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Nocturia is a bothersome and prevalent condition. It affects men and women equally, with 
an increasing incidence with age. It has multifactorial etiology and therefore treatment is 
based on an accurate history and examination with an assessment that should include 
frequency/volume charts and quality-of-life questionnaires. Treatment is primarily aimed at 
the etiology and may include referral to an appropriate specialist for administration of 
specific treatments. Initial treatment is based on lifestyle advice including fluid 
manipulation. If nocturia is of polyuric origin and is caused by a disturbance in the 
vasopressin system, the only efficacious medical treatment available with a good level of 
evidence is desmopressin. This review will look at the pharmacology of desmopressin and 
will review the evidence in the literature that would support its use in nocturia. Sometimes 
combination therapy with antimuscarinics and α-blockers may be required to control 
nocturia secondary to storage and voiding problems associated with nocturnal polyuria; 
however, no trials have actually looked into this concept to date.
Nocturia is the complaint that an individual has to
wake up one or more times to void. Nocturia
includes any number of voids and any time during
the night, but the person must be asleep and wakes
up before voiding and goes back to sleep after
voiding [1]. It is the most prevalent storage lower
urinary tract symptom (LUTS), almost equally
affecting men (48.6%) and women (54.5%) and
increasing with age. It is approximately four-times
more common than other storage symptoms (fre-
quency, urgency and incontinence) [2]. If the defi-
nition of ‘significant’ or bothersome nocturia is a
minimum of two voids per night, the prevalence
of nocturia would be reduced substantially in both
men (20.9%) and women (24%) but still remains
the most common storage LUTS [2].

It has been found that 67% of males [3] and
63% of females [4] find nocturia (≥2 voids/night)
bothersome. It negatively affects quality of life
(QoL) by causing lack of sleep that can result in
excessive daytime sleepiness, mood changes, cog-
nitive dysfunction leading to poor concentration
and performance, impaired intellectual func-
tions, endocrine changes (prolactin and corti-
sone) and car accidents [5,6]. Lack of sleep results
in low energy levels that can increase indirect
and intangible costs to society through decreased
productivity at work and more sick-leave being
taken. This impairment seems to increase as the
number of voids per night increases [7]. There is
also an increased risk of hip fractures in patients
suffering with nocturia, which increases health
service costs [8].

Nocturia has a multifactorial etiology (Box 1)

and patients often have a combination of factors
contributing to their nocturia, but they often
present to urologists first. It is important to accu-
rately assess the cause of the nocturia (Figure 1) as
treatment is aimed at the underlying pathology.
This should include a detailed history and thor-
ough physical examination. Initial screening
should include urinalysis, a 3-day frequency/vol-
ume chart (FVC) and a QoL questionnaire, such
as the International Consultation on Inconti-
nence Questionnaire for Nocturia (ICIQ-N) [9].
The FVC forms is an indispensable part of the
assessment of patients with nocturia and without
it, it is not possible to identify those patients
with polyuria (nocturnal or 24-h). Free urinary
flow rate and postvoid residual will also need to
be performed.

Overview of the current available 
treatments for nocturia
Conservative treatment
Conservative treatment in the form of fluid
manipulation and lifestyle advice is first-line
therapy in patients suffering with nocturia. Life-
style advice includes emptying the bladder
before going to bed. Fluid manipulation includes
reducing fluid intake approximately 4 h prior to
bedtime, for example caffeine and/or alcohol,
and limiting excessive fluid-containing foods,
such as fruits and vegetables, prior to bedtime. In
those with dependent peripheral edema, the
patient should be advised of the advantages of
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exercise, leg elevation above heart level in the
afternoon and compression stockings. All these
treatments can be effective and they are logical,
cheap and easy to perform; however, there is no
level 1 evidence to support their use.

If conservative therapy fails to control symp-
toms, patients are encouraged to return for fur-
ther evaluation and medical therapy may need
to be initiated. Obviously, if patients do not
drink fluid before going to bed, do not eat
fluid-containing foods in the evening, empty
their bladders before going to sleep at night or

do not suffer with edema, medical therapy can
be initiated on the first visit as there are no con-
servative treatments that need to be followed.
Patients suffering with sleep problems, such as
sleep apnea or severe snoring, should be referred
to a sleep specialist for further evaluation. Simi-
larly, those suffering with medical, neurological
or psychological problems should be referred to
the appropriate specialist for further evaluation
and treatment of the underlying pathology.

Antimuscarinics
Antimuscarinics are the mainstay of treatment of
patients with overactive bladder (OAB) syn-
drome. The prevalence of nocturia in OAB
patients is 84% [10]. Solifenacin [11], tolterodine
extended-release [12,13] and trospium chloride [14]

may help with nocturia, and even though results
from some clinical trials report statistical signifi-
cance, the clinical significance of these reductions
is questionable, probably because other causes for
nocturia have not been correctly identified and
treated, such as nocturnal polyuria [15]. For exam-
ple, 76% of women with nocturia
(≥2 voids/night) have nocturnal polyuria [16]. 

Nocturia, due to nocturnal polyuria, was
inadequately treated in OAB patients receiving
solifenacin monotherapy both at the 5- and 10-
mg dose compared with placebo. In those
patients who did not have nocturnal polyuria,
there was a statistically significant difference in
reduction of nocturia with solifenacin compared
with placebo (although not clinically significant;
-0.6 mean reduction on drug vs -0.4 mean
reduction on placebo from baseline) [10].

α-blockers
Many patients with benign prostatic obstruction
(BPO) have symptoms related to voiding diffi-
culties but can have increased daytime frequency
and nocturia, which may be due to incomplete
bladder emptying. In total, 71% of patients with
BPO have nocturia [17]. The main treatments for
patients with BPO are α-blockers and
5α-reductase inhibitors (5ARIs) to treat the
obstructive component, both of which have lim-
ited effects on nocturia and 5ARIs take at least
3–6 months to start working and have any effect
on voiding symptoms. 

