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Abstract
Purpose of Review To assess current pharmacological principles used for treatment of nocturia/nocturnal polyuria.
Recent Findings The pathophysiology of nocturia is often multifactorial, but two main mechanisms have been identified,
occurring alone or in combination: low functional bladder capacity and nocturnal polyuria. The multifactorial pathophysiology
not only implies several possible targets for therapeutic intervention but also means that it is unlikely that one treatment modality
including drugs will be successful in all patients. Drugs approved for the treatment of male LUTS and male and female OAB are
known to be far more effective for treatment of the daytime symptoms than for nocturia.
Summary Several pharmacological principles have been tested with varying success. The treatment of choice should depend
upon the main underlying cause, thus aiming primarily to increase bladder capacity by counteracting detrusor overactivity and/or
reducing nocturnal polyuria. Using current available agents, effective, personalized treatment should be designed taking into
account gender, co-morbidities, and identified etiological factors. However, there is a medical need for new, approved drugs for
treatments for patients with nocturia.
Keywords Global polyuria . Nocturnal polyuria . Reduced bladder capacity . Overactive bladder . Pharmacological principles

Introduction
The etiology of nocturia is multifactorial [1, 2]. The most
frequent cause is nocturnal polyuria, that can be defined as
night-time urine output higher than 20% of total daily urine
output for younger adults and higher than 33% for older
adults. Causative factors can be grouped into five main categories: global polyuria, nocturnal polyuria, reduced bladder
capacity, sleep disorders, and circadian clock disorders [1].

However, many patients will have more than one factor involved. Increased urine production can be caused by the reabsorption of fluid during sleep, solute-related diuresis, diuretic
medications, and the ingestion of excess fluid in the evening.
Diminished functional bladder capacity can be due to OAB or
partial bladder outlet obstruction resulting in increased residual urine volume. Treatment approaches not only have to consider these factors but also to take into account gender, comorbidities and identified etiological factors.
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Drug Alternatives
Nocturia and its treatment have been the subject of a number
of reviews focusing on both men [3, 4••] and women [5]. The
multifactorial pathophysiology not only offers several possible targets for therapeutic intervention but also means that it is
unlikely that one treatment modality including drugs will be
successful in all patients. Many pharmacological principles
have been tested with varying success. Currently, available
therapeutic modalities either have modest efficacy or are
targeted at subpopulations of the entire group of patients with
nocturia [6]. Drugs approved for the treatment of nocturia
associated with benign prostatic obstruction (BPO) and
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OAB are known to be far more effective for treatment of the
daytime lower urinary tract symptoms (LUTS) of frequency,
urgency, straining, weak stream and stress, and urgency incontinence than for nocturia, and there is a medical need for new,
effective, and approved drug treatments.

Vasopressin V2 Receptor Agonists
Desmopressin (DDAVP) has for a long time been in clinical use
for the treatment of nocturnal polyuria, and there are several
recent reviews of the mechanism of action and clinical use of
the drug [4••, 7–10]. DDAVP is a synthetic analogue of
antidiuretic hormone (ADH) and it binds to V2 receptors in the
renal collecting duct and stimulates water reabsorption. DDAVP
is available in formulations for oral, parenteral, and nasal administration. Because of symptomatic hyponatremia with water intoxication, which occurred after intranasal or intravenous
administration of desmopressin, the U.S. Food and Drug
Administration (FDA) and the European Medicines Agency
(EMA) removed the indication for the treatment of primary nocturnal enuresis from all intranasal preparations of desmopressin
in 2007. However, in 2017, FDA approved desmopressin nasal
spray (NoctivaR, desmopressin acetate) for the “treatment of
nocturia due to nocturnal polyuria in adults who awaken at least
2 times per night to void.” An oral desmopressin lyophilisate
formulation (NocdurnaR) requiring no concomitant fluid intake
is currently the most widely used DDAVP preparation.
DDAVP has shown efficacy in nocturia due to nocturnal
polyuria as evident from numerous reviews [4••, 7–12]. Weiss
et al. [13] performed a 4-week, randomized, double-blind study
comparing 10, 25, 50, or 100 μg desmopressin (oral dispersible
desmopressin (MinirinR Melt) versus placebo in adults with
defined nocturia. The study included 757 patients reporting
three or more nocturic episodes per night with 90% due to
nocturnal polyuria. Increasing doses of desmopressin were associated with decreasing numbers of nocturnal voids and voided volume, greater proportions of subjects with > 33% reduction in nocturnal voids, and increased duration of first sleep
period. Post hoc analyses by gender suggested a lower minimum effective dose for women. Based on their results, the
authors recommended lower and gender-specific dosing to reduce the small but clinically significant risk of hyponatremia.
Women appear to be more sensitive to desmopressin than
men. This has been attributed to the fact that the gene for the
vasopressin V2 receptor is located on the X chromosome in a
region with high probability of escape from inactivation; this
may lead to phenotypic sex differences, with females expressing higher levels of transcript than males [14, 15]. The lowest
therapeutically beneficial dose of desmopressin (orally
disintegrating tablet) has been determined as 50 μg for men
[16] and 25 μg for women [17].
Hyponatremia (defined as serum sodium < 130 mmol/L) is
the main risk associated with desmopressin therapy [18]. It
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was found in 4.9% of all patients in high-dose desmopressin
tablet studies. Patients most likely to experience
desmopressin-induced hyponatremia were older (nearly all
> 65 years), had lower body mass, higher urine output, lower
basal serum sodium level, and lower creatinine clearance at
baseline than those who did not develop hyponatremia. Choi
et al. [19] retrospectively analyzed data from 172 patients who
were prescribed desmopressin for nocturnal polyuria at a urology clinic from September 2010 through February 2013.
Hyponatremia (< 135 mmol/l) was found in 24 patients
(14%), and it was severe in 7 (< 126 mmol/l). They concluded
that patients with advanced age (≥ 65 years) and low hemoglobin are at risk of desmopressin-associated hyponatremia.
To explore risk factors for desmopressin-induced
hyponatremia and evaluate the impact of a serum sodium
monitoring plan, Juul et al. [20] performed a meta-analysis
of data from three clinical trials of desmopressin in nocturia.
Patients received placebo or desmopressin orally
disintegrating tablet (ODT). Juul et al. [20] showed that the
incidence of hyponatremia can be reduced by using minimum
effective gender-specific dosing with the ODT formulation of
desmopressin (25 μg in women, 50 μg in men). In patients
with nocturia, treated with low-dose desmopressin combined
with a sodium monitoring plan during the first month of treatment, mainly mild, non-clinically significant hyponatremia
was observed.
Desmopressin is the only therapeutic agent to be highly
recommended for treating nocturnal polyuria by the
International Consultation on Incontinence (ICI) committee
[10].
Fedovapagon (VA106483), a novel non-peptide drug, is a
selective V2 receptor agonist, currently in phase II/III development. Preliminary data showed that the antidiuretic effect of
fedovapagon can be controlled by dose, giving the potential to
improve the risk/benefit profile of V2 receptor agonists in the
treatment of nocturia [21].

