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Objective: To compare the efficacy of desmopressin plus
tolterodine (D+T) with desmopressin plus indomethacin (D+I) for
treating enuresis in children.

Design: Open-label randomized controlled trial.
Setting: Bandar Abbas Children’s Hospital, a tertiary care
children’s hospital in Iran, from March 21, 2018, to March 21,
2019.
Participants: 40 children older than five years with monosymp-
tomatic and non-monosymptomatic primary enuresis resistant to
desmopressin monotherapy.
Intervention: Patients were randomized to receive either D+T (60
µg sublingual desmopressin and 2 mg tolterodine) or D+I (60 µg
sublingual desmopressin and 50 mg indomethacin) every night
before bedtime for five months.

Outcome: Reduction in the frequency of enuresis was evaluated
at one, three, and five months, and response to treatment at five

months. Drug reactions and complications were also noted.

Results: After adjustment for age, consistent incontinence from
toilet training, and non-monosymptomatic enuresis, D+T was
significantly more efficacious than D+I; mean (SD) percent in
nocturnal enuresis reduction at 1 [58.86 (7.27)% vs 31.18 (3.85)
%; P<0.001], 3 [69.78 (5.99)% vs 38.56 (3.31)%; P<0.000], and 5
[84.84(6.21)% vs 39.14 (3.63)%; P<0.001] months showing a
large effect. At 5 months, complete response to treatment was
only observed with D+T, while treatment failure was significantly
higher with D+I (50% vs 20%; P=0.047). None of the patients in
either group developed cutaneous drug reactions or central
nervous system symptoms.

Conclusion: Desmopressin plus tolterodine appears to be
superior to desmopressin plus indomethacin for treating pediatric
enuresis resistant to desmopressin.
Keywords: Adverse effect, Combination therapy, Management,
Outcome.
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Enuresis, defined as bedwetting in children aged 5
years and above, is seen in around 15-20% of
five-year-old children, 6.4-10.3% of seven-year-
olds and 0.5-2.3% of adults, with a 15% annual

spontaneous resolution rate [1,2]. Nocturnal enuresis (NE)
is defined as bedwetting at night for at least three
consecutive months in children aged >5 years [3].
Psychological and social issues, rather than somatic
problem, are the main reasons for treating children with
enuresis [3].

Desmopressin, a selective vasopressin V2 receptor
agonist, is the first-line medical treatment for enuresis [4].
Generally, desmopressin is well tolerated, with hyponat-
remia being a rare but serious side effect [5]. The Inter-
national Children’s Continence Society (ICCS) recom-
mends combination therapy when the first-line mono-

therapy fails [6]. Anticholinergics like tolterodine, in
combination with desmopressin have been shown to be
effective for treating NE [7,8]. Its side effects include dry
mouth, dry eyes, constipation, urinary tract infection,
hypertension, headache, blurred vision, and drowsiness
[9]. Further, evidence suggests overproduction of pros-
taglandin E2 during the night in some children with
enuresis [10]. Therefore, cyclooxygenase inhibitors such
as indomethacin, which have been demonstrated to
possess antidiuretic properties, have been used for treat-
ing patients with enuresis [11]. The side effects of indo-
methacin range from mild, such as nausea, to severe, such
as increased bleeding tendency [12]. In this study, we
aimed to compare the effects of desmopressin plus toltero-
dine with desmopressin plus indomethacin for treating
children with enuresis.
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Fig. 1 CONSORT flow diagram for the study.
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METHODS

This open-label randomized controlled trial, registered at
the Iranian Registry of Clinical Trials, included children
over five years of age with monosymptomatic and non-
monosymptomatic (simultaneous daytime lower urinary
tract symptoms, such as daytime incontinence, urgency,
voiding difficulties, and abnormally low or high daytime
voiding frequency) primary enuresis [13]. Ethics approval
was taken from the ethics committee of our university.

Monosymptomatic enuresis was diagnosed after ruling
out secondary causes of enuresis, including anatomic
abnormalities of the urinary tract, trauma, constipation,
urinary tract infection, diabetes insipidus, excessive water
intake, spinal cord disorders, hypercalciuria, diabetes
mellitus, and adenoid disorders. The diagnosis was made
by a pediatric nephrologist, at a tertiary care children’s
hospital in Iran, from March 21, 2018, to March 21, 2019.
The children were included when they were resis-tant to
monotherapy with desmopressin, defined as <50%
reduction in the number of wet nights with incremental
doses of 120 to 240 µg [14], no response to alarm therapy,
and normal uroflowmetry and residual volume.

