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ABSTRACT

Objectives: To investigate factors associated with hydronephrosis 
and vesicoureteral refl ux (VUR) indicating upper urinary tract deteriora-
tion in spinal cord injured (SCI) patients.
Setting: Maharat Nakhon Ratchasima Hospital.
Study design: Retrospective study.
Subjects: SCI patients admitted at Rehabilitation ward between 
August 2008 and July 2018.
Methods: Medical records of the subjects were reviewed retrospec-
tively. General demographic, urological and imaging data including hy-
dronephrosis, VUR and bladder deformity were reviewed. Associations 
between all variables and hydronephrosis/VUR were identifi ed. 
Results: Of 278 patients, 30.2% had hydronephrosis and 24% had 
VUR. The most common bladder management was indwelling cathe-
terization (66.5%)  followed by triggered refl ex voiding and incontinence 
(16.5%), voluntary voiding and continence (10%), combined voiding 
with clean intermittent catheterization (CIC) (4%), and CIC alone (2.9%). 
Bivariate analysis showed that age at onset, completeness of lesion, 
time interval from onset of injury, bladder management, antimuscarinic 
medication used, detrusor hyperrefl exia, poor bladder compliance, small 
bladder volume, detrusor pressure (Pdet) > 40 mmHg and high grade 
bladder deformity were signifi cantly associated with hydronephrosis and 
VUR. Five variables correlated with hydronephrosis/VUR were triggered 
refl ex voiding with incontinence, indwelling catheterization, anticholin-
ergic medication, high grade bladder deformity and time interval from 
onset of injury with adjusted odds  ratios (95%CI) of 8.90 (2.50, 31.62), 
7.23 (2.22, 23.59), 2.00 (1.11, 3.70), 1.82 (1.01, 3.30) and 1.01 (1.00, 
1.02) respectively in multivariate analysis. 
Conclusion: Triggered refl ex voiding with incontinence and indwell-
ing catheter were a strong predictor of hydronephrosis and/or vesi-
couretheral refl ux whereas other factors such as taking antimuscarinic 
medication, high grade bladder deformity and time interval from onset 
of injury could be a less predictive factor in patients with spinal cord 
injury. Therefore, trigger refl ex voiding and long-term indwelling cath-
eter should not be recommended, and thus, those using such bladder 
emptying techniques should be closely monitored with regular urological 
check-up to early detection of upper urinary tract deterioration.
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Introduction
Neurogenic lower urinary tract dysfunction (NLUTD) is 

a common impairment in spinal cord injured (SCI) patients 
leading to many serious complications such as urinary tract 
infection (UTI), renal calculi, vesicoureteral refl ux (VUR) and 
hydronephrosis. Hydronephrosis and VUR cause renal dete-
rioration which is one of the most common causes of death in 
SCI patients. Several studies investigated the risk factors of 
renal deterioration in patients after SCI(1-6) and spina bifi da(6,7). 
Many physicians and nurses recommended trigger refl ex voiding 
without urodynamic data and long-term complications were 
commonly found. The objective of this study was to investigate 
factors associated with hydronephrosis and VUR which might 
be useful for the prediction of renal deterioration in spinal cord 
injured patients. 

Materials and Methods
Electronic medical records and imaging results of all 

patients with SCI admitted at the Rehabilitation ward, Maharat 
Nakhon Ratchasima Hospital between August 2008 and July 
2018 for urological check-up were reviewed retrospectively. 
The data from each check-up were divided into 3 parts: general 
demographic, urological and imaging data. 