Tamsulosin (α-blocker) had insignificant effect
(p = 0.198) on the hours of undisturbed sleep
(the time from falling asleep to the first awaken-
ing to void), with an increase from baseline of
81 versus 60 min for placebo. Similarly, tamsu-
losin only (p = 0.099) reduced nocturia by one
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nocturnal void versus 0.7 by placebo. So, objec-
tively, tamsulosin had no significant effects. How-
ever, subjectively, tamsulosin significantly reduces
(p = 0.028) the International Prostate Symptom
Score (IPSS) nocturia domain by 57% (mean
change of -1.1 from baseline) compared with pla-
cebo (mean change -0.7 from baseline) and signif-
icantly improves the IPSS QoL question (mean
change -2.0 from baseline) by 54% compared
with placebo (mean change -1.3 from baseline)
[18]. The objective differences are disappointing
due to the fact that nocturnal polyuria is a princi-
pal cause of nocturia in up to 70% of cases [19]. It
is in these patients with nocturnal polyuria that
α-blockers would not work. In one study, 85.4%
of patients receiving tamsulosin still complained
of nocturia due to nocturnal polyuria [20].

It is therefore important to rule out nocturnal
polyuria in all patients with nocturia, as the other-
wise standard, and relatively effective, medications
for OAB and BPO will not be effective and even if
they are statistically effective, they do not seem to
produce clinically significant improvements.

Other pharmacotherapeutic agents
Other treatments for nocturia and nocturnal poly-
uria that have been recommended are loop diuret-
ics (level 2 evidence, grade C recommendation),

for example, furosemide 40 mg [21] or bumetanide
1 mg [22] administered 6 h before bedtime. Estro-
gens in postmenopausal women have also been
used in uncontrolled trials with some benefit after
6 months of therapy [23]. Melatonin has also been
used but with very little benefit [24]. 

Therefore, the above medications do not
provide adequate treatment of nocturia and
nocturnal polyuria. Desmopressin acetate,
administered orally, is currently the only medi-
cation available for effectively treating nocturia
and nocturnal polyuria. The International Con-
sultation on Incontinence have given desmo-
pressin a level 1 evidence and grade A
recommendation in the treatment of nocturia
and nocturnal polyuria in adults aged under
65 years and grade B recommendation in those
aged over 65 years [25,26].

What is desmopressin?
Desmopressin is 1-desamino-8-D-arginine vaso-
pressin monoacetate, trihydrate. It is a synthetic
analogue of 8-arginine vasopressin (AVP), the nat-
ural antidiuretic hormone found in all mammals
except pigs, which increases renal water concen-
tration by acting on V2-aquaporin receptors in
the kidney and promoting osmotic reabsorption
of solute-free water in the collecting tubules. 

Figure 1. Algorithm for investigating nocturia.
 

 Modified from [1] with permission of Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc. 
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Figure 2. The struct
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The structure of vasopressin was determined
in the early 1950s [27–29] and it was not until the
late 1960s that the first vasopressin analogue
was synthesized [30–32]. The aim was to have a
metabolically stable but potent antidiuretic.
Initial studies conducted in the 1960s and then
in Scandinavia [33,34], Europe [35] and the
USA [36] in the 1970s led to desmopressin being
licensed as the treatment of choice for central
diabetes insipidus. 

In 1977–1978, desmopressin was first registered
for use in nocturnal enuresis [37,38] and in the early
1980s it was found that there was a lack of noctur-
nal vasopressin in bedwetting children [39,40], and
from then on desmopressin became an established
treatment for nocturnal enuresis.

In the early 1980s, desmopressin was used off-
license in the treatment of adult nocturia [41]. It
was not until 1991 that desmopressin was first
licensed in the UK for the treatment of noctur-
nal polyuria and nocturia in patients with multi-
ple sclerosis [42–49]. It has also been used for
nocturia in patients suffering with Parkinson’s
disease [50]. In 2001, it first became licensed in
Panama and Finland for the treatment of noctu-
ria and since then desmopressin has been
licensed for this indication in many countries
around the world. 

Chemistry
The molecular formula of desmopressin is
C46H64N14O12S2 and the molecular weight is
1069.22 g/mol. The basic amino acid arginine
in position 8 confers antidiuretic activity
(Figure 2). There is a disulfide bond forming a
bridge between positions 1 and 6 resulting in a
ring that is integral to the biological activity of
the molecule. Four sites of cleavage, which are
affected by a variety of enzymes, have been
identified: positions 1–2, 7–8, 8–9 and the

disulfide bond making this molecule more stable
(t½ of approximately 3 h) than the natural AVP
(t½ of approximately 3 min).

The physiological effects of desmopressin have
resulted because of two structural alterations.
The first is by omitting the amino group at posi-
tion 1 in the N-terminal and the second is by
replacing L-arginine with its D-arginine enanti-
omer at position 8 (Figure 2), hence the name
1-desamino-8-D-arginine vasopressin acetate
(DDAVP). This has resulted in an analogue that
has an increased antidiuretic potency by approx-
imately ten-times more than endogenous AVP
(due to desamination at position 1) and a reduc-
tion in vasoconstriction (pressor) effects by
approximately 1500-times (due to D-arginine). 

Desmopressin is an odorless, tasteless, white,
lipophilized powder, which is soluble in water,
ethanol and acetic acid. The tablets contain the
inactive ingredients lactose, potato starch,
magnesium stearate and povidone.

