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ABSTRACT

Purpose: Currently, detethering surgery (DS) is the modality most extensively utilized to treat
primary tethered cord syndrome (TCS). Disappointingly, some children without bladder im-
pairment showed a deterioration of bladder function after surgery, which critically influences
the health-related quality of life. It was hypothesized that the DS might have a significant effect
on bladder function and psychology. Therefore, the purpose of this study was to investigate the
effect of DS on bladder function and quality of life in children with primary TCS.

Materials and Methods: A retrospective study of 83 patients aged 6 to 10 years who were
diagnosed with TCS and underwent DS between 2022 and 2023. The urodynamic param-
eters and score, psychological-behavioral profile, and lower urinary tract symptoms were
compared before and after DS. Additionally, the patients were divided into the normal group
and the abnormal group according to the preoperative urodynamics parameters.

Results: A total of 66 children fulfilled the criteria, with a mean age at surgery of 89.5 +
13.7 months. There were statistically significant differences in bladder detrusor sphincter
synergy and urodynamic score and no statistically significant difference in the remaining
urodynamic parameters and psychological-behavioral items before and after DS. The pro-
portion of bladder dysfunction that improved or did not worsen after surgery was higher
in the Abnormal group than in the Normal group. Nevertheless, the detection rate of each
psychological behavior abnormality in children with TCS was higher compared with that of
normal children, both preoperatively and postoperatively.

Conclusions: DS could not considerably ameliorate pre-existing bladder dysfunction and
patients exhibiting non-progressive bladder dysfunction could be treated conservatively
with close observation. TCS plagues patients all the time even if detethering. Psychological
counseling for children with TCS should be strengthened after DS.
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INTRODUCTION

Tethered cord syndrome (TCS) is presumed
to be a diverse clinical entity characterized by the in-
creased tension of the conus medullaris or cauda equi-
na due to a comparatively low-lying level. Overstrain of
the spinal cord could lead to “traction” ischemia and im-
paired oxidative metabolism, manifesting a constellation
of clinical symptoms and signs of tension-induced cord
dysfunction, predominantly back pain, orthopedic defor-
mities, neurological deficits, and intestinal and urologi-
cal disturbances (1). TCS is usually divided into primary
and secondary TCS. The primary TCS is commonly seen
in children and most of them show the different forms of
congenital spinal closure disorders. The secondary form
is an acquired pathology caused by previous operations,
scar tissue development after open dysraphism closure,
inflammation, or neoplasia (2, 3).

Primary TCS is one of the main causes of neu-
rogenic bladder and its clinical manifestations include
different types of low urinary tract symptoms (LUTS).
Currently, DS is one of the invasive procedures to treat
primary TCS but the results are controversial (4-7). Bow-
man and colleagues (5) reported that 64% of patients
showed improvements in voiding function after DS. On
the other hand, Valentini et al. (6) demonstrated that ear-
ly DS was unable to halt preoperative urodynamic im-
pairment, and radical surgery carried a high risk of new
neuro-urological deterioration in chaotic lipoma and
terminal myelocystocele. Additionally, some children
suffering from primary TCS diagnosed by MRI, without
LUTS, showed a bladder impairment after DS, which
critically influenced the health-related quality of life (4).
No doubt, current patients' treatment selection is sub-
optimal, leading to over- or under-treatments. Obviously,
further observation and research on the therapeutic ef-
fect of DS from the perspective of bladder function and
quality of life is warranted.

It was hypothesized that a DS might have a sig-
nificant effect on bladder function and psychology. In
this study, children with primary TCS were investigated
and followed up after DS. The therapeutic impact of
surgery on bladder function was assessed by compar-
ing urodynamic parameters pre- and post- detethering.
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Moreover, LUTS and psychological behavior modifica-
tion in patients were quantitatively evaluated by ques-
tionnaires. Ultimately, we investigated the effect of DS
on bladder function in children with primary TCS.

MATERIAL AND METHODS

Patient spectrum

A total of 83 children aged 6 to 10 years with pri-
mary TCS consulted in the Pediatric Urodynamic Center of
the First Affiliated Hospital of Zhengzhou University from
October 2022 to December 2023 were retrospectively re-
viewed. This study was approved by the hospital Ethics
Committee (IRB 2018-NY-86). Primary TCS was diagnosed
in children after spinal MRI (fatty or thickened filum sig-
nals/conus medullaris located caudal to L2). At the time
of the initial clinic visit, each case underwent meticulous
history questioning and whole-body physical examina-
tion. Detailed historical information should pay attention to
surgical history, medications, family history, voiding habits,
and whether the patient ever experienced urologic symp-
toms. Physical examination includes the dorsal spine, cu-
taneous stigmata, and the lower extremity motor and sen-
sory function. Sensory assessment should cover pinprick,
tactility, and proprioception. Evaluation for defecation is
also imperative. The flow chart is shown in Figure-1.

The patients were included after meeting the
following criteria: [1] Children 6 to 10 years old diag-
nosed with primary TCS based on clinical symptoms,
signs, and imaging (spinal cord cone located below the
L2 vertebral body on MRI); [2] Underwent DS for the first
time; [3] Urodynamic testing within 1 month prior to sur-
gery (8); [4] Comprehensive case data and cooperated
with follow-up for more than 3 months.

