conclusion about its efficacy
and safety.3” As a result, and until higher quality
data become available, we recommend consider-
ing the use of 7.5 mg starting tolvaptan dose for
patients with SIAD and a low baseline serum
sodium <125 mmol/litre (see Table 2).

The position of tolvaptan in guidelines for

the treatment of SIAD

In 2013, an expert panel published their recom-
mendations for the evaluation and treatment of
hyponatraemia,!8 suggesting the use of vaptans as
second-line therapy for SIAD after fluid restric-
tion, but also as first-line therapeutic option in
cases when fluid restriction cannot be adhered to
or is unlikely to be effective.!® The authors of
these recommendations favoured tolvaptan over
other agents since tolvaptan has been the only
pharmacological agent widely approved by the
regulatory authorities with well-established effi-
cacy in correcting hyponatraemia and a good
safety record, while alternative therapies have a
very limited evidence base for their efficacy and
safety.!®8 Considering the paucity of data on
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Table 2. Studies evaluating the efficacy and safety of low tolvaptan dose for the treatment of SIAD.
Author Study type Low dose Change in Na Rate of overly rapid Standard dose Conclusion
Country population tolvaptan Na correction* comparator
7.5 mg
initial Na
Kenz et al.% Case series N=11 9/11 normal Low dose N=2 Effective
United Kingdom Inpatients 110-126 7.5 mg 0/1 2/2 too rapid Lower risk
Na <126 on alternate days versus correction of rapid
Malignant SIAD 2/11 needed higher standard dose correction
dose 2/2
Tzoulis et al.2 Case series N=6 Day 1 Low dose 1/6 N=43 Effective
United Kingdom Inpatients Mean 115.3 Mean + 9.8 (16.6%) Mean 118.7 Similar risk
Na <125 versus standard Day 1 of rapid
SIAD dose Mean + 9.9 correction
10/43 (23.2%) (p=0.989)
Harbeck et al.3? Case series N=22 Day 1 Low dose N=15 Effective
Germany Inpatients Mean 124.0 Mean + 6.0 0/22 (0) Mean 120.4 Lower risk
Na <130 versus standard Day 1 of rapid
SIAD dose Mean + 6.5 correction
2/15(13.3%) Not significant
Castello et al.40 Case series N=11 Day 1 Low dose N=12 Effective
Italy Inpatients Mean 124 Mean + 6 0/ Mean 125 Lower risk
Na <130 versus standard Day 1 of rapid
SIAD or dose Mean + 12 correction
hypervolaemic 5/12 p=0.025
hypoNa (41.3%)
p=0.037
Shoaf et al.37 RCT N=10 Day 1 Low dose N=8 Lower dose
United States/ Inpatients Mean 129.7 Mean + 5.3 1/10 (10%) Mean 127.9 will not
Europe Na 120-133 Very low dose 3.75 versus standard Day 1 reduce risk
SIAD N=10 dose Mean + 7.9 for too rapid
Day 1 + 3.6 2/8 (25%) correction
versus very low dose
1/10 (10%)
Barajas-Galindo Case series N=9 Day 1 Low dose N=7 Effective
etal“? Inpatients Mean 125 Mean + 5 50% Mean 125 Similar risk
Spain Na <135 versus standard Day 1 of rapid
SIAD dose 25% Mean + 5 correction
p=0.501
Hanna et al.4! Retrospective study N=18 Day 1 Low dose N=28 Effective
United States Na <135 Mean 123.7 Mean + 5.6 1/18 (5.6%) Mean 120.6 Lower risk
SIAD versus standard Day 1 of rapid
dose Mean + 8.3 correction
8/28 (28.6%) p=0.1
p=0.07
Estilo et al.?8 Pharmacovigilance N=106 Day 7 N=189 Effective
Seven European study Mean + 7.3 Day 7 Similar
countries Inpatients Mean + 11.8 efficacy of
Na <135 different
SIAD doses
Chatzimavridou- Retrospective N=55 Day 1 Low dose No comparator Effective
Grigoriadou et al.3 study Mean 117.9 Median + 9 17/55 (30.9%) High risk
United Kingdom Na <130 of rapid
Malignant SIAD correction

