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ABSTRACT  
 

Introduction: The exact etiology of primary nocturnal enuresis is probably multi factorial and remains to be 
undetermined, ultrasound bladder measurements have the potential advantages of being highly reproducible, sensitive 
and non invasive. Objectives: to evaluate ultrasound role in assessment of bladder dysfunction in children with 
primary nocturnal enuresis before and after treatment. Patients and methods: this study included 30 children with 
primary nocturnal enuresis (NE) and 40 healthy children as a control group. Ultrasound measures of urinary bladder 
including :bladder volume index (BVI), bladder emptying efficiency (BEE), functional bladder capacity, bladder wall 
thickness (BT),  bladder volume and wall thickness index (BVWI) before treatment with oxybutynin (anti cholinergic) 
drug and clomipramin (tricyclic anti-depressant) for three months and after treatment were assessed. Results: 
Although, there was statistically high significant difference between cases and control regarding mean bladder volume 
index (BVI), there was no improvement after treatment. The mean (BVWI) and (BEE) were improved in patients 
after administration of  both oxybutynine and imipramine  as well as the mean bladder wall thickness (BT). Post 
voiding residual volume were significantly more in NE patients than controls improved in patients after treatment. 
53.3% of cases become completely dry, 26.7% showed partial improvement and 20% showed no improvement after 
treatment. Conclusion: Ultrasound measured bladder volume, bladder wall thickness and residual volume are strongly 
correlated to PNE and are highly predictive for response to therapy.  
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Introduction 
       

Nocturnal enuresis is wetting episodes occurring at least twice a week for a minimum of 3 consecutive 
months, after the age at which bladder control usually occurs (Shapira et al., 2010). 

Pharmacologic therapies to improve bladder capacity or reduce detrusor overactivity include anticholinergic 
medications such as oxybutynin and tolterodine (De Guchtenaere et al., 2009). Oxybutynine is an 
anticholinergic drug with direct smooth muscle relaxing properties (Azrin et al., 2008). 

Imipramine is a tricyclic antidepressant and its action is unknown, but it appears to have both a weak 
anticholinergic effect as well as an antispasmodic effect on the detrusor muscle. Imipramine has been found to 
increase concentrations of ADH release. It has been postulated that imipramine affects the arousal center of the 
brain by increasing arousal and suppressing rapid eye movement sleep (Graham and Levy, 2009).  

Ultrasound examination of the bladder, performed can be used to estimate functional bladder capacity, 
which can be compared with norms for bladder capacity according to age (Bael et al., 2006). Ultrasound 
measurement of bladder wall thickness can be used as predictor of lower urinary tract dysfunctions in children 
and adults (Yeung et al., 2004). 
 
Materials and Methods 

 
This is a case-control; follow up study was carried on 70 children. All of them were randomly selected from 

outpatient clinic of El-Zahraa universty hospital. This group included 30 children with primary nocturnal 
enuresis (more than 3 wet nights weekly), 9 males (30%) and 21 females (70%) with mean age (8.87±2.27years) 
. The studied cases were divided into pretreatment and  post treatment  groups. This study also included 40 
healthy children as a control group, 17 males (42.5%) and 23 females (57.5%), their mean age was 
9.01±2.27years. Children with secondary nocturnal enuresis were excluded from the study. 
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Methodology: 
 
All studied cases were subjected to: 
 

1. Full history taking with special stress on: Voiding habits, symptoms such as urgency, holding 
maneuvers, interrupted maturation, a weak stream and the need to use abdominal pressure to pass urine and 
constipation. 

2. Full clinical examination.  
3. Ultrasound measures of urinary bladder. Ultrasound studies were performed using a high-definition 

ultrasound (Ӽ vision type) unit with a 5 MHz frequency probe 
At study entry each patient underwent ultrasound measures of urinary bladder before treatment with 

oxybutynin (anti cholinergic) drug : 5ml or one tablet at bed time and clomipramine (tricyclic anti-depressant) 
The anti-enuretic dose is 25 to 50 mg at bedtime with the larger dose given to children older than 9 years for 
three months and then reassess after treatment. 
 
The following parameters were obtained: 
 
Measurement of Bladder volume index (BVI): 
 

Bladder volume index (Fig. 1) was measured by assessing the bladder from longitudinal and transverse 
planes when the child expressed fullness and a need to empty the bladder (first urge). The abdominal ultrasound 
imaging was used to obtain sagittal and transverse images of the largest cross sections of bladder visualized. The 
images were measured in the three orthogonal direction: from the top to bottom of the bladder (y) and at 90° to 
this (z) in the .sagittal plane and from left to right in the transverse plane (x) (Dudley et al., 2003). The volume 
was calculated by the ultrasound machine using formula Volume= x× y× z × k (k is constant (0.72) (Bih et al., 
1998). If the measured bladder volume index was less than 70% of the expected volume, the child was asked to 
wait longer until he or she achieved a volume greater than 70%, or was obviously distressed or actually 
incontinent (Sreedhar et al., 2008). 