The sample size was calculated as 20 patients in each
group using data from a pilot study (10 samples in each
group) with mean nocturnal enuresis reduction after 15

days of 16.69% (10.91%) for the desmopressin + indo-
methacin (D+I) group and 28.37% (13.45%) for the
desmopressin + tolterodine (D+T) group, α=0.05 and
β=0.2, and by taking into account a 10% loss to follow-up.

After taking written informed consent from the
parents/guardians of the patients, demographic and clini-
cal details including history of consistent incontinence
from the age of toilet training and family history of
enuresis were recorded. The children were randomized
into two groups using a randomization table generated by
the Random Allocation software, version 1.0 [15].
Children in the D+T group received a 60 µg sublingual
desmopressin tablet and a 2 mg tolterodine tablet every
night before bedtime, while children in the D+I group
received a 60 µg sublingual desmopressin tablet and two
25 mg (50 mg) indomethacin capsules every night before
bedtime. Both groups received medications for five
months. Concurrent use of other medications was noted.
Compliance with the treatments was evaluated from their
parents.

The primary outcome was a reduction in the frequency
of nocturnal enuresis, one, three, and five months after the
initiation of treatment, assessed by a 24-hour frequency
chart filled in by the parents. To compare the response to
medication at the end of the study period (at 5 months), we
used the definition of the Standardization Committee of
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Table I Baseline Demographic Characteristics of Children
With Nocturnal Enuresis in the Two Treatment Groups

Variables Desmopressin+ Desmopressin+
indomethacin tolterodine
(n=20)  (n=20)

Age (y)a 8.56 (0.98) 9.05 (2.21)
Male sex 9 (45) 9 (45)
Family history of enuresis 11 (55) 10 (50)
Incontinence since toilet 19 (95) 15 (75)
training

Non-monosymptomatic 10 (50) 8 (40)
enuresis

All values are  no. (%) or amean (SD).

the ICCS [16] as follows: i) Complete response to treat-
ment: ≥90% reduction in the frequency of enuresis per week;
ii) Partial response to treatment: 50-89% reduction in the
frequency of enuresis per week; and iii) Failed response:
<50% reduction in the frequency of enuresis per week. The
incidence of cutaneous drug reactions, and gastrointestinal or
central nervous symptoms were recorded.

Statistical analysis: The Stata software (version 14.2,
StataCorp LLC) was used. Due to the non-normal distri-
bution of nocturnal enuresis reduction, a logarithmic trans-
formation was performed for analysis, and then data were
retransformed to be reported in the tables. Accordingly, the
ANOVA/ANCOVA test was used to evaluate the effect of
interventions on this parameter at different time points,
with age as covariance, and consistent incontinence since
toilet training and non-monosymptomatic enuresis as fac-
tors. Standardized mean difference (SMD) was calculated
for adjusted means in each model using Glass delta. SMD
interpretation was as follows: ≤0.19, trivial; 0.20-0.49, small
effect; 0.50-0.79, medium effect; and ≥0.80, large effect.
Eta2 was interpreted based on the following: <0.010, trivial;
0.010-0.059, small effect; 0.060-0.139, medium effect; and
≥0.140, large effect. The chi-square test was used to compare
categorical data between groups, and risk ratios were
reported as effect size with the following interpretations: 0-
0.81, trivial effect; 0.53-0.82, small effect; 0.32-0.54,
medium effect; and ≥0.33, large effect. P values <0.05 were
regarded as statistically significant.

RESULTS

Of the 52 children assessed for eligibility, a total of 40
patients were randomized into two groups (Fig. 1). Table I
shows the baseline characteristics of the patients in both
groups. None of the patients were concurrently on medi-
cations other than the study medications. D+T was
significantly more efficacious than D+I in nocturnal

enuresis reduction at one, three, and five months (Table
II). At five months, complete response to treatment was
only observed with D+T in 50% of children, while treat-
ment failure was significantly higher with D+I [10 (50%)
in D+I vs 4 (20%) in D+T group; P=0.47]. The proportion
of children with partial response was not significantly
different between the groups [10 (50%) in D+I vs 6 (30%)
in D+T group; P= 0.197] (Table II).

After adjustment for age, consistent incontinence since
toilet training, and non-monosymptomatic enuresis, D+T
was still significantly more efficacious than D+I in
nocturnal enuresis reduction at one, three, and five months
(Web Table I).