There are generic forms of desmopressin avail-
able, mainly in the USA; however, these are not
widely available and the main company produc-
ing desmopressin is Ferring Pharmaceuticals A/S
(Lausanne, Switzerland). It is marketed by Fer-
ring as DDAVP®, Minirin®; Desmotabs®,
Desmospray®, Octim® and others, depending
on the formulation and country of license.

Pharmacokinetics
Desmopressin can be administered parenterally
(intravenously, subcutaneously and intra-
muscularly), intranasally or by oral or sublingual
lyophilisates (Table 1). We will only discuss the
pharmacokinetics of the oral forms.

Desmopressin enters plasma 15–30 min fol-
lowing oral administration [51]. The bioavailabil-
ity of the oral route ranges between 0.1 [51] and
1.0% [52], with 0.3% being the most widely
quoted figure. The bioavailability depends on
the dose and formulation used and is different in
different parts of the gastrointestinal tract, being
highest in the upper tract compared with the
lower tract [53]. The bioavailability of oral tablets
is approximately 5% compared with intranasal
desmopressin, approximately 0.16% compared
with intravenous desmopressin, and 0.26%
compared with the sublingual formulation.

The median time to reach maximum concen-
tration (Tmax) after oral administration is 1.5 h
(range 1.0–4.1) at night and 1.5 h during the
daytime (range 0.5–3.0), and the terminal half-
life is 3.1 h at night and 2.8 h in the daytime
(p = 0.02) [54]; these are dose independent. In

ures of vasopressin and desmopressin. 

 from [81].
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Table 1. Pharmacok

Maximum daily 
doses

Peak levels

t1/2

Tmax

Terminal half-life

Bioavailability

N/A: Not available.
Adapted from [101,102].
another study, the terminal half-life of elimina-
tion was 2.97 ± 0.24 h, while the clearance was
1.77 ± 0.10 ml/min/kg and the volume of distri-
bution at steady state was 373 ± 30 ml/kg [55].
The rate and extent of absorption of desmo-
pressin is reduced by 40% if concomitantly
administered with food and delayed if adminis-
tered within 90 min of having a meal, but the
antidiuretic action of the drug is not affected, at
least for the first 3 h following desmopressin
administration [56]. 

The new sublingual ‘Melt’ is an improved
oral formulation of desmopressin, which, in
contrast to the tablets, can be taken without
water and has improved compliance since
many children and some adults prefer not to
swallow tablets. 

Desmopressin does not enter the intracellular
compartment and therefore its apparent volume
of distribution is relatively small (0.2 l/kg) and it
does not cross the blood–brain barrier [57,58]. 

Desmopressin is excreted in the urine [51] with
a renal clearance of 0.8 ml/min/kg. The total
clearance of desmopressin is 2.6 ml/min/kg body
weight [59] and approximately 65% of the
amount of desmopressin absorbed after oral
administration could be recovered in the urine
within 24 h. The remaining 35% is metabolized
by enzymatic degradation.

No significant amount of desmopressin is
metabolized in vitro in human liver microsome
preparation studies and therefore in vivo human
liver metabolism is unlikely to occur. 

Pharmacodynamics
The pharmacodynamic effects of oral desmo-
pressin given in the daytime are similar between
men and women during the first 6 h after dos-
ing and then recede after 6 h [54]. There is a sig-
nificant increase in urine osmolality with

desmopressin administration and decrease in
urine production [51]. There is no lessening of
effect in patients treated with tablets for
12–44 months and no detection of serum
antibodies to desmopressin. 

There is a lack of information on pharmaco-
dynamic and pharmacokinetic relations in adult
nocturia patients, at different ages, as opposed to
pediatric bedwetting. However, the dynamic dif-
ferences in these patients could possibly be
explained by the differences in safety profile
between the young and elderly. 

In the oral formulation, women obtain signif-
icantly higher plasma desmopressin concentra-
tion than men (p = 0.0012) and more adverse
events. There is no correlation between plasma
desmopressin at 2 h after dosing and the within-
patient response in any of the effect variables,
but the number of nocturnal voids and noctur-
nal diuresis were half that with placebo. The
time to the first nocturnal void is almost doubled
compared with placebo [60]. 

Like vasopressin, desmopressin can increase
concentrations of factor VIII:C, factor VIII:Ag
and plasminogen activator; however, the dosages
required to stimulate the coagulation factors are
ten-times higher than the antidiuretic ones.
Desmopressin in higher dosages has been licensed
worldwide for the hematological indications of
hemophilia and von Willebrand disease. 

Clinical efficacy in nocturia
Oral desmopressin has been shown to be effec-
tive in the treatment of vasopressin-sensitive cra-
nial diabetes insipidus and in nocturnal enuresis
in children and adults. Following an extensive
clinical trials program, in 2002, oral desmo-
pressin became licensed for the treatment of noc-
turia in adults in many countries around the
world (see Regulatory affairs section).

inetics of the different desmopressin formulations.

Intravenous Intranasal Oral tablet Oral ‘Melt’

0.001–0.004 mg 0.01 mg, 0.02 mg, 0.04 mg 0.1 mg, 0.2 mg, 0.4 mg 0.06 mg, 0.12 mg, 0.24 mg

Biphasic Biphasic Monophasic Monophasic

<10 mins (fast)
51–158 mins (slow)

7.8 mins (fast) 
75.5 (slow)

1.5–2.5 h 2.8–3 h

N/A 1.5 h 0.9–1.5 h 0.5–2.0 h

N/A 3 h 2–3.11 h 2.8 h

N/A 5–10% 0.08–0.16% 0.28%
671www.futuremedicine.com
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Phase I studies
Results from these studies were discussed previ-
ously in the Pharmacokinetic and Pharmaco-
dynamic sections. 