 

 
 
Fig. 1: Ultrasound picture for bladder volume index (BVI). 

 
● Measurement of functional bladder capacity: 

 
Standard EBC (estimated bladder capacity for age= (30 + (age in yrs×30) in ml), This formula is useful up 

to 12 yrs after that EBC is 390 ml. Functional bladder capacity is calculated from: Measured BVI max/ standard 
EBC (estimated bladder capacity for age) (Neveus et al., 2006). 

Bladder over distension was defined as bladder capacity of 115% or greater of expected bladder capacity 
(Chang and Yang, 2009). Small bladder capacity is considered if <70% of EBC (Hagstroem et al., 2006). 
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● Measurement of bladder emptying efficiency (BEE): 
 

Bladder emptying efficacy was calculated from (BVI max – BVI empty)/BVI max as a percentage. If it was 
greater than 90%, the child was judged to have emptied normally and if less than 90%, the child was asked to 
void a second time (Sreedhar et al., 2008).   
 
● Measurement of bladder wall thickness (BT): 
 

The bladder wall thickness, the transducer was applied transversely in the sagittal plane of the abdomen 
with zoom and resolution optimized for viewing the bladder wall while the bladder is empty as bladder 
thickness measurement is least accurate when the bladder is full and most accurate when it is empty (Leung et 
al., 2007).  
 
● Measurement of bladder volume and wall thickness index (BVWI): 
 

The bladder volume and wall thickness index were calculated = (measured BVI max / measured BT) 
(Sreedhar et al., 2008). 

 
Statistical Methods: 

 
Data was analyzed by SPSS (Statistical Package for Social Sciences) under Windows (version 16). The 

Kolmogorov-Smirnov test was used to check for normality in the continuous variables All results were 
expressed as mean ± SD. Comparisons between groups were made using independent t-tests. The prevalence of 
parameters among the groups was compared by using a chi-square test. Pearson correlation coefficient analysis 
was used to assess correlations between continuous variables. Level of significance was accepted as P<0.05. 

 
Results: 
 

Table (1) shows age and sex distribution among studied cases, the common age was (6-8y) followed by (9-
11y) and (12-15y) respectively, 9 (30%) of them were male and 21 (70%) were female. Family history was 
present in 10%  of cases.  

Table (2) shows comparison between patients and the controls regarding BVI. Results showed high 
significant decrease in the mean BVI in studied cases compared to the controls, but no statistical significant 
difference was detected after treatment. 

Table (3) shows significant decrease in the mean functional bladder capacity (FBC) among cases compared 
to the controls but no significant difference was noted after treatment  

Tables 4, 5, 6 and Figure 2 showed statistically significant higher percentage of BEE<90% among pre 
treatment group compared to the controls, after treatment results showed significant higher percentage of 
presence of BEE<90% among pre treatment group compared to post treatment group. BEE remained >90% in 
patients with initial BEE >90% & became >90% in 40% (10/25) of patients with initial BEE<90%, 70% (7/10) 
of them become completely dry. 

Table 7 and Figure 3 showed  that the mean  value of bladder wall thickness (BT) was  statistically 
significantly increased in patients compared to the controls, after treatment (BT) it showed statistically 
significant decreased  in the mean (BT) in post treatment  group  

Tables 8, 9 and 10 showed statistically significant higher percentage of residual volume >30ml among pre 
treatment group compared to the controls. Statistically significant higher percentage of presence of residual 
volume >30ml was noted among pre treatment compared to post treatment group. The residual volume become 
<30ml in 70.5% of patients with initial RV>30%, 75% (9/12) of them became completely dry. Pearson’s 
correlation test showed that there was a positive correlation between BEE and RV (Figure 4). 

 Table 11 shows statistically significant difference between cases and control group as regard the mean 
BVWI. Significant increase in the mean BVWI   in post treatment compared to pre treatment group was noted. 

Figure 5 shows treatment outcome with imipramine and oxybutynine in children with NE, 53.3% (16/30) 
became completely dry, 26.7% (8/30) showed partial improvement and 20% (6/30) showed no improvement. 
 
Discussion: 

 
Nocturnal enuresis is a common health problem among Egyptian children, as in many other populations. 

