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Summary

Objective

To evaluate the efficacy and safety of Ginkgo biloba
extract (GBE) compared with Desmopressin and their
combination in children with monosymptomatic
nocturnal enuresis (MNE).

Methods

In this double-blind, randomized, placebo-
controlled trial, 398 children aged 5—14 years with
MNE were assigned to four groups: placebo, GBE
(60 mg daily), Desmopressin (0.2 mg daily), or GBE
plus Desmopressin for 3 months. Primary outcomes
included the number of wet nights per week. Sec-
ondary outcomes assessed sleep quality using the
Sleep Disturbance Scale for Children (SDSC), arousal
by the Disorders of Arousal (DA) score, and quality-
of-life using the Pediatric Incontinence Question-
naire (PinQ).

Introduction

Monosymptomatic nocturnal enuresis (MNE) is
involuntary bed wetting during sleep in chil-
dren older than 5 years old, MNE is considered
one of the most socially stigmatizing and dis-
tressing medical problems which occurs in
15%—20% of five year old children, affecting
the quality of life (QoL) of both children and
parents [1]. Since MNE is a health-related QoL
disease, QoL is believed to be evaluated using
standardized tools [2]. The Pediatric Inconti-
nence Quality of Life (PinQ) questionnaire is a
validated tool designed to assess the impact of
urinary incontinence on a child’s daily life,
emotions, and social well-being. It helps cli-
nicians and researchers measure how

https://doi.org/10.1016/j.jpurol.2026.106077
1477-5131/© 2026 Journal of Pediatric Urology Company. Published by Elsevier Ltd. All rights are reserved, including those for text and data
mining, Al training, and similar technologies.

Results

After 3 months, the combination group demon-
strated the greatest improvement in wet nights
(median 0 [IQR 0—2]) compared to GBE (6 [0.5—6.5])
and Desmopressin (2 [0—6]) (p < 0.001). Full
response rates (>90% reduction in wet nights) were
highest with combination therapy (88.3%), followed
by Desmopressin (46.5%), GBE (24.8%), and placebo
(9.5%) (p < 0.001). GBE-containing groups showed
significantly increased DA and SDSC scores, indi-
cating enhanced arousal and lighter sleep. Quality-
of-life (PinQ) score decreased in all treatment
groups denoting improvement, with the best out-
comes observed in the combination arm. Adverse
effects were mild and comparable across groups,
and serum sodium levels remained stable.

Conclusion

GBE is a safe and effective novel therapy for MNE,
improving sleep arousal and symptom control. Its
combination with Desmopressin offers superior effi-
cacy, better quality of life, and lower relapse rates
than either agent alone.

incontinence affects QoL from the child’s
perspective [3].

According to the European Association of
urology (EAU) guidelines 2025, either Desmo-
pressin or a combination of Desmopressin and
an anticholinergic drug are considered the
mainstay medical treatment for management
of MNE, beside supportive measures and wet-
ting alarm treatment [4]. Desmopressin has
been accounting for success rate of 70% with a
favorable safety profile of rare preventable
adverse effects such as water intoxication [5].

According to The International Children’s
Continence Society (ICCS) the alarm therapy
and Desmopressin is considered the first-line
for MNE treatment [6]. Alarm therapy modu-
lates the patient arousal response to urinary
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bladder [7]. While Desmopressin reduces nocturnal urine
production.Despite Desmopressin proven efficacy but it is
associated with higher relapse rates in children with sleep
arousal disorders [8].

As one of the contributing factors to MNE is sleep dis-
order with an inability to wake up when in need to pass
urine at night [9]. Ginkgo Biloba extract (GBE) and its
components, such as Ginkgolide B, are thought to promote
wakefulness and reduce non-rapid eye movement sleep by
negatively modulating GABA and glycine activity at their
respective receptors (GABAA and glycine receptors) [10].
GBE has many pharmaceutical applications including car-
diovascular disorders, premenstrual syndrome, memory,
Alzheimer’s disease [11]. However, it has not been evalu-
ated as a line of management for MNE.

