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Purpose: Controversy exists regarding the role preoperative urodynamic study for asymptomatic closed spinal dysraphism as 
it has failed to reveal the benefit in surgical decision and expectation of urological outcomes. We explore the relationship be-
tween preoperative videourodynamic study and postoperative urological outcomes after toilet training completed, focusing on 
their capability of spontaneous voiding.
Methods: We retrospectively reviewed the data of 181 patients who underwent preventive spinal cord untethering and fol-
lowed at least till the completion of toilet training. Before untethering, patients underwent preoperative videourodynamic 
study. Postoperative voiding function was evaluated in 3 phases: (1) till postoperative 6 months, (2) till the completion of toilet 
training, and (3) 2 years after toilet training. Changing distribution of emptying pattern at each period was described. Also, 
relevance to preoperative urodynamic parameters on spontaneous voiding and urinary continence after toilet training was as-
sessed.
Results: Spinal lipoma and low lying conus were found in 145 (80%) and 128 patients (70.7%), respectively. Spontaneous 
voiding was found in 125 (69.1%), 164 (90.6%), and 162 patients (89.5%) at postoperative 6 months, till the toilet training, and 
2 years after toilet training, respectively. Videourodynamics helped to clarify the presence of vesicourethral synergy. This was 
correlated with spontaneous voiding at postoperative 6 months and better urinary continence after 2 years of toilet training.
Conclusions: Eventual spontaneous voiding was achieved till toilet training in 90% patients following preventive untethering. 
Those showing preoperative vesicourethral synergy was associated with faster achievement of spontaneous voiding and better 
urinary continence when they enter elementary school.

Keywords: Urodynamics studies; Occult spinal dysraphism; Prophylactic surgery; Voiding characteristics; Tethering; Toilet 
training
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INTRODUCTION

Spinal dysraphism (SD) is an umbrella term referring to the 
group of the congenital spine and spinal cord defects and can 
be classified into open and closed types. Both of them may 
cause neurogenic bladder (NB) through the main mechanism 
of tethered cord syndrome (TCS), though the odds for the de-
velopment of NB are smaller for the latter [1]. Recent improved 
perinatal screening tests reveal increasing number of closed SD 
without evidence for TCS. Surgical indication for this group of 
patients has not been standardized, while most surgeons would 
agree that not all patients require preventive surgery.

When patients are affected by TCS, one of the most common 
and unwanted complications would be loss of volitional spon-
taneous voiding, which could lead to urinary incontinence and 
the necessity of clean intermittent catheterization (CIC). To 
prevent the development or to halt the progression of TCS, spi-
nal cord untethering (SCU) is contemplated since some neuro-
logic deficits become irreversible once urological or neuroor-
thopedic deteriorations become evident [2-4]. For those who 
are asymptomatic indicating those without overt neurological 
problems, the aim of SCU is prevention from functional loss, 
whereas for those with signs of neurologic abnormalities, the 
purpose of SCU should be therapeutic to halt the progressive 
deterioration and possibly to save neurological damage. Preop-
erative urodynamic study (UDS) can be performed to examine 
the presence of occult urological problems attributed to TCS or 
to assess the severity of these problems in case of obvious uro-
logical deterioration.

Meanwhile, performing and interpreting UDS for infants with 
suspicious TCS is challenging even in experienced urologists. 
Given poor verbal communication in all patients, up to 1/3 of 
children were said to be uncooperative during the UDS [5]. To 
circumvent this nonphysiological situation, performing UDS 
under placement of suprapubic catheter or sedation can be 
considered. This also appears invasive and could adversely af-
fect some urodynamic parameters. In addition, interpretation 
of UDS is also problematic. abnormal neurologic findings such 
as detrusor overactivity (DO) or detrusor sphincter dyssynergia 
(DSD) can be seen in neurologically normal children [6]. More-
over, such findings are often ambiguous unlike the case for overt 
neurologic lesions like spinal cord injury. Managing pre-toilet-
trained children is not easy and they would not void in the 
presence of catheter without overt neurologic lesions. Limited 
urodynamic data for this age are available and no urodynamic 

finding has not been accepted as pathognomonic to TCS.
Up to now, dozens of studies have described the urodynamic 

changes following SCU and attempted to reveal the role of pre-
operative UDS. Some detected abnormal bladder functions, 
others reported changes in urodynamic variables following 
SCU, though parameters that were reported to undergo chang-
es after SCU were not consistent between them [2,4,5,7-17]. 
This was at least partially due to the fact that most studies com-
pared single postoperative UDS performed in various postop-
erative periods with preoperative one, ignoring the possibility 
of developing bladder function in children. Thus, inclusion of 
urodynamic data performed regular postoperative periods 
would be more ideal but this is impractical and sometimes too 
invasive to most patients with normal spontaneous voiding. 
Based on our experience, applying regular UDS in these pa-
tients may be encountered noncompliance in substantial num-
ber of patients.

