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Objective To test the hypothesis that desmopressin facilitates acquisition of continence, we aimed to establish whether, in

children with nocturnal enuresis who are desmopressin nonresponders, adjunct desmopressin increases the rate of sustained

continence after treatment with a conditioning alarm.

Study design Patients with nocturnal enuresis (n = 358; age range, 6-16 years) completed a 4-week ‘‘run-in’’ course of

intranasal desmopressin (20-40 mg). Of these, 207 defined as nonresponders (<50% reduction in wet nights) were randomly

assigned to receive either desmopressin (n = 101) or placebo (n = 106) nasal spray, together with conditioning alarm therapy

for 8 weeks. Principal outcome measures were remission (28 continuous dry nights) and relapse (>2 wet nights in 2 weeks after

having achieved remission).

Results Remission rates were similar in both groups (51.5% desmopressin, 48.1% placebo; 95% CI on difference, �10%,

17%; P = .63), and relapse rates were not significantly different (13.5% vs 5.9%; 95% CI on difference, �3.7%, 19%; P = .19).

Although remission rates were similar, children treated with desmopressin had significantly more dry nights during treatment

than those in the placebo group.

Conclusions Desmopressin did not act synergistically with alarm treatment to achieve remission. Therefore, we infer that in

partial or nonresponders, desmopressin does not enhance learning. (J Pediatr 2004;144:351-7)
Nocturnal enuresis is common.1 The pathogenesis involves several factors, either
separately or in combination: nocturnal polyuria, bladder instability, and failure to
arouse to a full bladder.2,3 A familial predisposition is commonly present.4

Although there is a high rate of spontaneous remission, the social and emotional con-
sequences are significant and treatment is often desirable.5 Those children whose
symptoms resolve completely have higher self-esteem than those with persistent wetting.5

The usual initial treatment of choice in our community is a pad and bell conditioning
alarm. This is a proven and safe treatment, but the reported success rate in unselected
samples is only 60% to 70%6 and the relapse rate is �30%. The estimate of remission rate
(28 consecutive dry nights) is 45% from a systematic overview of published studies taking
account of dropouts and relapses.7 Success requires considerable effort from the child and
family over weeks to months.

Intranasal desmopressin (DDAVP, synthetic vasopressin) is an effective treatment
for some individuals with enuresis, and the benefit is usually seen within days. The relapse
rate on stopping treatment, however, is high (as much as 91%).8,9 It is speculated that the
mechanism is reduction of nocturnal urine volume but central effects could also be
involved. Common practice is to use desmopressin for short-term palliative treatment if an
alarm has been unsuccessful. Long-term treatment is an alternative and has been shown to
be safe.9 It is associated with a slightly higher remission rate than that which occurs
spontaneously (19% compared with �15% per year).8

There have been conflicting results from studies to date looking at the possible
benefits of combination therapy of alarms and desmopressin. Bradbury and Meadow10

found a 60% better sustained success rate (4 consecutive weeks dry) when 40 lg
desmopressin was used with alarm treatment and no increase in the relapse rate. The
combination was particularly helpful for children with severe wetting and those with family
or behavioral problems. It was hypothesized that the early reduction in wetting achieved
From the Departments of General
Medicine and Outpatient Services,
Royal Children’s Hospital Melbourne,
University of Melbourne School of
Population Health, and Department
of Paediatrics and Murdoch Children’s
Research Institute, Melbourne,
Australia.
Supported in part by a research grant
from Ferring Pharmaceuticals to
the Murdoch Children’s Research
Institute.

None of the authors have any poten-
tial, perceived, or real conflict of
interest in relation to Ferring Pharma-
ceuticals.
A preliminary report of this study was
presented at the Pediatric Academic
Societies Annual Scientific Meeting,
Seattle, Washington, May 2003.
Submitted for publication Aug 4, 2003;
last revision received Oct 29, 2003;
accepted Dec 8, 2003.
Reprint requests: Professor Terry
Nolan, School of Population Health,
The University of Melbourne, Victoria
3010, Australia. E-mail: t.nolan@
unimelb.edu.au.
0022-3476/$ - see front matter

Copyrightª 2004 Elsevier Inc. All rights
reserved.

