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Introduction: The autonomic nervous system (ANS) is likely to play a role in some of the etiologic factors of nocturnal enure-
sis (NE), such as nocturnal polyuria, disorder of arousal, or detrusor hyperactivity. The aim of this study was to evaluate ANS 
functions in children with NE.
Methods: Twenty-two children with NE and 20 healthy children were allocated for this study. In electrophysiologic evalua-
tion, palmar and plantar sympathetic skin responses (SSR) and RR interval variation (RRIV) were carried out in both groups. 
The minimum and mean latencies of SSRs, maximum and mean amplitudes of SSRs, RRIV at rest and during deep breathing, 
the difference between resting and deep breathing RRIVs, ratio of deep breathing to resting RRIV, and maximum to mini-
mum RR interval at rest and during deep breathing were calculated. For group comparisons; Mann–Whitney U test was used 
for abnormally distributed data, independent t-test was used for normally distributed data for continuous variables.
Results: The mean ages were 10.75±3.49 and 10.91±3.10 years for patients and controls, respectively. There was no signifi-
cant difference between the groups in terms of age and sex (p>0.05). Palmar and plantar SSRs could be obtained in all sub-
jects in NE and control groups. There was no significant difference between the groups in SSR or RRIV parameters (p>0.05).
Discussion and Conclusion: This result suggests that ANS system functions may be normal in enuretic group when not 
classified for the etiologies. However, the effect of the ANS may be more evident for one of the above-mentioned etiologic 
factors. Therefore, assessing ANS functions in patients classified according to the etiologies may be more useful to demon-
strate the link between ANS dysfunction and NE.
Keywords: Autonomic nervous system; nocturnal enuresis; RR interval variation; sympathetic skin response.

International Continence Society defines enuresis as 
the complaint of intermittent incontinence that occurs 

during periods of sleep. If it occurs during the main sleep 
period, then it could be qualified by the adjective “noctur-
nal.”[1] Sleep disorders, antidiuretic hormone deficiency, 
nocturnal detrusor hyperactivity, genetic predisposition, 

and psychological factors are some of the factors that are 
implicated in the pathogenesis of nocturnal enuresis (NE) 
[2]. The studies investigating the autonomic nervous sys-
tem (ANS), which is known to be a regulator in most of 
these etiologic factors, are limited in the literature [3-10]. Th-
ese studies have been planned considering that ANS dys-
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function may be responsible for detrusor hyperactivity but 
results are contradictory. In this study, it is aimed to evalu-
ate autonomic functions in NE with two tests that can be 
applied quickly and easily in a standard electroneuromyo-
graphy laboratory.

Materials and Methods 
This study was carried out with the approval of the Local 
Ethics Committee. Twenty-one children with NE according 
to the International Continence Society with a mean age 
o f 10.75±3.49 years and 20 children who were admitted 
to the hospital with any complaints other than urological 
complaints with a mean age of 10.91±3.10 years were in-
cluded in the study. Since the main objective of the study 
is to evaluate ANS, in terms of identifying the parameters 
that may affect the ANS routine biochemistry tests, urine 
analysis, urine culture, urinary ultrasonography, and elec-
trocardiogram tests were applied.

Inclusion criteria for the NE group; (1) meeting the termi-
nology of NE defined by International Continence Society, 
(2) age of 5–15 years range, (3) no history of dry period for 6 
months or more, and (4) History, physical examination, and 
laboratory investigations revealed no other pathology that 
could explain the symptoms of enuresis nocturna.

Inclusion criteria for the control group; (1) being in similar 
age groups with patient group and (2) no symptom or his-
tory of NE.

Exclusion criteria: (1) Obesity (over 120% of normal values 
according to age), (2) systemic diseases (diabetes mellitus, 
hypo-, or hyper-thyroidism) and drug use which may be the 
cause of peripheral neuropathy or autonomic dysfunction 
(β-blockers, anticholinergics, phenytoin, and isoniazid), 
and (3) heart diseases.