The general demography including gender, age at onset, 
level of injury, completeness and cause of SCI, time interval 
from onset to urological evaluation and ambulatory level were 
recorded.  A previous study) stated that injury at T10-L2, where 
the sympathetic intermediolateral nuclei that mediate sphincter 
relaxation during voiding are located, is associated with the 
highest incidence of VUR.(2) The authors categorized level of 
SCI into 3 groups: cervical to thoracic 9, thoracic 10 to lumbar 
2(2) and lumbar 3 to sacral. The ambulatory level was classifi ed 
into ambulatory (score of 3 or greater) and non ambulatory 
(score less than 3) according to mobility for moderate distance 
subscale of Spinal Cord Independence Measure version III.(8) 

 The urological data, including type of bladder manage-
ment: indwelling catheterization, clean intermittent catheteriza-
tion (CIC), voluntary voiding with continence, triggered refl ex 
voiding with incontinence and voiding with CIC; antimuscarinic 
medication used and dosage, a history of UTI and upper tract 
calculi (renal and ureteric calculi) were reviewed. Urodynamic 
test or cystometry were performed in some patients. The para-
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meters such as detrusor overactivity, bladder compliance, maxi-
mum cystometric capacity and detrusor pressure were recorded. 
Bladder compliance was defi ned by dividing the change in volume 
by the change in detrusor pressure, where <20 mL/cmH2O in-
dicated low compliance.(9) Bladder capacity less than 250 mL(10) 
was identifi ed as small bladder capacity. Detrusor pressure 
more than 40 cmH2O during fi lling phase defi ned as high detru-
sor pressure (Pdet >40).(6,7) 

The imaging data including hydronephrosis, VUR and bladder 
deformity were assessed by radiologists. Hydronephrosis was 
detected from ultrasonography or IVP whereas VUR was de-
tected from voiding cystourethrography (VCUG) or cystography.  
All patients with both hydronephrosis and VUR were included. 
Those with only a single imaging data were excluded. Bladder 
deformity was evaluated by a radiologist, and classifi ed into 4 
grades (grade 0 to 3) according to Ogawa T.(11) For statistical 
analysis, bladder deformity was grouped into low (grade 0-1) 
and high grade (grade 2-3) deformity.  Hydronephrosis and VUR 
were selected as an indication of renal deterioration. 

To be noted, there was more than one annual urological 
check-up in most of the patients, there were different data from 
every check-up. Only one data set was selected for analysis 
with the same criteria. Because the objective of this study was 
to investigate factors associated with hydronephrosis and VUR, 
the authors chose the data from fi rst time detected hydrone-
phrosis or VUR whereas the complete or the latest data were 
selected for those with negative results. 

Statistical analyses were studied using Student’s t-test, 
Fisher’s exact test and Mann-Whitney U test. Variables with p 
<0.25 bivariate evidence of association with hydronephrosis/
VUR were then evaluated using backward stepwise logistic 
regression and area under curve. p< 0.05 was considered to 
indicate signifi cance. The odds ratio (OR) shows the magnitude 
of association between variables and hydronephrosis or VUR. 
Because some patients did not have urodynamics data, 2 models 
of multivariate analysis  were investigated: model A excluded 
the urodynamics data whereas model B included the urody-
namics data.

Remark: The present study was approved by the Ethics Com-
mittee of Maharat Nakhon Ratchasima Hospital (No.114/2018). 

Results
Three hundred and twenty-eight SCI patients with 856 

ultrasonographs, 682 cystograms or VCUG and 148 urody-
namic studies were evaluated. After selection according to the 
criteria, 278 patients were included in this study. The clinical 
characteristics of the studied population are shown in Table 1. 
The mean age at onset of injury was 40.7 years (range, 3-78). 
Seventy-nine percent were males. Forty-fi ve percent of the 
patients had SCI at cervical to T9, 41% T10 to L2 and 14% L3 
to sacral level. Half of them had complete lesion, and 73% of 
injuries were caused by trauma. There were 31% who could 
walk for a moderate distance.

There were 5 types of bladder management in this popula-
tion. The most common bladder management was indwelling 
catheterization (66.5%) followed by triggered refl ex voiding 
with incontinence (16.5%), voluntary voiding with continence 
(10%), voiding with CIC (4%) and CIC (2.9%). Antimuscarinics 
were prescribed to 34.5% of the patients and Oxybutynin was 
the most prescribed medication in this study. Of 278 patients, 

104 (37.4%) had urodynamic/cystometry results. Just over half 
of this group (52.9%) had detrusor overactivity, 61.5% had low 
bladder compliance, 40.4% had Pdet >40 and 14.39% had small 
bladder capacity (<250 mL).