Regarding literature, GBE in children, it seems to be well
tolerated and safe with no significant side effects in children
between 4yrs and 12yrsold [12]. This study aimed to evaluate
the efficacy and safety of GBE as monotherapy or in combi-
nation with Desmopressin as a novel treatment of MNE, using
a prospective, double-blinded, randomized trial.

Patient and methods

This prospective, randomized, double-blind, placebo-
controlled study was carried out on 398 children with MNE
at two tertiary centers in the period from November 2024 to
December 2025.

Written informed consent was obtained from parents
and informed about the treatment and side effects of each
medication. The study protocol was approved by the Ethical
Committee of our local university before participant
recruitment and was registered retrospectively on
clinicaltrials.org under the number (NCT06771128). Steps
adhered to the principles of the Declaration of Helsinki.
Children with the eligibility criteria were recruited
consecutively from urology outpatient clinics at both
centers.

We included all children aged 5—14 years diagnosed with
primary MNE based on ICCS criteria, enuresis without other
LUT symptoms with no previous dry period of >6 months
[13], with normal physical examination and laboratory
tests, with no history of treatment for MNE in the previous 3
months. Any child with non-monosymptomatic enuresis or
any daytime lower urinary tract symptoms, nocturia,
congenital urinary tract anomalies, diabetes mellitus or
diabetes insipidus, neurological disorders, psychiatric
illness, or current use of medications that may affect sleep
or bladder function was excluded. Children were assessed
primarily using a 7-day bladder diary with documentation of
maximum voided volume (MVV) and any child with MVV of
<65% or >150% of expected bladder capacity is considered
abnormal bladder capacity and thus abnormal bladder
function then excluded. Participants were randomly
divided into four groups using a computer-generated
randomization sequence. To maintain allocation privacy,
sequentially numbered, opaque, sealed envelopes (SNOSE)
were used. Randomization was performed by an indepen-
dent statistician with no clinical involvement.

Children, parents, urologist, nurse, data collector, and
outcome evaluation doctor were all blinded to group

assignments. Medications (GBE and Desmopressin) and their
matched placebo were similar in color (white), size, shape,
labeling and packaging film-coated, minimizing taste dif-
ferences and composed of starch. Only the pharmacy unit
had access to the allocation list and dispensing coded
medication packs. To achieve the double-blind design, pa-
tients of each group were given a combination of 2 tablets
with the content of each tablet follows the assigned group
and known only by the pharmacy unit.

The four groups were: Group 1 (Placebo, n = 95):
Received 2 placebo tablets (pharmaceutical-grade starch)
once daily which was similar in appearance to both GBE and
Desmopressin tablets, Group 2 (GBE, n = 101): Received
oral GBE 60 mg + placebo tablet once daily, Group 3

(Desmopressin, n = 99): Received oral Desmopressin
0.2 mg + placebo tablet once daily, and Group 4 (Combi-
nation therapy, n = 103): Received both Desmopressin

0.2 mg and GBE 60 mg.

The dose of GBE was determined based on previous
studies using GBE for treatment of ADHD in children [14].
We used minimal mentioned dosage to ensure safety of the
used drug. GBE tablets were film-coated to minimize taste
differences. placebos were prepared by the hospital phar-
macy to match the original drug in appearance and flavor
only and used as needed to maintain blinding regarding the
number and appearance of tablets. For 3 months, all
medications were administered at bedtime with fluid re-
striction applied according to desmopressin guidelines. All
medications were provided via the hospital pharmacy with
no specific trade names and covered by patients’ medical
insurance.