Demographic data (age, gender, height, and weight) were 
recorded for all cases. The parents of all 42 children included 
in the patient and control groups were informed about the 
study by the physician and written approvals were ob-
tained. A detailed history and routine nerve conduction 
studies were evaluated to rule out the presence of periph-
eral neuropathy, sympathetic skin responses (SSR), and RR 
interval variation (RRIV) tests were performed to evaluate 
autonomic functions. Four patients in control group were 
evaluated with history and physical examinations in terms 
of peripheral neuropathy because their family did not ap-
prove routine nerve conduction studies.

All electrophysiological studies were performed with 
Medelec Synergy electroneuromyography device (Oxford 
Medical Instruments, Old Working, United Kingdom). The 

room temperature was 23–26°C during the process. To 
investigate the presence of peripheral neuropathy, sural 
nerve sensorial conduction studies in both lower extrem-
ities, tibial and peroneal nerve motor conduction studies 
in one lower extremity, and median/ulnar nerve sensorial 
and motor conduction studies in one upper extremity were 
performed in all cases. The autonomic functions of the 
patients were evaluated by SSR and RRIV tests. Both tests 
were performed while lying in the supine position in the 
semi-dark room. During the recording, the superficial skin 
temperature in the recording area was kept between 32°C 
and 36°C.

SSR recordings were performed with superficial disc elec-
trodes. The active electrode was placed into the palm and 
reference electrode was placed on the dorsum of the hand 
for the upper extremities: For lower extremities, active 
electrode was placed on the medial portion of the sole; 
reference electrode was placed on the dorsum of the foot. 
The grounding electrode was placed at the wrist and an-
kle level. The recording system was set to 0.1–1000 Hz for 
frequency range, 0.5–2 mV/division for the sensitivity, and 
1–5 s/division for the sweeping speed. Stimulation applied 
to the non-dominant wrist on the median nerve and to the 
same side ankle on the posterior tibial nerve. Stimulation 
was performed with bipolar superficial electrodes, irregu-
lar, and 1-min intervals to avoid habitat with duration of 0.1 
s and with an intensity of 10–30 mA. At least eight success-
ful SSRs from both extremities were recorded simultane-
ously with each stimulus. Amplitudes and latencies of SSRs 
were evaluated in this study. The amplitude was measured 
from the negative peak to the positive peak. In each series, 
the average and highest amplitude values were recorded. 
The latency was calculated as the time from stimulus arti-
fact onset to the beginning of the response. The mean and 
shortest latency values of SSR latencies in each series were 
determined [11].

RRIV recordings were recorded by superficial disc elec-
trodes from the back of both hands after resting in the 
supine position for 10 min. Electromyography apparatus 
was used with filter settings at 20–100 Hz, a sensitivity of 
0.5 mV/division, and a sweeping speed of 2 s/division. The 
positive peak of the QRS complex was adjusted to the left 
side of the oscilloscope, using the delay-line technique for 
recording during resting and deep breathing at 6/min fre-
quency. Thus, two consecutive QRS complexes were made 
to fit the screen. At least 20 QRS complexes were triggered 
and following 20 were evaluated for RRIV. The formula a/b 
X 100 was used for the RRIV assessment. In this formula, 
“a” corresponds to the difference between the shortest and 
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longest R-R interval in a series of 20 and “b” corresponds to 
the time interval between the mean beginning of the fixed 
QRS and the mean value of the jittering QRS complex. RRIV 
at rest and deep breathing, the differences and the ratio 
of these two values were evaluated as well as the ratio of 
maximum RR distance to the minimum RR distance at rest 
and deep breathing [12].

Statistical Methods

SPSS 16.0 statistical package program was used for statis-
tical analysis. The distributional assumption in groups was 
assessed by the Kolmogorov–Smirnov test. For group com-
parisons, Mann–Whitney U test was used for abnormally 
distributed data, independent t-test was used for normally 
distributed data for continuous variables. Descriptive data 
were expressed with mean±standard deviation (mean±SD) 
or median (minimum-maximum) where appropriate. 
p<0.05 was accepted as the limit of significance in all sta-
tistical analyses.

Results
The mean age was 10.75±3.49 years in NE group including 
22 patients (12 boys and ten girls) and 10.91±3.10 years in 
control group with 20 children (14 boys and eight girls). 
There was no significant difference between the groups in 
terms of age and sex (p>0.05).