Exclusion criteria: [1] Underwent multiple DS;
[2] Children with other significant comorbidities, such
as myelitis, Guillain-Barre syndrome, and myasthenia
gravis, shared similar symptoms with primary TCS and
affected the determination of postoperative efficacy; [3]
Diagnosed with primary TCS but with other diseases
leading to urinary tract malformations, skeletal devel-
opmental malformations, and bowel malfunction; [4] In-
complete urodynamic parameters and case data before
and after surgery and missing visits.
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Figure 1- The flow chart of the study.
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Surgical procedure and conservative therapy

All patients underwent total resection of spinal
lipomas by the same group of neurosurgeons. The pa-
tient was placed in the prone position, and intravenous
inhalation anesthesia was routinely administered. The
subcutaneous lipoma was separated up to the vertebral
defect, and the vertebral plate was incised at the head of
the defect to expose the normal anatomy, and then the
subcutaneous lipoma was progressively removed from
head to tail and into the spinal canal cavity. The spinal
cord and cones were detached from the dura matter
where they were attached by cutting with microscopic
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scissors to release the embolism. The end filaments were
then explored and cut off if infiltrated with fat. Finally, the
split spinal cord was closed with interrupted sutures, the
dura was closed tightly, and the paraspinal muscles, lum-
bosacral fascia, subcutaneous fat, and skin were sutured.

Patients were selected for appropriate treat-
ment options such as clean intermittent catheteriza-
tion, anticholinergics, clean intermittent catheterization
combined with anticholinergics, and behavioral therapy
(pelvic floor muscle training, etc.) before and after sur-
gery, according to the patient’s urodynamic findings and
symptoms (9, 10).
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STUDY PARAMETERS

Urodynamic testing

Urodynamics (UDS) constitutes an indispens-
able modality for urologists to assess the function of
lower urinary tract. Moreover, UDS is administered
according to the methods recommended by the Inter-
national Children’s Continence Society (ICCS) (11). The
UDS parameters included maximum flow rate (Qmax),
post void residual (PVR), maximum cystometric blad-
der capacity (MCC), bladder compliance (BC), and de-
trusor activity (detrusor instability or hyperreflexia). In
addition, the detrusor-sphincter synergy during void-
ing was assessed by recording the EMG activity of
the external anal sphincter with perineal surface elec-
trodes. Pre- and postoperative Qmax, PVR, MCC, BC,
detrusor activity, detrusor-sphincter synergy, and UDS
scores (Table-S1) were compared in children with pri-
mary TCS. Meyrat et al. introduced for the first time that
the UDS score could be used as an objective tool for
UDS interpretation (12). The urodynamic scores were
as follows: MCC, BC, detrusor activity, and detrusor-
sphincter synergy were graded and summed up to ob-
tain UDS score. MCC, BC, detrusor activity, detrusor-
sphincter synergy quantified values >1, and UDS score
>4 were abnormal (13).

LUTS questionnaire

Patients were quantitatively appraised for
LUTS according to the Lower Urinary Tract Dysfunc-
tion Research Network Symptom Index-29 (LURN SI-
29) (14). The LURN SI-29 calculates a total score based
primarily on five brief scales measuring urgency, in-
continence, voiding difficulty, nocturia, and pain, plus
nine separate questions about frequency, nocturnal ur-
gency, sensation, incomplete emptying, dribbling after
urination, bifurcation of urine flow, and overall distress.
Total scores were positively correlated with LUTS and
higher scores mean worse symptoms. The reliability of
the scale has been verified and could provide granular
and precise information about LUTS (15). In the study,
the children and parents completed questionnaires
based on the patients' LUTS symptoms with the help
of a professional medical practitioner. In an initial ex-
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amination of the reliability of the LURN SI-29, all scales
had internal consistency (Cronbach’s alpha) greater
than 0.7 (15-17).

Strengths and Difficulties Questionnaire (SDQ)

The questionnaire was completed by the chil-
dren's families under the guidance of medical profes-
sionals. SDQ comprises 25 items distributed into five
scales. Emotional problems, conduct problems, hy-
peractivity, and peer interaction problems, with higher
scores considered abnormal, were added together to
obtain a total difficulty score; pro-social behavior, with
lower scores considered abnormal. SDQ has been ex-
tensively evaluated and widely applied to assess be-
havior disorders. The reliability and validity of SDQ
make it a friendly screening measure of psychosocial
problems for children and adolescents (18-20). The
Cronbach's alpha for this questionnaire was 0.784 (18,
21, 22). The threshold values of abnormality for each
factor were total difficulty score > 17, emotional prob-
lems > 5, conduct problems > 4, peer interaction prob-
lems > 4, hyperactivity > 7, and pro-social behavior < 4;
the normal level was defined as total difficulty score <
13, emotional problems < 3, conduct problems < 2, hy-
peractivity < 5, peer interaction problems < 2, and pro-
social behavior > 6; the middle range was the border-
line status. In administering the SDQ questionnaire to
patients, emotional problems, conduct problems, hyper-
activity, peer interaction problems, pro-social behavior,
and total difficulty scores of the questionnaire were cat-
egorized into normal and abnormal groups according
to their scores as required, with the former comprising
both normal and borderline scores. The questionnaire
was completed by the children's families under the guid-
ance of medical professionals.