To address this issue, we devised noninvasive follow-up pro-
tocol utilizing portable ultrasound bladder scanner. Sparing 
UDS only for those with abnormal postvoid residual (PVR) 
volume could save required number of follow-up UDS substan-
tially. As most of patients achieved toilet training (TT) with 
spontaneous voiding and became continent, this could be re-
garded as normal voiding function and surrogate long-term 
outcome that every SCU want to get. Association with preoper-
ative urodynamic data would reveal important preoperative 
urodynamic findings relevant to normal voiding.

Therefore, the main objective of this study was to reveal im-
portant preoperative urodynamic findings relevant to good 
long-term outcomes. In addition, changing pattern of sponta-
neous voiding and requirement of CIC will be longitudinally 
described. This would be important data for counselling and 
follow-up of such patients.

MATERIALS AND METHODS

Data Collection
This was a retrospective observational study of 219 patients 
with SD, who received the SCU at a tertiary children’s hospital 
from January 2009 to December 2016. The inclusion criteria 
were as follows: (1) received the diagnosis of congenital closed 
spinal dysaraphism without the overt evidence for neurological 
deterioration and performed preventive SCU at our hospital; 
(2) underwent preoperative videourodynamic study (VUDS); 
(3) were followed at least till the completion of TT. Data of 38 
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patients who showed neuroorthopedic signs of TCS or urody-
namic evidences for NB were not included in analysis. After all, 
a total of 181 patients were included in the final analysis. The 
study was approved by the Institutional Review Board (#1809-
029-969) before the commencement.

Determination of SCU
Our neurosurgeons decide to perform preventive untethering 
in case of (1) significantly lower-lying conus medullaris (below 
L3), (2) increased amount of syrinx, (3) presence of intradural 
lipoma (not a filar lipoma), and (4) high-risk SD for deteriora-
tion (cutaneous dermal sinus, hemangioma, or split cord mal-
formation). Before SCU, neurosurgeons referred patients to 
urology for preoperative evaluation with VUDS.

Videourodynamic Study
All VUDS was performed following the International Children’s 
Continence Society recommendation [18]. Usually, no anesthe-
sia was applied in patients less than 9 months old and coopera-
tive patients. While the presence of parents, distracting toys or 
watching YouTube were helpful for stabilizing children, some 
patients required sedation due to significant anxiety or agitation 
during the procedure, which could adversely affect the perfor-
mance and interpretation. The patients received either oral 
midazolam or intravenous dexmedetomidine under the sur-
veillance of pediatric anesthesiologists at the time of insertion 
of catheter. It was reported that sedation for catheter placement 
does not impair the quality of spontaneous voiding [19,20] 
though this could not guarantee that the use of medication did 
not affect the quality of UDS.

Prior to cystometry, measurement of PVR urine was first at-
tempted with portable ultrasound scanner. During cystometry, 
bladder was gradually filled until either the start of voiding or 
reaching 130% of estimated bladder capacity at rates adjusted to 
5%–10% of estimated bladder capacity. In those with the inabil-
ity to void, the bladder was considered to reach its full capacity 
when patients became intolerable due to discomfort or experi-
enced continuous leakage, or end filling pressure was steadily 
over 30 cm H2O. During the storage phase following parame-
ters were measured and evaluated: compliance, cystometric ca-
pacity, end filling pressure for those who failed show spontane-
ous voiding, DO, presence of vesicoureteral reflux (VUR) and 
DSD. Significant DO was defined when multiple or single epi-
sodes of discernible (more than 15 cm H2O) idiopathic detru-
sor activities before reaching cystometric capacity. During void-

ing with noticeable detrusor activity, synergy was defined as 
funneling of bladder neck and opening of urethra. On the other 
hand, DSD was defined as active sphincteric movement in the 
face of elevating detrusor pressure. It is often associated with 
dilated posterior urethra or concomitant sphinteric activity of 
surface perineal electromyography (EMG). Reduced bladder 
compliance was defined when the calculated compliance at ca-
pacity was less than 10 mL/cm H2O. VUR found during the 
study was also recorded.

