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Objective: To compare the efficacy of desmopressin plus
tolterodine (D+T) with desmopressin plus indomethacin (D+l) 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
Hg sublingual desmopressin and 2 mg tolterodine) or D+I (60 pg
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+l; 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+1 (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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nuresis, defined asbedwettingin children aged 5

years and above, is seen in around 15-20% of

five-year-old children, 6.4-10.3% of seven-year-

Idsand 0.5-2.3% of adults, with a15% annua

spontaneousresolutionrate[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
agonigt, isthefirst-linemedical treatment for enuresis[4].
Generally, desmopressin iswell tolerated, with hyponat-
remia being arare but serious side effect [5]. The Inter-
national Children’s Continence Society (ICCS) recom-
mends combination therapy when the first-line mono-
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therapy fails [6]. Anticholinergics like tolterodine, in
combination with desmopressin have been shown to be
effectivefor treating NE [7,8]. Itsside effectsinclude 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 asnausea, to severe, such
as increased bleeding tendency [12]. In this study, we
aimed to comparethe effects of desmopressin plustoltero-
dine with desmopressin plus indomethacin for treating
childrenwith enuresis.
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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]. Ethicsapproval
wastaken from the ethics committee of our university.

M onosymptomatic enuresiswas diagnosed after ruling
out secondary causes of enuresis, including anatomic
abnormalities of the urinary tract, trauma, constipation,
urinary tract infection, diabetesinsipidus, excessivewater
intake, spinal cord disorders, hypercalciuria, diabetes
mellitus, and adenoid disorders. The diagnosiswas 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
dosesof 120to 240 pg[14], no responseto alarm therapy,
and normal uroflowmetry and residual volume.

The sample sizewas calculated as 20 patientsin each
group using data from a pilot study (10 samplesin each
group) with mean nocturnal enuresis reduction after 15
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days of 16.69% (10.91%) for the desmopressin + indo-
methacin (D+l) group and 28.37% (13.45%) for the
desmopressin + tolterodine (D+T) group, ¢=0.05 and
[3=0.2, and by taking into account a10% | ossto 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 arandomization table generated by
the Random Allocation software, version 1.0 [15].
Children in the D+T group received a 60 pg sublingual
desmopressin tablet and a 2 mg tolterodine tablet every
night before bedtime, while children in the D+l group
received a 60 g sublingual desmopressin tablet and two
25 mg (50 mg) indomethacin capsul es every night before
bedtime. Both groups received medications for five
months. Concurrent use of other medications was noted.
Compliance with the treatmentswas eval uated from their
parents.

Theprimary outcomewasareductionin thefrequency
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

Enrollment |

Assessed for digibility (n=52) |

Excluded (n=12)
Not meeting inclusion criteria (n=6)
Declined to participate (n=6)

| Randomized (n=40) |

Allocated to the D+l group (n=20)
» Received alocated intervention (n=20)
« Did not receive alocated intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervetnion (n=0)

Anayzed (n=20)
« Excluded from analysis (n=0)

Allocation

Ie

Follow-up

Allocated to the D+T group (n=20)
 Received alocated intervention (n=20)
« Did not receive alocated intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervetnion (n=0)

Analyzed (n=20)
« Excluded from analysis (n=0)

Fig. 1 CONSORT flow diagram for the study.
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Table | Baseline Demographic Characteristics of Children
With Noctur nal Enuresisinthe Two Treatment Groups
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Table |1 Response of Nocturnal Enuresisin the Two Study
Groupsat VariousTimePoints

Variables Desmopressin+ Desmopressin+ Response Desmopressin+ Desmopressint P value
indomethacin tolterodine indomethacin tolterodine
(n=20) (n=20) (n=20) (n=20)
Age(y)? 8.56 (0.98) 9.05(2.21) Frequency of nocturnal enuresisat each month?
Malesex 9(45) 9(45) Onemonth 31.18(3.85) 58.86 (7.27) <0.001
- . Threemonth 38.56 (3.31) 69.78 (5.99) <0.001
Family history of enuresis  11.(55) 0G0 Fyemonth 3914 (3.63) 8484(621)  <0.001
Incontinence sincetoil et 19(95) 15(75) Responseto treatment at 5 months?
training Failure 10(50) 4(20) 0.047
Non-monosymptomeatic 10 (50) 8(40) Partial 10(50) 6(30) 0.197
enuresis Complete 0 10(50) <0.001

All valuesare no. (%) or 2mean (D).

the ICCS [16] as follows: i) Complete response to treat-
ment: >90% reductioninthefrequency of enuresisper week;
ii) Partid response to treatment: 50-89% reduction in the
frequency of enuresis per week; and iii) Failed response:
<50% reduction in the frequency of enuresisper week. The
incidenceof cutaneousdrug reactions, and gastrointestinal or
centra nervoussymptomswererecorded.