Na, sodium; RCT, randomised controlled trial; SIAD, syndrome of inappropriate antidiuresis.
"Defined as rise of serum sodium concentration exceeding 12 mmol/litre in the first 24 h or 18 mmol/litre in the first 48 h after tolvaptan

administration
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tolvaptan use for severe hyponatraemia, they
advised that one should use tolvaptan with cau-
tion and under stringent monitoring in cases with
a serum sodium below 120 mmol/litre.!8

A few months later, in 2014, a clinical practice
guideline on treatment of hyponatraemia, devel-
oped as a joint venture of the European Society of
Endocrinology  (ESE), the European Renal
Association — European Dialysis and Transplant
Association (ERA-EDTA) and the European
Sociery of Intensive Care Medicine (ESICM), did
not recommend the use of tolvaptan for the treat-
ment of SIAD.43 They concluded that tolvaptan
had a negative risk—benefit ratio because of the
absence of proven hard clinical outcome benefit
in combination with safety concerns about the
risk of overly rapid sodium correction and poten-
tial hepatotoxicity. In fact, they specifically rec-
ommended against the use of vaptans in patients
with a serum sodium <125 mmol/litre because of
the high risk of over-rapid hyponatraemia correc-
tion in this subgroup. The overarching principle
of the European guidelines was the absence of
concrete evidence that correcting hyponatraemia
itself improves patient-important outcomes, while
active hyponatraemia treatment carries the risk of
unduly rapid correction, which may expose
patients to the risk of ODS with potentially devas-
tating neurological sequelae.*? Instead of vaptans,
the authors of the European guidelines recom-
mended as equal second-line treatment options
oral urea or a combination of low-dose loop diu-
retic with oral sodium chloride.*?

Urea, an osmotic agent, which through water diu-
resis increases serum sodium concentration,** has
been shown to be effective in the treatment of
hyponatraemia.*>>4¢ However, oral urea is not
routinely used because of its poor palatability and
the lack of an approved preparation. With regards
to other therapeutic options for SIAD, demeclo-
cycline is a tetracycline derivative licenced in the
United Kingdom for the treatment of malignant
SIAD, but its use is nowadays limited due to its
unpredictable efficacy, slow onset of action and
concerns regarding nephrotoxicity.*” Finally, a
well-known anti-diabetic medication, empagliflo-
zin, has recently emerged as a promising novel
treatment option for SIAD since sodium-glucose
co-transport 2 (SGLT-2) inhibition increases uri-
nary free water excretion.® Two small RCTs
have shown that empagliflozin is effective in
increasing serum sodium in inpatients as an

add-on to fluid restriction?® as well as in outpa-
tients as monotherapy.>°

This decision of the European Clinical Practice
Guidelines not to recommend a place for tolvaptan
within its licenced indication for SIAD, despite
being the only pharmacological therapy approved
across three continents for the treatment of SIAD,
was highly controversial. The main arguments
against this negative recommendation were that
the negative benefit-risk profile was based on vap-
tans in general rather than tolvaptan; that only one
case of tolvaptan-induced ODS had been reported
globally despite cases of too rapid sodium correc-
tion; and that tolvaptan, in contrast to other thera-
peutic modalities, had been subjected to the
rigours of a regulatory process and the scrutiny of
RCTs.5! The European guidelines were also heav-
ily criticised by a group of endocrinologists who
argued that the exclusion of tolvaptan could
remove the most evidence-based treatment option
for SIAD from the armamentarium of physicians,
constituting a disservice to patients.’? The main
counter-argument on behalf of the European
guideline development group was that they con-
sidered only patient-relevant hard outcomes.??
Therefore, they could not recommend tolvaptan
on the basis of improving a surrogate marker, such
as serum sodium levels, since there was no proof
that tolvaptan-induced sodium increase results in
a meaningful change in such ‘hard’ patient-rele-
vant outcomes.>3 Despite the divergence in rec-
ommendations between various guidelines, there
has been unanimous agreement between authors
of all guidelines on the lack of high-quality evi-
dence in the field of hyponatraemia.3:54