10.1016/j.jpeds.2003.12.019
351

mailto:t.nolan@unimelb.edu.au
mailto:t.nolan@unimelb.edu.au


with desmopressin was helpful in enhancing motivation to
continue treatment. This study was not truly randomized and
did not include a placebo in the comparison group. Leebeek-
Groenwegen et al,11 in a randomized, placebo-controlled trial
of 93 patients, did not find a long-term difference in success
between a group given 6 weeks of initial desmopressin with
alarm therapy and a placebo group. There was a greater
reduction in wet nights in the first 3 weeks in the active group,
but the success rates at 6 months were similar, being 36% and
37%. Neither of these studies excluded patients whose enuresis
responded to desmopressin alone.

Our hypothesis was that adjunct desmopressin would
increase the rate of sustained continence in children treated
with a conditioning alarm who had not achieved remission
with prior use of desmopressin. By studying the possible
benefit in a group of children who did not respond to des-
mopressin treatment alone, we were looking for synergy
between the two treatment modalities. Children who have
a complete response to vasopressin are unlikely to derive
benefit from alarm therapy as, in the absence of wet nights,
learning opportunities will not arise. If the proposed central
effects of desmopressin are important, they could enhance
learning of the conditioned response.

METHODS
Children with nocturnal enuresis were recruited from

the general pediatric outpatient clinic and treated with des-
mopressin during a run-in period. Subsequently, a double-
blinded, randomized, placebo-controlled trial of conditioning
alarm therapy with adjunct desmopressin was carried out in
the desmopressin nonresponders. The study was approved by
the Royal Children’s Hospital Ethics in Human Research
Committee. Written informed consent was obtained from
parents or guardians.

Subjects were eligible to be approached about the trial if
they were 6 to 16 years of age and had bed-wetting on at least 2
nights per week in the preceding month. Children were ex-
cluded from the study if they had neuropathic bladder, urinary
tract abnormalities, cystic fibrosis, allergic rhinitis, urinary
tract infection in the preceding 2 weeks, or were concurrently
taking imipramine or diuretics. Previous use of an alarm or
desmopressin did not exclude entry, and children who also had
daytime wetting were included in the study group, but this
information was recorded.

The study was carried out between November 1998 and
January 2001. Of the 712 subjects who met the inclusion
criteria, 344 declined entry, leaving 368 patients enrolled in
the study. Baseline data on medical history, family history,
previous treatments, and current symptoms were obtained at
the initial visit. Baseline diaries recording number of wet
nights over a 4-week period before treatment were posted out
and collected at the time of enrollment.

In the run-in period, all subjects received 4 weeks of
treatment with intranasal desmopressin alone. (Minirin,
Ferring AB, Sweden.) The study nurse or physician dem-
onstrated correct administration technique, and written
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instructions were also supplied. The initial dose was 20 lg,
increasing to 40 lg after 2 weeks if there was no response. A
response to desmopressin was defined as a $50% reduction in
the number of wet nights per week on either dose.

Desmopressin responders continued treatment for 3
months with the dose to which they had responded (Fig 1).
Treatment was then discontinued, and subjects were followed
for a further 2 months. Those subjects who did not respond to
intranasal desmopressin were randomly assigned. They began
an 8-week treatment with a pad and bell conditioning alarm
(Ramsay-Coote, Sandringham, Australia, or Farish-Bissell,
Ballarat, Australia) and nasal spray (desmopressin or placebo).
The placebo was supplied by Ferring Pharmaceuticals (Ferring
AB) and was presented in an identical spray pump. Each was
labeled as ‘‘study medication’’ and dispensed randomly by the
pharmacist. The study nurse demonstrated the use of the
alarm, and the family was also able to view a video describing
alarm use. Diaries were kept throughout the study period,
recording wet nights and any adverse effects including nasal
discomfort and headache. The study nurse, on a 1- to 2-weekly
basis, maintained telephone contact with the families. The
children were reviewed after the 8-week randomization period
and followed-up for 2 months after treatment. All spray
pumps were returned at follow-up and weighed by the study
nurse, still unaware of the study allocation group, to obtain
a measure of treatment compliance.

The primary outcome variables were remission, defined
as 28 continuous dry nights after random assignment, and
relapse defined as at least 2 wet nights in any 2-week period
after having achieved remission.