None of the patients in either group developed cuta-
neous drug reactions or central nervous symptoms. All
patients had complete compliance with the treatments.

DISCUSSION

In the current study, we found a significantly higher reduc-
tion in the frequency of nocturnal enuresis in children of
the D+T group compared to those taking D+I, one month
after the initiation of treatment, and at 3- and 5-month
follow-ups. We also found that complete response to
treatment was significantly higher with D+T, at the end of
the study period. This suggests that desmopressin plus
tolterodine combination therapy can be more successful
than desmopressin plus indomethacin in treating pediatric
patients resistant to desmopressin monotherapy. Although,
there are no published trials contrasting D+T and D+I for
the treatment of refractory nocturnal enuresis, these two
combination therapies have both been evaluated against
placebo in earlier research. Austin, et al. [8] demonstrated
that a one-month combined treatment regimen of desmo-
pressin and tolterodine reduced the mean number of wet
episodes more effectively than desmopressin and placebo.
However, the D+T group in our trial received a sub-

Table II Response of Nocturnal Enuresis in the Two Study
Groups at Various Time Points

Response Desmopressin+ Desmopressin+ P value
indomethacin tolterodine
(n=20)  (n=20)

Frequency of nocturnal enuresis at each montha

One month 31.18 (3.85) 58.86 (7.27) <0.001
Three month 38.56 (3.31) 69.78 (5.99) <0.001
Five month 39.14 (3.63) 84.84 (6.21) <0.001
Response to treatment at 5 monthsb

Failure 10 (50) 4 (20) 0.047
Partial 10 (50) 6 (30) 0.197
Complete 0 10 (50) <0.001
aValues are % nocturnal enuresis reduction in mean (SD) or bno. (%).
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stantially lower total dosage of tolterodine (2 mg) than
used by Austin, et al. [8], demonstrating that tolterodine at
lower doses can still be just as effective. Likewise, Rashed,
et al. [17] compared D+T with desmopressin plus placebo
and showed that this combination therapy was superior in
terms of treatment response. Their study’s tolterodine dosage
was comparable to ours. Kamperis, et al. [11] compared
desmopressin plus indomethacin with desmopressin plus
placebo to treat monosymptomatic nocturnal enuresis. They
found that indomethacin significantly reduced nocturnal
urine output compared to placebo. The number of dry nights;
however, did not differ across groups [11].

Explanations for why children with nocturnal enuresis
do not respond to desmopressin as the first-line treatment
include patient compliance, variability in pharmacodyna-
mics and pharmacokinetics, dietary variables, the timing
of desmopressin administration, and hydration state
[18,19]. Some patients who are resistant to desmopressin
show bladder instability [20], and  almost 70% of patients
with bladder overactivity suffer from nocturnal enuresis
[21], with decreased nocturnal functional bladder capacity
seen commonly in refractory nocturnal enuresis [22].
These results and reports imply that desmopressin plus anti-
cholinergic combination therapy may improve nocturnal
enuresis [8,17], though additional research is required to
identify the ideal anticholinergic drug and its dosage. On the
other hand, nonsteroidal anti-inflammatory drugs (NSAIDs)
have been claimed to have antidiuretic properties, and may
be used in children who do not respond to conventional
therapeutic approaches. Due to the inclusion of unselected
populations, studies using different NSAIDS have yielded
inconsistent results [23-25].

Tolterodine is a competitive antagonist of acetyl-
choline at postganglionic muscarinic receptors.Therefore,
by acting as a muscle relaxant, tolterodine can increase the
bladder’s capacity to hold urine [26]. On the other hand,
indomethacin appears to exert its antidiuretic effect through
anti-natriuretic properties, reduction in urea, and overall
osmotic clearance. Moreover, by acting on the nervous
system, tolterodine appears to have more stable effects,
while indomethacin functions might be mediated under
accompanying inflammatory conditions in patients with
nocturnal enuresis.

The strength of our study was its randomized
controlled trial design. Nonetheless, including a placebo
group could have added merit to this study. One limitation
was that some of our patients in both groups were non-
monosymptomatic. Moreover, bladder capacity can affect
outcomes, especially in patients taking anticholinergic
agents, and we did not compare our patients in this regard.
Also, the urine output which may be an indicator of drug

efficacy [11], was not assessed in our patients. Further-
more, the small sample size of this study can limit the
generalizability of our findings. Finally, long-term out-
comes, including relapse, continued success, and comp-
lete success [14] were not evaluated in this study.