Palmar and plantar SSRs could be obtained in all subjects in 
NE and control groups (Figs. 1 and 2). There was no statis-
tically significant difference between two groups in terms 
of palmar and plantar minimum and average SSR latencies 
or maximum and mean SSR amplitudes of all extremities 
(p>0.05). Palmar and plantar SSR latency and amplitude 
values and statistical comparisons are shown in Table 1.

RRIV traces were recorded at rest and with deep respira-
tion in all individuals in enuresis and control groups (Figs. 
3 and 4). RRIV mean values were 29.7±16.3% at rest and 

49.6±23.1% with deep respiration in the control group; 
31.9±17.3% at rest and 55.4±35.7% for deep breathing in 
the enuresis group. RRIV values obtained with deep respi-
ration were significantly increased compared to RRIV val-
ues obtained at rest in both groups (p<0.01). There was no 
statistically significant difference in RRIV values obtained 
at rest and deep respiration, differences, and rates of RRIV 
values obtained at rest and with deep respiration, and the 
ratio of maximum RR distance and minimum RR interval 
obtained at rest and with deep respiration between two 
groups (p>0.05). RRIV data and statistical comparisons of 
both groups are given in Table 2.

Discussion
NE is a clinical and genetically heterogeneous disease ob-
served in 5–10% of the 7-year-old population. It is assumed 
that its pathogenesis is multifactorial. The enuretic child 
wets his/her bed because either bladder (over-) filling fails 
to wake him/her up or uninhibited detrusor contractions 
fail to wake him/her up or both. According to this way of 
looking, enuresis is a result of nocturnal polyuria, nocturnal 
detrusor hyperactivity, and high arousal threshold [2,13].

Nocturnal excess urine production due to lack of nocturnal 
vasopressin has been shown in some of the children with 
enuresis. However, polyuria is not observed in all enuret-
ics, and enuresis is not seen in all children with polyuria. 
Furthermore, the presence of polyuria cannot explain why 
children do not wake up [13]. Many enuretic children wet 
their bed either their bladder is full or they suffer from noc-
turnal detrusor hyperactivity. Although some of the stud-
ies with urodynamic and cystometric measurements have 
shown normal diurnal bladder function in children with 
enuresis,[14,15] many studies showed that uninhibited de-
trusor contractions develop during sleep [16-18]. Besides, 
the coexistence of NE with urgency or urge incontinence 
and smaller urine volumes of children with non-polyuric NE 

Figure 1. Right palmar sympathetic skin response trace sample in a 
patient with nocturnal enuresis.

Figure 2. Right plantar sympathetic skin response trace sample in a 
patient with nocturnal enuresis.
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may be shown as indirect evidence for this hypothesis [13]. 
Bladder distention and detrusor contractions are strong 
arousal stimuli. Therefore, it was thought that enuretic chil-
dren were deep sleepers but it was shown that there was 
no predominance of bed-wetting during non-rapid eye 
movement sleep and the children with enuresis spent a 
higher percentage of total sleep time in light sleep and had 
higher cortical arousal indices [19-22].

These data suggest that a common regulator responsible 
for the continuation of the physiological balance of urine 
production – bladder contraction and probable arousal 
with bladder distension or detrusor contraction, which is 
normally necessary to remain dry at night, may be impaired 
in NE. The fact ANS plays a role in the continuity of these 
three physiological equilibria[23-26] suggest that a disorder 

in ANS may result in NE. Therefore, in children with NE, it is 
possible to have an idea about the etiology and the treat-
ment can be predicted. There are few studies in the litera-
ture evaluating autonomic functions in NE. Cardiac and oc-
ular tests were usually used to assess autonomic functions 
in these studies and the results are contradictory [3-10].