Besides the disagreement between the European
guidelines*?> and US expert panel recommenda-
tions!8 concerning the role of tolvaptan in clinical
practice, several other guidelines from various
professional organisations have been published,
all recognising tolvaptan as a valuable pharmaco-
logical therapy for the treatment of SIAD.47:55
Two different algorithms, developed by a Spanish
multidisciplinary group®® and a group of senior
UK clinicians with a special interest in hyponatrae-
mia,*” recommended the use of tolvaptan in
patients with SIAD and mild-to-moderate symp-
toms, either as second-line treatment after failure
to respond to 48-h fluid restriction or as first-line
therapy when fluid restriction is not feasible or is
predicted to fail, for example, when the urine/
plasma electrolyte ratio is >1.4755 In addition, an
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Italian Task Force, generated by the Iwalian
Societies of Endocrinology, Nephrology and Oncology,
has recommended the use of tolvaptan in SIAD,
either as first-line therapy for moderate symptoms
or second-line therapy for mild symptoms.>°
Finally, the most recent guidance, published in
2022 by the South Korean Society of Nephrology,
also recommends tolvaptan as second-line ther-
apy for hyponatraemia due to SIAD.57

Current role of tolvaptan in the management

of SIAD

With the exception of the European guidelines,*3
all other published recommendations and con-
sensus statements!8:47:55-57 recommend tolvaptan
as a second-line treatment option for SIAD in
patients who do not respond to fluid restriction.
Tolvaptan may also be used as a first-line agent in
SIAD patients who are unlikely to respond to
fluid restriction due to very limited renal
excretion of solute-free water.? Current data
do not support the use of tolvaptan in patients
with severe symptoms of hyponatraemia.>8
Mechanistically, tolvaptan offers an elegant and
attractive treatment option for euvolaemic
hyponatraemia since it specifically reverses its
pathophysiologic derangement.’® However, for
now, clinicians must rely on good judgement
rather than unequivocal evidence to decide which
patients with hyponatraemia should be given
tolvaptan.®® The reason for this is that the land-
mark SALT* and SALTWATER?® studies have
provided high-quality evidence that tolvaptan is
effective in correcting hyponatraemia, but they
were not designed or powered enough to assess
improvement in symptoms or survival, raising the
key unanswered question whether treatment of
hyponatraemia can improve hard endpoints.0
Since the key question whether tolvaptan can
improve patient-related clinical outcomes has not
been answered as yet, tolvaptan cannot comprise
the mainstay of therapy for SIAD.%! There is also
considerable uncertainty as to which symptoms
and what degree of severity of hyponatraemia
should be considered indications for tolvaptan
treatment.®! The current place of tolvaptan in the
therapeutic armamentarium for treating SIAD is
indeed heavily influenced by ‘expert opinions’. In
total, despite its well-known efficacy in
hyponatraemia correction, the risk of overly rapid
sodium correction in combination with the high
cost of tolvaptan have prohibited its widespread
use. Thus, in most European countries, tolvaptan

is sparingly used in highly selected cases and for a
limited duration. The extent to which tolvaptan
might replace fluid restriction as first-line therapy
will be predicated upon additional data about the
cost-benefit ratio of these therapies.

Hepatotoxicity of tolvaptan

In 2013, the FDA issued a caution that tolvaptan-
related hepatic injury had occurred in some
patients being treated with tolvaptan in the
TEMPO 3:4 trial, a multicentre, double-blind,
placebo-controlled, 3-year trial, examining the
effect of tolvaptan on autosomal dominant poly-
cystic kidney disease (ADPKD).%2 Three out of
957 ADPKD tolvaptan-treated patients devel-
oped severe liver injury and jaundice, which were
probably caused by tolvaptan and were reversed
on discontinuation of tolvaptan. Nevertheless,
there were no reports of liver failure and all sub-
jects experiencing hepatic injury recovered.®3
Since then, the FDA has recommended limiting
the duration of tolvaptan treatment to 30 days,
avoiding its use in patients with underlying liver
disease, and discontinuing it if a patient develops
signs of liver disease. On the contrary, the EMA
has not suggested any restriction on the duration
of tolvaptan treatment for SIAD.