Group processing

Children with primary TCS were divided into
two groups according to the preoperative UDS pa-
rameters: The normal bladder function group (Normal
group) and the bladder dysfunction group (Abnormal
group). The postoperative urinary system of the chil-
dren in the two groups were analyzed according to
the alterations of the postoperative UDS parameters.
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Normal bladder function was defined as UDS score <4,
and improved bladder dysfunction was described as a
decreased UDS score (13). According to preoperative
symptoms and postoperative clinical outcomes, lower
extremity pain, motor dysfunction, and intestinal tract
dysfunction were classified as improvement (symp-
toms improved), stability (no change in symptoms but
no progression), ineffectiveness (failure to control the
disease and continued progression), and aggravation
(symptoms worsened), with improvement and stability
as effective treatment and ineffectiveness and aggra-
vation as ineffective treatment (23).

Statistical Analysis

SPSS 22.0 software was used for statistical
analysis of the data. The differences of each parameter
of UDS and each index of LURN SI-29 were tested for
normality at P < 0.05 and conformed to non-normally
distribution, expressed as median and quartiles [M (P25,
P75)], with Wilcoxon matched-pairs signed rank test.
Each entry of the SDQ questionnaire before and after
surgery in children with primary TCS was tested with

McNemar's test. Count information of Normal and Ab-
normal groups was expressed as frequency and rate
(%), and comparisons were made using the Pearson
chi-square test. Two-sided test, test level a=0.05, P
<0.05 was considered statistically significant.

RESULTS

Baseline information

A total of 66 children fulfilled the criteria, com-
prising 35 male cases and 31 female cases (Table-1
and Table-S2). Age at operation ranged from 71 to
120 months, with a mean age of 89.5 + 13.7 months.
Follow-up time ranged from 3 to 10 months, with a
mean follow-up duration of 4.6 + 2.0 months. Cutane-
ous stigmata such as hyperpigmentation and hypertri-
chosis were present in 52 patients (78.8%). 35 (53.0%)
patients presented with preoperative lower extremity
disorders, and 19 (28.8%) patients presented with pre-
operative intestinal tract dysfunction. There were 44
patients with preoperative bladder dysfunction, includ-
ing 7 patients (15.9%) with constipation and 9 patients
(20.5%) with fecal incontinence.

Table 1 - Characteristics of patients undergoing detethering surgery for tethered cord syndrome.

TCS Type Sacral Cutaneous Findings Lower Extremity Intestinal Tract Bladder Dysfunction
Dysfunction Dysfunction
Type n (%) Symptom n (%) Symptom n (%) Symptom Symptom n (%)
Transitional 33 Hyperpigmentation 29 (43.9) Normal 31(47.0) Normal 47 (71.2) Normal 22 (33.3)
LMMC (50.0)
Dorsal 14 Normal 14 (21.2) Weakness of 20 (30.3) Constipation  11(16.7) Urinary 20 (30.3)
LMMC (21.2) both feet incontinence
Filum n Tufts of hair 14 (21.2) Clubfoot 1(16.7) Fecal 9 (13.6) Weak stream 1(16.7)
terminale (16.7) incontinence
lipoma
Caudal 9 Sacral mass 14 (21.2) Ankle deformity 2 (3.0) Enuresis 1(16.7)
LMMC (13.6)
Dimple 10 (15.2)  Plantar flexion 2(3.0) Dysuria 9 (13.6)
weakness
Skin tag 5(7.6) Left leg 2(3.0) Urgency 8 (12.1)
weakness
Urine hesitation 2(3.0)

LMMC = lipomyelomeningocele
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Comparison of UDS pre- and post detethering
Preoperatively, a considerable proportion of
cases presented with aberrant MCC (51.5%), BC (65.1%),
detrusor activity (81.8%), detrusor-sphincter synergy
(63.6%), and UDS scores (60.6%). Postoperatively,
a larger number of cases exhibited abnormal MCC
(60.6%), BC (72.7%), detrusor activity (90.9%), detrusor-
sphincter synergy (77.3%), and UDS scores (75.8%). The
patients’ UDS scores before and after surgery were:
improved (21, 31.8%), unchanged (14, 21.2%), and wors-
ened (31, 47.0%). The urodynamic parameters, including
Qmax, PVR, MCC, BC, and MCC (% of CV norm), showed
no statistically significant differences before and after
detethering. The UDS scores, including MCC, BC, and
detrusor activity, showed no statistically significant dif-
ferences before and after detethering. However, sig-
nificant differences were observed in bladder detrusor
sphincter synergy and urodynamic score (Table-2).

The variations of LUTS, hydronephrosis, and urinary
tract infection pre- and post detethering

In order to further corroborate the change in
LUTS following surgery, quantitative scoring of patients’
LUTS was performed and compared before and after the
procedure. The results revealed that there were statisti-
cally significant differences in urinary urgency, inconti-
nence, voiding difficulty, urinary pain, and total score.
Postoperative follow-up demonstrated deteriorations in
urinary incontinence, urgency, dysuria, and overall LUTS
score. However, nocturia did not exhibit a statistically
significant difference between preoperative and postop-
erative follow-up, indicating that it did not improve (Ta-
ble-2). Preoperative hydronephrosis 12 patients (18.2%),
postoperative reduced to 7 patients (10.6%); Preopera-
tive urinary tract infection 8 patients (12.1%), postopera-
tive reduced to 3 patients (4.5%).