Assessment of primary outcome depended on number of
wet nights per week, evaluated using a 7-day bladder diary
at baseline, 1 month, and 3 months, while secondary out-
comes included the assessment of Sleep Disturbance Scale
for Children (SDSC) (which is 26-item validated measure;
score range: 26—130, Higher scores indicate lighter sleep),
Disorders of Arousal Score (DA Score) (which is a sub-score
of SDSC and focus on evaluation of sleep arousal disorder,
higher scores indicate better arousal), and PinQ (which is a
Validated QoL tool (score range 20—80) Higher scores indi-
cate worse Qol).

Enuresis Severity was graded as follows: Mild <3 wet
nights/week, Moderate = 3—5 wet nights/week and Severe
>6 wet nights/week. Serum sodium levels were measured
via morning samples at baseline, at 1 week and 1 month
given safety considerations with Desmopressin use.

Parents completed a 7-day bladder diary before each
assessment visit. SDSC and DA scores were evaluated by
urologists. PinQ questionnaires were completed by children
with parental assistance. Adverse events and treatment-
related side effects were documented at each follow-up
visit. Relapse rate was assessed after treatment discontin-
uation at 3 months via assessment of enuresis frequency
and PinQ score.

Statistical analysis

One-way ANOVA was used for normally distributed contin-
uous variables (SDSC, DA scores, serum sodium).
Kruskal—Wallis test was used for non-normal variables (wet
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nights, PinQ scores). Chi-square test was used for categor-
ical variables (sex distribution, severity categories).
Repeated measures ANOVA and Friedman test were used for
within-group comparisons over time. Post-hoc pairwise
analyses were conducted following significant omnibus
tests. Statistical significance was set at p < 0.05 and
p < 0.001 was considered highly significant.

Results

After exclusion of 21 out of 436 children with MNE due to
ineligibility, a total of 415 children were randomized and
allocated to four nearly equal groups. Across all groups,
twelve patients were lost to follow up and five discontinued
interventions. Finally, a total of 398 children with MNE were
enrolled and randomized into four treatment arms: placebo
(n = 95), GBE (n = 101), Desmopressin (n = 99), and
combination therapy (n = 103) as demonstrated in CON-
SORT flowchart (Fig. 1).

Regarding the baseline criteria, there were no statisti-
cally significant differences among the studied groups with
respect to age (p = 0.803), sex distribution (p = 0.99), BMI
(p 0.452), baseline number of wet nights/week
(p = 0.689), enuresis severity (p = 0.827), SDSC score
(p = 0.418), DA score (p = 0.166), PinQ score (p = 0.550),
or serum sodium level (p = 0.654) (Table 1).

Regarding number of wet nights per week, there was a
strong and significant difference between the groups at
both 1 and 3 months (p < 0.001). After 1 month, there was a
significant difference between all groups; The placebo
group had the most wet nights (median 6), while the

combination group had the least one while after 3 months,
the placebo group showed only slight improvement, while
the combination therapy continued to show the best results
and also all pairwise comparisons were significant. Within
groups, every group showed significant improvement over
time (p < 0.001) (Table 2).

Regarding SDSC score, group differences became signif-
icant at both follow-up points (p < 0.001). SDSC scores were
highest in the combination group, and group 2 (GBE) also
showed higher scores than placebo. Within groups, SDSC
scores increased significantly in all groups, with the largest
increases in Ginkgo-containing groups indicating lighter
sleep in such groups (Table 2).

Regarding DA Score, significant differences were found
at 1 and 3 months (p < 0.001). Children receiving GBE or
combination therapy had better DA scores than those on
placebo or Desmopressin. Within groups, DA improved
significantly in groups 2 and 4 while no significant change
occurred in groups 1 and 3 (Table 2).

Regarding PinQ Score, there were highly significant dif-
ferences between groups at 1 and 3 months (p < 0.001).
After 1 month, all groups differed significantly except pla-
cebo vs. GBE. After 3 months, all comparisons were sig-
nificant. The combination therapy group showed the
greatest reduction in PinQ score indicating better QolL.
Within groups, all groups improved significantly over time
(p < 0.001) (Table 2).