Diuretics
The proposed rationale for using diuretics in the treatment in
nocturia has been to reduce salt and water load in the body
prior to bedtime, and positive effects have been documented
with, e.g., bumetanide [22] and furosemide [23].
The efficacy of 1 mg bumetanide was evaluated in an RCT
of 28 patients (15 men) in general practice [22]. During the
placebo period, the weekly number of nocturia episodes was
13.8 and during bumetanide treatment the number was reduced by 3.8. Ten men with BPE did not improve with
bumetanide.
A randomized controlled trial (RCT) of 49 men with nocturnal polyuria evaluated furosemide 40 mg given 6 h before
sleep [23]. In the 43 men completing the study, there was a
significant reduction in night-time frequency (−0.5 and 0) and
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percentage night-time voided volume (−18 and 0%) in those
taking frusemide compared with placebo. Of patients on active treatment, seven of 19 had a reduction in night-time frequency of ≥ 1, compared with only one of 20 on placebo, and
14 of 21 felt that frusemide had helped their nocturia, compared with only five of 22 on placebo. Combined furosemide
and desmopressin was shown to be an effective and welltolerated treatment for nocturia in the elderly [24](see
Combinations).

Nonsteroidal Anti-inflammatory Drugs
One of the rationales for using nonsteroidal anti-inflammatory
drugs (NSAIDs) in the treatment of nocturia is that
prostanoids may be involved in the pathophysiology of
OAB [25], and the fact that several NSAIDs have shown
efficacy in the treatment of this condition [10]. The effects
of several NSAIDs, e.g., diclofenac [26] and celecoxib [27]
have been evaluated specifically in patients with nocturia.
In a randomized crossover study on 26 patients with nocturnal polyuria (male n = 20; female n = 6), Addla et al. [26]
studied the effects of diclofenac (50 mg daily, taken in the
evening). The mean nocturnal frequency significantly decreased from 2.7 to 2.3 and the mean ratio of night-time to
24-h urine volume decreased from 44 to 39%. No significant
side effects were reported. A prospective, randomized, double-blind, placebo-controlled study of celecoxib 100 mg versus placebo was performed in 80 men with BPE and 2
nocturia/night [27]. In the celecoxib group, mean nocturnal
frequency decreased from 5.2 to 2.5 compared with 5.3 to
5.1. No significant side effects were reported in either study.
In some studies, NSAIDs have been combined with various
treatment modalities [e.g., 28] (see Combinations).

