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Purpose: The aim of this study was to compare the efficacy and safety of desmopressin and

imipramine in the treatment of severe primary nocturnal enuresis (NE) in Taiwan.

Patients and methods: This study was a retrospective chart review study conducted on

children with primary monosymptomatic nocturnal enuresis (PMNE) or non-monosympto-

matic nocturnal enuresis (PNMNE), referred to and treated by senior physicians in a Changhua

medical center in Taiwan. After being screened, these children were treated with either

desmopressin (n = 125) or imipramine (n = 71). All participants were treated for at least 3

months and followed afterward for at least 3 more months. The response and relapse rates were

measured. Side effects were monitored. Age, gender, and severity of NE were recorded.

Results: After 3 months of treatment, 97 children treated with desmopressin were responsive

(77.6%) while 58 children treated with imipramine were responsive (81.7%). Sixty-one children

treated with desmopressin (48.8%) and 26 treated with imipramine (36.6%) relapsed during the 3-

month post-treatment monitoring. The differences in responsive and relapse rates were not statis-

tically significant. Four children treated with imipramine (5.6%) reported side effects while none

was reported for children treated with desmopressin (P < 0.05). Age, gender, and the presence or

absence of daytime enuresis did not influence the response rate to either drug (P < 0.05).

Conclusion: Currently, desmopressin is preferred over imipramine for treating NE due to the

latter’s side effects. Our results demonstrated similar response rates for both drugs, with

imipramine demonstrating minimal side effects. While health practitioners should pay attention

to its side effects, concerns regarding imipramine toxicity in NE treatment are often overblown.

Since imipramine is much cheaper than desmopressin, using imipramine to manage NE can

allow health practitioners, especially in Taiwan, to treat the greatest number of children with NE.

Keywords: Taiwan, severe nocturnal enuresis, cost-effective, retrospective analysis, adverse

effects, side effects

Introduction
Nocturnal enuresis (NE) is a common developmental disorder among children.

Epidemiological studies have shown that the overall prevalence of this disorder

declines as age increases, dropping to 7% of children at the age of 10.1–3 In Taiwan,

the overall prevalence of NE was estimated to be around 7–8%, as suggested by

two separate studies.4,5

The adverse effects of NE are not to be underestimated since enuresis can carry

a social stigma that can lead to behavioral problems and psychiatric disorders in

children. Moreover, children above 10 years of age who suffer from NE may have
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an increased risk of social maladjustment. Because of its

potential harm on their psychology, normal development,

and social life, individualized and active treatment is often

appropriate and necessary.6,7

Traditionally, when treating NE through pharmacologi-

cal means, two types of medications are considered: tri-

cyclic antidepressants or desmopressin. Desmopressin, in

tablet or nasal form, is a synthetic ADH analog approved

by the US Food and Drug Administration in 1990 for the

treatment of NE. Its most notable side effect includes

water intoxication, which patients should be warned

about. However, desmopressin is generally considered

safe and effective for treating NE in children. According

to studies examining its efficacy, desmopressin has suc-

cessfully treated an estimated 30% of children with NE as

well as reducing an average of one wet night per week.8

Despite desmopressin’s efficacy in treating NE, only 10%

of participants were continent at 12 months.9,10 Before

desmopressin became the drug of choice in treating NE,

imipramine, a tricyclic drug, has also shown its efficacy

since the 1960s.11 Studies suggested that 10–75% of those

patients with NE responded to imipramine.12,13 However,

like those treated by desmopressin, children treated with

imipramine often relapsed. Due to its anticholinergic activ-

ity, the side effect profile of imipramine is more extensive,

including dry mouth, nausea, and tachycardia. In rare

circumstances, the side effects may even cause death.14

Although desmopressin is often the drug of choice for

treating NE in Taiwan, imipramine is still widely used,

particularly for those with refractory NE.15 The objective

of this study was twofold: 1) to compare the efficacy and

safety of these two medications after a 12-week treatment

period in a Taiwanese pediatric population, and 2) to

compare their relapse rates during the 3-month post-treat-

ment monitoring.