With respect to the potential hepatotoxicity of
tolvaptan, three points should be highlighted.
First, the average daily tolvaptan dose in the
TEMPO study (95 mg) was much higher than
commonly used doses (15-30 mg) for SIAD.
Second, the earliest case of serious liver damage
was reported 3 months after starting tolvaptan
treatment, indicating that liver toxicity is unlikely
to occur with short-term use.%2-93 Third, cases of
liver damage have not been reported in clinical
trials of tolvaptan treatment for hyponatraemia,
not even in those with long follow-up, such as the
SALTWATER?® and EVEREST? trials. In addi-
tion, tolvaptan has been approved in Japan for
patients with liver cirrhosis, with post-marketing
surveillance data showing a good safety profile.!3
The absence of a liver safety signal in non-
ADPKD patients treated with tolvaptan for
hyponatraemia may suggest enhanced suscepti-
bility of the ADPKD population to tolvaptan-
associated liver injury,®® indicating a minimal, if
any, risk of tolvaptan-induced liver injury in the
vast majority of patients with SIAD. Therefore,
patients with SIAD remain candidates for long-
term tolvaptan therapy if the benefit of tolvaptan

journals.sagepub.com/home/tae


https://journals.sagepub.com/home/tae

P Tzoulis, G Kaltsas et al.

treatment outweighs the risks and they are either
refractory or unable to tolerate other therapies for
hyponatraemia.!® In such cases, caution should
be exercised and there is no evidence-based algo-
rithm for the optimal monitoring of liver func-
tion. Taking into account the prescribing
information for tolvaptan in ADPKD patients as
well as the lower risk for liver injury in tolvaptan
use for SIAD, in our opinion transaminases and
bilirubin should be measured prior to tolvaptan
initiation, two weeks after and subsequently every
1-2 months.

Cost-effectiveness of tolvaptan

Taking into account that the annual direct costs
of treating hyponatraemia in the United States
have been estimated to range between US$1.6
and US$3.6 billion, with hospitalisation account-
ing for approximately 70% of the total costs,%* it
is essential to evaluate the impact of tolvaptan use
on the costs associated with this condition. Based
on a trend noticed in the SALT trials towards a
reduced length of stay in the tolvaptan group
(mean 4.98 days) compared with the placebo
group (mean 6.19 days),!® a cost-offset model
demonstrated that, despite the incremental cost
of tolvaptan therapy, tolvaptan use resulted in an
estimated mean US$694 cost savings per admis-
sion among SIAD patients in the United States.%
Based on real-world data from the Hyponatraemia
Registry, and after factoring both the decrease in
hospital costs and the increase in tolvaptan-
related pharmacy costs, the same group con-
cluded that tolvaptan is related to lower
hospital-related costs than fluid restriction, indi-
cating a cost-offset opportunity of US$2296 per
admission of patient with hyponatraemia.®® From
the European perspective, taking into considera-
tion a reduction in length of hospitalisation
observed in tolvaptan-treated patients in the
SIAD population of the SALT studies,!® tolvap-
tan was associated with reduced costs (equivalent
to €624 per patient) in adult patients with SIAD.¢7
These studies have provided evidence that tolvap-
tan, on the basis of reduction of length of hospital
stay, could represent a cost-effective treatment
option for SIAD.65-67

Key areas for further research in the use of
tolvaptan

The first key, as yet unresolved, question remains
regarding the clinical benefit of tolvaptan. Can