Selective α1-Adrenoceptor Antagonists
The main rationale for treatment of nocturia with selective α1adrenoceptor (AR) antagonists is that the drugs have a documented effect in the treatment of LUTS, including nocturia [29].
However, the precise mechanism behind their effect on nocturia
is yet to be elucidated. α1-ARs are distributed both in the LUT
and structures in the CNS relevant for micturition control [30],
and α1-AR antagonists have been shown to reduce activity in
afferent pathways of micturition [31], which may explain effects
on urinary voiding frequency. Kim et al. [32] found that in patients who had a low prostatic urethra angle, nocturia improved
by administration of α1-AR antagonist monotherapy, and suggested that the prostatic urethra angle could be a predictor of
response to these drugs. However, why α1-AR antagonists
should reduce nocturnal polyuria is unclear.
Kim et al. [31] investigated improvement in nocturia and
nocturnal polyuria after silodosin administration by using a 3day frequency–volume chart in a prospective multicenter
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study and found a significant reduction of nocturnal urine
volume at 12 weeks compared to screening (p = 0.001).
Roehrborn et al. [29] not only hypothesized that reduction of
nocturnal polyuria combined with improved functional bladder capacity are potential mechanisms of action of α1-AR
antagonists on nocturia, but also that this effect it is related
to α1-AR subtype selectivity as none of the individual α1-AR
antagonists without subtype selectivity has consistently
shown a significant reduction in nocturnal voiding episodes
[33]. A multicenter 12-wk trial randomized men to receive
silodosin, tamsulosin, or placebo and found that only silodosin
significantly reduced nocturia versus placebo (p = 0.013) and
the change from baseline was − 0.9, − 0.8, and − 0.7 for
silodosin, tamsulosin, and placebo, respectively [34]. Several
studies on the effect on nocturia have used α1-AR blockade as
comparator arms or in combination with other drugs [4].
The effects of α1-AR antagonists on nocturia in females do
not seem to have been widely studied. Kim et al. [35] investigated 296 women with women with LUTS (Qmax ≤ 15 mL/s,
International Prostate Symptom Score (IPSS) ≥ 8) including
nocturia (void/night ≥ 1) nocturia, who completed voiding diary, a questionnaire on the Medical Outcomes Study (MOS)
sleep scale, and underwent follow-up evaluation after 4 weeks
of treatment (tamsulosin, 0.2 mg, once daily). Clinical parameters, including the IPSS, the bother score, the Qmax, and the
PVR, improved significantly from baseline after treatment, and
the change in nocturia was − 1.12. The authors concluded that
tamsulosin significantly improved nocturia and sleep quality as
well as LUTS in women with low Qmax.
Several studies [36] have suggested that combined
antimuscarinic + α1-AR antagonist treatment is more effective
than monotherapy or placebo in men with OAB symptoms,
including nocturnal frequency episodes. However, such an effect could not always be demonstrated. For example, Chapple
et al. [37] in a randomized controlled trial comparing a group
receiving placebo plus α1-AR antagonist treatment with a
tolterodine ER plus α1-AR antagonist group found significantly
greater reductions in nocturnal urgency episodes (0.5 vs 0.3; p =
0.0378) with the combination, but not on nocturnal frequency.

5α-Reductase Inhibitors (Alone or in Combination)
Nocturia improvement in men with BPO treated medically has
been modest. The Department of Veterans Affairs Cooperative
Study Trial that looked at a cohort of 1078 men with BPH given
either terazosin, finasteride, a combination of the two, or a placebo found episodes of nocturia decreased from 2.5 to 1.8, 2.1,
2.0, and 2.1 average episodes, respectively. No drug was found
to be dramatically better at treating nocturia than the placebo
[38]. A post-hoc subgroup analysis of self-reported nocturia in
the Medical Therapy of Prostatic Symptoms trial of men with
LUTS found mean nocturia was reduced by − 0.35, − 0.40, −
0.54, and − 0.58 in the placebo, finasteride, doxazosin, and
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combination groups at 1 yr. Reductions with doxazosin and
combination therapy, but not finasteride, were greater than with
placebo at 1 and 4 yr. (Johnson et al. 2007). This study [39]
showed no benefit of the use of combination therapy of finasteride and α-AR blockers in treating nocturia over the use α-AR
blockers alone. Oelke et al. [40] assessed the impact of
dutasteride compared with placebo on nocturia in men with
LUTS suggestive of BPH, using pooled data from dutasteride
phase III studies. In total, 4321 patients with a mean age of
66 years were evaluated using Question 7 of the IPSS questionnaire. They found that from month 12 onwards, mean nocturia
improvements were significantly superior with dutasteride than
with placebo. These results were confirmed after 24 months of
treatment. In another study, Oelke et al. [41] used data from the
COMBAT study to assess the impact of dutasteride plus
tamsulosin combination therapy, compared with dutasteride or
tamsulosin monotherapy, on nocturia in men with LUTS/BPH).
Nocturia was assessed using Question 7 of the IPSS questionnaire. In total, 4722 patients with a mean age of 66 years were
included. The authors found that nocturia improvements were
significantly better with combination therapy than with either
monotherapy, and concluded that their analyses were the first
to show greater improvement with a 5α-reductase inhibitors/α1AR blocker combination versus either agent alone for the management of nocturia in patients with LUTS/BPH. Studies specifically designed to assess nocturia are required to prospectively
confirm these effects of 5α-reductase inhibitors.

