
Eur J Pediatr (1996) 155 : 959-962 
© Springer-Verlag 1996 

W. L. M. Robson 
J. P. N0rgaard 
A. K. C. Leung 

Hyponatremia in patients 
with nocturnal enuresis treated 
with DDAVP 

Received: 10 October 1995 
Accepted: 4 March 1996 

W. L. M. Robson (N~) 
Department of Pediatric Nephrology 
The Children's Hospital, 
Greenville Hospital System, 
890 W. Faris R., Suite 250, Box #1, 
Greenville, SC 29605-4253, USA 
Tel.: (864) 455-4150, Fax: (864) 455-4155 

J. P. N0rgaard 
Division of Pediatric Urology, 
Rigshospitalet, 
Copenhagen, Denmark 

A. K. C. Leung 
Department of Pediatrics, 
University of Calgary 
and the Alberta Children's Hospital, 
Calgary, Alberta, Canada 

Abstract Trea tment  of  nocturnal  
enuresis  with D D A V P  is associa ted  
with a low inc idence  of  adverse  ef- 
fects. The  only repor ted  serious ad- 
verse  effect  is se izure  or al tered level  
o f  consc iousness  due to water  intoxi-  
cation. We r ev i ewed  14 art icles that 
repor ted  data  on serum sodium in pa- 
t ients t reated with  DDAVP for noc-  
turnal enuresis  and 11 art icles that 
repor ted  pat ients  who deve loped  a 
seizure or al tered level  of  conscious-  
ness during t rea tment  with DDAVP 
for nocturnal  enuresis .  Excess  f luid 
intake was ident i f ied  as a contr ibut-  
ing factor  in 6 of  the 11 case reports.  

K e y  w o r d s  Nocturnal  enuresis  • 
D D A V P  • Hypona t r emia  • Water  
in toxica t ion  

A b b r e v i a t i o n  AVP arginine 
vasopress in  

Introduction 

D D A V P  e f f e c t i v e l y  con t ro l s  noc tu rna l  enu res i s  in  ove r  
50% o f  pa t i en t s  w i th  this  p r o b l e m  [22, 31].  D D A V P ' s  
p r e c i s e  m e c h a n i s m  of  ac t ion  in  the  con t ro l  o f  noc tu rna l  
enu res i s  is no t  unders tood .  DDAVP,  a syn the t i c  ana log  
o f  a rg in ine  v a s o p r e s s i n  (AVP),  was  d e v e l o p e d  b y  re-  
m o v i n g  an a m i n o  g roup  in p o s i t i o n  1 and subs t i tu t ing  
L-a rg in ine  in p o s i t i o n  8 wi th  D-arginine ,  w h i c h  r e s u l t e d  
in s e l ec t ive  V 2  agon i s t  ( an t id iu re t i c )  p roper t i e s .  T h e  
onse t  and  m a x i m a l  p h a r m a c o l o g i c  ac t ion  o f  in-  
t r ana sa l l y  a d m i n i s t e r e d  D D A V P  occur s  wi th in  60 min ,  
and  the d u r a t i o n  o f  p e a k  d rug  l eve l s  and  m a x i m u m  
p h a r m a c o l o g i c  ac t ion  is abou t  4 h [8]. T r e a t m e n t  o f  
noc tu rna l  enu res i s  wi th  D D A V P  is a s s o c i a t e d  wi th  a 
l o w  i n c i d e n c e  o f  adve r se  ef fec ts  [9, 23, 24].  T h e  o n l y  

r e p o r t e d  se r ious  a d v e r s e  e f fec t  is se izure  or  a l t e red  
leve l  o f  c o n s c i o u s n e s s  r e su l t i ng  f rom wa te r  i n tox ica -  
t ion.  W e  r e v i e w e d  the m e d i c a l  l i t e ra ture  on  the t reat-  
men t  o f  noc tu rna l  enu re s i s  w i th  D D A V P  to d e t e r m i n e  
i f  fac tors  c o u l d  be  i de n t i f i e d  tha t  m i g h t  i nc rease  the  in- 
c i de nc e  o f  this  se r ious  a d v e r s e  effect .  