Gradual opening of the bladder neck during filling phase of 
VUDS and decreased anal tone during placement of rectal 
catheter were recorded as potential markers of neurologic defi-
cit relevant to TCS [17]. Decreased anal tone was defined as 
ability of insertion of fingertip with minimal resistance.

While synergic voiding with detrusor activity is easy to dis-
cern, DSD was sometimes difficult to determine. No patient 
showed typical DSD associated with hyperactivity of perineal 
surface EMG. Instead, they presented lack of funneling of blad-
der neck or closing action of urethra as opposed to funneling 
seen in vesicourethral synergy (Fig. 1). This was confirmed by 
comparison of sequential changes of sphincteric zone during 
VUDS. As we were not convinced that this nonsynergic move-
ment of sphincter were actual DSD seen in NB, this phenome-
non was described as ‘lack of synergy.’

After 100%–130% of bladder filling according to estimated 
capacity, we waited at least for 20 minutes till the commence-
ment of voiding. When there was no demonstration of voiding, 
patients were allowed to void without catheter and PVR was 
again measured. Without the history of continuous wetting and 
evidence of incompetent urethral sphincter during VUDS, nor-
mal PVR was assumed to be indirect evidence for synergic 
spontaneous voiding. Patients with persistently high PVR even 
after multiple voiding attempts and showing aforementioned 
sphincteric movement was designated ‘lack of synergy’ sugges-
tive of DSD due to presence of occult TCS.

Protocols for Urologic Evaluation and Follow-up
Following successful SCU, most children showed spontaneous 
voiding with normal PVR. Apart from aforementioned paren-
tal reluctance in performing regular follow-up UDS, preform-
ing UDS was even more challenging because of intact pain 
sense during catheterization and limited verbal communica-
tion. Sometimes, they would often not void in the presence of 
catheter not to mention difficulty in placing catheter. Thus, we 
followed them with noninvasive PVR measurement and spared 
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UDS in case of (1) persistently elevated PVR or (2) recurrent 
episodes of foul odor urine, hematuria, or fever suggestive of 
urinary tract infection or (3) persistent wetting despite the 
proper management.

During PVR measurement, parents were requested to see 
whether diaper might be wet in every 30 minutes and ultra-
sound bladder scanner was applied as soon as confirming wet 
diaper. If the measured PVR was more than 20% of age-adjust-
ed estimated bladder capacity, patients were asked for another 
session of the measurement whether it became normalized 
with repetitive attempt. The resultant lowest measured volume 
was recorded to be PVR of the patients.

Following SCU, the need for CIC was determined based on 
PVR measurement. In those who were capable of spontaneous 
voiding, they usually followed every 3–6 months with PVR 
measurement until TT, and the follow-up was extended to an-
nually once they were adequately toilet trained. Our practical 
definition of TT was no requirement of regular diaper at their 
daily life. Achievement of TT can be regarded as maturation in 
terms of voiding function. Thus, postoperative voiding function 
was separately evaluated in 3 phases: (1) up to postoperative 6 
months, (2) till the completion of TT, and (3) 2 years after TT 
when children usually enter school. Renal and bladder ultra-
sound was conducted annually.

Statistical Analysis
Descriptive statistics were performed to summarize clinical 
characteristics as well as urodynamic parameters. Continuous 
variables and categorical variables were described as mean± 
standard deviation and percent to the total number, respective-
ly. The chi-square and t-test were performed to compare the 
differences in continuous and categorical variables, respectively. 
Multivariate logistic regression analysis was performed to con-
firm the association between preoperative VUDS parameters 
and long-term outcomes including spontaneous voiding and 
urinary incontinence. A P-value of less than 0.05 will be consid-
ered statistically significant.

RESULTS

Clinical and urodynamic features were depicted in Table 1. The 
mean age at preoperative UDS and SCU was 5.6 and 6 months, 
respectively. Approximately 80% and 70% of patients were re-
ported to have intraspinal lipoma and lower-lying conus re-
spectively. Measurement of PVR and VUDS revealed that 139 
(76.8%), 156 (86.2%), and 172 patients (95%) showed findings 
of normal PVR, compliance, and synergy, respectively. Patients 
achieved TT at the mean of 43 months and their mean follow-
up periods was 92 months (72–134 months). Sedation was re-
quired in 58 patients (32%). Comparison of those receiving se-

Synergy

Lack of synergy

Fig. 1. Typical pattern of videourodynamic findings of vesicourethral synergy. Upper panel indicates synergy in 3 individual patients 
and lower panel indicates lack of synergy. Vesicourethral synergy typically shows funneling of bladder neck and active dilation of ure-
thra whereas lack of synergy revealed failure of funneling of bladder neck and passive opening of urethra in the face of increasing vesi-
cal pressure. Sometimes, dyssynergic active closure of sphincter (arrow), characteristic of detrusor sphincter dyssynergia was seen.