Materials And Methods
This study was a retrospective chart review study per-

formed in a medical center in Changhua, Taiwan. All

patients included in this study were investigated by senior

urologists. Our initial screening criteria were as follows: 1)

aged 5 or older, 2) presence of primary mono or non-

monosymptomatic nocturnal enuresis (PMNE or

PNMNE), 3) frequency of bedwetting ≥6 times per

week, and 4) only one type of medication (desmopressin

or imipramine) administered. We then separated these

children into two groups, desmopressin (D group) and

imipramine (I group), according to the medication they

were taking. Patients were asked to stop any form of

treatment they were on before beginning either imipramine

or desmopressin and were excluded from the study if they

had prior experiences with either medication. Children

were also excluded from the study if they had any of the

following problems: 1) neurogenic bladder (i.e., congenital

spinal anomaly, spinal cord injury, or urogenital anoma-

lies), 2) congenital systematic disease such as type I dia-

betes and cerebral palsy, 3) Tourette syndrome (TS) with

attention deficit hyperactivity disorder (ADHD), and/or 4)

secondary enuresis.

All the children were treated for at least 3 months and then

monitored afterward for at least 3 more months. Participants in

the D groupwere given one oral tablet of desmopressin acetate

(0.1 mg, minirin, Ferring Pharmaceuticals Limited) an hour

before bed for the first week of treatment. The dose was then

increased up to four tablets depending on patient response.

Participants in the I group were given imipramine according to

their bodyweight (1mg per kg bodyweight) for the first week.

The dose was then increased from one tablet (25 mg) to a

maximum of two tablets per night depending on patient

response.

Treatment outcome was evaluated according to the

criteria set by the International Continence Society (ICS)

and the International Children’s Continence Society

(ICCS). The criteria were as follows: 1) the frequency of

bedwetting before and after treatment was documented,

and 2) response to medication was assessed after 3 months

of treatment (no response was defined as <50% reduction,

partial response defined as a 50% to 99% reduction, and

complete response defined as a 100% reduction in bed-

wetting frequency).16 Relapse was defined as an increase

in bedwetting frequency during any single month of the 3-

month post-treatment observation period as compared to

the bedwetting frequency during the last month of the 3-

month treatment period.

For analysis, demographic differences between groups

were compared using the chi-square test or Fisher’s exact

test when appropriate. In addition, the multivariate logistic

regression analysis was used to compare the efficacy of the

two drugs after controlling for age, gender, and the pre-

sence or absence of daytime enuresis or urgency. The

difference in the frequency of adverse drug effects

between the two drugs was also analyzed. All statistical

analyses were performed using the IBM SPSS Statistics

for Windows, Version 22.0 (IBM Corp., Armonk, NY,

USA), and P-value <0.05 was considered statistically

significant.
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Results
This study included 196 patients (125 in the D group and

71 in the I group). Ninety-seven children in the D group

(77.6%) and 58 children in the I group (81.7%) responded

to treatment (Figure 1). Among them, 75 children in the D

group (60%) and 49 children in the I group (69%) were

fully responsive. Twenty-two children in the D group

(22.4%) and 13 children in the I group (18.3%) were

non-responsive. In addition, 61 children in the D group

(48.8%) and 26 children in the I group (36.6%) relapsed

during the 3-month post-treatment monitoring. There was

no significant difference in either the response or relapse

rate between the two groups (P < 0.05). Children with

PMNE and PMNME in either group showed no difference

in their responsiveness to desmopressin or imipramine.

Four children in the I group (5.6%) reported adverse

effects, while none were reported in the D group, showing

a significant difference in the frequency of reported

adverse effects (P = 0.016, Table 1). The side effects

reported in the I group were dry mouth, constipation, or

hand tremor. Despite the side effects, all completed the

treatment course.

We further compared the efficacy between the two drugs

while examining age, gender, and the presence or absence of

daytime enuresis or urgency as individual variables. We

found no difference, suggesting that these variables did not

affect the efficacy of the drugs (Table 2). A multivariate

logistic regression analysis further demonstrated no signifi-

cant difference in the efficacy of the two drugs while con-

trolling for the above covariates. These results suggested that

none of these variables affected the likelihood of a child

responding to either desmopressin or imipramine (Table 3).