Methods 

A Medline search of the English language literature between the 
years 1966 and 1994 was conducted to identify articles published 
on the treatment of nocturnal enuresis with DDAVP. The reference 
section of each article was reviewed to identify other articles not 
listed in Medline. We reviewed all the articles to identify studies 
that reported data on the serum sodium during treatment with 
DDAVP and case reports of seizure or altered level of conscious- 
ness due to water intoxication in patients treated with DDAVP. The 
studies that reported data on serum sodium were specifically re- 
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Table 1 Data on case reports of seizure or altered level of consciousness due to water intoxication in patients treated with DDAVP. H 
headache, N nausea, V vomiting, S seizure, D disoriented, R Ritalin, T Tofranil 

Author Age Sex Dosage Duration Time of Symptoms Na + Excess CNS 
(year) (gg) on DDAVP symptoms mmol/l fluids drug 

Simmonds et al. 1988 [26] 13 F 10-20 4 days 
Bamford and Cruickshank 6.5 M 20 8 days 11.00 a.m. 

1989 [1] 
Blanchard and Brossier 5 M 20 5 weeks 

1991 [3] 
Beach et al. 1992 [2] 10 M 10-20 4 days a.m. 
Davis et al. 1992 [4] 29 M 80 
Muglia et al. 1992 [19] 15 M 10-20 7 months 4.00 a.m. 
Yaouyanc et al. 1992 [32] 2 M 20 b.i.d. 6 weeks 
Hamed et al. 1993 [7] 10 M 20-40 7 months 4.00 p.m. 
Hourthane and Salisbm3r 8 F 20 2 days 12 h. 

1993 [11] 
Kallio et al. 1993 [13] 8 F 40 2 years 
Kallio et al. 1993 [13] 12 M 20 2 years 

H, N, V, S 114 + 
H, V, S 122 + 

S 117 

V, S 118 + 
S 118 + 
H, D 124 - 
H, V, S 118 + 
S 113 - 
S 119 - 

D 120 + 
H, V, S 123 - 

R 

T 

viewed for the number of patients studied, whether the patients 
were screened to identify those patients with a low nocturnal secre- 
tion of AVP, design of the study, dosage of DDAVP, duration of 
treatment prior to obtaining the serum sodium, time of day the 
serum sodium was obtained, and serum sodium data during treat- 
ment with DDAVP. The case reports of seizure or altered level of 
consciousness were specifically reviewed for the age and sex of the 
patient, significant pre-existing illness, dosage of DDAVP, symp- 
toms of water intoxication, duration of time on DDAVP prior to de- 
veloping symptoms, time of day the symptoms developed, admis- 
sion serum sodium, whether the patient had ingested a large amount 
of fluid during the day preceding the symptoms, whether the patient 
was on any other medication, and the outcome. A normal serum 
sodium concentration was considered to be 135-145 mmol/1. 

Results 

Four teen  art icles  were  ident i f ied  that  repor ted  da ta  on 
serum sodium in pat ients  dur ing t reatment  with DDAVP 
[6, 10, 12, 14-16,  18, 20, 21, 25, 27-30] .  A total  of  529 
patients were  inc luded in these articles.  

Only  one of  the studies repor ted  data  exc lus ive ly  on 
patients with a low nocturnal  secre t ion  o f  AVP [27]. Stef- 
fens et al. [27] repor ted  no di f ference  in the serum sodium 
in 14 pat ients  with a low nocturnal  secret ion of  AVP who 
were treated with DDAVP. 

The  s tudy designs  var ied  f rom double -b l ind  cross-over  
trials to uncontrol led  reports  o f  c l in ical  exper ience  with 
the use of  DDAVR The dosage  o f  DDAVP in the studies 
var ied  f rom 5 to 40 g g  de l ivered  in t ranasal ly  or 200 -400  
gg  adminis te red  orally. None  o f  the studies repor ted  any 
data  on whether  the serum sod ium var ied  with the dosage  
of  D D A V R  The specif ic  dura t ion o f  t ime on DDAVP pr ior  
to assessing the serum sod ium concentra t ion  was repor ted  
in only six of  the art icles  [6, 10, 14, 18, 20, 27]. The 
serum sodium was measu red  week ly  in two studies,  and 
after 1 day, 3 days,  2, 4, and 8 weeks,  and 1 month,  re- 
spectively,  in the other  studies [6, 10, 14, 18, 20, 27]. The 

t ime o f  day  the serum sod ium was measured  was repor ted  
in only  four studies [6, 14, 21, 27]. In  these studies,  the 
serum sodium was measured  at 5:00 a.m., 8:00 a.m., 
, ,morning," and ,,night," respect ive ly  [6, 14, 21, 27]. 