Psycho-behavioral changes pre- and post-detethering

Grounded on qualitative analysis of the SDQ
data before and after the surgery, we determined wheth-
er the children's psychological behavior improved or
deteriorated. Statistical results showed that emotional
problems, character problems, hyperactivity, peer inter-
action problems, engaging in pro-social behavior, and
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total difficulty score did not altered (All P > 0.05, Table-2).

The detection rates of abnormal preoperative
scores were relatively high, with emotional problems,
conduct problems, hyperactivity, peer interaction prob-
lems, pro-social problems, and total SDQ scores exhibit-
ing abnormal rates of 53.0%, 18.2%, 28.8%, 40.9.%, 3.0%,
and 36.4%, respectively. The detection rates of abnor-
mal postoperative scores were found to be 54.5%, 21.2%,
25.8%, 39.4%, 3.0%, and 36.4%, respectively.

Group processing results

There were no statistically significant differ-
ences observed between the two groups for gender dis-
tribution, lower extremity pain and motor dysfunction,
and intestinal tract dysfunction following surgery (all P >
0.05, Table-3). However, it was noteworthy that the pro-
portion of patients exhibiting improved or stable bladder
function post-surgery was higher in the Abnormal group
compared to the Normal group (x2 =10.482, P = 0.001).

DISCUSSION

TCS is known to be a progressive disease, and
bladder dysfunction is closely related to the develop-
ment of the disease. Bladder wall thickness, urinary
nerve growth factor value, and UDS can be used as in-
dicators to predict disease progression All kinds of in-
dexes such as the bladder wall thickness, urinary nerve
growth factor values, UDS, etc can be used as a predic-
tion index of disease progression (24, 25). Among them,
the UDS is the gold standard method for determining
the type and degree of bladder dysfunction in children
with TCS and can be an objectively useful test for indi-
rectly determining neurological function (26). The uro-
dynamic manifestations of children with primary TCS
are bladder dysfunction during the filling phase, the
voiding phase, or both, with predominantly hyperac-
tive urethral reflexes, DSD, reduced BC, anosognosia,
and hypocontractility of the detrusor (12, 27). The ab-
normal urodynamic findings in the 66 children in our
study were similar to those described above, mainly in
terms of abnormalities in MCC, BC, detrusor activity,
detrusor-sphincter synergy, Qmax, and PVR, and the
changes in Qmax, PVR, MCC, BC, and detrusor activity
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Table 2 - The UDS, LUTS and SDQ results before and after tethered cord syndrome.

Variables Preoperative M (P25, P75) Postoperative M (P25, P75) Z/X? P
Urodynamic testing Qmax 12 (8.75,15.00) 12.00 (5.75,15.00) -0.584 0559
PVR 20 (6.75,50.00) 20.00 (5.00, 41.25) -0.309 0.758
Mcc 221.00 (190.25, 2540.00) 221,00 (180.25, 259.00) -0.348 0728
BC 23.00 (17.75, 25.00) 21.00 (16.75, 25.00) -n4 0.265
MCC (% of CV norm)a 0.95 (0.79, 1.06) 0.89 (0.72,1.03) -1.818 0.069
UDS score Mcc 1.00 (0.00, 2.00) 1.00 (0.00, 2.00) -1.009 0.313
BC 1.00 (0.00, 2.00) 1.00 (0.00, 2.00) -1.315 0189
Detrusor activity 2,00 (1.00, 3.00) 3.00 (1.00, 4.00) -1.860 0.063
Detrusor sphincter synergy 1.00 (0.00, 2.00) 1.00 (1.00, 2.00) -2.561 0.010
Overall score 4.00 (2.00, 7.00) 6.00 (3.75, 8.00) -2485 0.013
Lower Urinary Urinary urgency 0.00 (0.00, 16.67) 417 (0.00,18.75) -2.582 0.010
Tract Dysfunction . . .
Research Network Urinary incontinence 12.50 (0.00, 31.25) 16.67 (0.00, 50.00) -2.060 0.039
Symptom Index-29 Voiding difficulty 5,00 (0.00, 41.25) 1750 (0.00, 51.25) 2,679 0.007
Nocturia 0.00 (0.00, 0.00) 2.00 (0.00, 0.00) -0.868 0.385
Urinary pain 0.00 (0.00, 0.00) 0.00 (0.00,12.50) -2.066 0.039
Total scores 13.28 (3.80, 29.43) 17.71 (11.07, 32.90) -3.204 0.001
Strengths and Emotional problems 0.030 0.861
Difficulties
Questionnaire Normal n (%) 31(47.0) 30 (45.5)
Abnormal n (%) 35(53.0) 36 (54.5)
Behavioral problems 0.192 0.662
Normal n (%) 54 (81.8) 52 (78.8)
Abnormal n (%) 12(18.2) 14 (21.2)
Hyperactive attention 0.153 0.696
inability
Normal n (%) 47 (71.2) 49 (74.2)
Abnormal n (%) 19 (28.8) 17 (25.8)
Peer relationship problems 0125 0.723
Normal n (%) 39 (591) 40 (60.6)
Abnormal n (%) 27 (40.9) 26 (394)
Social behavior 0.000 1.000
Normal n (%) 64 (97.0) 64 (97.0)
Abnormal n (%) 2(3.0) 2(3.0)
SDQ score 0131 0.717
Normal n (%) 42 (63.6) 42 (63.6)
Abnormal n (%) 24 (36.4) 24 (364)