Phase II studies
In Phase II, there were two randomized, control-
led studies in 103 patients with nocturia. The
first was a double-blind, randomized, 4-week
study in 80 healthy women with nocturia who
were randomized into one of four parallel groups
receiving oral desmopressin 0.2, 0.4 or 0.8 mg or
placebo [61]. This trial showed no significant dif-
ferences between the four groups regarding the
change in mean number of nocturnal voids and
mean number of 24-h voids. However, 78% of
the subjects felt they had an improvement in noc-
turia. No serious adverse events occurred but 15
subjects withdrew due to an adverse event. There
was no increase in body weight or blood pressure.
Three patients had a reduction in sodium levels
that returned to normal spontaneously and the
patients continued on the trial.

The second Phase II trial (Table 2) was a dose-
titration study [62] in 23 healthy subjects
(17 men, 6 women) aged 60–74 years (mean
age: 68.1 years) with two or more nocturnal
voids and nocturnal urinary output of greater
than or equal to 0.9 ml/min (arbitrarily chosen).
There was a run-in week to establish baseline,
which was followed by an open dose-titration
week for each dose (0.1, 0.2 and 0.4 mg) of oral
desmopressin at bedtime. Subjects were allowed
to progress to the next dose if nocturnal diuresis
was 0.5 ml/min or greater. If they did not
progress to the next dose, they remained on the
same dose for the trial period (total 3 weeks).
Nocturnal diuresis decreased significantly from
1.6 ml/min before treatment to 1.1 ml/min
after treatment with desmopressin 0.1 mg. The
0.2 mg dose resulted in a further decrease to
0.9 ml/min but the 0.4 mg dose did not result
in a further decrease (1.0 ml/min). Those with
a higher pre-treatment nocturnal diuresis expe-
rienced a more marked reduction in urine vol-
ume. There were no serious adverse events.
One patient discontinued the study due to
experiencing sleeping discomfort and voiding
difficulties in the morning. Two occasional
findings of slightly lower than normal serum
sodium levels were documented but were of no
clinical significance.

The 23 patients that entered the previous trial
were offered to enter a double-blind, crossover
study comparing oral desmopressin with

placebo [63]. A total of 17 subjects (12 men,
5 women) entered the trial following a washout
period of 1–2 weeks. Subjects received the dose
selected during titration for 2 weeks followed by
placebo for 2 weeks or vice versa. Desmopressin
resulted in statistically significant lower noctur-
nal diuresis (1.0 vs 1.6 ml/min on placebo) and
fewer nocturnal voids (1.1 vs 1.7 on placebo) but
with no change in 24-h diuresis (1.3 vs 1.4 on
placebo). Time to first void after sleeping (4.7 h
on desmopressin vs 3.3 h on placebo) and the
longest duration of sleep between voids (5.4 h on
desmopressin vs 4 h on placebo) were longer on
desmopressin compared with placebo.

A few other trials have been conducted to see
if desmopressin affected nocturia but these were
nonrandomized, open-label studies [64–67] or
used intranasal desmopressin [68]. The Phase I/II
studies demonstrated that in healthy subjects
with nocturia, oral desmopressin:

• Reduces overnight urine production

• Increases urine osmolality

• Reduces the number of nocturnal voids

Essentially, the Phase I/II studies established
the pharmacokinetic and pharmacodynamic
parameters for oral desmopressin tablets and
supported the Phase III program to investigate
desmopressin tablets once-daily, at bedtime, for
the treatment of nocturia in adults. 

Phase III studies
Phase III studies (Table 2) comprised three short-
term, large-scale, multicenter, randomized, dou-
ble-blind, placebo-controlled studies (one in
men, one in women and one in both men and
women) and one long-term (<12 months), open,
extension study in men and women. These stud-
ies are referred to as the NOCTUPUS trials and
their aim was to assess the efficacy and safety of
desmopressin tablets in nocturia.

The three short-term placebo-controlled stud-
ies were of identical design (Figure 3) and were
designed to identify the most effective dose regi-
men as well as establishing criteria for selecting
those patients most likely to respond safely to
desmopressin. Following that, patients participat-
ing in the male and female studies were offered
the option to continue into the long-term studies
designed to demonstrate the safety of desmo-
pressin tablets during open-label treatment for 10
or 12 months.

The study medication in the male (NOCT
2A) [69], female (NOCT 3A) [70] and the com-
bined male and female (NOCT 4) [71] studies
673www.futuremedicine.com
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was administered in a similar design to the
Phase II study mentioned previously [63]. This
design helped to individualize treatment accord-
ing to patients response. In the initial dose-titra-
tion period, patients received oral desmopressin
0.1 mg daily for the first week. This was
increased to 0.2 mg daily in week 2 for 7 days, in
patients who did not respond during the first
dose-titration week. Patients then having no
nocturnal voids or a 20% or greater reduction in
nocturnal diuresis were maintained on 0.2 mg.
The dose was increased to 0.4 mg in the third
week in those who did not respond to 0.2 mg
(i.e., had less than 20% decrease in nocturnal
diuresis). Patients who experienced a less than
20% decrease in nocturnal diuresis at all doses
during dose titration were classified as not
responding and did not continue in the study. If
patients had zero nocturnal voids during a dose-
titration week, this was chosen as the optimal
dose for the double-blind period. If subjects did
not achieve zero nocturnal voids from any of the
doses or experienced treatment-related adverse
events, the tolerated dose giving the lowest noc-
turnal diuresis was selected for the double-blind
phase. During the dose-titration phase, the opti-
mal dose (the best tolerated dose with the great-
est clinical response) for each patient was

established. Patients who did not obtain greater
than or equal to 20% reduction in nocturnal
diuresis and patients who did not return to 78%
or higher of baseline nocturnal diuresis values
after the 1-week washout period did not enter
the double-blind treatment period and were
excluded from the study.