The prevalence rate of primary enuresis in children was found to be 11.5% (Al-Kot and Deeb, 2012). 
Decreasing frequency of NE by increasing age suggest a maturational deficit either at the level of nocturnal 

urine production or bladder function. Most studies have shown decreased prevalence of NE with increasing age 
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(Yeung et al., 2006). In the present study we reported that NE was more common in age group 6-8 years old 
(53.3%) which agreed with many studies (Wen et al., 2006 ;Tai et al., 2007).  

Positive family history of enuresis was reported to be a major risk factor for enuresis (Hazza and Tarawneh, 
2002). In the present study among enuretic children 53.3% (16/30) of them had a positive family history of 
enuresis which agreed results of Abd Al-Aziz et al., (2011 ).  

Regarding ultrasound assessment of the mean bladder volume index (BVI), we found significant  difference 
between cases and the controls.  After treatment, there was no significant difference between pretreatment and post 
treatment groups. These results were in agreement with El-sayed et al. (2012) who reported that (BVI) as a single 
factor showed no response to treatment. In contrary, Neveus et al. (2001) found that a small capacity was found 
in non-responders.  

In the present study, according to the formula used to assess functional bladder capacity, most of our 
enuretic cases had small bladder capacity. This was in disagreement with Abd Al-Aziz et al. (2011) who 
reported that there was no significant difference between them and their age matched controls. There was no 
statistically significant difference between pre and post treatment groups  as regard mean functional bladder 
capacity (FBC) ,and treatment had no statistically significant effect on FBC in spite  some authors found that 
bladder capacity is a key factor in determining the most suitable treatment modality (Neveus et al., 2001).  

Bladder emptying efficiency (BEE) was significantly lower in cases than controls which reflect bladder 
abnormality. In the present study we reported that 62.5% (25/40) of controls had BEE >90% compared to 16.7% 
(5/30) of patients,.These results are in agreement with  Abd Al-Aziz et al. (2011) who found that 72.09% of  the 
controls had BEE >90% compared to 56.52% (5/30) of patients. Moreover, BEE improved in patients after 
administration of oxybutynine and imipramine for 3 consecutive months since only 16.7% (5/30) of cases had 
BEE >90%, improved to be 50% (15/30). More interestingly, our results proved that bladder emptying 
efficiency (BEE) could give a precise correlation to treatment outcome. On follow up US bladder evaluation, 
BEE remained >90% in patients with initial BEE >90% and improved & became >90% in 40% (10/25) of 
patients with initial BEE<90%, 70% (7/10) of them become completely dry .These finding agreed with Tafuro 
et al. (2009) who reported that there was significant improvement of BEE after administration of antimuscrinic 
treatment. 

We reported that there was a statistically high significant difference of the mean bladder wall thickness 
(BT) between cases and the  controls.. Moreover, our results proved that bladder wall thickness (BT) could be 
used as a predictor for treatment outcome as the mean (BT) improved in patients after administration of both 
oxybutynine and imipramine .These results appear to be in agreement with El-sayed et al. (2012) who reported 
that there is significant relation between bladder wall thickness and both severity of nocturnal enuresis and 
treatment response. Increased thickness was associated with severe enuresis and poor response to behavioral 
therapy. This also was consistent with the findings of Yeung et al. (2004). In addition, Tafuro et al. (2009) 
found that 75.7% of patients were fully responders with normal BW thickness and 18.1% were partially 
responders, with an improvement in BW thickness, while only 6.2%were classified as non responders with a 
thickened BW. 

Residual urine is the amount of urine left in the bladder immediately after voiding. Normally, it should be 
zero (Neveus et al., 2006).. The unavoidable delay of a few minutes after finishing voiding until ultrasound 
assessment, results in bladder refilling with up to 5 ml.  More than 20 ml residual urine indicates abnormal or 
incomplete emptying (Neveus et al., 2006) provided that no time delay exceeding 5 min from end of voiding till 
ultrasound is performed. This can be compensated by subtracting 1-2 ml from measured residual urine for every min 
after 5 min (Neveus et al., 2006). That is why in our work, we considered residual volume less than and more than 30 
ml as we examined cases 10 min after voiding (5×2=10 + 20 =30ml) and this was in agreement with Abd Al-Aziz et 
al. (2011). High post -void residual volume could result from bladder hypo-contractility (Kelly, 2004).  

In the present study there was statistically high significant difference between cases and control group as 
regard the mean residual volume (RV). Also our  results showed that  post voiding residual volume were 
significantly more in NE patients than controls as it was >30ml in 56.7% (17/30) of enuretic patients compared 
with 17.5%(7/40) of controls. These results are in agreement with Abd Al-Aziz et al. (2011) who found that 
enuretic patient have residual volume (RV)> 30ml were 32.65% compared to 22.2% of controls. 