Hydronephrosis and VUR were found in 84 (30%) and 
63 (24%) patients. When categorizing bladder deformity into 
2 groups, there were 40% and 60% with high and low grade 
deformity. Twenty-seven percent had a history of UTI. Seven 
patients (2.52%) had upper tract calculi.

Bivariate associations between variables and hydronephro-
sis/VUR are shown in Table 2.  Age at onset, completeness of 
lesion, time interval from onset of injury, bladder management, 
antimuscarinic medication, detrusor overactivity, low bladder 
compliance, cystometric capacity, Pdet >40 and high grade 
bladder deformity showed a signifi cant association with hydro-
nephrosis/VUR. 

Unadjusted and adjusted odds ratio of hydronephrosis/VUR 
are shown in Table 3. Because of low numbers for urodynamic 
data (104 patients or 37.4%), 2 models of multivariate analysis 
were investigated. Model A (n=174) excluded the urodynamic/
cystometric data whereas model B (n=104) included the urody-
namic/cystometric data. Five variables correlated with hydrone-
phrosis/VUR were triggered refl ex voiding with incontinence, in-
dwelling catheterization, taking antimuscarinic medication, high 
grade bladder deformity and time interval from onset of injury 
with adjusted odds ratios of 8.9 (2.5, 31.62), 7.23 (2.22, 23.59), 
2 (1.11, 3.7), 1.82 (1.01, 3.3) and 1.01 (1, 1.02) respectively in 
model A (Pseudo R2=11.05%). Three variables correlated with 
hydronephrosis/VUR were triggered refl ex voiding with incon-
tinence, high grade bladder deformity and time interval from 
onset of injury with adjusted odds ratios of 17.49 (1.03, 296.14), 
4.18 (1.12, 15.60) and 1.02 (1.00, 1.03) respectively in model B 
(Pseudo R2=26.66%).

Discussion
Neurogenic lower urinary tract dysfunction (NLUTD) is a 

common impairment in SCI patients and leads to upper urinary 
tract (UUT) deterioration. In the present study, hydronephrosis 
and/or VUR (hydronephrosis/VUR) were used as indicators for 
UUT deterioration and considered general demographic and 
urological data such as bladder management, antimuscarinic 

Table 1. Clinical characteristics of the stuided population (n=278)

Characteristics

Mean age at onset (year)1 

Gender: male, n (%)
Level of spinal cord injury2

     Cervical – T9
     T10 – L2
     L3 – Sacral
Cause of spinal cord injury: Trauma2

Complete lesion2

Ambulatory level: ambulatory2

Hydronephrosis2

Vesicoureteral refl ux (VUR)2

Time interval from onset of injury (month)3

40.7 (16.4)
219 (78.8)

125 (45)
115 (41.4)
38 (13.7)

204 (73.4)
140 (50.4)
86 (30.9)
84 (30.2)
63 (24.0)

5 (37, 1-265)

T, thoracic; L, lumbar
1Mean (SD), 2number (%), and 3median (IQR, range)
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Table 2. Bivariate associations with hydronephrosis/VUR

Factors Hydronephrosis/VUR (-)  
(n=152)

Hydronephrosis/VUR (+)
 (n=126) p value

Age at onset (years)1 

Gender2

     Female 
     Male 
Level of spinal cord injury2

     Cervical – T9 
     T10 – L2 
     L3 – Sacral 
Cause of spinal cord injury2 
     Non-trauma 
     Trauma 
Completeness of lesion2

     Incomplete 
     Complete
Ambulatory2

     Yes
     No
Time interval from onset of injury (months)3 
Bladder management2

     Indwelling catheterization 
     CIC 
     Void with CIC 
     Triggered refl ex voiding with incontinence 
     Voluntary voiding with continence
Antimuscarinic medication2