The primary end point was the proportion of
patients with 50% or greater reduction in mean
number of nocturnal voids. The secondary end
points were:

• Change in mean number of nocturnal voids

• Change in mean number of hours of sleep
from bedtime until the first nocturnal void

• Change in mean nocturnal diuresis (not in
NOCT 4)

• Change in mean ratio of night-time:24-h
urine volume and night-time:daytime urine
volume (not in NOCT 4)

Adults were included in the trials during the
screening week if they had at least two voids per
night, with a nocturnal urine production greater
than the maximum voided volume (checked using
FVCs). Patients were excluded if they had noctu-
ria due to other well-defined causes of increased
urinary frequency such as diagnosed or suspected
diabetes insipidus, primary polydipsia, neurogenic

Figure 3. NOCTUPUS program study design.

Screening/baseline
noctuira > 2 voids/night  

Dose titration: 0.1    0.2     0.4 mg
(open treatment; 1 week each dose level)

Washout
(1 week)

Randomization
(double-blind)

Desmopressin tablets
(optimal dose 3 weeks)

Placebo
(3 weeks)

Extension study 10–12 months
(open-label desmopressin tablets) 

Screening/baseline
nocturia >2 voids/night  

Dose titration: 0.1    0.2     0.4 mg
(open treatment; 1 week each dose level)

Washout
(1 week)

Randomization
(double-blind)

Desmopressin tablets
(optimal dose 3 weeks)

Placebo
(3 weeks)

Extension study 10–12 months
(open-label desmopressin tablets) 
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Table 3. Results of s

Variable

Des
trea
(bas

No. of nocturnal 
voids

1.7 

Duration of first 
sleep period

270

Nocturnal 
diuresis (ml/min)

0.9 

Ratio of 
nocturnal/24-h 
urine volume 
(%)

30.7

Ratio of 
nocturnal/day 
urine volume

0.52

N/M: Not measured.
bladder dysfunction, urgency incontinence, evi-
dence of estrogen deficiency or significant blad-
der-outlet obstruction. They were also excluded if
serum sodium levels were below the normal range
or if they had uncontrolled hypertension, condi-
tions characterized by fluid and/or electrolyte
imbalance, such as congestive cardiac failure, or
were receiving diuretic treatment. Females who
had actual or planned pregnancy were excluded.

In the male study (NOCT 2A), 151 patients
entered the double-blind period. A total of
28 patients (34%) in the desmopressin group
had fewer than half the number of nocturnal
voids relative to baseline compared with two
patients (3%) in the placebo group (p < 0.001).
The mean number of nocturnal voids decreased
by 43% on desmopressin compared with 12%
on placebo. The mean duration of the first sleep
period increased by 59% (from 2.7 to 4.5 h) on
desmopressin compared with 21% (from 2.5 to
2.9 h) on placebo. Mean nocturnal diuresis
decreased by 36% on desmopressin but only by
6% on placebo. All other parameters changed
significantly (Table 3) in favor of desmopressin
versus placebo (p < 0.001). 

Quality of life in the NOCT 2A study was
assessed by an abbreviated form of the ICS male
questionnaire. The degree of bother caused by
nocturia and the proportion of patients consid-
ering nocturia to be ‘quite a problem’ or a ‘seri-
ous problem’ decreased in the desmopressin
group but remained almost unchanged in the
placebo group. A detailed analysis of the results
was not presented in the published paper.

The female study (NOCT 3A) revealed simi-
lar results to the male study (Table 3). QoL in this
study was assessed by an abbreviated version of
the Bristol female LUTS (BFLUTS) question-
naire during screening and at the end of the
study. Bothersomeness caused by nocturia was
reduced in both the desmopressin (from 97 to
75%) and placebo groups (from 98 to 84%).
The proportion of patients who considered noc-
turia to be ‘quite a problem’ or ‘a serious prob-
lem’ was also reduced in the desmopressin (from
73 to 21%) and placebo (from 80 to 52%)
groups. There were improvements in bother fol-
lowing treatment of nocturia with desmopressin
compared with placebo (p = 0.01).

In the double-blind phase, 144 patients were
recruited. In total, 33 patients (46%) on
desmopressin had a 50% or greater reduction in
nocturnal voids from baseline compared with
five patients (7%) on placebo (p < 0.0001).
The mean number of nocturnal voids reduced
by 46% on desmopressin compared with 17%
on placebo. All other secondary variables
changed significantly in favor of desmopressin
versus placebo (p < 0.0001).

In the combined male and female study
(NOCT 4) [72], 127 adult men and women aged
18 years or over were recruited. A total of 20 out
of 61 (33%) desmopressin-treated patients com-
pared with seven out of 66 (11%) placebo-
treated patients showed greater than or equal to
50% reduction in the number of nocturnal
voids compared with baseline (p = 0.0014).
There was a 39% reduction in nocturnal voids

econdary end points in the three short-term Phase III desmopressin studies.

NOCT 2A NOCT 3A NOCT 4

mopressin 
tment 
eline)

Placebo 
treatment 
(baseline)

Desmopressin 
treatment 
(baseline)

Placebo 
treatment 
(baseline)

Desmopressin 
treatment 
(baseline)

Placebo 
treatment 
(baseline)

(3.0) 2.7 (3.2) 1.61 (2.92) 2.36 (2.91) 2.01 (3.26) 2.42 (2.82)

 (160) 174 (150) 272 (142) 181 (144) 247 (139) 196 (156)

(1.5) 1.5 (1.7) 0.82 (1.51) 1.35 (1.44) N/M N/M

 (41.6) 43.7 (44.5) 28.3 (41.5) 39.6 (40.7) N/M N/M

 (0.84) 0.94 (0.95) 0.49 (0.84) 0.77 (0.79) N/M N/M
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with desmopressin versus 15% with placebo
(p < 0.0001). An average of at least 5 h of
unbroken first sleep period per night was experi-
enced during the double-blind phase by 27% of
patients in desmopressin versus 9% on placebo,
with an improvement in the quality of sleep [71]. 