Yakıncı et al.,[4] examined the autonomic functions of chil-
dren with NE using clinical and electrocardiographic tests 
during the day. The parasympathetic nervous system hy-
peractivity was shown and the sympathetic nervous sys-
tem functions were normal in children with NE in their 
study group.Two studies using 24-h holter electrocardio-
gram have contradictory results. One of them suggested 
a sympathovagal imbalance in the predominance of sym-

Table 1. Latency and amplitude values of palmar and plantar sympathetic skin responses

 Control group n=20 NE Group n=22 p

Palmar SSR minimum latency-R (s)ǂ 1.15±0.95 1.20±0.12 0.112*
Palmar SSR minimum latency-L (s)ǂ 1.16±0.85 1.22±0.13 0.147*
Palmar SSR average latency-R (s)ǂ 1.32±0.11 1.36±0.11 0.232*
Palmar SSR average latency-L (s)ǂ 1.31±0.89 1.34±0.12 0.450*
Palmar SSR maximum amplitude-R (mV)ǂ 6.42±4.05 5.44±3.42 0.186*
Palmar SSR maximum amplitude-L (mV)± 4.95 (2.30–20.2) 4.70 (1.10–14.5) 0.900**
Palmar SSR average amplitude-R (mV)ǂ 3.50±1.70 3.43±2.29 0.320*
Palmar SSR average amplitude-L (mV)± 3.21 (0.80–10.1) 3.36 (0.86–11.6) 0.743**
Plantar SSR minimum latency-R (s)± 1.93 (1.40–2.10) 1.83 (1.42–2.48) 0.950**
Plantar SSR minimum latency-L (s)± 1.92 (1.42–2.04) 1.80 (1.42–2.80) 0.588**
Plantar SSR average latency-R (s)ǂ 2.06±0.13 2.07±0.35 0.762*
Plantar SSR average latency-L (s)± 2.07 (1.71–2.19) 2.07 (1.49–3.03) 1.000**
Plantar SSR maximum amplitude-R (mV)± 3.90 (1.50–22.5) 3.14 (0.80–11.5) 0.488**
Plantar SSR maximum amplitude-L (mV)± 3.40 (2.10–18.8) 2.90 (1.20–10.2) 0.217**
Plantar SSR average amplitude-R (mV)± 2.24 (0.91–12.9) 2.20 (0.45–6.81) 0.623**
Plantar SSR average amplitude-L (mV)± 2.39 (1.08–13.4) 1.94 (0.70–7.65) 0.217**

SD: Standart Deviation; Min-Max: Minimum-Maximum; R: Right; L: Left; NE: Noctunal Enuresis; *Independent t-test; **Mann Whitney U test; ±Median 
(Min-Max); ǂMean±SD;SSR: Sympathetic skin responses.

Figure 3. Resting RR interval variability trace samples in a patient 
with nocturnal enuresis. Figure 4. Deep breathing RR interval variability trace samples in a 

patient with nocturnal enuresis.
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pathetic activity in NE;[3] and in the other study, increased 
parasympathetic activity was shown [6]. In another study 
using the same method, it was shown that parasympa-
thetic activity during sleep was higher in the enuresis and 
control group than during the daytime and it was more 
significant in the enuresis group. During the daytime, sym-
pathetic activity in control group and parasympathetic 
activity in enuresis group were more dominant. These 
data suggested that children with enuresis have parasym-
pathetic system hyperactivity during sleep and daytime 
and that the cyclical rhythm of ANS functions is impaired 
in children with NE. After treatment, improvement of the 
impairment in the cyclic rhythm of ANS functions in chil-
dren with NE was also shown in this study [5]. In one of 
the two studies evaluating ocular autonomic functions, 
pupil diameter measurements were performed and pupil 
diameter was found to be wider in children with NE and 
this result was interpreted in favor of ANS dysregulation 
as parasympathetic hypoactivity [7]. In the other study in 
which the pupil cycle time was evaluated, it was suggested 
that pupil cycle time which was found to be prolonged in 
children with NE showed parasympathetic system hypoac-
tivity and as a result, parasympathetic system dysfunction 
in this patient group [8]. In a study aimed to assess risk fac-
tors for excessive autonomic activation during sleep and 
its association with sleep problems, impaired behavior, and 
poor academic performance in primary school children; 
ANS functions were assessed with nocturnal home pulse 
oximetry and they suggested that children with excessive 
autonomic activation had a higher prevalence of enuresis 
[9]. In most recent study, children with NE were evaluated 
using continuous ambulatory blood pressure monitoring 
during sleep to assess heart rate and blood pressure. The 
decreased change in heart rate during sleep was shown 
and it was termed as autonomic disruption [10]. In the 
present study, autonomic functions in children with NE 
were evaluated in two standardized tests with high sensi-