UDS = urodynamics; LUTS = lower urinary tract symptoms; SDQ = Strengths and Difficulties Questionnaire; Q. _ maximum flow rate; PVR
= post void residual; MCC = maximum cystometric bladder capacity; BC = bladder compliance
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Table 3 - Comparison of the improvement or deterioration of children with TCS in the two groups after surgery.

Variables Total Normal group Abnormal group X2 P
(n =66) (n=36) (n =30)

Gender 2.512 0.113

Boy (n, %) 29 (43.9) 19 (28.8) 10 (15.2)
Girl (n, %) 37 (56.1) 17 (25.8) 20 (30.3)

Lower limb 0.084 0.772

sensory and motor

dysfunction
45 (68.2) 24 (36.4) 21(31.8)

Effective (n, %)
21(31.8) 12 (18.2) 9 (13.6)

Ineffective (n, %)

Bowel dysfunction 1.744 0.187
43 (69.7) 26 (39.4) 17 (25.8)

Effective (n, %)
23 (34.8) 10 (15.2) 13 (19.7)

Ineffective (n, %)

Bladder dysfunction 10.482 0.001
34 (51.5) 12 (18.2) 22 (33.3)

Effective (n, %)
32 (48.5) 24 (36.4) 8 (12.)

Ineffective (n, %)

before and after the surgery were not significant. This
further confirms that as primary TCS progresses it can
lead to irreversible damage in bladder dysfunction.
The UDS score is obtained by summing the
graded quantitative values of these four parameters, and
its application complements the isolated parameters in
assessing the overall picture of neurological dysfunc-
tion preoperatively or deterioration postoperatively (12).
It has been shown that the combination of UDS scores
and the values of the parameters reflect neurological
dysfunction more comprehensively and accurately. The
UDS scores are also considered to be a useful indica-
tor of improvement or deterioration of bladder function
(13). The difference between pre- and post-surgical UDS
scores in children with primary TCS was statistically sig-
nificant, and the quantitative scores were higher in the
postoperative period than in the preoperative period. In
addition, the results of the LUTS questionnaire further
confirmed the deterioration of the patients’ LUTS post-
operatively. By comparing the UDS scores and the LUTS
questionnaire, it was easy to find that the bladder func-
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tion of the patients had an overall decreasing trend after
surgery. This is on the one hand due to the older age
of intervention when severe nerve damage existed. At
this time, prophylactic DS has been unable to reverse
the injury. On the other hand, it may be due to further
progression of the disease or damage to the nerves by
manipulation during surgery.

DS has been controversial, with the main point
of contention being the need for prophylactic surgery in
asymptomatic children. The arguments for prophylactic
DS are that a certain (undefined) percentage of these
patients will go on to develop symptomatic primary
TCS (28). Although the procedure is tempting and ef-
ficacious, a few patients do not derive any improvement
in long-standing. It was reported that seven children
with unremarkable preoperative UDS developed blad-
der dysfunction subsequent to surgery with five (71.4%)
culminating in permanent postoperative bladder dys-
function (6). McVeigh and colleagues came to a compa-
rable conclusion that DS involved noteworthy hazards
of spinal cord injury and high rates of retethering (29).
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However, a related study of adult spinal embolism may
also indirectly illustrate the presence of deterioration in
bladder function over time in children with asymptom-
atic TCS exhibiting lower urinary tract symptoms dur-
ing adulthood (30). It is undeniable that asymptomatic
patients with primary TCS may experience deterioration
of bladder function after surgery, but failure to operate
in such patients may result in bladder dysfunction pro-
gressing to irreversible damage. Therefore, we divided
66 study subjects into normal and abnormal groups for
comparative study, the improvement of bladder function
in abnormal group after surgery was better than that in
normal group, meanwhile, we compared gastrointestinal
and lower limb symptoms, and there was no difference
between normal and abnormal groups before and after
surgery. Therefore, asymptomatic children should be
carefully considered for surgery, and it is recommended
to carry out prior conservative treatment before surgery
and follow-up observation. Research on the beneficial
effects of prophylactic DS in asymptomatic patients re-
mains to be confirmed in large sample controlled, pro-
spective studies.

In the era of individualized medicine, the clini-
cal management of each patient should be thoughtfully
considered. The ICCS recommends that the overall risk
profile of DS should be carefully considered for asymp-
tomatic patients or those with fixed, mild abnormalities
(31). Surgery is only advocated if observation risks out-
weigh intervention. A meta-analysis on the treatment
of TCS highlighted that abnormal UDS results can be
used as supplementary evidence for the implementa-
tion of surgical intervention and that a more standard-
ized treatment plan for bladder dysfunction in patients
can be developed based on the UDS variations (32). In
the study, 66.7% of patients with normal preoperative
UDS had worsened UDS after surgery, whereas 71.4%
of patients who presented abnormal preoperative UDS
had improved or stabilized UDS. This illustrates that in
terms of bladder function, surgical treatment is gener-
ally not recommended for children without preoperative
bladder impairment, whereas the presence of abnormal
preoperative UDS may be additional evidence for ag-
gressive surgical intervention.