64    www.einj.org

Kim, et al.  •  The Role of Videourodynamic Study Prior to Spinal Cord UntetheringINJ

Int Neurourol J  March 31, 2022

dation and those not revealed significantly lower incidence of 
DO and higher cystometric capacity while other urodynamic 
parameters were comparable (data are not shown).

Fig. 2 showed distribution of emptying pattern at each time 
points with regards to the presence of synergy. Until 6 months 
of SCU, 123 patients (71.5%) of preoperative synergy were ca-
pable of spontaneous voiding with normal PVR, on the other 
hand, during the same period, spontaneous voiding was seen in 
2 out of 9 patients (22.2%) who showed lack of synergy. Until 
the TT, 39 patients (22.6%) and 5 patients (55.6%) with and 
without preoperative synergy, respectively achieved spontane-
ous voiding. Two years after TT, no delayed achievement of 
spontaneous voiding was observed. Conversely, 2 patients be-
came deteriorated and required CIC. Of 19 patients eventually 
required CIC, 11 patients were diagnosed secondary TCS and 
received reoperation for secondary TCS.

Tables 2 and 3 showed the univariate and multivariate analy-
sis, respectively between preoperative urodynamic parameters 
and postoperative spontaneous voiding and continence after 
TT. Only synergy was associated with restoration of spontane-
ous voiding until 6 months of SCU and urinary continence af-
ter TT.

DISCUSSION

This study was conducted to clarify the role of preoperative 
VUDS in asymptomatic closed SD patients at risk of future 
TCS. Though all patients were asymptomatic, their clinical fea-
tures are reported to harbor more than 60% and 80% risk of 

Table 1. Patient clinical characteristics and preoperative urody-
namic findings

Characteristic Value

Age at UDS (mo) 5.6±6.5 (0–40)

Age at SCU (mo) 6.0±8.0 (1–44)

Sex

Male 80 (44.2)

Female 101 (55.8)

Diagnosis

Lipoma 149 (82.3)

Tethered cord syndrome 32 (17.7)

Conus Level

L2–3 33 (18.2)

L3–4 34 (18.8)

Below L5 114 (63)

Syringomyelia 

Present 35 (19.3)

Absent 146 (80.7)

Electromyography

Normal 158 (87.3)

Abnormal 19 (10.5)

Incomplete 4 (2.2)

Time to TTa) (mo)  43.0±17.2 (21–68)

Preoperative urodynamic findings

Residual volumeb)

<20% 139 (76.8)

≥20% 42 (23.2)

Anal tone 

Competent 139 (76.8)

Incompetent 42 (23.2)

Bladder neck

Closed 104 (57.5)

Open 77 (42.5)

Compliance 

≥10 mL/cm H2O 156 (86.2)

<10 mL/cm H2O  25 (13.8)

Vesicourethral synergy

Synergic 172 (95)

Lack of synergy 9 (5)

Detrusor overactivity

Yes 25 (13.8)

No 156 (86.2)

Characteristic Value

Small capacityc) 

Yes 38 (21)

No 143 (79)

Values are presented as mean±standard deviation (range) or number 
(%).
UDS, urodynamic study; SCU, spinal cord untethering. 
a)TT, toilet training–under the name of tethered cord syndrome, 6 pa-
tients with dermal sinus, 3 patients with hemangioma, 7 patients with 
limited dorsal myeloschisis, 7 patients with low-lying conus, 3 patients 
with syringomyelia, 2 patients terminal myelocystocele and 4 patients 
with thickened filum terminale were included. b)It was adjusted by esti-
mated capacity for age. c)It was defined as less than 70% of estimated 
age-adjusted capacity.

Table 1. Patient clinical characteristics and preoperative urody-
namic findings (continued)

(continued)



www.einj.org    65

 Kim, et al.  •  The Role of Videourodynamic Study Prior to Spinal Cord Untethering INJ

Int Neurourol J  March 31, 2022

urological and urodynamic deterioration if they receive no 
treatment [21]. Exclusion of overtly symptomatic cases suggest-
ed the purpose of SCU is preventive and this contrasted to pre-
vious studies including mixture of symptomatic cases.