Comparison of remission and relapse rates was made
with the v2 test by intention to treat. Subjects who were
randomly assigned but for whom data were incomplete re-
mained in the analysis and were assumed to have failed to
achieve remission. The change in the mean numbers of dry
nights from the start to end of treatment was compared in the
two groups by means of the t test. Kaplan-Meier survival
analysis was performed by treatment group, with time to re-
mission after random assignment used as failure time. All
analyses were carried out with STATA (v. 7, Stata Corp,
College Station, Tex).

RESULTS
Those enrolled were not significantly different from

those declining participation in terms of baseline charac-
teristics (data not shown). Of those who completed the run-in
period, 217 of 358 (61%) were desmopressin nonresponders
(Fig 1). The mean age of nonresponders was 9.4 years (SD,
2.08), compared with 8.4 (SD, 1.87) years for desmopressin
responders. Of these, 128 (64%) were boys. At enrollment, the
mean number of wet nights per 28-night period for the
responders was 20.2 (SD, 6.46) and for nonresponders was
23.7 (SD, 5.58). The rates of secondary nocturnal enuresis,
family history, previous urinary tract infection, and previous
alarm treatment were similar between the groups. Day wetting
was associated with a greater risk of nonresponse to
The Journal of Pediatrics � March 2004



Fig 1. Subject numbers and study design.
desmopressin, with 20 of 28 (71%) daytime wetters being
nonresponders.

Of the 358 enrolled, 141 (39%) were responders
to desmopressin. Of the responders, 124 continued in the
3-month treatment trial. Fifty-nine subjects (16% of 358, 48%
of 124) achieved full remission during treatment. Of these,
23 relapsed during treatment (n = 2), on stopping treatment
(n = 17), or within 2 months of stopping treatment (n = 4).
There were 36 subjects who did not relapse during the
2-month follow-up period. Therefore, 36 of 358 (10%)
subjects had sustained remission from enuresis when treated
with desmopressin for 4 months and followed for 2 months
after cessation of desmopressin.

The baseline characteristics of the 207 randomly
assigned patients are given in Table I. The groups were simi-
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lar in terms of severity of wetting, age, sex, family history,
previous treatment, and coexistence of day wetting.

The rates and reasons for withdrawal from the study or
loss to follow-up were similar, with 9 of 101 in the desmo-
pressin group and 17 of 106 in the placebo group. Complete
follow-up data (2 months after ceasing treatment) were
available for 84 subjects treated with desmopressin and for 85
subjects who had placebo spray.

The rates of remission were similar, with 51.5% in the
active group and 48.1% in the placebo group (95% CI on
difference, �10%, 17%; P = .63) achieving the threshold 28
continuous dry nights after random assignment (Table II).
Kaplan-Meier survival analysis revealed that the time to
achieve a remission (Fig 2) was similar in both groups and not
statistically significantly different (log rank test, P = .23).
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In the observation period before enrollment and after
the 4-week run-in period of desmopressin treatment, both
groups initially had similar numbers of wet nights per week
(Table II). After 8 weeks of treatment with alarm and nasal
spray, those in the desmopressin group had significantly fewer
wet nights per week (mean, 1.8) than those in the placebo-
treated group (mean, 2.4; P < .001; Fig 3).

The rates of relapse (Table II) were not significantly
different, with 7 (13.5%) in the active group and 3 (5.9%) in
the placebo group (P = .19; 95% CI on difference, �3.7%,
18.9%). The mean time from remission to relapse was 6 weeks
in both groups.

Those in the placebo group (24.5%) were more likely
than those who received desmopressin (16.8%) to have been
prescribed an extension of alarm treatment by their treating
physicians, but this difference did not reach significance
(P = .07).

There were 19 children with concomitant day wetting in
the randomized trial. Subgroup analysis and reanalysis with
this group excluded did not change the remission rate achieved
overall for either arm. Subgroup analysis showed 11 such
children in the active arm (6 of 11 achieved remission) and 8 in
the placebo arm (3 of 8 achieved remission). If these are re-
moved from the overall group, the remission rates were active,
46 of 90 (51.1%), and placebo, 48 of 98 (49.0%).

Adverse medication effects were uncommon. During
the run-in period, there were 7 reports of headache, 7 of nasal
congestion, 6 patients with epistaxis, and 1 report each of
dizziness and facial rash. One patient with epistaxis and nasal
sores withdrew from the study; all others were able to continue
treatment without further adverse effects. Of randomly
assigned subjects, 2 reported symptoms. One receiving placebo
spray had epistaxis and one child receiving desmopressin had
headaches. Neither symptom was sufficiently persistent nor
severe to necessitate cessation of treatment.