Satistical analysis. The Stata software (version 14.2,
StataCorp LLC) was used. Due to the non-normal distri-
bution of nocturnal enuresisreduction, alogarithmictrans-
formation was performed for analysis, and then datawere
retransformed to bereported in thetables. 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 incontinencesince
toilet training and non-monosymptomatic enuresisasfac-
tors. Standardized mean difference (SMD) was calculated
for adjusted means in each modd using Glass delta. SMD
interpretation wasasfollows: <0.19, trivid; 0.20-0.49, small
effect; 0.50-0.79, medium effect; and >0.80, large effect.
Eta? wasinterpreted based onthefollowing: <0.010, trivial;
0.010-0.059, small effect; 0.060-0.139, medium effect; and
>0.140, largeeffect. Thechi-squaretest wasused to compare
categorical data between groups, and risk ratios were
reported as effect sizewith thefollowing interpretations. O-
0.81, trivia effect; 0.53-0.82, small effect; 0.32-0.54,
medium effect; and >0.33, large effect. P values<0.05were
regarded asstatistically significant.

RESULTS

Of the 52 children assessed for eligibility, a total of 40
patientswere randomized intotwo groups (Fig. 1). Tablel
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+l in nocturnal
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avalues are % nocturnal enuresis reduction in mean (SD) or Pno. (%).

enuresis reduction at one, three, and five months (Table
I1). 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+l vs4(20%) in D+T group; P=0.47]. Theproportion
of children with partial response was not significantly
different between the groups[ 10 (50%) in D+l vs 6 (30%)
inD+T group; P= 0.197] (Tablell).

After adjustment for age, consi stent incontinencesince
toilet training, and non-monosymptomatic enuresis, D+T
was still significantly more efficacious than D+l in
nocturnal enuresisreduction at one, three, and five months
(WebTablel).

None of the patientsin either group developed cuta
neous drug reactions or central nervous symptoms. All
patients had compl ete compliance with the treatments.

DISCUSSION

Inthecurrent study, wefound asignificantly higher reduc-
tion in the frequency of nocturnal enuresisin children of
the D+T group compared to those taking D+1, one month
after the initiation of treatment, and at 3- and 5-month
follow-ups. We aso found that complete response to
treatment was significantly higher with D+T, at theend of
the study period. This suggests that desmopressin plus
tolterodine combination therapy can be more successful
than desmopressin plusindomethacin intreating pediatric
patients resistant to desmopressin monotherapy. Although,
thereare no published trials contrasting D+T and D+l for
the treatment of refractory nocturnal enuresis, these two
combination therapies have both been evaluated against
placeboinearlier research. Austin, et a. 8] demonstrated
that a one-month combined treatment regimen of desmo-
pressin and tolterodine reduced the mean number of wet
episodes moreeffectively than desmopressin and placebo.
However, the D+T group in our trial received a sub-
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stantially lower total dosage of tolterodine (2 mg) than
used by Austin, et al. [8], demonstrating that tolterodine at
lower dosescan still bejust aseffective. Likewise, Rashed,
et al. [17] compared D+T with desmopressin plus placebo
and showed that this combination therapy was superior in
termsof treatment response. Their study’ stolterodinedosage
was comparable to ours. Kamperis, et a. [11] compared
desmopressin plus indomethacin with desmopressin plus
placeboto treat monosymptomatic nocturnal enuresis. They
found that indomethacin significantly reduced nocturnal
urineoutput compared to placebo. Thenumber of dry nights;
however, did not differ acrossgroups[11].

Explanationsfor why children with nocturnal enuresis
do not respond to desmopressin asthefirst-line treatment
include patient compliance, variability in pharmacodyna-
mics and pharmacokinetics, dietary variables, the timing
of desmopressin administration, and hydration state
[18,19]. Some patientswho 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].
Theseresultsand reportsimply that desmopressin plusanti-
cholinergic combination therapy may improve nocturna
enuresis [8,17], though additional research is required to
identify theideal anticholinergic drug anditsdosage. Onthe
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-
cholineat postganglionic muscarinic receptors.Therefore,
by acting asamusclerelaxant, tolterodine canincreasethe
bladder’s capacity to hold urine [26]. On the other hand,
indomethaci n appearsto exert itsantidiuretic 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 thisstudy. Onelimitation
was that some of our patients in both groups were non-
monosymptomatic. M oreover, bladder capacity can affect
outcomes, especialy in patients taking anticholinergic
agents, and wedid not compareour patientsinthisregard.
Also, the urine output which may be an indicator of drug
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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] werenot eval uated in thisstudy.

Desmopressin plustolterodinewas superior to desmo-
pressin plusindomethacin for the treatment of mono- and
non-monosymptomatic nocturnal enuresis in this study.
Further studieswith aplacebo arm and alarger sasmplesize
arerequired to confirm our findings.
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analysisand interpretation. All authors approved thefinal version
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Web Table I Comparison of Effects on Nocturnal Enuresis Reduction Between the Groups

(Adjusted Analysis)
Time Desmopressin + Desmopressin + SMVID (95%Cl) P-value*
indomethacin (n=20) | tolterodine (h=20)

At one month
Mode 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(28.90,3850) | 60.51 (47.67, 76.80) | 6.00 (4.00, 7.98) <0.001

At three months
Mode 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
Mode 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(3257,47.79) | 84.42(72.61,98.17) | 9.35(6.33,12.36) | <0.001

SMID: 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.
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