Antimuscarinics
Antimuscarinics are still the gold standard for treatment of the
OAB syndrome which includes nocturia. The rationale for using
antimuscarinics in OAB has been discussed elsewhere and is
based on reducing the generation of bladder afferent activity
and frequency of voiding [10]. The reasons why antimuscarinics
should have an effect on nocturnal polyuria are unclear, and
significant effects have not been convincingly demonstrated in
clinical studies. An effect in nocturia patients suffering from
nocturnal urgency would expected, and some studies demonstrated diminished urgency-related nocturnal voids [42, 43], but
none of the antimuscarinics studied decreased nocturic episodes.
Even patients with diminished bladder capacity due to OAB
seem to have shown little clinical improvement in nocturia patients. In a study of 962 men and women with OAB-related
nocturia, 10 mg of solifenacin caused a 0.12 decrease in nocturnal voids [44]. A study of tolterodine extended release (Tolt ER)
saw no significant decrease in the number of nocturic episodes
in 850 patients with OAB-related nocturia [42]. In a study of 658
patients, those treated with trospium chloride decreased nocturic
episodes by 0.57 per night, while those receiving placebo improved their nocturia by 0.29 episodes [45]. Several studies have
shown fesoterodine to have no effect on reducing nocturic episodes in patients with OAB despite a significant reduction in the
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number of diurnal voids [46–48]. However, it cannot be excluded that some patients with nocturnal urgency may benefit from
antimuscarinic treatment.

Various Agents
Melatonin Drake et al. [49] investigated melatonin as a potential treatment for nocturia associated with bladder outflow
obstruction in older men. A total of 20 men with
urodynamically confirmed bladder outflow obstruction and
nocturia were entered into a randomized, double-blind,
placebo-controlled crossover study assessing the effect of
2 mg controlled release melatonin at night on nocturia.
Melatonin and placebo caused a decrease in nocturia of 0.32
and 0.05 episodes/night (p = 0.07). Nocturia responder rates (a
mean reduction of at least − 0.5 episodes/night) were higher
with active medication (p = 0.04). Daytime urinary frequency
and IPSS were minimally altered. The adverse effect profile
was good, but the authors questioned whether the found differences were clinically significant.
Sugaya et al. [50] compared the effects of melatonin and
the hypnotic, rilmazafone hydrochloride, in elderly patients
with nocturia. The patients were randomly divided into two
groups: one group received melatonin (2 mg/day) and the
other group received rilmazafone hydrochloride (2 mg/day)
for 4 weeks. A total of 42 patients (25 men and 17 women,
aged 65–79 years) were enrolled. In both the melatonin- and
rilmazafone-treated groups, the mean number of nocturnal
urinations was significantly decreased after 4 weeks compared
with baseline. However, the mean number of daytime urinations was unchanged.
A protocol to evaluate whether melatonin reduces the frequency of nocturia episodes in MS patients has been published, but no results are available [51].
Mirabegron Like for antimuscarinics, there is no convincing
rationale for mirabegron having an effect on nocturnal polyuria. Since mirabegron has documented efficacy and has been
approved for the treatment of the OAB syndrome, some effect
on nocturnal voiding frequency might be expected. Data from
a phase 2 dose-ranging study of mirabegron in a mixed population with OAB, where nocturia was evaluated as a secondary parameter, showed that mirabegron 50 mg reduced significantly the number of nocturia episodes by 0.6 from baseline
vs 0.22 on placebo [52]. Studies specifically designed to assess nocturia are required to prospectively confirm these effects. Whether mirabegron is more effective than
antimuscarinics also remains to be established.
Tadalafil Oelke et al. [53] integrated data from four randomized,
placebo-controlled, double-blind, 12-week registrational studies
of tadalafil for LUTS/BPH, and assessed nocturia as nighttime
voiding frequency using the International Prostate Symptom
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Score question 7 (IPSS Q7). For patients receiving placebo and
tadalafil, respectively, the proportion with improved nocturnal
frequency was 41.3 and 47.5%, with no change 44.8 and
41.0%, and with worsening was 13.9 and 11.5%. Even if the
results showed a statistically significant improvement in nocturnal frequency with tadalafil over placebo, the treatment difference was small and not considered clinically meaningful.
Imipramine The tricyclic antidepressant, imipramine, is an
approved treatment for nocturnal enuresis in children, but
use of this drug has not been studied in adults with nocturia.
Adverse effects include cardiac arrhythmias, hepatotoxicity,
CNS depression, drug interactions, and possible overdose.
Thus, imipramine should not be considered standard therapy
for nocturia in adults [2].
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In men 40 to 65 years old with lower urinary tract symptoms
and persistent nocturia despite α-blocker therapy for at least
8 weeks, Kim et al. [55•] studied the effect of add-on
desmopressin. Patients were randomized to once daily placebo
or desmopressin 0.2 mg for 8 weeks. A total of 86 patients were
randomized to treatment (placebo n = 39; desmopressin n = 47).
The desmopressin add-on group was significantly superior to
placebo in terms of the change from baseline in the mean number of nocturia episodes, the changes in nocturnal urine volume,
total International Prostate Symptom Score, the nocturnal polyuria index, the ICIQ-N (International Consultation on
Incontinence Questionnaire-Nocturia), and the willingness to
continue. Adverse events were similar in the two groups.