Regarding therapeutic response rates, there was a
strong difference in treatment response at both 1 and 3
months (p < 0.001). Full Response (>90% improvement) was
recorded after 1 month as follows; Placebo (4.2%), GBE
(16.8%), Desmopressin (35.4%), and Combination (51.5%).

[ Enrollment ]

Children experience nocturnal enuresis (n= 436)

Excluded (n=21)

= Not meeting inclusion criteria (n=9)

= non-monosymptomatic enuresis (n= 3)

= congenital urinary tract anomalies (n= 1)
= Diabetes (n=1)

_| = Neurological, psychiatric disorders (n= 0)

| = current use of medications that may affect
sleep or bladder function (n=0)
= Declined to participate (n=7)

Randomized (n= 415)

Allocation

v

v A4

v v

Placebo group: Allocated to
receive Placebo (n=104)

Gingko Biloba group: Allocated to
receive Ginkgo Biloba (n= 104)

Desmopressin group: Allocated to
receive Desmopressin (n=103)

Combination group: Allocated to
receive combination therapy (n= 104)

Follow-Up

A 4 A 4

A 4 4

Lost to follow-up (n=5)
Discontinued intervention (n= 4)

Lost to follow-up (n=2)
Discontinued intervention (n= 1)

Lost to follow-up (n=1)
Discontinued intervention (n= 0)

Lost to follow-up (n=4)
Discontinued intervention (n= 0)

A 4 A 4

v v

Analysed (n=95)
Excluded from analysis (n= 0)

Analysed (n=101)
Excluded from analysis (n= 0)

Analysed (n=99)
Excluded from analysis (n= 0)

Analysed (n=103)
Excluded from analysis (n= 0)

Figure 1

CONSORT flowchart.
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Table 1 Comparison between the studied groups regarding demographic and baseline data.

Group 1 Group 2 Group 3 Group 4 p- value
(placebo) (GBE) (Desmopressin) (combination
therapy)

Demographic data
Age® 10.11 £ 2.12 10.36 + 2.16 10.31 + 2.16 10.39 + 2.29 0.803
Sex
Male 72 (75.8%) 75 (74.3%) 73 (73.7%) 77 (74.8%)
Female 23 (24.2%) 26 (25.7%) 26 (26.3%) 26 (25.2%) 0.990
BMI* 23.46 + 3.0 24.13 + 3.5 23.95 + 3.41 24.14 + 3.35 0.452
Baseline data
Number of wet nights per week” 6(6—7) 6(6—7) 6(6—7) 6(6—7) 0.690
Severity
Moderate 8 (8.4%) 10 (9.9%) 10 (10.1%) 7 (6.8%)
Severe 87 (91.6%) 91 (90.1%) 89 (89.9%) 96 (93.2%) 0.827
SDSC score® 43.02 + 5.12 43.48 + 5.13 44.01 + 4.88 44,06 + 4.82 0.418
DA score® 4.46 + 1.16 4.45 + 1.41 4.82 + 1.37 4.47 + 1.43 0.166
PinQ score® 41(30—54) 42(29-56) 45(31-55) 47(34—56) 0.550
Na level® 139.8 + 3.13 140.06 + 3.1 140.35 + 3.29 139.95 + 3.05 0.654

@ Data is represented as mean + SD and compared using one way ANOVA test.

b Data is represented as median and interquartile range and compared using Kruskal Wallis test data is represented as number and %

and compared using Chi square test.

While after 3 months; Placebo (9.5%), GBE (24.8%), Des-
mopressin (46.5%), and Combination (88.3%) which was the
highest. All pairwise comparisons were significant (Table 2).

The combination therapy group had significant non-
responders, only 7.8% at 3 months compared to other
groups. Within groups, all groups showed a significant in-
crease in full responders over time (p < 0.05) (Table 2).