     Yes 
     No 
Dosage of Oxybutynin1 
UTI2

     Yes 
     No 
Upper tract calculi2
     Yes 
     No 
Bladder deformity grading2

    Low grade (grade 0-1)
    High grade (grade 2-3)
 Detrusor hyperrefl exia2 (n=104)
     Yes
     No
Low bladder compliance2 (n=104)
     Yes
     No
Cystometric capacity (n=104)
     ≤ 250 mL
     > 250 mL
Pdet ≥ 40 cmH2O2 (n=104)
     Yes
     No

42.8 (15.8)

38 (25)
114 (75)

72 (47.4)
61 (40.1)
19 (12.5)

42 (27.6)
110 (72.4)

87 (57.2)
65 (42.8)

51 (33.6)
101 (66.5)

32 (4)

98 (64.5)
4 (2.6)
8 (5.3)

19 (12.5)
23 (15.1)

39 (25.7)
113 (74.3)
10.26 (1)

39 (25.7)
113 (74.3)

5 (3.3)
147 (96.7)

91 (65.5)
48 (34.5)

12 (32.4)
25 (67.6)

15 (40.5)
22 (59.5)

9 (24.3)
28 (75.7)

8 (21.6)
29 (78.4)

38.2 (16.9)

21 (16)
105 (83.3)

53 (42.1)
54 (42.9)
19 (15.1)

32 (25.4)
94 (74.6)

51 (40.5)
75 (59.5)

35 (27.8)
91 (72.2)

52 (9)

87 (69.1)
4 (3.2)
3 (2.4)

27 (21.4)
5 (4)

57 (45.2)
69 (54.8)
12.63 (1)

36 (28.6)
90 (71.4)

2 (1.6)
124 (98.4)

60 (52.6)
54 (47.4)

43 (64.2)
24 (35.8)

49 (73.1)
18 (26.9)

31 (46.3)
36 (53.7)

34 (50.8)
33 (49.3)

0.021*

0.106

0.659

0.685

0.006*

0.362

0.002*

0.006*

0.001*

0.11

0.590

0.462

0.040*

0.002*

0.002*

0.036*

0.006*

T, thoracic; L, lumbar; CIC, clean intermittent catheterization; VUR, vesicoureteral refl ux; UTI, urinary tract infection 
1Mean (SD), 2number (%), and 3median (IQR); *statistical signifi cance
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medication, a history of UTI, abnormal urodynamic fi ndings and 
bladder deformity as potential risk factors for hydronephrosis/
VUR. From the results, there were 5 variables correlated with 
hydronephrosis/VUR: triggered refl ex voiding with incontinence, 
indwelling catheterization, antimuscarinic medication, high 
grade bladder deformity and time interval from onset of injury. 

Type of bladder management was the most important factor 
associated with UUT deterioration. Many studies demonstrated 
that indwelling catheterization was associated with urinary tract 
complications such as UTI,(12) low creatinine clearance,(3) pro-
teinuria,(3) VUR,(3,13) hydronephrosis,(13,14) and renal calculi.(14) 

Consistent with our study, we found that indwelling catheteriza-
tion was the second most important risk factor associated with 
UUT deterioration in model A with the odds ratio of 7.23.  In our 
service, indwelling catheterization remains the most common 
form of bladder management in our patients (66.5%). According 
to a study of quality of life (QoL) of SCI patients done in Thai-
land, Pongboriboon P et al. reported no difference in QoL 
between those using indwelling catheter and those using CIC; 
and the only reason of choosing indwelling catheter was con-
venience.(15) On the other hand, CIC was the bladder emptying 
method that had the lowest complications,(1,4,16) but it has been 
the least popular bladder management in our setting (2.9%). 
There are many factors affecting CIC in SCI patients(17-19) such 
as incontinence between catheterization, autonomic dysrefl ex-
ia, poor hand function or obesity interfering with the ability to 
catheterize, patients’ knowledge and attitude, and environmen-