Desmopressin plus tolterodine was superior to desmo-
pressin plus indomethacin for the treatment of mono- and
non-monosymptomatic nocturnal enuresis in this study.
Further studies with a placebo arm and a larger sample size
are required to confirm our findings.

Ethics clearance: IEC, Hormozgan University of Medical
Sciences; No. IR.HUMS.REC.1397.070 dated May 13, 2018.
Contributors: ME: conceptualization and study validation, writing
and reviewing; SEM: implementation and supervision; GZ: data
analysis and interpretation. All authors approved the final version
of manuscript, and are accountable for all aspects related to the
study.
Funding: Hormozgan University of Medical Sciences; Competing
interests:  None stated.
Note: Additional material related to the study is available with the
web version at www.indianpediatrics.net

REFERENCES

1. Butler RJ, Heron J. The prevalence of infrequent bedwetting
and nocturnal enuresis in childhood: a large British cohort.
Scand J Urol Nephrol. 2008;42:257-64.

2. Netto JMB, Rondon AV, Lima GRMd, et al. Brazilian Con-
sensus in Enuresis–Recomendations for Clinical Practice.
International Braz J Urol. 2019;45:889-900.

3. Austin PF, Bauer SB, Bower W, et al. The standardization of
terminology of lower urinary tract function in children and
adolescents: update report from the Standardization Com-
mittee of the International Children’s Continence Society. J
Urol. 2014;191:1863-5.

4. Bayne AP, Skoog SJ. Nocturnal enuresis: an approach to
assessment and treatment. Pediatr Rev. 2014;35:327-34.

5. Kamperis K, Van Herzeele C, Rittig S, et al. Optimizing
response to desmopressin in patients with monosympto-
matic nocturnal enuresis. Pediatr Nephrol. 2017;32:217-26.

6. Franco I, von Gontard A, De Gennaro M. International
Childrens’s Continence Society. Evaluation and treatment of
nonmonosymptomatic nocturnal enuresis: a standardization
document from the International Children’s Continence Soci-
ety. J Pediatr Urol. 2013;9:234-43.

7. Azarfar A, Esmaeili M, Naseri M, et al. Comparison of
combined treatment with desmopressin plus oxybutynin and
desmopressin plus tolterodine in treatment of children with
primary nocturnal enuresis. J Renal Inj Prev. 2015;4:80.

8. Austin PF, Ferguson G, Yan Y, et al. Combination therapy
with desmopressin and an anticholinergic medication for
nonresponders to desmopressin for monosymptomatic noc-
turnal enuresis: a randomized, double-blind, placebo con-
trolled trial. Pediatrics. 2008;122:1027-32.

9. Lightner DJ, Gomelsky A, Souter L, et al. Diagnosis and
treatment of overactive bladder (non-neurogenic) in adults:
AUA/SUFU guideline amendment 2019. J Urol. 2019;202:

30



ESTEGHAMATI, ET AL.

INDIAN  PEDIATRICS 451 VOLUME 60__JUNE 15, 2023

558-63.
10. Kamperis K, Rittig S, Jørgensen KA, et al. Nocturnal poly-

uria in monosymptomatic nocturnal enuresis refractory to
desmopressin treatment. Am J Physiol Renal Physiol. 2006;
291:F1232-F40.

11. Kamperis K, Hagstroem S, Faerch M, et al. Combination
treatment of nocturnal enuresis with desmopressin and indo-
methacin. Pediatr Nephrol. 2017;32:627-33.

12. Lucas S. The pharmacology of indomethacin. Headache.
2016;56:436-46.

13. Nevéus T, Fonseca E, Franco I, et al. Management and
treatment of Nocturnal Enuresis– An Updated Standardi-
zation Document from the International Children’s Conti-
nence Society. J Pediatr Urol. 2020;16:10-9.

14. Austin PF, Bauer SB, Bower W, Chase J, et al. The Standar-
dization of Terminology of Lower Urinary Tract Function in
Children and Adolescents: Update Report from the Standar-
dization Committee of the International Children’s Conti-
nence Society. Neurourol Urodyn. 2016;35: 471-81.

15. Saghaei M. Random allocation software for parallel group
randomized trials. BMC Med Res Methodol. 2004;4:1-6.

16. Nevéus T, von Gontard A, Hoebeke P, et al. The standar-
dization of terminology of lower urinary tract function in
children and adolescents: Report from the Standardisation
Committee of the International Children’s Continence
Society. J Urol. 2006;176:314-24.