Combinations

Summary and Conclusions

Several studies have shown advantages with combination
treatment. Many combinations have been used, some of which
are exemplified below.
Fu et al. [24] studied the effects of combined desmopressin
and furosemide in a total of 122 patients who had a mean of
two or more voids per night. A 3-week dose-titration phase
established the optimum desmopressin dose (0.1, 0.2, or
0.4 mg). After a 1-week “washout” period, patients who
showed sufficient response during the dose-titration period
were randomized to receive furosemide (20 mg, 6 h before
bedtime) and the optimal dose of desmopressin or placebo (at
bedtime) in a double-blind design for 3 weeks. In total, 82
patients were randomized into the double-blind treatment period and 80 (58 men and 22 women, mean age 67 years, SD
8 years) completed the study. Compared to placebo, furosemide and desmopressin combined resulted in a significant
reduction in the mean number of nocturnal voids (43 vs.
9%), nocturnal urine volume (37 vs. 5%), and increase in the
mean duration of the first sleep period (52 vs. 19%).
In a double-blind, randomized, proof-of-concept study,
Rovner et al. [54•] enrolled female 106 patients (≥ 18 years),
with overactive bladder (OAB) and nocturia, with ≥ 2 nocturnal voids, receiving a 3-month once-daily combination
(desmopressin 25 μg, orally disintegrating tablets [ODT]/
tolterodine 4 mg [Detrol® LA]; n = 49) or monotherapy
(tolterodine 4 mg/placebo ODT; n = 57). Post-hoc exploratory
analysis was performed for patients with and without baseline
nocturnal polyuria (n = 47 each). In post-hoc analysis, nocturnal polyuria patients showed a benefit with combination versus monotherapy for nocturnal void volume (p = 0.034) and
time to first nocturnal void (p = 0.045), and a non-significant
improvement in Nocturia Impact Diary scores. It was concluded that low-dose desmopressin could be safely combined with
tolterodine for treating nocturia in women with OAB, with a
significant benefit in women with nocturnal polyuria.

Nocturia is a common complaint with a significant effect on
quality of life. The pathophysiology of the disorder is often
multifactorial, but two main mechanisms have been identified,
occurring alone or in combination: low functional bladder capacity and nocturnal polyuria. The multifactorial pathophysiology not only implies several possible targets for therapeutic
intervention but also means that it is unlikely that one treatment
modality including drugs will be successful in all patients.
Several pharmacological principles have been tested with varying success. The treatment of choice should depend upon the
main underlying cause, thus aiming primarily to increase bladder
capacity by counteracting detrusor overactivity and/or reducing
nocturnal polyuria. Denys et al. [56] suggested that in studies,
patients with nocturia should be treated according to the underlying pathophysiology: (1) antimuscarinics or β3-agonists for
OAB symptoms, (2) α1-AR blockers or 5α-reductase inhibitors
in men with BPO caused by enlarged prostates, (3)
desmopressin or diuretics for nocturnal polyuria, (4) continuous
positive airway pressure in nocturic patients with obstructive
sleep apnoea, and (5) all its combinations in case of combined
pathophysiology. Drugs approved for the treatment of male
LUTS and OAB are known to be far more effective for treatment of the daytime symptoms than for nocturia. Desmopressin
is the only therapeutic agent to be highly recommended for
treating nocturnal polyuria by current guidelines. There is a
medical need for new, approved drugs for treatments for patients
with nocturia. However, using current available agents, effective,
personalized treatment may be designed taking into account
gender, co-morbidities, and identified etiological factors.

Compliance with Ethical Standards
Conflict of Interest K-E Andersson declares no potential conflicts of
interest.
Philip Van Kerrebroeck is the speaker for Astellas, Astra-Zeneca,
Axonics, Blue-Wind, Ferring, and Medtronic

8 Page 6 of 7
Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any of
the authors.

Curr Urol Rep (2018) 19: 8
12.

13.
Open Access This article is distributed under the terms of the Creative

Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

14.

15.

References

16.

Papers of particular interest, published recently, have been
highlighted as:
• Of importance
•• Of major importance

17.

1.