tal barriers.
Trigger refl ex voiding or urinary incontinence was the method 

that is most controversial. According to a review of conserva-
tive bladder management in SCI, trigger refl ex voiding is not 
recommended as it is unphysiologic, causes detrusor-sphincter 
dyssynergia; and few patients had a balanced voiding with 
post-void residue less than 100 mL or less than 25% of bladder 
volume; if used, neuropathic patients should be closely observed 
and monitored with urodynamic test; and nowadays trigger re-
fl ex voiding has been replaced with antimuscarinics and CIC.(20) 
On the contrary, Ma Y et al. found that urinary incontinence with 
detrusor overactivity were protective factors for hydronephrosis 
in spina bifi da.(7) DeLair SM et al. and Yildiz N et al. showed 
that urinary incontinence was not a signifi cant risk factor for 
upper urinary tract complications(21,22) whereas Gao Y et al. 

found that condom catheter with refl ex voiding was closely 
related to upper urinary tract complication, consistent with 
the present study.(1) In this study, triggered refl ex voiding with 
incontinence was the most important risk factor associated with 
hydronephrosis/VUR from both models of multivariate analy-
sis with the odds ratio of 8.9 in model A and 17.49 in model B. 
Unfortunately, this bladder emtpying technique was the second 
most popular in our patients (16.5%). 

Antimuscarinic treatment has been widely used for SCI 
patients with neurogenic detrusor overactivity (NDO). It de-
creases involuntary detrusor contraction,(23) increases bladder 
capacity,(23)and compliance(24) and lessens occurrence of hydro-

Table 3. Unadjusted and adjusted odds ratios of hydronephrosis/VUR

Factors Unadjusted odds ratio 
(95% CI)

Adjusted odds ratio (95%CI) 
of model A  (n=174)

Adjusted odds ratio (95%CI) 
of model B (n=104)

Age at onset
     < 20 years
     20-40 years
     > 40 years (reference)
Level of spinal cord injury
     Cervical – T9
     T10 – L2
     L3 – Sacral (reference)
Complete lesion
Non-ambulatory
Time interval from onset of injury (months)
Bladder management:
     Indwelling catheterization
     CIC    
     Void + CIC 
     Triggered refl ex voiding with incontinence 
     Voluntary voiding with continence  (reference)
Antimuscarinic medication
UTI
High grade bladder deformity 
Detrusor overactivity
Low bladder compliance
Bladder volume < 250 mL
Pdet ≥ 40 cmH2O

2.53 (1.19, 5.40)
1.15 (0.69, 1.93)

1

0.74 (0.36, 1.52)
0.89 (0.42, 1.84)

1
1.97 (1.22, 3.18)
1.31 (0.78, 2.20)
1.01 (1.00, 1.02)

4.08 (1.49, 11.20)
4.60 (0.85, 24.93)
1.72 (0.33, 8.91)
6.54 (2.11, 20.26)

1
2.38 (1.45, 4.00)
1.16 (0.68, 1.97)
1.71 (1.03, 2.83)
3.73 (1.59, 8.74)
3.99 (1.71, 9.34)
2.68 (1.10, 6.53)
3.73 (1.49, 9.35)

1.01 (1.00, 1.02)*

7.23 (2.22, 23.59)*
3.14 (0.49, 20.10)
1.77 (0.30, 10.53)
8.90 (2.50, 31.62)*

2.00 (1.11, 3.70)*

1.82 (1.01, 3.30)*

1.02 (1.00, 1.03)*

7.77 (0.80, 75.11)
1.15 (0.06, 21.54)
3.9 (0.23, 65.32)

17.49 (1.03, 296.14)*

1.22 (0.35, 4.19)

4.18 (1.12, 15.60)*
2.95 (0.53, 16.29)
3.53 (0.56, 22.22)
0.63 (0.13, 2.98)
0.71 (0.10, 5.01)