We have first attempted correlation of preoperative urody-
namic parameters with long-term clinical variables like sponta-
neous voiding or incontinence at the time of TT or after 2 years 
of TT. This is more feasible than comparing with those of single 
postoperative UDS, considering aforementioned reduced com-
pliance as reported by Broderick et al. [5] Furthermore, con-
tinuing maturation of bladder function would confuse the in-
terpretation.

For the first time, changing distribution of spontaneous void-
ing during long-term follow-up revealed several important re-
sults: (1) Preoperative VUDS help to predict immediate recov-
ery of spontaneous voiding; (2) Regardless of preoperative 
UDS, 70% patients who initially failed to show spontaneous 
voiding slowly achieve spontaneous voiding and this occurred 
until TT; (3) About 90% patients will achieve eventual sponta-

neous voiding. Synergy in preoperative UDS may indicate in-
tact reflex arc facilitating immediate recovery. This could be 
useful guide to refer in following-up patients after preventive 
SCU. Also, it should be borne in mind that about a third of pa-
tients required CIC until 6 months of SCU. Notably, compared 
to those lacking preoperative synergy, early achievement of 
spontaneous voiding was seen about 70% of those with preop-
erative synergy.

On the other hand, further follow-up of more than 6 months 
observed delayed achievement of spontaneous voiding in about 
70% patients who had failed to achieve spontaneous voiding 
until the 6 months of SCU. This delayed achievement has not 
been reported before. Based on the fact that this achievement 
was seen in similar rates regardless of preoperative synergy, we 
speculated the reason may lie in maturation of bladder function 
which can be expected before the completion of TT. It is also 
worth mentioning that no further improvement of spontane-
ous voiding was not seen after TT. Interestingly, the rate of de-
layed improvement was similar regardless of preoperative syn-

Preoperative urodynamic evaluation
N=181

Vesicourethral synergy
(n=172)

Lack of vesicourethral synergy
(n=9)
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Void
123 (68.0)
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49 (27.1)
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Void
2 (1.1)

CIC
7 (3.8)

Void
157 (86.7)

CIC
15 (8.3)

Void
7 (3.9)

CIC
2 (1.1)

Void
155 (85.6)

CIC
17 (9.4)

Void
7 (3.9)
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Fig. 2. Changing patients’ distribution of voiding status according to vesicourethral synergy. Evaluation was made at 2 time points of 6 
months after spinal cord untethering and toilet training. Changes in voiding status was indicated with arrows. Void, spontaneous 
voiding; CIC, clean intermittent catheterization; SCU, spinal cord untethering; TT, toilet training.
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ergy suggesting the common occurrence between those who 
had not recovered well until 6 months of SCU and those with 
lack of synergy who had not been recovered immediately from 

Table 2. Relationship between urodynamic parameter and voiding characteristics

Parameter
Postoperative to 6 months After toilet training Urinary continence

Spontaneous 
voiding CIC P-value Spontaneous 

voiding CIC P-value Continent Incontinent P-value

PVR (mL) 0.26 1.0 1.0
<20% 99 (54.7) 40 (22.1) 124 (68.5) 15 (8.3) 117 (64.6) 22 (12.2)
≥20% 26 (14.4) 16 (8.8) 38 (21.0) 4 (2.2) 36 (19.9) 6 (3.3)

Anal tone 0.57 0.57 0.81
Competent 94 (51.9) 45 (24.9) 123 (68.0) 16 (8.8) 118 (65.2) 21 (11.6)
Incompetent 31 (17.1) 11 (6.1) 39 (21.5) 3 (1.7) 35 (19.3) 7 (3.9)

Compliance 0.64 0.73 0.77
≥10 mL/cm H2O 109 (60.2) 47 (26.0) 140 (77.3) 16 (8.8) 131 (72.4) 25 (13.8)
<10 mL/cm H2O  16 (8.8) 9 (5.0) 22 (12.2) 3 (1.7) 22 (12.2) 3 (1.6)

Bladder neck 0.52 0.34 0.68
Closed 74 (40.9) 30 (16.6) 91 (50.3) 13 (7.2) 89 (49.2) 15 (8.3)
Open 51 (28.2) 26 (14.3) 71 (39.2) 6 (3.3) 64 (35.4) 13 (7.1)