Quality of life in the NOCT 4 study was
assessed by means of two questions. In the first
question, the patients were asked, ‘During the
last week, did you often feel fresh in the morn-
ings when you got up?’ and 26.6% of patients on
desmopressin improved, compared with only
13.6% on placebo (p = 0.02). In the second
question, they were asked, ‘During the last week,
did you often feel tired during the day?’ and
21.6% of patients in the desmopressin group
improved compared with 12.1% on placebo
(p = 0.14).

The long-term optional extension open-label
study (NOCT 2B/3B) included patients who
previously responded to desmopressin in
NOCT 2A and 3A [72]. They received active
treatment with desmopressin tablets orally at
bedtime, for 10 or 12 months, using their opti-
mal dose (0.1, 0.2 or 0.4 mg) found during dose
titration in the short-term studies. A total of
92% of males (132) from NOCT 2A and 83%
of females (117) from NOCT 3A continued in
the long-term study. After treatment, patients
were followed for a further month (11 or
13 months) to provide data on symptom reversi-
bility. The primary end point was to assess the
safety of long-term desmopressin treatment in
patients with nocturia who responded during a
short-term study. The secondary end point was
to evaluate long-term efficacy by assessing the
number of nocturnal voids, time from bedtime
to the first nocturnal void, night-time duration
(time from bedtime until rising in the morning)
and the proportion responding (≥50% decrease
in the number of nocturnal voids compared with
baseline). QoL was assessed using the ICS male
or BFLUTS questionnaires.

A total of 95 males (72%) and 87 females
(75%) completed the study, including 62 males
(47%) and eight females (7%) who completed
11 months and 33 males (25%) and 79 females
(68%) who completed 13 months of treat-
ment. Desmopressin was well tolerated during
long-term treatment. The frequency and type
of adverse events were similar to those in short-
term studies (see section on Adverse events). In
males, the clinical response increased from
37% at the start of long-term treatment to 52%
at 10 months and 67% at 12 months. In

females it was from 46% at the start of the study
to 66% at 10 months and 67% at 12 months.
The results were affected by the number of
patients withdrawing from the study. The
number of nocturnal voids was decreased
throughout the study in males to 1.3–1.6 from a
baseline of 3.1 and in females from 2.9 to
1.2–1.3. After the 1-month follow-up, the
number of nocturnal voids increased following
cessation of treatment. 

The mean duration of the first sleep period
gradually increased in males from 157 mins at
baseline to 288 min at 12 months and in
females from 142 at baseline to 310 min at
12 months. After follow-up, the mean duration
of the first sleep period decreased, confirming
that increased sleep is a real treatment-related
benefit of desmopressin. There was an improve-
ment in QoL with more than a 50% decrease in
patients reporting nocturia as the most bother-
some symptom as assessed by the ICS male and
BFLUTS questionnaires.

Safety & tolerability
Desmopressin was well tolerated in all the stud-
ies and resulted in significant improvements
compared with placebo in reducing nocturnal
voids and increasing the hours of undisturbed
sleep. There was also an improvement in QoL.

In NOCT 2A, 67% of the adverse events
related to the study drug were mild, 27% were
moderate and 6% were severe. In NOCT 3A,
53% of the adverse events were mild, 37% were
moderate and 10% were severe (Table 3). In NOCT
4, 67% of adverse events were mild and 3% were
serious. Most of the treatment-related adverse
events were reported during the dose-titration
phase, with 50 out of 210 patients being with-
drawn due to adverse events that included head-
ache, nausea, diarrhea, hypertension and
hyponatremia (Figure 4). In the double-blind phase,
treatment-related adverse events declined. 

In NOCT 2B/3B, the frequency and type of
adverse events were similar to those in the short-
term studies (Table 4). In total, 46% of adverse
events were mild, 45% were moderate and 12%
were severe. The frequency of patients experienc-
ing treatment-related adverse events was similar
at all three doses in females but increased slightly
in males with increasing doses. Patients aged over
65 years experienced a higher incidence of
adverse events. Serious adverse events included
dizziness, cardiac failure, headache, vomiting,
chest pain, hypertension, hyponatremia, nausea
and vertigo.
Therapy (2008)  5(5) future science groupfuture science group
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Figure 4. Patient dis
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There were three deaths reported in the three
short-term Phase III trials and one in the long-
term study. Two females died after withdrawal
from the dose-titration period. The first female
developed respiratory insufficiency and was
withdrawn from the trial and then recovered but
died subsequently of unrelated causes. The sec-
ond female developed pneumonia and died due
to underlying diabetic complications. One man
developed bronchitis and died 4 months after
drug withdrawal and therefore it was considered
unlikely to be related to study medication. The
death in the NOCT 2B/3B was due to renal cell
carcinoma in a man and therefore was unrelated
to the drug.

Hyponatremia is a side effect of desmopressin
usage that can lead to a variety of adverse events
ranging from mild headache, anorexia, nausea and

vomiting to loss of consciousness, seizures and
death. The risk of hyponatremia seems to increase
with age, cardiac disease and increasing 24-h urine
volume [73]. It has been reported in a meta-analysis
of previous studies to be approximately 7.6% [74]. 