With regard to treatment compliance, complete sets of
returned desmopressin or placebo spray pumps were available
for 139 of 207 subjects (67%), with 75 subjects allocated to

Table I. Baseline characteristics of randomly assigned
subjects

Desmopressin Placebo

n 101 106
Male 64 (63%) 78 (73%)
Mean age in years (SD) 8.5 (1.78) 8.3 (1.93)
Mean wet nights in prior 28 at
entry (SD)

23.9 (5.05) 23.7 (5.83)

Mean wet nights run-in (SD) 20.9 (5.99) 20.7 (6.35)
Family history positive 45 (45%) 45 (42%)
Secondary enuresis 14 (14%) 9 (8.5%)
Daytime wetting 11 (11%) 8 (7.5%)
Previous treatment
Alarm 37 (37%) 32 (31%)
Medication 31 (31%) 28 (26%)
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placebo spray, using an average 7.4 grams (SD, 2.27), and 64
subjects allocated desmopressin, using an average 7.3 grams
(SD, 2.70) of solution (P = .76).

DISCUSSION
In this randomized, placebo-controlled trial, the com-

bination of desmopressin and alarm was not superior to alarm
and placebo in terms of the likelihood of achieving remission,
with approximately 50% of children in both groups becoming
continent. Neither was there any evidence that remission was
achieved faster with combination treatment. Adjunct desmo-
pressin had no observed effect on the relapse rate after re-
mission in the first 2 months after treatment. There were
significantly more dry nights during treatment when desmo-
pressin was used. This reduction in wet nights and therefore
potential learning opportunities with the alarm had no adverse
effect on the rate of remission.

Given the potential psychologic and practical ad-
vantages of reduced numbers of wet nights, this may be
regarded by families and children as a desirable treatment
strategy. It may be looked on as having potential benefit for
families in whom the burden of frequent nocturnal waking is
potentially problematic and may in the past have limited the
utility of an alarm. However, because there is no long-term
advantage in relation to remission, it is doubtful that it could
be recommended as a routine supplement to conditioning
therapy.

Our study was different from previous studies of
desmopressin and conditioning therapy in that we excluded
desmopressin responders to focus on possible synergy between
the treatments rather than just additive benefits of combining
two treatments that may each have separate benefits. With
this difference in mind, however, our findings are in accord
with those of the randomized trial conducted by Leebeek-
Groenwegen et al.11 The patient group was similar, but our
definition of remission was more stringent. Our results were
at variance with those of the Bradbury and Meadow10 trial.
Our group was comparable to that of Bradbury and Meadow,
apart from having a higher pretreatment mean number

Fig 2. Kaplan-Meier survival estimates by treatment group.
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Table II. Results of randomized trial

Desmopressin Placebo P value

n 101 106
Mean wet nights/week at enrollment (SD) 6.0 (1.27) 5.9 (1.46) —

(95 % CI) (5.71, 6.21) (5.62, 6.18)
Mean wet nights end of run-in (SD) 3.7 (4.57) 4.8 (5.91) .22

(95 % CI) (2.75, 4.55) (3.67, 5.95)
Mean wet nights end 8-wk treatment period (SD) 1.8 (1.13) 2.4 (1.53) < .001

(95 % CI) (1.55, 1.99) (2.07, 2.66)
Change mean number wet nights (SD) 4.3 (2.52) 3.7 (2.70) .007

(95 % CI) (3.81, 4.81) (3.18, 4.22)
Remissions 52 (51.5%) 51 (48.1%) .63

(95 % CI) (41%, 62%) (38%, 58%)
Relapses at end of 2-mo follow-up 7 (13.5%) 3 (5.9%) .19

(95 % CI) (5.6%, 26%) (1.2%, 16%)
Withdrawn or lost to follow-up 9 17 .12
Alarm extension 17 26 .07
of wet nights. Our outcome measures and definitions were
equivalent.