Regarding relapse rate, there was statistically significant
difference between the studied groups (p < 0.001). On
doing pairwise comparison, difference was significant be-
tween combination group and each other group (relapses
were significantly low in combination group). According to
the adverse effects and sodium level changes, there were
no statistically significant differences between groups at 1
week and 1 month (Table 3). No vasoactive adverse effects,
hypotension or headache were reported.

Discussion

This is a randomized, double-blind, placebo-controlled trial
which evaluated GBE as a novel treatment either as mon-
otherapy or in combination with Desmopressin in manage-
ment of MNE.

Desmopressin remains a first-line treatment of MNE due
to its ability to reduce nocturnal urine production [15].
Despite overall response rates of 60—70%, only approxi-
mately one-third of patients achieve full response, while a
considerable proportion demonstrate partial or no
improvement [16,17]. As MNE involves multiple factors such
as nighttime urine volume production, bladder function,
and impaired arousal, Desmopressin use as monotherapy
might be limited specially in refractory cases and also
limited by safety concerns, particularly the risk of low so-
dium which may require fluid restriction [17].

For Desmopressin non-responders, combination therapy
with anticholinergics is commonly used as second-line

treatment. While anticholinergics can improve bladder ca-
pacity and reduce urgency by targeting detrusor over-
activity [18,19], their use is limited by the cumulative
*anticholinergic burden,” including gastrointestinal, auto-
nomic, and cognitive adverse effects [20—22].

A defining criterion of MNE in many children is an
elevated arousal threshold during sleep, resulting in failure
to awaken in response to bladder filling despite normal
bladder function and controlled urine volume. The thera-
peutic rationale for GBE depends on its central neuro-
pharmacological properties. Experimental evidence
demonstrates that GBE constituents, particularly terpene
trilactones and ginkgetin, antagonize inhibitory y-amino-
butyric acid (GABAA_AA) and glycine receptors, thereby
reducing central inhibitory tone and facilitating cortical
arousal [23,24].

Preclinical and translational studies further support this
mechanism, showing that ginkgetin modulates sleep
pattern and affects REM and NREM transitions, consistent
with wakefulness-promoting effects [25]. Additionally, GBE
has demonstrated neurobehavioral effects in many pedi-
atric neuropsychiatric conditions, including improved
attention, reduced irritability, and enhanced cognitive
control [12,26,27].

In the present study, baseline data across treatment
groups confirmed successful randomization. Outcome
assessment not only depended on wet-night frequency but
also included validated patient-reported (PinQ) and
measured (SDSC and DA scores), enhancing both clinical and
pathophysiological interpretation [3].

Secondary outcomes showed the direct GBE’s central
action. GBE-containing groups showed statistically signifi-
cant increase in SDSC and DA scores, indicating lighter
sleep, increased arousal and reduced daytime attention.
These findings represent the pharmacologic consequence of
arousal enhancement as GBE mostly acts on the neuro-
physiological level.
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Table 2 Comparison between the studied groups regarding outcomes at baseline, after 1 month and after 3 months.

Group 1 (placebo) Group 2 (GBE) Group 3 Group 4 p-value

(Desmopressin) (combination therapy)