Discussion
Previous literature has compared the pharmacological effects

of treating NE with either desmopressin or imipramine.17–19

Reported response rates were similar for both imipramine

and desmopressin, but toxicity was often a concern when

administering imipramine. Other studies yielded different

conclusions. Monda and Husmann found that desmopressin

worked better than imipramine for short-term treatment of

NE, while both drugs showed similar response rates for long-

term treatment.18 A study done in Korea by Lee, Suh, and

Lee found more favorable response rates for desmopressin,

as well as for a combination therapy of desmopressin and

oxybutynin.19 Another study with a cross-over design con-

cluded that intranasal desmopressin was more effective than

imipramine in treating NE.20 In contrast, our study showed

that there was no significant difference in response rates

between oral desmopressin and imipramine after 3 months

of treatment, suggesting that there was no difference in their

efficacy. In addition, a 3-month post-treatment monitoring

revealed no significant difference in the relapse rate between

the two drugs. Interestingly, although the relapse rate for both

drugs was high at 36.6% to 48.8%, it was still much lower

than those reported by some clinical studies (up to 90%).21,22

This discrepancy can stem from the different definitions of

relapse employed by different studies. Other possible factors

included the age of the participants, the degree of severity of

the participants’ bedwetting, and the duration of the treat-

ment. Furthermore, because of the retrospective nature of our

study, there may be differences in the participants’ demo-

graphics, besides the age, gender, and the presence of day-

time symptoms, that affected the response and relapse rates

of the participants.

In particular, all participants in our study had severe

bedwetting (>6or more times per week). Yap et al in

Singapore reported that short-term treatment of severe

bedwetting with oral desmopressin yielded a response

rate of 59%, with 26% of the children becoming comple-

tely dry.23 Our study showed a slightly higher response

rate, which may be explained by our study’s longer treat-

ment period and patient demographics. Our results also

agreed with those found in Lottmann et al in which the

authors concluded that long-term treatment of desmopres-

sin in severe primary NE was effective and well tolerated

in patients aged 5 or older.24 Meta-analysis of 18 rando-

mized controlled studies found a reduction in the fre-

quency of bedwetting ranging from 10% to 91%, but

only about 25% of the treated children were completely

dry during treatment.25 Furthermore, studies have demon-

strated that 94.3% of patients relapsed after desmopressin

was discontinued, indicating that its primary utility is

symptomatic control and not cure.20

Response
69.0%

Partial
12.7%

Nonresponse
18.3%

Imipramine
(n=71)

Response
60.0%

Partial
17.6%

Nonresponse
22.4%

Desmopressin
(n=125)

Figure 1 Comparison of the efficacy of imipramine and desmopressin in the

treatment of primary nocturnal enuresis.
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Age may also be a factor that influences the remission

and relapse of NE after treatment. Previous studies have

shown that age and severity of bedwetting were risk fac-

tors for remission of NE in children.15 Children with less

severe NE achieved remission more quickly than did those

with more severe NE at any given time. In addition, the

likelihood of parents seeking medical attention increased

with an older child or a child with more severe enuresis.15

Therefore, we suspected that age would influence treat-

ment response to either desmopressin or imipramine.

Contrary to expectations, our results showed that age did

not mediate or modulate the response rate to desmopres-

sin, and more research is necessary to address this issue.

Differentiating PMNE from PNMNE in children may

also be important in choosing the appropriate pharmaco-

logical therapy. Children with PNMNE may have under-

lying medical problems not found with questionnaires or

basic diagnostic evaluations. As such, it is possible that

children with PNMNE responded less favorably to phar-

macological intervention than do children with PMNE. For

such children, a urodynamic study must be considered.26

In Taiwan, imipramine is often used for this purpose. The

exact mechanism of its action is unclear. It is believed to

increase bladder capacity through a weak anticholinergic

effect, which may decrease detrusor muscle contractions.27

However, our study found no significant difference in the

response rate to either desmopressin or imipramine

between children with PMNE and those with PNMNE,

suggesting that the efficacy of both drugs was similar in

either condition.

Despite the similar response rates to desmopressin and

imipramine and the increased risk of imipramine toxicity,

imipramine is still useful for refractory NE. A retrospective

study done by Gepertz and Neveus reported that in children

with NE who did not respond to desmopressin, alarm ther-

apy, and anticholinergic treatment, imipramine was still

useful when standard treatment has failed, especially

among older children.28 They suggested that imipramine

may have to be continued for three to 48 months before

the child can achieve dryness. However, long-term treat-

ment with imipramine may increase the risk of adverse

effects. In their study, adverse effects, mostly nausea, were

experienced, with weight gain, increased sweating,

depressed mood, and muscular cramps reported sporadi-

cally. No severe or irreversible effects were found.