During the dose-titration phase of the above
Phase III studies, 95 out of 632 patients (15%)
experienced at least one episode of serum sodium
concentration below the normal range
(<135 mmol/l), with 64 (10%) having border-
line (130–134 mmol/l) and 31 (3%) having sig-
nificant (<130 mmol/l) hyponatremia, and 13
out of 31 having a serum sodium level of less
than 125 mmol/l; 29 out of the 95 were reported
as an adverse event, with two being serious
adverse events [75]. There was one hyponatremia
recorded in the double-blind phase, but this was
in the placebo group. 

position of the three short-term Phase III desmopressin trials and the long-term trial. 
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Table 4. Adverse ev

Period

Total patients enrolled

Total patients with AE  

Serious adverse events

Deaths

Adverse events

Headache

Hyponatremia

Nausea

Diarrhea

Dizziness

Abdominal pain

Dry mouth

Micturition frequency

Fatigue

Peripheral edema

Hypertension

Insomnia

Urinary tract infection

AE: Adverse events related
Those who experienced hyponatremia tended
to be, on average, older and smaller, with lower
creatinine clearances, higher total and nocturnal
urine volumes, and had a tendency to have lower
basal serum sodium concentrations. However, it is
not possible to assess the relationship between
hyponatremia and doses because of the design of
the dose titration. All hyponatremia (31 patients)
occurred in those aged over 55 years, with 28 of
them being over the age of 65 years. In the long-
term study, 35 patients developed hyponatremia
but only two of these had symptomatic
hyponatremia with serum sodium between 125
and 130 mmol/l.

We currently have no predictive factors about
who may be at increased risk of hyponatremia.
However, to reduce the risk of hyponatremia, it is
recommended that patients aged over 79 years or
with a 24-h urine volume greater than 28 ml/kg
should not be administered desmopressin [75]. In
those aged over 65 years, serum sodium levels
should be checked at baseline and at 3 and 7 days
after commencing treatment or changing dose.
We would recommend that these serum sodium
measurements are also applied to those aged
under 65 years, and would also recommend to
check sodium levels at 3 weeks post-treatment or
change the dose, as there is the potential for levels

of sodium to change within a 3-week period [76].
One study showed that hyponatremia can
develop after 6 months of administration,
although not clinically significant [77], and there-
fore serum sodium levels may be checked at
6 months following administration and then
6-monthly thereafter. Long-term use of desmo-
pressin does not seem to affect baseline anti-
diuretic hormone secretion [77]. The fluid intake
will need to be limited to a minimum from 1 h
before the dose until 8 h afterwards, and there
needs to be periodic blood pressure and weight
measurements to monitor for fluid overload.

Postmarketing surveillance
Desmopressin has been in clinical use since
1972. It is estimated that since 1995 at least
13 million people have been treated with
desmopressin for more than 3 months, and
approximately 1.2 million are being treated
with it per year [78]. A total of 60% of sales are
for nocturnal enuresis in children, approxi-
mately 20% for nocturia, approximately 14%
for diabetes insipidus and 6% for hemostasis
usage. Until June 2005, there have been
2158 cases (409 using the oral route) of adverse
events reported, with 61% being nonserious.
The most common events are hyponatremia,

ents from oral desmopressin short-term Phase III clinical trials.

Dose titration Double-blind Open-label

Desmopressin (n) Desmopressin (n) Placebo (n) Desmopressin (n)

632 219 203 249

358 56 56 182

9 2 5 26

3 0 0 1

221 19 13 61

93 11 7 14

28 0 1 35

27 0 0 5

9 0 0 0

16 0 0 8

17 0 0 0

14 0 0 0

8 0 0 5

7 0 0 0

7 0 0 7

3 0 0 0

3 0 0 0

0 0 0 4

 to study medications and occurring most frequently (≥3% in NOCT 2A and NOCT 3A; ≥2% in NOCT 4).
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convulsions and headache, especially when
using the intranasal route. This has led to the
recent withdrawal of the intranasal formulation
as an indication for nocturnal enuresis in chil-
dren in many countries around the world,
including the USA, Canada and the UK. 

Hyponatremia is the single most important
adverse event during clinical practice. The
extent of this is difficult to quantify due to limi-
tations of the postmarketing environment. In
total, 468 cases of hyponatremia have been
reported, usually when using the intranasal
route (299 out of 468) with 71 out of 468
(15%) due to oral tablets. Hyponatremia has
been reported at a rate of approximately five
cases per 10 million doses for nasal formulations
and approximately one case per 10 million doses
for oral formulations. 

Rare cases of emotional disturbance have been
reported in children treated for enuresis, and iso-
lated cases of allergic skin reactions and more
general allergic reactions have also been reported.

Overall, desmopressin seems to have an
acceptable safety profile if taken appropriately
with specific precautions and thus reducing the
risk of hyponatremia.

Regulatory affairs
Desmopressin is currently licensed for the treat-
ment of nocturia in the oral Melt form in
25 countries around the world and in the oral tab-
let form in 68 countries, including Canada, New
Zealand, France, Scandinavian countries and
other European, Middle-Eastern, Asian and
South American countries. In the USA, it is still
undergoing trials, and in the UK further trials are
awaited to show cost–benefit before licensure.

Conclusion
Desmopressin is currently the only medication
licensed and available for the treatment of noctu-
ria. Its efficacy and safety have been demon-
strated in Phase III trials. However, first it is
important to make an accurate diagnosis of the
cause and type of nocturia. If nocturia is of poly-
uric origin, desmopressin should be the first-line
medical treatment. In clinical trials, 38% (81 out
of 214) of patients experienced a reduction of at
least 50% in nocturnal voids but only 7% (14
out of 206) of patients on placebo. The mean
number of nocturnal voids was reduced by 41%
in the desmopressin group (3 to 1.8) compared
with 16% in the placebo group (3 to 2.5). The
mean duration of the first period of undisturbed
sleep was increased by 79% in the desmopressin

group (147 to 263 min) compared with 22% in
the placebo group (150 to 184 min). All differ-
ences between desmopressin and placebo were
statistically significant.