Number of wet nights per week® [median (IQR)]
Baseline 6(6—7) 6(6—7) 6(6—7) 7(6—7) 0.166
After 1 month 6(6—7) " 6(2—7) & 2(0—6)%" 0(0—3)="! <0.001"
After 3 months 6(3—7) M 6(0.5—6.5) & 2(0—6) &M 0(0—2) &M <0.001°
p? <0.001" <0.001" <0.001" <0.001"
SDSC score‘ [mean =+ SD]
Baseline 43.02 + 5.12 43.48 + 5.13 44.01 + 4.88 44.06 + 4.82 0.418
After 1 month 43.4 4+ 5.02 ™ 45.53 +5.91¢ 44,48 + 5.2 46.72 £ 5.3 & <0.001"
After 3 months 43.59 + 5.25 " 45.85 + 5.81 ¢ 44.69 + 5.25 47.2 +5.27 & <0.001"
p° <0.001° <0.001° <0.001° <0.001°
DA score‘ [mean + SD]
Baseline 4.46 + 1.16 4.45 + 1.41 4.82 +1.37 4.47 +1.43 0.166
After 1 month 4.58 + 1.4 6.25 + 2.26 % 4.66 + 1.69 ") 6.76 + 2.1 % <0.001°
After 3 months 4.77 + 1.59 " 6.59 + 2.23 & 4.86 + 1.92 ") 7.24 +1.74 % <0.001"
p° 0.077 <0.001" 0.061 <0.001"
PinQ score® [median (IQR)]
Baseline 41(30—54) 42(29-56) 45(31-55) 47(34-56) 0.55
After 1 month 36(24—51) 29(19-50.5) 21(15—39) &M 16(14—24) &M <0.001"
After 3 months 30(21—48) M1 24(16.5—47) & 19(14—29) &M 14(12—16) &M <0.001"
p? <0.001" <0.001" <0.001" <0.001"

Types of response after 1 month and after 3 months
Children with full response
After 1 month 4 (4.2%) M
After 3 months 9 (9.5%) "
Children with partial response
After 1 month 10 (10.5%) "'
After 3 months 15 (15.8%) ™"
Children with no response

After 1 month 81 (85.3%) M

17 (16.8%) *
24 (24.8%) '

15 (14.9%) *"
20 (19.8%) &'

69 (68.3%) &'

35 (35.4%) >
46 (46.5%) &M

53 (51.5%) *™!
91(88.3%) &M

25 (25.3%) &
22 (22.2%) ¢

26 (25.2%) *"'
4 (3.9%) @™

39 (39.4%) &M 24 (23.3%) &M

After 3 months 71 (74.7%) M 56 (55.4%) ' 31 (31.3%) &M 8 (7.8%) &M
p-value 0.004° <0.001" <0.001" <0.001"

2 P, for Friedman test.

b p, for repeated measure ANOVA test.

¢ Data is represented as mean + SD and compared using one way ANOVA test.

d

and compared using Chi square test.
€ p < 0.05 is statistically significant.
f p < 0.001 is statistically highly significant.
¢ significant compared to group 1.
h significant compared to group 2.
! significant compared to group 3.
I significant compared to group 4.

GBE monotherapy produced a significant full-response
rate, confirming impaired arousal as an independent and
therapeutically modifiable pathway in MNE. Desmopressin
monotherapy demonstrated superior efficacy through vol-
ume control; however, the most important finding was the
synergistic effects of combination therapy which targeting
both urine volume reduction (Desmopressin) and central
arousal (GBE) produced significant response rates reported
for MNE treatment, improving outcomes achieved with
traditional therapy [16].

All active treatment groups demonstrated significant im-
provements in health-related QoL, as measured by PinQ,
with the greatest benefit observed in the combination group.

Data is represented as median and interquartile range and compared using Kruskal Wallis test data is represented as number and %

GBE represents an alternative to anticholinergic agents.
Unlike muscarinic antagonists, which primarily target
bladder smooth muscle, GBE directly acts on the neuro-
logical arousal deficit without any anticholinergic side ef-
fects [12]. This makes GBE may be used as treatment option
for children in whom impaired arousal is the dominant
pathophysiological factor in MNE.