Children with primary TCS, as well as caregivers
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and medical practitioners, commonly had a multitude of
concerns regarding neurogenic bladder, pharmacologi-
cal management, and financial expenditure. The numer-
ous and wide-ranging mental concerns plague patients
all the time. Indeed, the pervasive and far-reaching
nature of these concerns underscores the profound
impact that primary TCS can have on the psychologi-
cal well-being of pediatric patients and their families. It
was reported that children and adolescents with lower
urinary tract dysfunction appeared to be 2.6-fold more
likely than normal to develop emotional and behavioral
problems. Alternatively, the presence of constipation
alongside bladder dysfunction further exacerbates the
psychological symptoms (33). A population-based in-
vestigation showed that children with elimination dis-
orders such as urinary and fecal incontinence were
demonstrated as a nexus with anxiety and depression
symptoms (34). These psychological disturbances hold
a negative impact on management of urinary diseases,
patient adherence to treatment, and overall clinical out-
comes, thereby creating an ever-worsening cycle (35).
To assess whether emotional and behavioral problems
are more common in children and adolescents with pri-
mary TCS, our institution used the SDQ questionnaire
to investigate whether surgery can alleviate the misery
endured by patients. It was observed that children diag-
nosed with primary TCS exhibited significantly elevated
rates of detection for all types of SDQ compared to their
typically developing peers in this study. In particular,
they displayed notably higher rates of emotional prob-
lems (52.5%) and peer relationship problems (39.3%),
indicating a significant burden on their psychological
well-being. The presence of lower limb deformities and
the inability to control urination and defecation in chil-
dren with primary TCS contributed to their alienation
from peers or peer alienation. In turn, this could pre-
cipitate a cascade of negative psychological outcomes
such as diminished self-worth and other mental health
disorders. The findings indicated that the presence of
primary TCS severely affected children’s psychological
behavioral problems. Moreover, there was no signifi-
cant difference in psychological behavioral assessment
pre- and post-surgery, possibly due to the incomplete
resolution of symptoms, limited follow-up duration, and
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insufficient attention to a family environment and psy-
chological support and education. Therefore, healthcare
professionals and patients’ families should enhance
psychological counseling and health education for chil-
dren with primary TCS.

CONCLUSIONS

In the era of individualized medicine, it is imper-
ative to meticulously contemplate the multidisciplinary
clinical management of each patient with primary TCS.
In terms of bladder function, for children with primary
TCS who present abnormal or progressive bladder dys-
function, surgery is advocated; Children with primary
TCS exhibiting normal or non-progressive bladder dys-
function could be treated conservatively with close ob-
servation. Notably, children with primary TCS have se-
vere emotional and behavioral disturbances, leading to
reduced treatment adherence. Psychological counsel-
ing and health education for children with primary TCS
should be strengthened to ensure optimal care and de-
livery of the most favorable results, both preoperatively
and postoperatively.

ABBREVIATIONS

TCS = Tethered cord syndrome

LUTS = Lower urinary tract symptoms

LMMC = lipomyelomeningocele

UDS = Urodynamics

ICCS = International Children’s Continence Society
Qmax = Maximum flow rate

PVR = Post void residual

MCC = Maximum cystometric bladder capacity

BC = Bladder compliance

LURN SI-29 = Lower Urinary Tract Dysfunction Re-
search Network Symptom Index-29

SDQ = Strengths and Difficulties Questionnaire

COMPLIANCE WITH ETHICAL
STANDARDS

The studies involving human participants were
reviewed and approved by The Ethics Committee of the

Int Braz J Urol. 2025; 51: €20240311

First Affiliated Hospital of Zhengzhou University (Ethi-
cal approval number. 2018-NY-86). Written informed
consent to participate in this study was provided by the
participants’ legal guardian/next of kin. Research involv-
ing human research participants must have been per-
formed in accordance with the Declaration of Helsinki.

FUNDING

This research was funded by a grant from Na-
tional Natural Science Foundation of China (U1904208).

AVAILABILITY OF DATA AND MATERIAL

The datasets generated during and/or analyzed
during the current study are available from the corre-
sponding author on reasonable request.

ACKNOWLEDGEMENTS

Shuai Yang, Zhaokai Zhou, Xingchen Liu
The authors had equal contribution on this study

CONFLICT OF INTEREST
None declared.
REFERENCES

1. Liu M, Deng W, Lu YY, He YZ, Huang LY, Du H. Surgical
treatment of tethered cord syndrome showed promising
outcome in young children with short duration. Eur
Rev Med Pharmacol Sci. 2023;27:1831-6. doi: 10.26355/
eurrev_202303_31545,

2. Finger T, Aigner A, Depperich L, Schaumann A, Wolter S,
Schulz M, et al. Secondary tethered cord syndrome in adult
patients: retethering rates, long-term clinical outcome, and
the effect of intraoperative neuromonitoring. Acta Neurochir
(Wien). 2020;162:2087-96. doi: 10.1007/s00701-020-04464-w.