The blinding appears to have been successful, with
subjects in each group using similar quantities of spray. We
found a lower overall response to alarm treatment than has
been recorded elsewhere in unselected groups. This probably
reflects the severity of the group and because we excluded
children who had a favorable response to desmopressin leaving
a more treatment-resistant patient group. The sustained re-
mission rate in the desmopressin responders was similar to that
reported in the Swedish Enuresis Trial (SWEET).9

Butler and Holland12 have suggested that nocturnal
enuresis consists of a number of different conditions with
different causes. They argue that alarm treatment is most
likely to be effective when arousal problems predominate, and
desmopressin most likely to be successful with nocturnal
polyuria12 and that those who fail to respond to desmopressin
have an increased likelihood of having bladder instability.
Some clinicians would separate children with daytime symp-
toms and treat them differently.

By selecting desmopressin nonresponders, we studied
a group in which reduced bladder capacity13-15 and detrusor
instability16 were more common. In the Yeung et al14 study
of 41 children with severe primary nocturnal enuresis
nonresponsive to desmopressin, all had pathologic cysto-
metrograms during sleep. Watanabe and Azuma17 found
evidence of detrusor instability in one third of patients with
monosymptomatic nocturnal enuresis even in the absence of
daytime symptoms. This is a group not thought to derive
benefit from desmopressin; theoretically it may be of some
benefit by keeping urine volumes down, reducing the likeli-
hood of exceeding functional bladder capacity, and by pre-
venting rapid bladder filling, which has been shown to increase
detrusor instability. Another possibility is that by reducing
nocturnal urine volumes, functional bladder capacity is
reached later in the night when arousal is easier. These
Evidence Against a Synergistic Effect of Desmopressin with
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mechanisms may underlie the reduction in numbers of wet

nights observed during combination treatment.
Desmopressin acts on V2 receptors in the renal tubule to

increase water reabsorption and thus reduce nocturnal urine

volumes. There is evidence that in a subgroup of children with
enuresis, there is a lack of circadian rhythm in vasopressin

secretion leading to high nocturnal urine production that

exceeds bladder capacity.18 Treatment can thus be thought of

as ‘‘replacement’’ therapy. Recently, there has been an interest

in the possible central actions of desmopressin. Vasopressin, as
well as having a key role in osmoregulation, is a neurotrans-

mitter, exerting its central effects through V1 receptors.19

Vasopressinergic fibers are mainly found in limbic and

hypothalamic structures. Central release of vasopressin pos-
sibly has a role in memory, concentration, sleep regulation, and

arousal.20,21 Desmopressin has been found to haveV1-b agonist

properties.19

Central mechanisms may contribute to the effect of
desmopressin on enuresis. Eggert ( Jonat et al22) described
a child with nephrogenic diabetes insipidus secondary to

a mutation of the V2 receptor gene who became dry on

desmopressin treatment. Another mechanism of action apart

from a renal effect must have been responsible. Arousal may be
enhanced and thus lead to waking to void or inhibition of

detrusor contractions during sleep. There is some support for

this effect in other work. In the Lackgren et al23 study, >70%

of those who became dry on desmopressin treatment did so by
waking to void, suggesting that there may have been an effect

on arousal.
There is also some experimental evidence that des-

mopressin enhances learning. Muller et al20 have shown an

increase in short-term memory in children treated with 20 lg
intranasal desmopressin. Beckwith et al21 showed that
DDAVP had beneficial effects on memory and learning in

adults. These central effects are interesting but to date remain
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Fig 3. Mean number of wet nights per week.
inconclusive, especially since it has been shown that
desmopressin does not cross the blood-brain barrier.24

We have not shown an advantage in combining des-
mopressin with alarm therapy in terms of sustained re-
mission rate. Notwithstanding the fact that our study group
included partial and nonresponders, if there had been benefits
to learning as the result of a desmopressin central effect, we
would have expected an increase in the remission rate or
a reduction in relapse rate. It is possible that there was some
enhancement of learning but that the reduction in the numbers
of wet nights during treatment reduced the learning oppor-
tunities so that overall there was no net benefit.

We conclude that adjunct desmopressin does not
enhance learning of the conditioned response from pad and
bell alarms in nocturnal enuresis in children who are partial or
nonresponders. Although there may be an increased number
of dry nights during treatment with combined desmopressin
and alarm therapy, we cannot recommend this as a routine
strategy.
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Smith, G. Gillam, M. Marks, S. Anderson, M. Harari, R. Sloane, B.
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senior pharmacist, who distributed the spray pumps; Professor J.
Carlin for assistance with statistical analysis, Mrs Glenda Pascoe for
coordinating the outpatient appointments, and Mrs Catherine Nolan,
manager outpatient services, for facilitating the study in that
department.
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