tolvaptan-mediated hyponatraemia correction
improve hard clinical outcomes? This highlights
the need for prospective studies, which will assess
whether tolvaptan can save lives or improve qual-
ity of life or, at least, save money through shorten-
ing duration of hospitalisation.®! Given the dearth
of evidence in many aspects of the management
of hyponatraemia, our priority should be to
undertake RCTs, exploring the key hypothesis
that correction of hyponatraemia in the acute set-
ting translates into improvement of patient-
important outcomes, such as mortality, length of
hospital stay, need for re-admission, and symp-
tomatology. Similarly, in the outpatient setting,
we need to evaluate whether long-term treatment
of chronic hyponatraemia will result in improved
neurocognitive function, quality of life and func-
tional status, and whether correction of chronic
hyponatraemia can improve bone mineral den-
sity, prevent falls and reduce fracture rates. So,
we believe it is the time for a major paradigm
shift, changing the endpoints of hyponatraemia
studies from surrogate outcomes, such as magni-
tude of increase in serum sodium concentration,
to real clinical outcomes, such as mortality and
morbidity. Regulatory authorities, such as the
FDA and EMA, should reinforce a transforma-
tion of pharmaceutical studies in the field of
SIAD, by evaluating and approving drugs for
hyponatraemia based on their ability to improve
hard clinical outcomes. The new approach should
follow that in the field of lipid-lowering medica-
tions, where regulatory authorities have demanded
over the last 20 years from pharmaceutic compa-
nies and investigators that they design studies
with endpoint cardiovascular events rather than
simply lowering cholesterol values. In conclusion,
multicentre prospective controlled studies are
urgently warranted to evaluate whether tolvap-
tan-related sodium increase can improve hard
clinical outcomes, demonstrating the future role
of tolvaptan use for SIAD.

Second, the need for comparison head-to-head
studies between different therapeutic options for
SIAD, which was already highlighted in 2014,18:43
has not as yet been met, with the exception of a
small prospective study comparing the efficacy
and safety of vaptans with oral urea in patients
with SIAD.%8 Prospective studies should compare
tolvaptan wersus other therapies, such as fluid
restriction and urea, not only with regard to their
ability to correct hyponatraemia, but also to alter
patient-related outcomes and safety. Taking into
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account the heterogeneity of SIAD, further stud-
ies are also warranted to evaluate the therapeutic
role of tolvaptan in homogeneous cohorts, for
example, in malignant SIAD or in neurosurgical
settings, since tolvaptan may translate into
reduced length of hospitalisation and use of hos-
pital resources in these subgroups.

The third research question relates to the main
safety concern of tolvaptan, the likelihood for
overly rapid hyponatraemia correction. Specifi-
cally, we need to establish the effectiveness and
safety of tolvaptan in patients with very low serum
sodium, for example, below 120 mmol/litre, who
are most in need of hyponatraemia correction,
and at the same time are exposed to the greatest
risk of overcorrection. What is the magnitude of
this risk when tolvaptan is used under stringent
protocols, encompassing close electrolyte/fluid
balance monitoring and measures to halt/reverse
too rapid correction? In the era of personalised
medicine, large prospective studies are warranted
to demonstrate the parameters that can predict
the magnitude of response to tolvaptan and are
associated with high likelihood for over-rapid
sodium correction. These data would provide the
evidence basis for the development of a risk calcu-
lator for tolvaptan-related overly rapid sodium
increase, individualising the starting dose and
monitoring of tolvaptan. Various protocols of
tolvaptan initiation, titration, monitoring and
corrective measures should be prospectively
tested to develop an algorithm for tolvaptan use,
readily applicable to clinical practice, achieving
maximal drug efficacy and safety. For example,
an open-label randomisation trial is in progress,
randomising patients with non-hypovolaemic
hyponatraemia to receive either 7.5 mg tolvaptan
or fluid restriction imposed at 1000 ml/day,
testing the hypothesis that tolvaptan can improve
the rate of sodium correction as well as clinical
outcomes, without exposing the patients at
high risk of serum sodium overcorrection.%®
These studies will determine the utility of tolvap-
tan in clinical practice and provide an evidence-
based framework for tolvaptan administration
and monitoring.

The fourth question, that of optimal tolvaptan
dose, remains topical, since it has so far been
addressed only in retrospective studies with small
cohorts. There has been criticism that tolvaptan,
initiated at the current approved dose of 15 mg,

can often lead to overly rapid sodium correction
through profound aquaresis. This raises the ques-
tion as to whether tolvaptan may in some cases
act as ‘a cannon rather than a magic bullet’ and
highlights the need for a precision low-calibre
weapon needed to treat hyponatraemia in an
effective and safe manner.38 For this reason, large
prospective studies are needed to compare the
efficacy and safety of lower tolvaptan doses, such
as 7.5 and 3.75 mg, with the ‘approved’ starting
dose of 15 mg, across different levels of baseline
hyponatraemia.