Similarly, a study done by Glazener reported that when

treated with desmopressin or imipramine, 5% and 17% of

children with NE experienced side effects, respectively.29 In

contrast, less than 6% of the children treated with imipra-

mine in our study reported side effects. Furthermore, the

Table 1 Patients Characteristics And Comparison Of Treatment Outcome

Group Total

(n=196)

P-value

Imipramine

(n=71)

Desmopressin

(n=125)

N % N % N %

Age 5–9 26 36.6 67 53.6 93 47.4 0.049

10–12 29 40.8 42 33.6 71 36.2

13–18 16 22.5 16 12.8 32 16.3

Gender Girl 35 49.3 62 49.6 97 49.5 0.967

Boy 36 50.7 63 50.4 99 50.5

With daytime symptoms of frequency or urgency No 39 54.9 7 61.6 116 59.2 0.361

Yes 32 45.1 48 38.4 80 40.8

Outcome Nonresponse 13 18.3 28 22.4 41 20.9 0.441

Partial 9 12.7 22 17.6 31 15.8

Response 49 69.0 75 60.0 124 63.3

Adverse reaction No 67 94.4 125 100.0 192 98.0 0.016

Yes 4 5.6 0 0.0 4 2.0

Relapse No 45 63.4 64 51.2 109 55.6 0.099

Yes 26 36.6 61 48.8 87 44.4

Note: P-value by Chi-square test or Fisher’s exact test when appropriated.
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side effects experienced were minimal, with the most com-

mon being either dry mouth, constipation, or slight hand

tremors. A possible explanation of this discrepancy would

be the duration of the treatment, or perhaps the ethnicity of

the participants. Further research should explore a potential

combination of imipramine and desmopressin in treating

refractory NE.

Due to the fear of cardiotoxicity and hepatoxicity in

imipramine overdose, many health practitioners have

recommended against the use of imipramine in managing

enuresis.13,14 However, studies have suggested that these

adverse effects were the result of treating depression with

imipramine, and that when imipramine is used to treat

enuresis, a much smaller dose is prescribed.30 Other

researchers argued that its adverse effects were minimal if

imipramine was only used for less than 3 months.30 Our

results supported their arguments. Our study found that not

only was the frequency of reported side effects low, the

effects reported were minimal. These results suggested that

the concerns regarding imipramine toxicity in managing NE

were often overblown. The uncertainty of imipramine’s side

effect profile in these cases demonstrated the difficulty in

prescribing imipramine for off-label use since the dosage

required for treating bedwetting differed significantly than

that required for treating anxiety or depression.

In Taiwan, treatment guidelines for enuresis outline

two mainstays of treatment: 1) behavioral modification

with an alarm system and 2) pharmacotherapy with des-

mopressin or imipramine.31 Desmopressin is often consid-

ered as the first-line treatment, with alarm therapy as an

alternative since it is seldom used, possibly due to cultural

practices. This guideline differs from treatment recommen-

dations in other countries in that imipramine remains one

of the main treatment options because of its relative safety

in Taiwan. For instance, a recent review done by Jain S

and Bhatt GC recommended desmopressin as the first-line

drug, with imipramine recommended in resistant cases due

to its adverse effects.32 However, our study failed to find

side effects as harmful as previous studies have described,

such as cardiotoxicity and hepatoxicity. From this perspec-

tive, our results supported the treatment guidelines for NE

in Taiwan.

Another important consideration in healthcare deci-

sions is cost. In our study, all participants were given

similar number of tablets. We obtained similar results in

terms of efficacy and safety. According to the Taiwan’s

healthcare database, desmopressin (Minirin) 0.1 mg tablet

costs the government 48.7 NTD while imipramine

(Tofranil) 25 mg tablet costs 2.99 NTD. This means that

more than 16 children with NE can be treated through

imipramine before one child through desmopressin.

Therefore, using imipramine instead of desmopressin

allows health practitioners, especially in Taiwan’s single-

payer healthcare system, to treat the greatest number of

children with NE in a cost-effective manner.

Conclusion
While desmopressin is often the drug of choice in treating

primary NE worldwide and in Taiwan, we concluded that

imipramine is a suitable alternative if desmopressin is not

available, especially if cost-effectiveness is taken into con-

sideration. While health practitioners should pay attention to

the side effects of imipramine, concerns regarding its toxicity

in NE treatment are often overblown. Furthermore, due to its

cost-effectiveness, in cases of refractory NE requiring long-

term management, imipramine could be considered as well.
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