3. Agarwalla PK, Dunn IF, Scott RM, Smith ER. Tethered
cord syndrome. Neurosurg Clin N Am. 2007;18:531-47. doi:
10.1016/j.nec.2007.04.001.

4.  Broderick KM, Munoz O, Herndon CD, Joseph DB,
Kitchens DM. Utility of urodynamics in the management

1de 10


https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/

10.

.

12,

13.

14,

of asymptomatic tethered cord in children. World J Urol.
2015;33:1139-42. doi: 10.1007/500345-014-1414-2.

Bowman RM, Mohan A, Ito J, Seibly JM, McLone DG. Tethered
cord release: a long-term study in 114 patients. J Neurosurg
Pediatr. 2009;3:181-7. doi: 10.3171/2008.12. PEDS0874.
Valentini LG, Babini M, Cordella R, Beretta E, Destro F,
Murabito P, et al. Early de-tethering: analysis of urological
and clinical consequences in a series of 40 children. Childs
Nerv Syst. 2021,37:941-9. doi: 10.1007/s00381-020-04838-6.
Ciesla L, Schneider J, Marco BB, Schulz M, Thomale UW,
Geppert T, et al. Importance of urodynamic evaluation of
bladder function after secondary untethering in spina bifida
patients: single center experience of 30 years. Pediatr Surg
Int. 2022;39:28. doi: 10.1007/500383-022-05297-7.

Kearns JT, Esposito D, Dooley B, Frim D, Gundeti MS.
Urodynamic studies in spinal cord tethering. Childs Nerv
Syst. 2013;29:1589-600. doi: 10.1007/s00381-013-2136-2.
Sager C, Barroso U Jr, Bastos JM Netto, Retamal G, Ormaechea
E. Management of neurogenic bladder dysfunction in children
update and recommendations on medical treatment. Int Braz
J Urol. 2022,48:31-51. doi: 101590/S1677-55381BJU.2020.0989.
Macedo A Jr, Ottoni SL, Moron A, Cavalheiro S, da Cruz ML.
In utero myelomeningocele repair and high-risk bladder
pattern. a prospective study. Int Braz J Urol. 2022;48:672-8.
doi: 10.1590/S1677-5538.1BJU.2022.0053.

Austin PF, Bauer SB, Bower W, Chase J, Franco |, Hoebeke P,
et al. The standardization of terminology of lower urinary tract
function in children and adolescents: Update report from the
standardization committee of the International Children's
Continence Society. Neurourol Urodyn. 2016;35:471-81. doi:
10.1002/nau.22751.

Meyrat BJ, Tercier S, Lutz N, Rilliet B, Forcada-Guex M, Vernet
O. Introduction of a urodynamic score to detect pre- and
postoperative neurological deficits in children with a primary
tethered cord. Childs Nerv Syst. 2003;19(10-11):716-21. doi:
10.1007/s00381-003-0829-7.

Kim SW, Ha JY, Lee YS, Lee HY, Im YJ, Han SW. Six-month
postoperative urodynamic score: a potential predictor of
long-term bladder function after detethering surgery in
patients with tethered cord syndrome. J Urol. 2014;192:221-7.
doi: 10.1016/}juro.2014.02.2549.

Weinfurt KP, Griffith JW, Flynn KE, Cella D, Bavendam T,
Wiseman JB, et al. The Comprehensive Assessment of Self-
Reported Urinary Symptoms: A New Tool for Research on

Int Braz J Urol. 2025; 51: €20240311

20.

21,

22,

23.

Subtypes of Patients with Lower Urinary Tract Symptoms.
J Urol. 2019;201:1177-83. doi: 10.1097/JU.0000000000000140.
Culpan M, Acar HC, Cella D, Tahra A, Cakici MC, Efiloglu O, et
al. Turkish validation and reliability of the symptoms of Lower
Urinary Tract Dysfunction Research Network Symptom
Index-29 (LURN SI-29) questionnaire in patients with lower
urinary tract symptoms. Neurourol Urodyn. 2021;40:2034-40.
doi: 10.1002/nau.24791.

Cella D, Smith AR, Griffith JW, Flynn KE, Bradley CS, Gillespie
BW, et al. A new outcome measure for LUTS: Symptoms
of Lower Urinary Tract Dysfunction Research Network
Symptom Index-29 (LURN SI-29) questionnaire. Neurourol
Urodyn. 2019;38:1751-9. doi: 10.1002/nau.24067.

Smith AL, Chen J, Wyman JF, Newman DK, Berry A, Schmitz
K, et al. Survey of lower urinary tract symptoms in United
States women using the new lower urinary tract dysfunction
research Network-Symptom Index 29 (LURN-SI-29) and a
national research registry. Neurourol Urodyn. 2022;41:650-
61. doi: 10.1002/nau.24870.