The main side effect is hyponatremia, espe-
cially in those aged over 65 years. In these
patients, precautionary measures need to be
taken to minimize the risk of water intoxication.

Expert commentary
Desmopressin has been in use for several decades
in different formulations for various indications.
Its use in the treatment of nocturia stems from
its use in children with nocturnal enuresis. By
affecting the absorption of urine in the kidney, it
reduces the amount of urine in the bladder and
therefore reduces nocturia, if taken at night. It is
particularly useful in the treatment of nocturnal
polyuria.

It was used off-license in the 1980s as an anti-
diuretic for nocturia patients as there were no
adequate clinical trials. It then became licensed
in multiple sclerosis patients with nocturia. It
was not until 2001 that it became licensed in
the treatment of nocturia after a good clinical
trials program, although not in all countries.
There has been reluctance from some doctors to
use it because of the risk of hyponatremia. This
risk is present in approximately 4–8% of
patients; however, it could be easily reduced if
adequate precautions are taken.

Nonetheless, desmopressin is the only medica-
tion that is available with level 1 evidence for the
treatment of nocturia. Furosemide, a diuretic,
has been tried for the treatment of nocturia but
not enough trials have been conducted to make
conclusions on its efficacy, although it can cer-
tainly be tried in some patients. Antimuscarinics
and α-blockers have also been tried in patients
with nocturia with limited success, possibly
because many patients have nocturnal polyuria
in addition to nocturia secondary to OAB syn-
drome and bladder-outlet obstruction and they
have not been properly evaluated. In these situa-
tions, combination therapy of desmopressin with
antimuscarinics and/or α-blockers may be more
appropriate. Further trials will need to be con-
ducted to look at the concept of combination
therapy. These trials can use the new Melt for-
mulation in the treatment of nocturia. The Melt
formulation dissolves very rapidly under the
tongue. Studies have shown it is bioequivalent to
the tablet formulation and therefore it would
seem reasonable to conduct any new trials using
this formulation rather than the tablets.
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Although desmopressin is the only drug avail-
able for the treatment of nocturia, it has some
limitations in terms of efficacy (approximately
40% of patients have clinical response) and can-
not be used without caution due to the risk of
hyponatremia, particularly in the elderly (approx-
imately 8% in those aged over 65 years). This
means there is a potential for the development of
a new drug with improved pharmacokinetics and
pharmacodynamics that has a more consistent
oral bioavailability, resulting in better efficacy and
fewer side effects. The improved pharmacology
should also aim to reduce the variability in the
duration of action, giving more control over
symptoms over a defined period of time. 

In the elderly, the cause of hyponatremia may
be due to delayed clearance of desmopressin by
the kidneys because of a decrease in glomerular fil-
tration rate and urinary excretion resulting in a
prolonged duration of action. It may also be due
to increased absorption in some cases. A new drug
would therefore need to produce antidiuresis for
approximately 8 h and stop acting within 12 h to
minimize the potential risk of hyponatremia.

Some patients with nocturnal polyuria seem
to be resistant to desmopressin treatment. Some
factors causing this include disordered renal
sodium handling, hypercalciuria, increased
prostaglandins and/or osmotic excretion,
abnormalities in the circadian rhythm of
glomerular filtration rate [79] or an increase in

atrial natriuretic peptide [80]. These factors will
need to be investigated further if patients fail to
respond to desmopressin treatment.

Future perspective
Nocturia is a very important clinical condition
that has multifactorial etiology and affects the
QoL of adults of all ages. It is therefore impor-
tant that an accurate diagnosis of the etiology is
made as this affects the success of treatment. 

The past few years have seen an increasing
interest in the treatment of nocturia not only
from urologists but from other specialists, such
as endocrinologists, cardiologists, sleep special-
ists and gynecologists. This trend is expected to
remain and probably increase over the next
5 years, with further trials on the effective treat-
ment of nocturia using desmopressin, probably
of different formulations, either alone or in com-
bination with other treatments. We may even see
the emergence of multidisciplinary meetings for
the treatment of nocturia, just like there are such
meetings for incontinence and cancer.

Education and awareness, both of doctors
and patients, is an important part of the treat-
ment of nocturia and it is important that this is
continued in the future. One of the most
important steps forward is the increasing use of
FVCs by both doctors and patients and with
the advent of electronic versions, the use of
these indispensable tools is likely to increase.

revalent lower urinary tract symptom; it affects adult men and women equally and increases with age.

torial etiology and the cause is not always urological.

s been shown to be present in up to 70% of patients complaining of nocturia.

rts are probably the most important tool in the assessment of patients with nocturia.

ria has on the quality of life of patients will dictate whether it needs treatment or not.

riate specialist to treat the nocturia is based on a thorough history and examination and the results of the 
rt.

should be given to patients with nocturia and identifiable possible causes, such as excessive fluid intake at night.

 nocturia alone, as opposed to for overactive bladder, has been shown to be clinically ineffective.

turia alone, as opposed to for benign prostatic obstruction, have been shown to be clinically ineffective.

nly medication available with level 1 evidence for the treatment of nocturia of polyuric origin.

to use in patients aged under 65 years, but has to be used with caution in those aged over 65 years.

ost serious adverse event, and sodium levels need to be checked at baseline before starting desmopressin 
r starting the medication or at any time that there is a dose change. Further serum sodium checks at 
s are also recommended.

 may be required to treat nocturia of mixed etiology, but studies are needed to address this concept.
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