Van Kerrebroeck P, Andersson KE. Terminology, epidemiology,
etiology, and pathophysiology of nocturia. Neurourol Urodyn.
2014;33(Suppl 1):S2–5. https://doi.org/10.1002/nau.22595.
2. Dani H, Esdaille A, Weiss JP. Nocturia: aetiology and treatment in
adults. Nat Rev Urol. 2016;13(10):573–83. https://doi.org/10.1038/
nrurol.2016.134.
3. Marshall SD, Raskolnikov D, Blanker MH, Hashim H, Kupelian V,
Tikkinen KA, et al. Nocturia: current Levels of Evidence and
Recommendations From the International Consultation on Male
Lower Urinary Tract Symptoms. Urology. 2015;85(6):1291–9.
https://doi.org/10.1016/j.urology.2015.02.043.
4.•• Sakalis VI, Karavitakis M, Bedretdinova D, Bach T, Bosch JLHR,
Gacci M, et al. Medical treatment of nocturia in men with lower
urinary tract symptoms: systematic review by the European
Association of Urology Guidelines Panel for male lower urinary
tract symptoms. Eur Urol. 2017. Comprehensive overview of
male nocturia treatment.;72(5):757–69. https://doi.org/10.1016/
j.eururo.2017.06.010.
5. Kurtzman JT, Bergman AM, Weiss JP. Nocturia in women. Curr
Opin Urol. 2016;26(4):315–20. https://doi.org/10.1097/MOU.
0000000000000287.
6. Van Kerrebroeck PE, Dmochowski R, FitzGerald MP, Hashim H,
Norgaard JP, Robinson D, et al. Nocturia research: current status
and future perspectives. Neurourol Urodyn. 2010;29(4):623–8.
https://doi.org/10.1002/nau.20913.
7. Friedman FM, Weiss JP. Desmopressin in the treatment of nocturia:
clinical evidence and experience. Ther Adv Urol. 2013;5(6):310–7.
https://doi.org/10.1177/1756287213502116.
8. Ebell MH, Radke T, Gardner J. A systematic review of the efficacy
and safety of desmopressin for nocturia in adults. J Urol.
2014;192(3):829–35. https://doi.org/10.1016/j.juro.2014.03.095.
9. Siracusano S, Ciciliato S, Toffoli L, Silvestri T, Casotto D.
Desmopressin in adult urological disease: clinical evidences.
Urologia. 2015;82(4):206–10. https://doi.org/10.5301/uro.5000141.
10. Andersson KE, Cardozo L, Cruz F, Lee K-S, Suhai A, Wein AJ.
Pharmacological treatment of urinary incontinence. In: Abrams P,
Cardozo L, Wagg A, Wein A, editors. Incontinence. 6th
International Consultation on Incontinence, Tokyo, September
2016, pp 805–957. The International Continence Society (ICS)and
the International Consultation on Urological Diseases (ICUD); 2017.
11. Weiss JP, Juul KV, Wein AJ. Management of nocturia: the role of
antidiuretic pharmacotherapy. Neurourol Urodyn. 2014;33(Suppl
1):S19–24. https://doi.org/10.1002/nau.22592.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Epstein M, Blaivas J, Wein AJ, Weiss JP Nocturia treatment outcomes: analysis of contributory frequency volume chart parameters.
Neurourol Urodyn. 2017. https://doi.org/10.1002/nau.23272.
Weiss JP, Zinner NR, Klein BM, Nørgaard JP. Desmopressin orally
disintegrating tablet effectively reduces nocturia: results of a randomized, double-blind, placebo-controlled trial. Neurourol Urodyn.
2012;31(4):441–7. https://doi.org/10.1002/nau.22243.
Juul KV, Klein BM, Sandström R, Erichsen L, Nørgaard JP. Gender
difference in antidiuretic response to desmopressin. Am J Physiol
Renal Physiol. 2011;300(5):F1116–22. https://doi.org/10.1152/
ajprenal.00741.2010.
Verbalis JG. Renal physiology of nocturia. Neurourol Urodyn.
2014;33(Suppl 1):S6–9. https://doi.org/10.1002/nau.22594.
Weiss JP, Herschorn S, Albei CD, van der Meulen EA. Efficacy and
safety of low dose desmopressin orally disintegrating tablet in men
with nocturia: results of a multicenter, randomized, double-blind,
placebo controlled, parallel group study. J Urol. 2013;190(3):965–
72. https://doi.org/10.1016/j.juro.2012.12.112.
Sand PK, Dmochowski RR, Reddy J, van der Meulen EA. Efficacy
and safety of low dose desmopressin orally disintegrating tablet in
women with nocturia: results of a multicenter, randomized, doubleblind, placebo controlled, parallel group study. J Urol. 2013;190(3):
958–64. https://doi.org/10.1016/j.juro.2013.02.037.
Rembratt A, Riis A, Norgaard JP. Desmopressin treatment in
nocturia; an analysis of risk factors for hyponatremia. Neurourol
Urodyn. 2006;25(2):105–9. https://doi.org/10.1002/nau.20168.
Choi EY, Park JS, Kim YT, Park SY, Kim GH. The risk of
hyponatremia with desmopressin use for nocturnal polyuria. Am J
Nephrol. 2015;41(3):183–90. https://doi.org/10.1159/000381562.
Juul KV, Malmberg A, van der Meulen E, Walle JV, Nørgaard JP.
Low-dose desmopressin combined with serum sodium monitoring
can prevent clinically significant hyponatraemia in patients treated
for nocturia. BJU Int. 2017;119(5):776–84. https://doi.org/10.1111/
bju.13718.
McElwaine-Johnn H, Schutz R, Yea C, Leese P.The antidiuretic
effect of fedovapagon can be effectively controlled by dose.
Abstract ICS Florence. 2017.
Pedersen PA, Johansen B. Prophylactic treatment of adult nocturia
with bumetanide. Br J Urol. 1988;62(2):145–7. https://doi.org/10.
1111/j.1464-410X.1988.tb04294.x.
Reynard JM, Cannon A, Yang Q, Abrams P. A novel therapy for
nocturnal polyuria: a double-blind randomized trial of frusemide
against placebo. Br J Urol. 1998;81(2):215–8. https://doi.org/10.
1046/j.1464-410X.1998.00511.x.
Fu FG, Lavery HJ, Wu DL. Reducing nocturia in the elderly: a
randomized placebo-controlled trial of staggered furosemide and
desmopressin. Neurourol Urodyn. 2011;30:437–52.
Dobrek Ł, Thor PJ. The role of prostanoids in the urinary bladder
function and a potential use of prostanoid-targeting pharmacological agents in bladder overactivity treatment. Acta Pol Pharm.
2015;72(1):13–9.
Addla SK, Adeyoju AB, Neilson D, O’Reilly P. Diclofenac for
treatment of nocturia caused by nocturnal polyuria: a prospective,
randomised, double-blind, placebo-controlled crossover study. Eur
Urol. 2006;49(4):720–5. https://doi.org/10.1016/j.eururo.2005.11.
026.
Falahatkar S, Mokhtari G, Pourreza F, Asgari SA, Kamran AN.
Celecoxib for treatment of nocturia caused by benign prostatic hype rpl asi a: a pros pec tive, randomiz ed, double -bl ind,
placebocontrolled study. Urology. 2008;72(4):813–6. https://doi.
org/10.1016/j.urology.2008.04.069.
Gorgel SN, Sefik E, Kose O, Olgunelma V, Sahin E. The effect of
combined therapy with tamsulosin hydrochloride and meloxicam in
patients with benign prostatic hyperplasia symptoms and impact on
nocturia and sleep quality. Int Braz J Urol. 2013;39(5):657–62.
https://doi.org/10.1590/S1677-5538.IBJU.2013.05.07.