Ten o f  the art icles did  not  repor t  specif ic  da ta  on the 
serum sod ium but  repor ted  the serum sod ium or serum 
elect rolytes  were normal ,  no dif ferences  in the serum 
sodium or  electrolytes ,  or  no adverse  effects [12, 15, 18, 
21, 25, 28-30] .  Of  the four art icles that repor ted  specif ic  
data on the serum sodium, three repor ted  a symptoma t i c  
hypona t remia .  F je t les tad-Paulsen  et  al. [6] repor ted  that  3 
(10%) of  30 pat ients  deve loped  hyponat remia ,  def ined  as 
a serum sodium be tween  125 and 130 mmol/1. K e y  et al. 
[14] repor ted  the range of  serum sodium in 59 pat ients  
was 130-140  mmol/1 with a mean  of  138 mmol/1. It is not  
c lear  how many  of  the pat ients  had  a serum sod ium less 
than 135 mmol/1 [14]. Mat th iesen  et al. [16] repor ted  1 
(3%) o f  33 pat ients  had a serum sod ium of  128 mmol / l .  
S ince  the serum sodium measured  before  and after this 
value was normal ,  the authors conc luded  the resul t  was 
l ike ly  er roneous  [16]. One other  s tudy repor ted  specif ic  
data on the serum sodium [20]. Ra msde n  et al. [20] re- 
por ted  a double -b l ind  c ross -over  trial in 21 pat ients .  The  
serum sod ium while  on p lacebo  was 139.9 mmol/1 com-  
pared  to 139.6 retool/1 whi le  on DDAVP [20]. None  o f  the 
pat ients  in the studies deve loped  seizure or  a l tered level  o f  
consc iousness  [6, 10, 12, 14-16,  18, 20, 21, 25, 27 -30] .  

We ident i f ied  11 case reports  o f  seizure or a l tered level  
o f  consc iousness  due to water  in toxicat ion [ 1-4 ,  7, 11, 13, 
19, 26, 32]. Data  obta ined f rom these case  reports  are 
shown in Table 1. 

Discussion 

It is es t imated  that over  250,000 patients in the Uni ted  
States have  been treated with DDAVP since the nasal  
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spray preparation was introduced in 1989. Treatment with 
DDAVP has improved the quality of life of thousands of 
patients with nocturnal enuresis. Adverse effects due to 
treatment with DDAVP are uncommon [9, 23, 24]. The 
only serious adverse effect is seizure or altered level of 
consciousness due to water intoxication. 

Based on the limited data available in the studies we 
reviewed, mild, asymptomatic hyponatremia might de- 
velop in 1%-10% percent of patients treated with DDAVP 
for nocturnal enuresis [6, 16]. The precise incidence of 
hyponatremia is not known since none of the studies re- 
ported data on the serum sodium concentration during the 
period of maximal pharmacologic action of DDAVE 

Since seizure or altered level of consciousness due to 
the water intoxication are uncommon, it is likely that fac- 
tors other than the presence of pharmacologically active 
amounts of DDAVP are necessary for this adverse effect. 

Excess fluid intake was identified as a contributing 
factor in 6 of the 11 case reports [1, 2, 4, 13, 26, 32]. 
Evening fluid restriction is a common practice in most pa- 
tients with nocturnal enuresis before they seek medical at- 
tention. Consequently, most patients with nocturnal enu- 
resis who are treated with DDAVP do not ingest a large 
quantity of fluid during the evening. This might account 
for the uncommon reports of symptoms due to water in- 
toxication. However, some authors suggest evening poly- 
dipsia might be more common in patients with nocturnal 
enuresis than is generally appreciated [5, 17, 25]. In the 
six case reports where ingestion of a large amount of fluid 
was considered to be a contributing factor, the circum- 
stances leading to fluid ingestion included intravenous 
therapy, beer drinking, habitual ingestion, and treatment 
of hiccups, diarrhea, and crying [1, 2, 4, 13, 26, 32]. 
Beach et al. [2] calculated the serum sodium should not 
fall greater than 5-7 mmol/1 if a patient treated with 
DDAVP does not ingest greater than 30 ml of fluid per kg 
body weight during the 4 h prior to a dose of DDAVP and 
for 12 h after the dose [2]. 

One patient who developed a seizure had cystic fibro- 
sis [26]. The authors speculated the abnormal electrolyte 
transport in patients with cystic fibrosis might increase the 
risk of symptomatic hyponatremia. The patient was re- 
ceiving intravenous fluid therapy for several days prior to 
developing symptoms, so an increased fluid intake might 
also be a risk factor [26]. 