Our recommendations about tolvaptan use

We recommend individualising treatment of SIAD,
based on a benefit-risk analysis for each patient
and several individual factors, including chronicity
of hyponatraemia, aetiology of SIAD, comorbidi-
ties, symptoms and biochemical parameters.

We promote the use tolvaptan as the main phar-
macotherapy for SIAD for the following reasons:

1. Tolvaptan is, undoubtedly, highly effica-
cious in correcting hyponatraemia.
Evidence that tolvaptan improves hard clin-
ical outcomes is currently lacking, but this
applies to all treatment options for SIAD.
Therefore, using our clinical judgement on
a case-by-case basis, we decide whether
each individual is likely to benefit from
increasing serum sodium levels.

2. Tolvaptan is the sole treatment modality
licenced for the treatment of SIAD in the
United States and Europe, having under-
gone stringent review of risk—benefit bal-
ance by the regulatory authorities and based
on high-quality evidence basis for efficacy
and safety. On the contrary, the use of other
agents is supported by low-quality data,
derived primarily from retrospective uncon-
trolled studies and case series.

3. Regarding concerns about tolvaptan-related
overly rapid hyponatraemia correction,
greater effectiveness is associated with a
higher risk for too rapid correction.
However, it can be substantially reduced,
provided patients undergo rigorous moni-
toring at frequent intervals and specific
measures are implemented, when need
arises, to prevent, or even reverse, overly
rapid correction.
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We recommend the use of tolvaptan for treat-
ment of SIAD, mainly in hospitalised patients,
and also in selected outpatients. The four scenar-
ios of tolvaptan use are illustrated below.

1. As second-line therapy, after failure of
patient to respond to at least 48-h fluid
restriction.

2. As first-line therapy in selected cases when
there is a clinical need for prompt correc-
tion of hyponatraemia. Classic examples
are the need to render a patient fit for sur-
gery or its use in patients with malignant
SIAD who are waiting to start chemother-
apy with drugs, which either can worsen
hyponatraemia by themselves, such as
platinum-based agents, or require infusion
of large volumes of fluids.

3. As first-line therapy in patients who are
highly unlikely to respond to fluid restric-
tion, for example, when urine osmolality
exceeds 500 mOsm/kg or the urine/plasma
electrolyte ratio is above 1.18

4. For chronic use in outpatients. This only
applies to selected complex cases who are
either refractory or cannot adhere to other
treatment modalities. A classic clinical sce-
nario is that of patients with refractory
malignant SIAD, most often due to lung
cancer, who would otherwise require recur-
rent hospitalisations and experience a poor
quality of life.

Based on the summary of product characteristics
for tolvaptan and existing literature,!® we pro-
pose the following algorithm for the initiation of
tolvaptan:

e Confirm the diagnosis of SIAD and exclude
hypovolaemic hyponatraemia.

e Initiate tolvaptan only as an inpatient.

e To be prescribed and supervised only by an
endocrinologist or nephrologist with a spe-
cial interest in the field.

e Discontinue any concomitant therapy for
hyponatraemia, such as fluid restriction,
and wait at least 6 h after cessation of hyper-
tonic saline infusion.

e Maintain ad libitum (as desired) fluid intake,
after ensuring intact thirst and free access

(grapefruit, ketoconazole, clarithromycin,
protease inhibitors), while use with great
caution a lower dose of 7.5 mg in case of
concomitant administration of a moderate
CYP3A4 inhibitor (fluconazole, erythro-
mycin, diltiazem, verapamil).

Initiate tolvaptan as a single stat dose in the
early morning to facilitate face-to-face
review within the first 6—8 h of initiation.
Start tolvaptan at a dose of 15 mg for base-
line serum sodium =125 mmol/litre and at
a lower ‘off label’ dose of 7.5 mg for serum
sodium <125 mmol/litre in view of the high
rate of overly rapid correction in severe
hyponatraemia.

We follow a stringent protocol!8:36:69 for the first
24 h of tolvaptan use:

Monitor serum sodium 6-hourly (baseline,
6, 12, 18 and 24 h after initial dose).