Detrusor overactivity 1.00 1.00 0.55
Normal 108 (59.7) 48 (26.5) 139 (76.8) 17 (9.4) 133 (73.5) 23 (12.7)
Overactive 17 (9.4) 8 (4.4) 23 (12.7) 2 (1.1) 20 (11.0) 5 (2.8)

Small capacity 0.92 0.77 1.00
Normal 99 (54.7) 44 (24.3) 127 (70.2) 16 (8.8) 121 (66.9) 22 (12.2)
Small 26 (14.4) 12 (6.6) 35 (19.3) 3 (1.7) 32 (17.7) 6 (3.3)

Vesicourethral synergy 0.004 0.24 0.03
Synergy 123 (68.0) 49 (27.1) 155 (85.6) 17 (9.4) 148 (81.8) 24 (13.3)
Dyssynergy 2 (1.1) 7 (3.8) 7 (3.9) 2 (1.1) 5 (2.8) 4 (2.2)

Values are presented as number (%).         
CIC, clean intermittent catheterization; PVR, postvoid residual urine.

Table 3. Multivariate logistic regression of voiding characteristics and urinary continence

Parameter 

Spontaneous voiding
Urinary continence

Postoperative to 6 months After toilet training

OR 95% CI OR 95% CI OR 95% CI

PVR 1.52 (0.71–3.27) 0.91 (0.28–3.01) 0.76 (0.27–2.15)
Anal tone 0.63 (0.27–1.46) 0.56 (0.14–2.21) 1.25 (0.46–3.43)
Compliance 1.28 (0.49–3.35) 1.51 (0.36–6.27) 0.58 (0.15–2.27)
Bladder neck 1.29 (0.66–2.52) 0.60 (0.21–1.69) 1.29 (0.56–2.97)
Detrusor overactivity 1.19 (0.47–3.09) 0.91 (0.19–4.44) 1.69 (0.55–5.23)
Small capacity 0.99 (0.44–2.25) 0.68 (0.18–2.57) 0.93 (0.33–2.61)
Vesicourethral synergy 8.81 (1.74–44.59)* 2.41 (0.44–13.2) 6.07 (1.44–25.5)*

OR, odds ratio; CI, confidence interval; PVR, postvoid residual urine.
*P<0.05, statistical significance. 

harmful effect of TCS.
Since vesicourethral synergy requires normal coordinative 

function by pontine micturition center and intact conduction 
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of neural signal in spinal cord, loss of synergic voiding could 
suggest the presence of upper motor neuron lesion affecting 
this coordination. TCS could elicit upper motor neuron pathol-
ogy by mechanical traction and subsequent cord ischemia. 
While both DO and DSD are regarded as upper motor signs 
suggestive of the presence of TCS, DO can also be found in 
nonneurogenic etiology. To reveal DSD, fluoroscopic visualiza-
tion of sphincteric zone was attempted and we described the 
term “lack of synergy” instead of dyssynergy because the evi-
dent dyscoordinating sphincteric movement such as spinning 
top urethra was rarely evident in such a young and immature 
patient.

Along with early achievement of spontaneous voiding, pre-
operative synergy was correlated with continence after TT. As-
suming that SD is structural maldevelopment in spinal cord, it 
can be speculated that patients are likely to have functional im-
maturity involving bladder and bowel control. The presence of 
synergy may suggest better functional integrity than those not.

The limitation of this study should be mentioned. First, be-
cause this study was a retrospective study, some clinical infor-
mation was missing and we could not fully assess the potential 
effect of pharmacological interventions following SCU, such as 
anticholinergic or laxatives, as they can impact the storage and 
emptying function of bladder. Second, unlike other studies 
which included symptomatic patients and even adult popula-
tion, our population was rather homogenous population in-
cluding patients who received preventive SCU. Thus, the data 
revealed may not be extrapolated to other populations like open 
SD or symptomatic cases. Third, the use of a sedative agent may 
affect bladder contractility, as the preclinical study and our data 
has indicated [22,23]. Nevertheless, given the crucial role of 
vesicourethral synergy in future urological outcomes, we be-
lieve that applying sedation would provide us better view in ob-
serving voiding phase than letting patients tossing around with 
anxiety and agitation [24]. Thus, we advocated judicious use of 
this technique. Last but not least, our results were based on 
neurosurgical expertise which has been evolved for years. Thus, 
our data should be interpreted as such.

In conclusion, no preoperative urodynamic variable was re-
lated to capability of long-term spontaneous voiding. Instead, 
vesicourethral synergy in preoperative urodynamics was help-
ful to predict early achievement of spontaneous voiding and 
urinary continence following TT.
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