Model A, without urodynamic/cystometric data; model B, with urodynamic/cystometric data
T, thoracic; L, lumbar; CIC, clean intermittent catheterization; UTI, urinary tract infection; Pdet, detrusor pressure
*Statistical signifi cance at p<0.05
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nephrosis,(24) Vaidyanathan S et al. reported that SCI patients, 
who did not receive antimuscarinic drugs to reduce intravesical 
pressure, were at high risk for developing refl ux nephropathy.(5) 
The clinical practice guideline 2006 recommended the use of 
such medication in those with suprasacral lesion, doing CIC and 
having urine leakage between catheterization, and also in those 
having long-term use of indwelling catheter.(25) Surprisingly, the 
results for taking antimuscarinics in this study were not consist-
ent with the previous studies.(5,23-25) Those taking such medica-
tion had a higher risk of hydronephrosis/VUR with an odds ratio 
of 2. In our opinion it was a coincidence and due to the criteria 
for data collection. The data set that was included in this retro-
spective study might not be the fi rst time that such urological 
abnormalities were detected, and such medications were pre-
scribed because of abnormal urological fi ndings during previous 
visits. 

Bladder trabeculation and deformity of bladder shape were 
classifi ed into 4 grades from cystography by Ogawa T.(11) Previ-
ous studies reported that trabeculation and deformity of bladder 
were associated with upper urinary tract deterioration (hydrone-
phrosis/VUR).(11,14) Consistent with the present study, high grade 
bladder deformity was a predictive factor for hydronephrosis/
VUR in both models with an odds ratio of 1.82 in model A and 
4.18 in model B. 

Time interval from onset of injury is one factor correlated 
with hydronephrosis/VUR in this study with an odds ratio around 
1 in both models of multivariate studies. Previous studies 
showed that injury duration was associated with complications 
and probability of indwelling catheterization.(1,17-19)  Shin JC et 
al. demonstrated that time interval from injury and time interval 
between injury and rehabilitative treatment were signifi cantly 
longer in low bladder compliance patients compared with 
normal compliance group which may be correlated with inappro-
priate bladder management before admission.(26)  Interestingly, 
unfavorable urodynamic parameters were detected very early 
within the fi rst 40 days after SCI.(27) Therefore an early and 
appropriate bladder management was suggested in SCI pa-
tients to prevent upper urinary tract deterioration.

Many variables that showed a signifi cant association with 
hydronephrosis/VUR in bivariate analysis but not in multivariate 
analysis such as age at onset, completeness of lesion, detrusor 
overactivity, low bladder compliance, small bladder volume, and 
Pdet >40 cmH2O. Lower age at onset may be accompanied 
with time interval from onset of injury which has been discussed 
before. Moreover, when VUR is present, it lowers intravesical 
pressure; and this might be one reason why Pdet >40 cmH2O 
was not associated with hydronephrosis/VUR in this study.

 Severity of SCI was an important clinical evaluation in pre-
dicting functional outcomes. However, the correlation between 
severity of injury and upper urinary tract deterioration in NLUTD 
had confl icting results. Devivo MJ et al. studied the risk of re-
nal calculi in SCI patients and found that complete lesion was 
a factor associated with renal calculi(28) whereas other studies 
showed that the severity of lesion failed to determine the blad-
der type and urological complications.(13,29) Similarly, we found 
that complete and incomplete lesions were not associated with 
hydronephrosis/VUR in multivariate analysis. However, whether 
lesions are complete or incomplete, every SCI with NLUTD 
should have a regular urological check-up to early detect UUT 
deterioration.(29) 

Many physicians usually consider that those having an in-
complete SCI and being able to walk independently could void 
normally or nearly normal. They were rarely considered to have 
unfavorable urodynamics or complications, implying that urolo-
gical evaluation would not be necessary.  But Bellucci CHS et al. 
reported that ambulatory and nonambulatory SCI patients have 
similar risk of unfavorable urodynamics.(30)  This is consistent 
with the present study, which did not show a signifi cant asso-
ciation between ambulatory level and hydronephrosis/VUR. The 
same assessment was recommended in all SCI patients inde-
pendent of the ability to walk.(30) 