Woerner W, Fleitlich-Bilyk B, Martinussen R, Fletcher J, Cucchiaro
G, Dalgalarrondo P, et al. The Strengths and Difficulties
Questionnaire overseas: evaluations and applications of
the SDQ beyond Europe. Eur Child Adolesc Psychiatry.
2004,13(Suppl 2):1147-54. doi: 10.1007/s00787-004-2008-0.
Stone LL, Otten R, Engels RC, Vermulst AA, Janssens JM.
Psychometric properties of the parent and teacher versions
ofthe strengths and difficulties questionnaire for 4- to 12-year-
olds: a review. Clin Child Fam Psychol Rev. 2010;13:254-74.
doi: 101007/s10567-010-0071-2.

Vugteveen J, de Bildt A, Serra M, de Wolff MS, Timmerman
ME. Psychometric Properties of the Dutch Strengths and
Difficulties Questionnaire (SDQ) in Adolescent Community
and Clinical Populations. Assessment. 2020;27:1476-89. doi:
101177/1073191118804082.

Fleitlich B, Goodman R. Social factors associated with child
mental health problems in Brazil: cross sectional survey.
BMJ. 2001;323(7313):599-600. doi: 10.1136/bm;j.323.7313.599.
Goodman R. The Strengths and Difficulties Questionnaire: a
research note. J Child Psychol Psychiatry. 1997;38:581-6. doi:
10.1111/}1469-7610.1997tb01545.x.

Hayashi T, Takemoto J, Ochiai T, Kimiwada T, Shirane R,
Sakai K, et al. Surgical indication and outcome in patients
with postoperative retethered cord syndrome. J Neurosurg
Pediatr. 2013;11:133-9. doi: 10.3171/2012.10.PEDS12220.

1de Tl



24,

25,

26.

27.

28.

29.

30.

31,

da Silva CMP, Vasconcelos MMA, Lima EM, de Bessa J
Junior, Reis OAF, Filgueiras MFTF, et al. Dynamic and static
ultrasound features predictive of vesicoureteral reflux and
renal damage in children and adolescents with neurogenic
bladder. Int Braz J Urol. 2023;49:700-15. doi: 101590/S1677-
5538.1BJU.2023.0311.

Huseynov A, Telli O, Haciyev P, Okutucu TM, Akinci A, Ozkidik
M, et al. Could urinary nerve growth factor and bladder wall
thickness predict the treatment outcome of children with
overactive bladder? Int Braz J Urol. 2022;48:553-60. doi:
10.1590/S1677-5538.BJU.2021.0790.

Park K. Urological Evaluation of Tethered Cord Syndrome.
J Korean Neurosurg Soc. 2020;63:358-65. doi: 10.3340/
jkns.2020.0072.

Giddens JL, Radomski SB, Hirshberg ED, Hassouna M,
Fehlings M. Urodynamic findings in adults with the tethered
cord syndrome. J Urol. 1999;161:1249-54,

Lew SM, Kothbauer KF. Tethered cord syndrome: an
updated review. Pediatr Neurosurg. 2007;43:236-48. doi:
10.1159/000098836.

McVeigh LG, Anokwute MC, Belal A, Raman NV, Zieles K,
Szymanski KM, et al. Spinal column shortening for secondary
tethered cord syndrome: radiographic, clinical, patient-
reported, and urodynamic short-term outcomes. J Neurosurg
Pediatr. 2021;28:3-12. doi: 10.3171/2020.11.PEDS20847.
Klekamp J. Tethered cord syndrome in adults. J Neurosurg
Spine. 2011;15:258-70. doi: 10.3171/2011.4.SPINE10504.

Tuite GF, Thompson DNP, Austin PF, Bauer SB. Evaluation
and management of tethered cord syndrome in occult

Int Braz J Urol. 2025; 51: €20240311

32.

33.

34

35.

spinal dysraphism: Recommendations from the international
children's  continence  society.  Neurourol
2018;37:890-903. doi: 10.1002/nau.23382.

Bradko V, Castillo H, Janardhan S, Dahl B, Gandy K, Castillo
J. Towards Guideline-Based Management of Tethered Cord
Syndrome in Spina Bifida: A Global Health Paradigm Shift in
the Era of Prenatal Surgery. Neurospine. 2019;16:715-27. doi:
1014245/ns1836342171.

Dourado ER, de Abreu GE, Santana JC, Macedo RR, da
Silva CM, Rapozo PMB, et al. Emotional and behavioral

Urodyn.

problems in children and adolescents with lower urinary
tract dysfunction: a population-based study. J Pediatr Urol.
2019;15:376.e1-376.€7. doi: 10.1016/j,jpurol.2018.12.003.

Equit M, Klein AM, Braun-Bither K, Graber S, von Gontard
A. Elimination disorders and anxious-depressed symptoms
in preschool children: a population-based study. Eur Child
Adolesc Psychiatry. 2014;23:417-23. doi: 10.1007/s00787-013-
0468-9.

von Gontard A, Baeyens D, Van Hoecke E, Warzak W],
Bachmann C. Psychological and psychiatric issues in urinary
and fecal incontinence. J Urol. 2011;185:1432-6. doi: 10.1016/j.
juro.2010.11.051.

Correspondence address:

Jian Guo Wen, MD

Paediatric Urodynamic Centre and

Department of Urology,

The First Affiliated Hospital of Zhengzhou University
Henan 450052, China;

E-mail: wenjg@hotmail.com

1de 12