Previous studies have also shown that combination
therapy was effective as it is targeting both the physio-
logical (nocturnal polyuria) and behavioral (arousal
training) components of MNE [28,29]. The placebo effect
was observed to have lower response compared to the
previous studies which may be due to higher compliance
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Table 3 Comparison between the studied groups regarding relapse rate and side effects.
Group 1 (placebo) Group 2 (GBE) Group 3 Group 4 p-value
(Desmopressin) (combination therapy)
Relapse rate 13 (54.2%) f 20 (44.4%) ° 25 (36.8%) 21 (22.2%) ©%¢ <0.001°
Adverse effect rate 1(1.1%) 1 (1%) 3 (3%) 3 (2.9%) 0.588
Type of adverse effect
Headache 0 (0%) 0 (0%) 2 (66.7%) 1 (33.3%)
Abdominal pain 0 (0%) 0 (0%) 1 (33.3%) 2 (66.7%)
Sleep disorder 1 (100%) 1 (100%) 0 (0%) 0 (0%)
Na level®
After 1 week 140.14 + 3.42 140.0 + 3.35 140.42 + 3.23 140.25 + 3.02 0.822
After 1 month 140.01 £ 3.05 139.98 + 3.17 139.47 + 3.41 139.82 + 3.39 0.642

*, p < 0.05 is statistically significant.

2 p < 0.001 is statistically highly significant data is represented as number and % and compared using Chi square test.
b data is represented as mean + SD and compared using one way ANOVA test.

¢ significant compared to group 1.
9 significant compared to group 2.
€ significant compared to group 3.
f significant compared to group 4.

and population differences [30], while combination therapy
showed higher response compared to the existing studies
mostly since GBE increase sleep arousal and desmopressin
act on diuresis showing synergistic effects.

Meta-analyses and randomized controlled trials have
reported that Desmopressin offers rapid symptom relief but
isassociated with higher relapse rates after discontinuation
[8,31]. Our study results were comparable with meta-
analysis, which assessed the effects of Desmopressin in
management of MNE in children combined with alarm
therapy or other traditional drugs. Our study evaluated a
novel combination of Desmopressin with GBE, which was
more effective than Desmopressin alone, and the meta-
analysis suggested that combination therapy may be more
effective than Desmopressin alone but with low-certainty
evidence [30]. Our results demonstrated that this new
combination achieved greater reductions in wet nights,
higher response rates, lighter sleep, improved arousal and
QoL outcomes, and lower relapse rates, highlighting its
potential added clinical benefit as substitution for alarm
therapy as combination with Desmopressin.

A limitation of our study is the lack of subgroup analyses
for children with specific risk factors, such as nocturnal
polyuria or sleep arousal disorders, which could affect the
response to Desmopressin or GBE. These factors were not
separately studied. Nocturnal diuresis volume was not
documented as it was not applicable in most cases due to
the difficulty of using diapers to weight in children whose
mean age is 10 years (refusing to wear ones) Also, long term
follow up (beyond 3 months) was not done and short term
follow up may limit the detection of safety profile of GBE.
Another limitation was the wide age range with lack of age-
stratified analysis. Additionally, no documentation was
done for the effect on diuresis volume or development of
nocturia. One more limitation was that GBE contains
different active components. However, there is no
consensus which one is responsible for GBE effects,
Consequently, no specific active component was used and
evaluated separately.

Future studies should involve dose-finding studies to
establish the minimal effective nocturnal GBE dose,
different GBE components to be evaluated separately and
long-term follow-up to assess durability of response and
neurocognitive safety, and the development of predictive
clinical or investigations to guide the optimal therapy se-
lection across arousal related, urine volume related, and
bladder function related MNE.

Conclusion

This randomized, double-blinded, placebo-controlled two
centers trial shows that GBE is a safe and effective treat-
ment for children with MNE, either alone or in combination
with Desmopressin. While Desmopressin primarily reduces
nocturnal urine production, GBE improves the sleep arousal
altering sleep quality (transforming it to lighter one) in a
manner that does not affect QoL but improving it.

The combination of GBE and Desmopressin makes a sig-
nificant improvement in wet nights with high full-response
rates, lower relapse rates, lighter sleep, better arousal and
greater QoL improvement. GBE offers a novel alternative
treatment for MNE. Further long-term and dose-related
studies are warranted to define the optimal role of GBE in
clinical practice and to confirm its neurocognitive safety
profile.
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