Higher doses of DDAVP prolong the duration of phar- 
macologic action and might increase the risk of water in- 
toxication [8]. None of the studies that reported data on 
the serum sodium during treatment with DDAVP assessed 
the incidence of hyponatremia with different dosages of 
DDAVE Seizure or altered level of consciousness devel- 
oped in patients taking conventional dosages of DDAVP 
ranging from 10 to 40 gg. The only patient who devel- 
oped seizures with a larger than conventional dosage (80 
gg) also ingested at least 4 1 of beer the night before the 
seizure, making excess fluid intake a likely factor in the 

water intoxication [4]. Some authors suggest the ingestion 
of larger-than-prescribed amounts of DDAVP might be 
more common than is appreciated [9]. These authors 
speculate that some patients who are not completely dry 
on the prescribed dose might increase the dose in an at- 
tempt to improve efficacy [9]. Only one study reported 
data on the serum sodium in treated patients who were 
previously identified as having a low nocturnal secretion 
of AVP [27]. The effect of  the pharmacologic action of 
DDAVP in addition to naturally occurring AVP in patients 
with a normal nocturnal increase in AVP might increase 
the V2 agonist effect and the risk of  water intoxication. 

Nine of the 11 patients developed a seizure and two pa- 
tients became disoriented but did not develop a seizure 
[ 1 4 ,  7, 11, 13, 19, 26, 32]. Six of  the 11 patients had 
other symptoms preceding the seizure or altered level of 
consciousness [t,  2, 13, 19, 26, 32]. Five patients had 
headache, five vomited, and one had nausea [1, 2, 13, 19, 
26, 32]. Previous studies of adverse effects in patients 
with nocturnal enuresis treated with DDAVP report 
headache in 0.4%-1.3% of patients [9, 24]. It is possible 
the headaches in these patients might have represented 
transient episodes of symptomatic water intoxication. 

Two of the patients who had seizure or altered level of 
consciousness were also taking a neurologically active 
medication at the same time as the DDAVP [2, 7]. One pa- 
tient had been on methylphenidate for 2 years and devel- 
oped a seizure 4 days after starting DDAVP [2]. The 
seizure developed after the ingestion of a large quantity of 
fluid in the preceding day [2]. Another patient developed 
a seizure after taking DDAVP for 7 months, the latter 3 
months of which the patient was also taking imipramine 
[7]. There was no history of excess fluid intake in this pa- 
tient [7]. Both methylphenidate and imipramine are neu- 
rologically active medications, and it is possible that these 
medications could act to potentiate the action of DDAVP 
[2, 7]. 

Kallio et al. [13] reported a 12-year-old who was 
treated with DDAVP for 2 years. The DDAVP was dis- 
continued for 2 months and then restarted at the same 
dose. The patient had a seizure after the first dose. There 
was no history of ingestion of a large amount of fluid be- 
fore the seizure. The authors speculated the V2 receptors 
in the kidney had been ,,up-regulated" and were therefore 
more sensitive to the action of the DDAVP [13]. 

Neurological symptoms developed in the first 10 days 
after the start of treatment in 4 of the 11 patients and 5 
weeks-2 years after the start of treatment in the remaining 
7 patients [ 1 4 ,  7, 11, 13, 19, 26, 32]. The wide variabil- 
ity in the onset of neurological symptoms makes hyper- 
sensitivity to DDAVP a less likely reason to account for 
the water intoxication. 

All of the patients who developed neurological symp- 
toms recovered [1-4, 7, 11, 13, 19, 26, 32]. A C T  of the 
brain was performed in seven patients and was normal in 
each case [1, 2, 4, 11, 19, 26]. Limited follow-up data 
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were reported in five of the case reports [1, 7, 13, 26]. The 
duration of follow-up ranged from 2 weeks to 7 months. 
The patients were reported to be normal at follow-up [1, 
7, 16, 32]. 

Like all medications, DDAVP has potential adverse ef- 
fects. Water intoxication is an uncommon but serious po- 
tential adverse effect of treatment with DDAVP in patients 
with nocturnal enuresis. Patients should fill out a micturi- 
tion diary, which should exclude polydipsia before antidi- 
uretic treatment is given. DDAVP should only be pre- 
scribed with specific instructions regarding the risks asso- 
ciated with excess ingestion of fluid. The risk of seizure 
or altered level of consciousness can be minimized by 
specific counseling of patients not to drink a large quan- 

tity of fluid on any evening DDAVP is administered. We 
recommend patients who take DDAVP not drink greater 
than 240 ml (8 oz) of fluid on any evening DDAVP is ad- 
ministered. Patients should be specifically counseled not 
to take a larger dose than prescribed. If a patient who is 
taking DDAVP develops headache, nausea, or vomiting, 
the DDAVP should be discontinued and the patient should 
promptly notify the physician. With this approach, sup- 
ported by a recent study confirming the safety of DDAVP, 
we feel that treatment with DDAVP is safe [9]. 
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