tivity (SSR and RRIV) in a standard electroneuromyography 
laboratory, and no significant difference was found be-
tween the enuresis and control groups. Contrary to expec-
tations, these results suggest that there is no impairment of 
autonomic functions in children with NE. This conclusion is 
in contradiction with the results of the studies mentioned 
above. This may be due to differences in methods between 
studies and may also be due to limitations in studies.

In general, the reliability of the results obtained in the stud-
ies is highly correlated with the sensitivity and specificity 
of the selected tests. Among many tests used to assess 
ANS, SSR and RRIV are commonly used neurophysiologi-
cal ones due to their easy application and reliable results 
[27,28]. In a study of patients with peripheral neuropathy, 
it was suggested that at least one of these two tests was 
found pathologic in all patients with clinical disautonomia. 
These results indicate that if both tests are used together, 
their diagnostic values are quite high and preferable for the 
diagnosis of autonomic dysfunction [29]. It is also reported 
in the literature that at least two autonomic tests should 
show abnormalities to confirm the presence of autonomic 
dysfunction [30]. However, in studies suggesting autonomic 
dysfunction in children with NE was only cardiac or ocular 
ANS tests were used [3-10].

Some limitations of this study may have an effect on the re-
sults. The most important one is the low number of cases in 
the groups. Furthermore, the tests used during the daytime 
were applied in this study and these application times of 
the tests were not standardized. Therefore, an autonomic 
dysfunction which is more prominent during sleep may 
not be detected. As a matter of fact, in some of the pre-
vious studies, all-day tests were used, [3,5,6] but there are 
studies assessing ANS momentarily in the daytime and also 
showed autonomic dysfunction [7,8].

Although various factors (Arginine-vasopressin deficiency, 
detrusor hyperactivity, and sleep disorders) may be re-

Table 2. Control and NE group RR interval variability data

 Control group n=20 NE group n=22 p

Resting RRIV (%)ǂ 29.7±16.3 31.9±17.3 0.669*
Deep ınspiration RRIV (%)± 42.7 (16.2–111.0) 41.7 (18.8–144.4) 0.840**
Resting RR Max RR/Min RR± 1.31 (1.16v2.35) 1.33 (1.10–2.05) 0.669**
Deep Inspiration RR Max RR/Min RR± 1.54 (1.18–3.50) 1.53 (1.21–6.19) 0.840**
Δ Deep Inspiration RRIV - Resting RRIV (%)± 19.3 (0.94–80.4) 21.5 (0.04–85.3) 0.940**
Deep breathing RRIV/Resting RRIV± 1.69 (0.34–4.73) 1.82 (0.48–4.09) 0.920**

SD: Standard Deviation; Min-Max: Minimum-Maximum; RRIV: RR Interval Variation; NE: Nocturnal enuresis. *İndependent t-test; **Mann Whitney U test; 
±Median (Min-Max); ΔMean±SD.
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sponsible for the etiopathogenesis of enuresis, autonomic 
functions were not evaluated in any study in which patients 
were categorized by etiology or etiologic evaluation was 
not carried out in studies assessing autonomic functions [3-

10]. The regulatory function of ANS may be more decisive in 
any of these physiological factors than in others.

The results of this study indicate that autonomic functions 
can be detected as normal in NE groups that are etiolog-
ically heterogeneous, suggesting that autonomic dys-
function alone may not be responsible for all the different 
etiopathogenesis of NE. There is a need for further studies 
in which cases are classified according to the etiology by 
objective tests and the effect of the treatment on ANS func-
tions is evaluated. Thus, besides evaluating the relationship 
between enuresis and ANS function, assessing which etio-
logic factors are related to probable autonomic dysfunction 
may be ensured. With the results of these studies, ANS tests 
may be useful in the treatment approach and follow-up.
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