More interestingly, our results proved that residual volume could give a precise correlation to treatment 
outcome. The mean (RV) improved in patients after administration of both oxybutynine and imipramine, since 
the mean (RV) in pre treatment group was (41.07±40.057) declined to be (25.95±17.101) in post treatment 
group with P value 0.06. The residual volume (RV) improved in patients after administration of oxybutynine 
and imipramine for 3 consecutive months since only 43.3% (13/30) of cases had RV <30ml, improved to be 
83.3% (25/30) (table12). On follow up US bladder evaluation, residual volume remained <30ml in patients with 
initial RV <30ml and improved & become <30ml in 70.5% (12/17) of patients with initial RV>30%, 75% (9/12) 
of them became completely dry. 

There was statistically high significant difference between cases and control group as regard the mean 
BVWI, there was marked improvement of  mean (BVWI) after administration of both oxybutynine and 
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imipramine,. These results are in agreement with  El-sayed et al. (2012) who reported that using BVWI gave a 
more precise correlation to severity and treatment response. 

A number of studies have investigated the role of bladder volume, bladder wall thickness and BVWI in the 
response of MNE to drug therapy. However, to our knowledge, there is a lack of literature referring to the role 
of combination of imipramine and oxybutynine.  

Compared with other treatment modalities, in the present study we found that 53.3% (16/30) of cases 
become completely dry, 26.7% (8/30) showed partial improvement and 20% (6/30) showed no improvement 
after treatment with imipramine to oxybutynine. El-sayed et al. (2012) reported that after administration of 
behavioral therapy a complete response in 21.6% and a good response in 33.8% of children, while a partial 
response was reported in  24.3% and 20.3% showed no response. Tafuro et al. (2009) reported that during the 
clinical re-evaluation of NE patients after administration of antimuscrinic agent (oxybutynine), 65.3% were fully 
responders while 25.8% were partially responders and 8.9% were non responders. 

• In conclusion- Ultrasound measured parameters provide useful predictive clues for the underlying 
bladder dysfunction in patients with PNE that may be helpful in differentiating treatment subgroups, and 
guiding clinical management. Larger study and longer periods of follow up are essential to establish the relapse 
rate, complications and treatment response to a combination therapy with oxybutinin and imipramine. 

 

 
Fig. 2: Correlation between BEE and RV. 

 
 

 
 
 
 

Fig. 3: Treatment outcome among studied cases. 
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Fig. 4: Correlation between BEE and RV. 
 

 
 

Fig. 5: Treatment outcome among studied cases 
 
 

Table 1: Distribution of age, sex and family history among cases group. 
Variant  No % 

 
 

Age in years 

6-8 16 53.3 
9-11 10 33.4 
12-15 4 13.3 

 
Sex n (%) 

 
 
 

21 (70% female) 

 
 
 

9 (30% male) 

 
 

P < 0.05● 

 
Family history 

Positive 16 53.3 
Negative 14 46.7 
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Table 2: Comparison of mean bladder volume index (BVI) between cases and control groups and between patients (pre and post treatment) 
Controls Patients 

 
 
 

(N=40) 
 

Mean ± SD 

Pre-treatment 
 

(N=30) 
 

Mean ± SD 

Post-treatment 
 

(N=30) 
 

Mean ± SD 

242.58 ± 104.29 181.81 ± 68.16
**

 206.22 ±71.63 
##

 
** 

P < 0.01, compared with controls 
## 

P < 0.01, compared with pre treatment patients 
 
Table 3: Comparison of mean functional bladder capacity (FBC) between cases and control groups and between patients (pre and post  
                     treatment). 
Controls Patients 

 
 
 

(N=40) 
 

Mean ± SD 

Pre treatment 
 

(N=30) 
 

Mean ± SD 

Post treatment 
 

(N=30) 
 

Mean ± SD 

81.17 ± 30.21 64.83 ± 29.39** 73.45 ± 27.74# 
** 

P < 0.01, compared with controls 
# 

P < 0.05, compared with pre treatment patients 
 
Table 4: Comparison of bladder emptying efficiency (BEE) between cases and the controls. 
 

BEE 
Group 
Cases Control 

 
<90 

no. 25 15 
% 83.3% 37.5% 

 
>90 

no. 5 25 
% 16.7% 62.5% 

 
Total 

no. 30 40 
% 100.0% 100.0% 

Chi- 
Square X

2
 

13.988 

 
P 

 
0.001** 

 
Table 5: Comparison of bladder emptying efficiency (BEE) between pre and post treatment groups. 
 