Keep an accurate fluid balance chart,
recording fluid input and urine output at
2-h intervals.

If 6-h sodium rise exceeds 6 mmol/litre or
12-h sodium rise exceeds 8 mmol/litre or
18-h sodium rise exceeds 10 mmol/litre or
urine output exceeds 200 ml/h for two con-
secutive hours, notify the clinical team in
charge of tolvaptan therapy and intensify
monitoring. Halt further correction by
administration of intravenous infusion of
dextrose 5% at a rate equal to urine output
or, alternatively, administer desmopressin 2
ug as a stat dose intravenously and after 8 h.
If the sodium rise is even more pronounced,
requiring reversal of overly rapid correc-
tion, there are two ways for re-lowering
serum sodium. The first regimen is intrave-
nous infusion of dextrose 5% at a rate of
6—10 ml/kg over 2 h, recheck serum sodium
in 2 h, and, if needed, continue infusion
until target serum sodium is reached.
Alternatively, administer desmopressin 2
ug intravenously plus an intravenous infu-
sion of dextrose 5% in water at a rate of 3-5
ml/kg over 2 h, recheck serum sodium in 2
h, and, if needed, continue infusion until
the target sodium is reached.

to fluids, since patient’s thirst and fluid
intake act as a ‘break’ on sodium rise.

Do not administer tolvaptan in patients
receiving strong CYP3A4 inhibitors

Following the first day after tolvaptan initiation,
the preferred strategy for most patients, especially
those who receive active treatment for the under-
lying aetiology of SIAD, is daily evaluation and
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decision to offer stat doses on a day-to-day basis,
if and when required, since two to four doses in
total are adequate treatment for most inpatients
with SIAD of short duration.#’” Tolvaptan dose
titration usually takes place during hospitalisation
according to the serum sodium concentration. In
patients with SIAD of long, or even indefinite,
duration, daily tolvaptan administration as a
repeat prescription can be considered. The
tolvaptan dose can also be safely up-titrated on
outpatient basis since the risk of overly rapid
sodium correction applies to the first 48 h follow-
ing tolvaptan initiation.

A suggested approach for the second tolvaptan
dose is:

1. When the first 24-h serum sodium rise is 9
mmol/litre or above, withhold the next
tolvaptan dose.

2. When it is 5-8 mmol/litre, continue the
same tolvaptan dose.

3. 3.When the first 24-h sodium rise is <5
mmol/litre, up-titrate the tolvaptan dose to
30 mg (if the initial dose was 15 mg) or 15
mg (if initial dose was 7.5 mg).

Conclusion

In view of the high-quality evidence that tolvap-
tan is a highly efficacious agent in increasing the
serum sodium concentration, most guidelines,
with exception of the European ones, recommend
it as second-line treatment of hyponatraemia due
to SIAD. The future use of tolvaptan and other
pharmacotherapies for hyponatraemia will be
determined to a great extent by prospective stud-
ies, evaluating its effect on patient-related out-
comes, such as mortality and length of hospital
stay in the acute setting, as well as neurocognition
and quality of life in the chronic setting. The sec-
ond key issue is related to the risk of overly rapid
sodium correction, especially in patients with
severe hyponatraemia. To address this safety
issue, prospective studies are warranted to assess
whether low starting doses of tolvaptan could
reduce the risk for an unduly rapid correction of
hyponatraemia and at the same time retain its
efficacy. The development of risk calculators for
overt sodium correction, incorporating clinical
and biochemical parameters, would also be of
paramount importance to facilitate clinical deci-
sion-making and the safe use of tolvaptan in rou-
tine care. Furthermore, there is an unmet need

for evidence-based protocols for tolvaptan initia-
tion, dose titration and monitoring with estab-
lished efficacy and safety, across different levels of
severity for baseline hyponatraemia. Finally, the
high cost of tolvaptan has been a key barrier to its
routine use in clinical practice. Following the
recent patent expiry of tolvaptan, the availability
of tolvaptan as a generic medication may lead to a
more attractive price to mitigate the substantial
financial burden related to the care of hyponatrae-
mic patients.”® In total, all these factors will define
the future role of tolvaptan in the treatment of
hyponatraemia.
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