Curr Urol Rep (2018) 19: 8
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Roehrborn CG, Cruz F, Fusco F. α1-Blockers in men with lower
urinary tract symptoms suggestive of benign prostatic obstruction:
is silodosin different? Adv Ther. 2017;33(12):2110–21. https://doi.
org/10.1007/s12325-016-0423-5.
Andersson KE, Gratzke C. Pharmacology of alpha1-adrenoceptor
antagonists in the lower urinary tract and central nervous system.
Nat Clin Pract Urol. 2007;4(7):368–78. https://doi.org/10.1038/
ncpuro0836.
Kim YW, Park J, Chung H, Kim HW, Kim HJ, Jung JH, et al. The
effectiveness of silodosin for nocturnal polyuria in elderly men with
benign prostatic hyperplasia: a multicenter study. Int Neurourol J.
2015;19(3):190–6. https://doi.org/10.5213/inj.2015.19.3.190.
Kim BH, Kim KH, Ko YH, Song PH, Kim TH, Kim BS. The
prostatic urethral angle can predict the response to alpha
adrenoceptor antagonist monotherapy for treating nocturia in men
with lower urinary tract symptom: a multicenter study. Prostate Int.
2016;4(1):30–5. https://doi.org/10.1016/j.prnil.2015.12.002.
Eisenhardt A, Schneider T, Cruz F, Oelke M. Consistent and significant improvement of nighttime voiding frequency (nocturia)
with silodosin in men with LUTS suggestive of BPH: pooled analysis of three randomized, placebo-controlled, double-blind phase III
studies. World J Urol. 2014;32(5):1119–25. https://doi.org/10.
1007/s00345-013-1228-7.
Chapple CR, Montorsi F, Tammela TL, Wirth M, Koldewijn E,
Fernández Fernández E, et al. Silodosin therapy for lower urinary
tract symptoms in men with suspected benign prostatic hyperplasia:
results of an international, randomized, double-blind, placebo- and
active-controlled clinical trial performed in Europe. Eur Urol.
2011;59(3):342–52. https://doi.org/10.1016/j.eururo.2010.10.046.
Kim SO, Choi HS, Kwon D. The α1 adrenoceptor antagonist
tamsulosin for the treatment of voiding symptoms improves
nocturia and sleep quality in women. Urol J. 2014;11(3):1636–41.
Füllhase C, Chapple C, Cornu JN, De Nunzio C, Gratzke C, Kaplan
SA, et al. Systematic review of combination drug therapy for nonneurogenic male lower urinary tract symptoms. Eur Urol.
2013;64(2):228–43. https://doi.org/10.1016/j.eururo.2013.01.018.
Chapple C, Herschorn S, Abrams P, Sun F, Brodsky M, Guan Z.
Tolterodine treatment improves storage symptoms suggestive of
overactive bladder in men treated with α-blockers. Eur Urol.
2009;56(3):534–43. https://doi.org/10.1016/j.eururo.2008.11.026.
Johnson TM 2nd, Jones K, Williford WO, Kutner MH, Issa MM,
Lepor H. Changes in nocturia from medical treatment of benign
prostatic hyperplasia: secondary analysis of the Department of
Veterans Affairs Cooperative Study Trial. J Urol. 2003;170(1):
145–8. https://doi.org/10.1097/01.ju.0000069827.09120.79.
Johnson ITM, Burrows PK, Kusek JW, et al. The effect of
doxazosin, finasteride and combination therapy on nocturia in
men with benign prostatic hyperplasia. J Urol. 2007;178(5):
2045–51. https://doi.org/10.1016/j.juro.2007.07.013.
Oelke M, Roehrborn CG, D’Ancona C, Wilson TH, Castro R, Manyak
M. Impact of dutasteride on nocturia in men with lower urinary tract
symptoms suggestive of benign prostatic hyperplasia (LUTS/BPH): a
pooled analysis of three phase III studies. World J Urol. 2014;32(5):
1141–7. https://doi.org/10.1007/s00345-014-1316-3.
Oelke M, Roehrborn CG, D’Ancona C, Wilson TH, Castro R,
Manyak M. Nocturia improvement in the combination of
Avodart(®) and tamsulosin (CombAT) study. World J Urol.
2014;32(5):1133–40. https://doi.org/10.1007/s00345-014-1296-3.
Rackley R, Weiss JP, Rovner ES, Wang JT, Guan Z, STUDY
GROUP. Nighttime dosing with tolterodine reduces overactive
bladder-related nocturnal micturitions in patients with overactive
bladder and nocturia. Urology. 2006;67(4):731–6. https://doi.org/
10.1016/j.urology.2005.10.061.
Weiss JP, Jumadilova Z, Johnson TM 2nd, Fitzgerald MP, Carlsson
M, Martire DL, et al. Efficacy and safety of flexible dose

