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Short-Term Tolvaptan Increases Water Intake and Effectively
Decreases Urinary Calcium Oxalate, Calcium Phosphate
and Uric Acid Supersaturations
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Purpose: Some patients cannot effectively increase water intake and urine vol-
ume to prevent urinary stones. Tolvaptan, a V2 receptor antagonist, blocks water
reabsorption in the collecting duct and should decrease urinary supersaturation
of stone forming solutes, although this action has never been proved.

Materials and Methods: We conducted a double-blind, randomized, placebo
controlled, crossover study of 21 calcium urinary stone formers stratified into
majority calcium oxalate (10 patients) and calcium phosphate (11) groups.
Patients received 45 mg tolvaptan per day or placebo for 1 week, followed by a
washout week and crossover to tolvaptan or placebo for week 3. A 24-hour urine
sample was collected at the end of weeks 1 and 3.

Results: Tolvaptan vs placebo decreased urinary osmolality (mean � SD 204 �
96 vs 529 � 213 mOsm/kg, p <0.001) and increased urinary volume (4.8 � 2.9 vs
1.8 � 0.9 L, p <0.001). The majority of urinary solute excretion rates, including
sodium and calcium, did not change significantly, although oxalate secretion
increased slightly (from mean � SD 15 � 8 to 23 � 8 mg per 24 hours, p ¼ 0.009).
Mean � SD urinary calcium oxalate supersaturation (�0.01 � 1.14 vs 0.95 � 0.87
dG, p <0.001), calcium phosphate supersaturation (�1.66 � 1.17 vs �0.13 � 1.02
dG, p <0.001) and uric acid supersaturation (�2.05 � 4.05 vs �5.24 � 3.12 dG,
p ¼ 0.04) all dramatically decreased. Effects did not differ between the calcium
oxalate and calcium phosphate groups (p >0.05 for all interactions).

Conclusions: Tolvaptan increases urine volume and decreases urinary super-
saturation in calcium stone formers. Further study is needed to determine if
long-term use of V2 receptor antagonists results in fewer stone events.
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URINARY stone disease is a common
metabolic disorder, with a prevalence
of 7.2% to 7.7% in the adult popula-
tion, and a 10-year recurrence rate of
30% or greater.1,2 The costs to treat
patients with urinary stone disease
exceed $10.3 billion yearly.3 Evidence

suggests that the incidence of urinary
stone disease is increasing in indus-
trialized countries, with a current
estimated global prevalence of 10%
to 15%.4 The precise biological
pathways to calcium stone formation
are many.5 However, a common
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ADPKD ¼ autosomal dominant
polycystic kidney disease

AVP ¼ arginine vasopressin

CaOx ¼ calcium oxalate

CaP ¼ calcium phosphate

SS ¼ supersaturation

UA ¼ uric acid
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underlying feature is often increased urinary
supersaturation for calcium oxalate, calcium phos-
phate and/or uric acid.6

Increasing urinary volume is a useful measure to
decrease kidney stone risk since it dilutes the com-
ponents that drive urinary SS. Indeed, a recent
meta-analysis confirmed that increasing urinary
volume by drinking more fluid reduced the risk of
incident and recurrent events.7 Nevertheless, not
all patients can effectively increase fluid intake
despite consistent counseling.

Tolvaptan, an orally administered AVP V2 re-
ceptor antagonist, causes dose related polyuria.8

Thus, urinary free water losses increase, which, in
turn, leads to a slight increase in serum osmolality,
and stimulates thirst and increased water intake to
replace that lost in the urine. Therefore, tolvaptan
could potentially induce patients with urinary
stones to drink more fluid. However, the effect of
tolvaptan on urinary excretion of calcium, oxalate
and other determinants of urinary SS is untested.
We evaluated the net result of short-term tolvaptan
administration on overall urinary SS and the
excretion of key components of calcium based stones.

MATERIALS AND METHODS
This randomized, double-blind, placebo controlled, cross-
over study was conducted at our stone clinic between
September 2013 and January 2015. The study received
institutional review board approval (https://clinicaltrials.
gov/ct2/show/results/NCT02096965).

Study Population
We enrolled 21 patients 18 years or older who were idio-
pathic calcium kidney stone formers. Patients were
stratified to achieve near equal numbers of majority CaOx
and CaP. Patients with chronic kidney disease (estimated
glomerular filtration rate less than 60 ml/minute/1.73 m2

by the Chronic Kidney Disease Epidemiology Collabora-
tion equation) were excluded, as were those with a history
of hyponatremia or hypernatremia, hypotension or
orthostatic dizziness, or congestive heart failure, and
women who were pregnant. Stones were confirmed by
computerized tomography and analysis by infrared spec-
troscopy at our metals laboratory.

Tolvaptan Regimen and Dosage
After informed written consent was obtained subjects
received tolvaptan or placebo in a randomized fashion. A
daily dose of 45 mg (30 mg at 8:00 a.m. and 15 mg at 4:00
p.m.) was chosen since this dose had adequate tolerability
(96% of patients are willing to adhere to this regimen for
the rest of their lives) and efficacy (60% of patients
maintain persistently hypotonic urine for 24 hours) in a
phase II ADPKD trial (156-04-250),9 and this dose could
be safely initiated in outpatients.10 This varied dose is
designed to produce maximal AVP inhibition on waking
with a gradual falloff of effect overnight to allow better
sleep.

Patients were maintained at each phase for 1 week to
allow for a new steady state (fig. 1).11 All patients
completed a baseline 24-hour urine collection, received
drug or placebo for 1 week and then completed another
urine collection. Following a washout week, a third week
of drug or placebo (whichever was not received initially)
and a final urine collection followed. The order of drug and
placebo was randomized. Serum electrolytes were moni-
tored at each stage of the study. All patients were
instructed to drink to thirst and maintain their usual diet.
No medications were altered, including those already
taken for urinary stone disease.

Outcomes
The primary outcome was urinary CaOx and CaP super-
saturation on drug vs placebo. Secondary outcomes
included urinary UA SS; volume and osmolality; urinary
excretions of calcium, oxalate, citrate, uric acid and
phosphate; urinary pH; and serum sodium.

The 24-hour urinary concentrations of oxalate, calcium
and other determinants of SS were measured at our renal
testing laboratory, and serum electrolytes were measured
at our central clinical chemistry laboratory. SS was
calculated using EQUIL� 2.0.12

Statistical Analysis
Continuous variables are reported as means with stan-
dard deviations or medians with interquartile ranges, as
appropriate. All categorical variables are reported as
counts with percentages. In the event of missing infor-
mation, data were not imputed. A Wilcoxon matched pairs
signed-rank test was used to compare the end point
changes while on drug vs placebo. Linear regression was
used to test for the potential effect of the baseline level
and a treatment order effect. The primary end point
analysis was performed for the entire group to maximize
power. Interactions between treatment group and stone
type (CaOx vs CaP) on urinary SS profiles were assessed
by adding interaction terms to the linear regression
models. A 2-sided p value of less than 0.10 was considered
statistically significant for the carryover effect test since
this test has low power. Otherwise, a 2-sided p value of
less than 0.05 was considered statistically significant. All
analyses were performed using JMP�, version 9.0. A
sample of 20 patients provided 80% power to detect a 50%
change in urinary phosphate and urinary oxalate.13

Figure 1. Study design. Subjects collected 2 baseline 24-hour

urine samples, were randomized to placebo or tolvaptan for 1

week, then completed 2 more 24-hour urine collections. After

washout week subjects crossed over from tolvaptan or

placebo, then completed 2 final 24-hour urine collections.
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