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Purpose: To determine the risk factors predicting upper urinary tract (UUT) damage using a grading system for upper uri-
nary tract dilation (UUTD) and a descriptive system for all urinary tract dysfunction (AUTD) in patients with myelodyspla-
sia.
Methods: Six hundred thirty-seven patients with myelodysplasia were evaluated at our center from January 2008 to Novem-
ber 2019. Clinical data, ultrasonography, magnetic resonance urography, and video-urodynamics (VUDS) parameters were 
collected. Univariate and multivariate analyses were used to determine the risk factors predicting UUT damage.
Results: Three hundred eighty-three males and 254 females were included. The average course of lower urinary tract symp-
toms (LUTS) was 14.08±7.07 years (range, 3–31 years). The urodynamic diagnoses of all patients were as follows: detrusor 
overactivity, 26.8%; detrusor underactivity, 6.44%; and acontractile detrusor, 66.72%. UUT damage was determined in 66.56% 
of the patients. Of the patients, 28.73 % had vesicoureteral reflux (VUR) during filling (bilateral, n=50; unilateral, n=133) on 
fluoroscopy during VUDS testing. Two hundred thirty-four patients had UUTD (bilateral, n=203; unilateral, n=31). The oc-
currence of hydronephrosis based on ultrasonography was closely related to ipsilateral VUR (P<0.05). Absent of bladder sen-
sation, long-term course of LUTS, decreased maximum cystometric capacity (MCC) and bladder compliance (BC), and in-
creased postvoid residual urine (PVR) were shown to be independent risk factors in logistic regression analysis.
Conclusions: This retrospective study using UUTD and AUTD systems indicated that patients with myelodysplasia have a 
high incidence of UUT damage. Absence of bladder sensation, long-term course of LUTS, decreased MCC and BC, and in-
creased PVR were independent risk factors predicting UUT damage.
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INTRODUCTION

Myelodysplasia is a group of developmental anomalies resulting 
from defects that occur during neural tube closure [1]. Myelo-
dysplasia is a complicated disease associated with neurologic, 
musculoskeletal, and genitourinary system abnormalities [2]. 
Neurologic lesions may include spina bifida occulta, tethered 
cord syndrome, meningocele, lipomyelomeningocele, or my-
elomeningocele [1]. Children born with myelodysplasia have 
lifelong complex health care needs. Myelodysplasia can result in 
bladder dysfunction with multiple manifestations, including 
urinary retention and detrusor underactivity (DU), urinary in-
continence, detrusor overactivity (DO), sphincter dysfunction, 
and recurrent urinary infection, which can potentially lead to 
progressive renal failure requiring dialysis or transplantation 
[1].

By combining lower urinary tract dysfunction with grading 
for upper urinary tract (UUT) damage, including vesicoureteral 
reflux (VUR), upper urinary tract dilation (UUTD), uretero-
vesical junction stenosis (UVJS), glomerular filtration rate 
(GFR) of differential kidney and serum creatinine (Scr) level, 
Liao developed a new description for all urinary tract dysfunc-
tion (AUTD), including the upper and lower urinary tracts in 
patients with neurogenic bladder (NB) [3-6]. AUTD can com-
prehensively and objectively assess urinary tract function and 
guide patients to follow-up regularly to avoid missing items [3-
6]. Risk analysis of AUTD can help to differentiate at-risk pa-
tients from patients at low risk and develop a neuro-urologic 
management plan accordingly.

Using the Liao classification for AUTD, we comprehensively 
evaluated upper and lower urinary tract function of patients 
with myelodysplasia to determine the risk factors for UUT dam-
age.

MATERIALS AND METHODS

Patients
With Institutional Review Board approval (No. 2020-127-2), we 
retrospectively reviewed the medical records of patients with 
myelodysplasia who underwent video-urodynamics (VUDS) at 
our center between January 2008 and July 2020, excluding 
those who were confirmed or suspected to be polyuria through 
detailed history inquiry. The clinical data, ultrasonography, 
magnetic resonance urography (MRU) and VUDS findings 
were reviewed. The VUDS consisted of cystometry and simul-

taneous cystography according to the ‘‘Good Urodynamic Prac-
tices’’ recommended by the International Continence Society 
(ICS) [7]. Iopromide (15%–20%) at 36°C was infused at a rate 
of 10–20 mL/min. Neither anesthesia or sedation was used. The 
filling was discontinued when urine leakage occurred, the de-
trusor pressure exceeded 40 cm H2O, VUR occurred, and a 
strong desire to urinate or an uncomfortable feeling was pres-
ent. The patients had negative surgical histories, with the excep-
tion of spinal or myelomeningocele closure surgery.