Detrusor overactivity, low bladder compliance, small bladder 
volume and Pdet >40 cmH2O were the urodynamic parame-
ters detected in 55 (52.88%), 64 (61.54%), 40 (38.46%) and 42 
(40.38%) patients respectively. Because of the low numbers of 
urodynamic data, the correlation analysis failed to demonstrate 
that these urodynamic parameters were the predictors of UUT 
deterioration in this study. However, many other studies have 
shown detrusor overactivity and bladder compliance associated 
with UUT deterioration,(2,6,7,31,32) whether in suprasacral or sacral 
lesions.(24) There were 3 possible mechanisms for development 
of a low compliance bladder proposed by the previous studies. 
Firstly, changes to passive properties of the bladder wall from 
fi brosis may be caused by prolonged infection.(33)  Secondly, the 
denervated muscles changed into increased collagen fi bers, 
and increased thickness and stiffness of smooth muscle.(34) 
Lastly, hypertrophy of the detrusor muscle induced nerve and 
muscle cells to be hyperactive.(35) In sacral and subsacral 
lesions, changes to passive properties of the detrusor muscle 
were believed to be the main etiology of low bladder compli-
ance(26) and lead to hydronephrosis/VUR.

Level of SCI may be another factor associated with renal 
deterioration(1,2,13,17) but the details are still controversial. Hu 
HZ et al. stated that injury at T10-L2, where the sympathetic 
intermediolateral nuclei that mediate sphincter relaxation during 
voiding are located, is associated with the highest incidence of 
VUR(2) whereas cervical and lumbosacral lesions showed con-
tradictory results. Gao Y et al.(1) and DeVivo MJ et al.(28) reported 
that cervical level lesions had the highest risk of complications 
but Zhang Z et al. demonstrated that the lumbosacral level had 
the highest risk.(13)  Patients with lumbosacral lesions were pre-
sumed to have a higher incidence of low bladder compliance 
according to previous studies,(4,26) although some studies did not 
fi nd a correlation between level of injury and UUT complica-
tions.(3,12,16) In the present study, the association between level of 
injury and hydronephrosis/VUR was not found in both bivariate 
and multivariate analyses. The pathology of NLUTD in SCI 
patients was classifi ed into suprasacral and sacral lesions. Su-
prasacral lesions were associated with detrusor overactivity so 
called  neurogenic detrusor overactivity (NDO) and detrusor-
sphincter dyssynergia (DSD) in 94.9%(36) which led to hydro-
nephrosis/VUR. In sacral lesions, the cause of hydronephrosis/
VUR may be due to low bladder compliance following recurrent 
bladder overdistension and UTI.

As mentioned-above, there were some limitations of this 
study. Firstly, this study was retrospective and the collected data 
might be inadequate. Secondly, less than 40% of the patients 
had urodynamic results, making correlation analysis between 
urodynamic parameters and upper UUT unreliable. Thirdly, 
urological check-up protocols might not be the same in every 
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SCI patient, and it might be infl uenced by data selection and 
analyses. However, the criteria for data selection were clarifi ed 
and have been used in all patients to diminish these problems. 
Forthly, due to a retrospective study, it was diffi cult to make a 
strong conclusion whether some associated factors found in this 
study were really a cause of UUT deterioration, not an effect of 
such deterioration. Lastly, radiological abnormalities concerned 
in this study refl ected only anatomical deterioration of the UUT, 
but not renal function deterioration which has been a major 
cause of death among patients with chronic SCI.(3,5,13)

In conclusion, triggered refl ex voiding with incontinence and 
indwelling catheterization could be two main predictive factors 
of hydronephrosis and/or vesico-ureteral refl ux in patients with 
spinal cord injury and neurogenic lower urinary tract dysfunc-
tion regardless of level or severity of the lesion.  Antimuscarinic 
medication and high grade bladder deformity could be counted 
as an associated factor with such deterioration. Early and 
appropriate bladder management is suggested in spinal cord 
injured patients to prevent upper urinary tract deterioration.
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