17. Kazemi Rashed F, Nourizade D, Hajebrahimi S, et al. Does
combination therapy with desmopressin and tolterodine
improve the treatment outcomes of patients with mono-
symptomatic nocturnal enuresis? A randomized clinical
controlled trial. Int Sch Res Notices. 2013;2013.

18. De Guchtenaere A, Raes A, Vande Walle C, et al. Evidence
of partial anti-enuretic response related to poor pharmaco-

dynamic effects of desmopressin nasal spray. J Urol. 2009;
181:302-9.

19. Raes A, Dehoorne J, Van Laecke E, et al. Partial response to
intranasal desmopressin in children with monosymptomatic
nocturnal enuresis is related to persistent nocturnal polyuria
on wet nights. J Urol. 2007;178:1048-52.

20. Abd El-Moghny SM, El-Din MS, El Shemy SA. Effective-
ness of intraanal biofeedback and electrical stimulation in
the treatment of children with refractory monosymptomatic
nocturnal enuresis: A comparative randomized controlled
trial. Int Neurourol J. 2018;22:295.

21. Sousa AS, Veiga ML, Braga AA, et al. Enuresis and over-
active bladder in children: what is the relationship between
these two conditions? Int Braz J Urol. 2016;42:798-802.

22. Borg B, Kamperis K, Olsen LH, et al. Evidence of reduced
bladder capacity during nighttime in children with mono-
symptomatic nocturnal enuresis. J Pediatr Urol. 2018;14:
160-e1.

23. Al Waili NS. Increased urinary nitrite excretion in primary
enuresis: effects of indomethacin treatment on urinary and
serum osmolality and electrolytes, urinary volumes and
nitrite excretion. BJU Int. 2002;90:294-301.

24. Gelotte CK, Prior MJ, Gu J. A randomized, placebo-
controlled, exploratory trial of ibuprofen and pseudo-
ephedrine in the treatment of primary nocturnal enuresis in
children. Clin Pediatr. 2009;48:410-9.

25. Natochin YV, Kuznetsova AA. Nocturnal enuresis: correc-
tion of renal function by desmopressin and diclofenac.
Pediatr Nephrol. 2000;14:42-7.

26. Leone Roberti Maggiore U, Salvatore S, Alessandri F, et al.
Pharmacokinetics and toxicity of antimuscarinic drugs for
overactive bladder treatment in females. Expert Opin Drug
Metab Toxicol. 2012;8:1387-408.

31



DESMOPRESSIN WITH TOLTERODINE OR INDOMETHACIN IN ENURESIS

INDIAN  PEDIATRICS VOLUME 60__JUNE 15, 2023

Web Table I Comparison of Effects on Nocturnal Enuresis Reduction Between the Groups 
(Adjusted Analysis) 

Time Desmopressin + 
indomethacin (n=20) 

Desmopressin + 
tolterodine (n=20) 

SMD (95%CI) P-value* 

At one month    
Model 1 31.52 (24.78, 40.09) 58.23 (45.78, 74.30) 5.30 (3.51, 7.08) 0.001 
Model 2 30.45 (23.91, 38.79) 60.27 (47.32, 76.77) 5.92 (3.94, 7.88) <0.001 
Model 3 30.33 (28.90, 38.50) 60.51 (47.67, 76.80)  6.00 (4.00, 7.98) <0.001 

At three months  
Model 1 38.66 (32.62, 45.83) 69.58 (58.70, 82.48) 6.36 (4.25, 8.45) <0.001 
Model 2 37.91 (31.90, 45.05) 70.98 (59.73, 84.36) 6.79 (4.55, 9.01) <0.001 
Model 3 37.87 (31.80, 45.09) 71.06 (59.67, 84.61) 6.81 (4.57, 9.04) <0.001 

At five months 
Model 1 39.25 (32.62, 47.22) 84.69 (73.19, 98.01) 9.47 (6.41, 12.51) <0.001 
Model 2 39.25 (32.41, 47.52) 84.69 (72.85, 98.45) 9.45 (6.40, 12.48) <0.001 
Model 3 39.45 (32.57, 47.79) 84.42 (72.61, 98.17) 9.35 (6.33, 12.36) <0.001 

SMD: standardized mean difference; All values are % nocturnal enuresis reduction, mean (confidence 
interval of mean). Model 1: adjusted for age; Model 2: adjusted for age and consistent incontinence 
since toilet training; Model 3: adjusted for age, consistent incontinence since toilet training, and non-
monosymptomatic enuresis.  

 