Page 7 of 7 8

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.•

55.•

56.

fesoterodine in men and women with overactive bladder symptoms
including nocturnal urinary urgency. J Urol. 2013;189(4):1396–
401. https://doi.org/10.1016/j.juro.2012.11.067.
Yokoyama O, Yamaguchi O, Kakizaki H, Itoh N, Yokota T, Okada H,
et al. Efficacy of solifenacin on nocturia in Japanese patients with
overactive bladder: impact on sleep evaluated by bladder diary. J
Urol. 2011;186(1):170–4. https://doi.org/10.1016/j.juro.2011.02.2700.
Rudy D, Cline K, Harris R, Goldberg K, Dmochowski R.
Multicenter phase III trial studying trospium chloride in patients
with overactive bladder. Urology. 2006;67(2):275–80. https://doi.
org/10.1016/j.urology.2005.08.017.
Nitti VW, Dmochowski R, Sand PK, Forst HT, Haag-Molkenteller
C, Massow U, et al. Efficacy, safety and tolerability of fesoterodine
for overactive bladder syndrome. J Urol. 2007;178(6):2488–94.
https://doi.org/10.1016/j.juro.2007.08.033.
Dmochowski RR, Peters KM, Morrow JD, Guan Z, Gong J, Sun F,
et al. Randomized, double-blind, placebo-controlled trial of flexibledose fesoterodine in subjects with overactive bladder. Urology.
2010;75(1):62–8. https://doi.org/10.1016/j.urology.2009.09.018.
Herschorn S, Swift S, Guan Z, Carlsson M, Morrow JD, Brodsky
M, et al. Comparison of fesoterodine and tolterodine extended release for the treatment of overactive bladder: a head to head placebo
controlled trial. BJU Int. 2010;105(1):58–66. https://doi.org/10.
1111/j.1464-410X.2009.09086.x.
Drake MJ, Mills IW, Noble JG. Melatonin pharmacotherapy for
nocturia in men with benign prostatic enlargement. J Urol.
2004;171(3):1199–202. https://doi.org/10.1097/01.ju.0000110442.
47593.ea.
Sugaya K, Nishijima S, Miyazato M, Kadekawa K, Ogawa Y.
Effects of melatonin and rilmazafone on nocturia in the elderly. J
Int Med Res. 2007;35(5):685–91. https://doi.org/10.1177/
147323000703500513.
Delgado D, Canham L, Cotterill N, Cottrell D, Drake MJ, Inglis K,
et al. Protocol for a randomized, double blind, placebo controlled,
crossover trial of melatonin for treatment of nocturia in adults with
multiple sclerosis (MeNiMS). BMC Neurol. 2017;17(1):63. https://
doi.org/10.1186/s12883-017-0845-y.
Chapple CR, Dvorak V, Radziszewski P, Van Kerrebroeck P,
Wyndaele JJ, Bosman B, et al. A phase II dose-ranging study of
mirabegron in patients with overactive bladder. Int Urogynecol J.
2013;24(9):1447–58. https://doi.org/10.1007/s00192-013-2042-x.
Oelke M, Weiss JP, Mamoulakis C, Cox D, Ruff D, Viktrup L.
Effects of tadalafil on nighttime voiding (nocturia) in men with
lower urinary tract symptoms suggestive of benign prostatic hyperplasia: a post hoc analysis of pooled data from four randomized,
placebo-controlled clinical studies. World J Urol. 2014;32(5):1127–
32. https://doi.org/10.1007/s00345-014-1255-z.
Rovner ES, Raymond K, Andruczyk E, Juul KV. Low-dose
desmopressin and tolterodine combination therapy for treating
nocturia in women with overactive bladder: a double-blind, randomized, controlled study. Low Urin Tract Symptoms. 2017.
https://doi.org/10.1111/luts.12169. Low-dose desmopressin
could be safely combined with tolterodine.
Kim JC, Cho KJ, Lee JG, Seo JT, Kim DY, Oh SJ, et al. Efficacy
and safety of desmopressin add-on therapy for men with persistent
nocturia on α-blocker monotherapy for lower urinary tract symptoms: a randomized, double-blind, placebo controlled study. J Urol.
2017;197(2):459–64. Desmopressin add-on in men with persistent nocturia on α-blocker was effective and well tolerated.
https://doi.org/10.1016/j.juro.2016.08.116.
Denys MA, Bruneel E, Van Laecke S, Nørgaard JP, Everaert K.
Pitfalls and opportunities in multidisciplinary research about
nocturia in adults. Acta Clin Belg. 2017;72(1):2–5. https://doi.org/
10.1080/17843286.2016.1177276.