BEE 
Group 
Pre-treatment Post-treatment 

 
<90 

no. 25 15 
% 83.3% 50.0% 

 
>90 

no. 5 15 
% 16.7% 50.0% 

 
Total 

no. 30 30 
% 100.0% 100.0% 

Chi-Square 
X

2
 

5.934 

P 0.015* 
 

Table 6: Comparison of bladder emptying efficiency (BEE) and prognosis between pre and post treatment groups. 
 
 

Groups 

Prognosis  
 

Total 

 
 

X2 

 
 

P-value 
completely dry not controlled partially 

improved 
 
 
 
 
 

pre 

 
 
 

BEE 

 
<90 

no. 13 6 6 25  
 
 
 
 

0.182 

 
 
 
 
 

0.913 

% 52% 24% 24% 100.00% 
 

>90 
no. 3 0 2 5 
% 60% 0% 40% 100.00% 

 
Total 

no. 16 6 8 30 
% 53.30% 20.00% 26.70% 100.00% 

 
 
 
 
 

post 

 
 
 

BEE 

 
<90 

no. 6 5 4 15  
 
 
 
 

3.667 

 
 
 
 
 

0.16 

% 40.00% 33.30% 26.70% 100.00% 
 

>90 
no. 10 1 4 15 
% 66.70% 6.70% 26.70% 100.00% 

 
Total 

no. 16 6 8 30 
% 53.30% 20.00% 26.70% 100.00% 

 



4702 
J. Appl. Sci. Res., 9(8): 4695-4704, 2013 

 

 

Table 7: Comparison of mean bladder wall thickness (BT) between cases and control groups and between patients (pre and post  
               treatment) 

Controls Patients 
 
 

(N=40) 
 

Mean ± SD 

Pre treatment 
 

(N=30) 
 

Mean ± SD 

Post treatment 
 

(N=30) 
 

Mean ± SD 
0.263 ± 0.068 0.371±.093** 

0.313 ± .1107
#

 
** 

P < 0.01, compared with controls 
# 

P < 0.05, compared with pre treatment patients 
 

Table 8: Comparison of residual volume (RV) between cases and control groups. 
 
 

RV 

Group 
Pre treatment  

Control 
 

<30 ml 
no. 13 35 
% 43.3% 87.5% 

 
>30 ml 

no. 17 5 
% 56.7% 12.5% 

 
Total 

no. 30 40 
% 100% 100% 

 
Chi- Square 

2 
X 

15.571 

 
P 

0.0001** 

 
Table 9: Comparison of residual volume (RV) between patients pre and post treatment groups. 
 

RV 
Groups 
Pre Post 

 
<30 ml 

no. 13 25 
% 43.3% 83.3% 

 
>30 ml 

no. 17 5 
% 56.7% 16.7% 

 
Total 

no. 30 30 
% 100% 100% 

Chi-Square X2
 

10.335 

P 0.001** 
 
Table  10: Comparison  of  residual  volume  (RV)  and  prognosis between pre and post treatment groups. 

 
Groups 

Prognosis  
Total 

 
X2 

 
P-value completely dry not controlled partially 

improved 
 
 
 
pre 

 
 
Residual 

 
<30 

no 6 3 4 13  
 
 
0.475 

 
 
 
0.789 

% 46.20% 23.10% 30.80% 100.00% 
 
>30 

no. 10 3 4 17 
% 58.80% 17.60% 23.50% 100.00% 

 
Total 

no. 16 6 8 30 
% 53.30% 20.00% 26.70% 100.00% 

 
 
 
post 

 
 
Residual 

 
<30 

no. 15 4 6 25  
 
 
2.85 

 
 
 
0.241 

% 60.00% 16.00% 24.00% 100.00% 
 
>30 

no. 1 2 2 5 
% 20.00% 40.00% 40.00% 100.00% 

 
Total 

no. 16 6 8 30 
% 53.30% 20.00% 26.70% 100.00% 

 
Table 11: Comparison of mean bladder volume wall thickness index (BVWI) between cases and control group 

Controls Patients 
 
 
(N=40) 
 
Mean ± SD 

Pre treatment 
 
(N=30) 
 
Mean ± SD 

Post treatment 
 
(N=30) 
 
Mean ± SD 

974.95 ± 457.46 
540.22 ± 323.59

**
 792.433 ± 474.86

#
 

** 
P < 0.01, compared with controls 

# 
P < 0.05, compared with pre treatment patients 
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