Assessment
DO is characterized by the occurrence of involuntary detrusor 
contractions during filling cystometry; DO may be spontane-
ous or provoked [8]. The ICS defines DU as a contraction of re-
duced strength and/or duration, resulting in prolonged bladder 
emptying and/or a failure to achieve complete bladder empty-
ing within a normal time span [9]. An acontractile detrusor 
(AcD) cannot contract during urodynamic studies, thus result-
ing in prolonged bladder emptying within a normal time span 
[8]. The resting urethral pressure profile precedes cystometry. 
According to the ICS, bladder sensation is divided into normal, 
increased, reduced, and absent [10]. The maximum cystometric 
capacity (MCC) is the bladder volume at the end of the filling 
cystometrogram. Maximum detrusor pressure (MDP) is de-
fined as the maximal value of detrusor pressure recorded dur-
ing filling. Bladder compliance (BC) was calculated by dividing 
the volume change by the change in detrusor pressure during 
the change in bladder volume [11]. The postvoid residual urine 
(PVR) was recorded after in-and-out catheterization.

VUR was identified by VUDS and graded by the Interna-
tional Reflux Grading System [12]. An intravesical VUR pres-
sure <10 cm H2O was considered to be low-pressure VUR [13]. 
Hydronephrosis and ureter dilation were graded according to 
the Liao UUTD grading system [3-6]. UVJS was determined by 
MRU. The Scr level was used to evaluate global kidney func-
tion. The GFR from the diuretic renography was used to evalu-
ate the differential renal function of each kidney. The UUT was 
considered to represent damage if any of the following were de-
scribed unilaterally or bilaterally: (1) any grade VUR; (2) ≥1 
grade UUTD or UVJS: grade 1: There is slight separation of the 
central renal complex, but no visualized calices; the ureter is <7 
mm from the coronal and transverse MRU images and the 
maximum intensity projection MRU; grade 2: The renal pelvis 
is dilated, one or more calices may be visualized, but the renal 
parenchyma over the calices is normal; the ureter is <10 mm 
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from the coronal and transverse MRU images and the maxi-
mum intensity projection MRU; grade 3: The renal pelvis is 
further dilated and there are fluid-filled calices throughout the 
kidney. The renal parenchyma over the calices is beginning to 
thin, but the renal parenchyma loss is <50%. The ureter is tor-
tuous and <15 mm from the coronal and transverse MRU im-
ages and the maximum intensity projection MRU; grade 4: As 
in grade 3, but the renal parenchyma is significantly thinned 
(renal parenchyma loss >50%). The ureter is severely tortuous 
and >15 mm from the coronal and transverse MRU images 
and the maximum intensity projection MRU; (3) ≥1 grade hy-
dronephrosis according to the Society for Fetal Urology ultra-
sound grading system [14]; and (4) elevated Scr (>1.5 mg/dL).

Statistical Analysis
Data are expressed as the mean±standard deviation. IBM SPSS 
Statistics ver. 25.0 (IBM Co., Armonk, NY, USA) was used for 
statistical analysis. Frequency (percentage) was used to describe 
the count data. Chi-square and Fisher exact tests were used for 
comparison between groups. The measurement data were first 
tested for normality. The data that did not follow a normal dis-
tribution were described by the median (interquartile range). 
The Mann-Whitney U-test was used for comparisons between 
groups. Binary logistic regression was used to determine the 
factors predictive of UUT damage. A P-value of <0.05 was con-
sidered statistically significant.

RESULTS

Patient characteristics and VUDS findings are summarized in 
Table 1. Six hundred thirty-seven patients (383 males and 254 
females) were included. The average age was 21.51±11.25 years 
(range, 4–66 years). The average course of lower urinary tract 
symptoms (LUTS) was 14.08±7.07 years (range, 3–31 years). 
The proportion of patients who had taken LUTS drugs was 
35.01% (n=223). The percentage of patients who had and had 
not undergone spinal or myelomeningocele closure surgery 
was 80.85% (n=515) and 19.15% (n=122), respectively. The 
bladder management methods for patients who have been con-
tinuous for >6 months were voluntary micturition (2.04%, 13 
of 637), abdominal pressure-assisted urination (83.83%, 534 of 
637), intermittent catheterization [IC] (6.75%, 43 of 637), and 
indwelling urethral catheterization [IDUC] (7.38%, 47 of 637). 
Among the 637 patients, 171 (26.8%), 41 (6.44%), and 425 
(66.72%) were diagnosed with DO, DU, and AcD, respectively, 

based on VUDS testing.
Of the patients, 28.73% (n=183) had VUR during cystome-

try on fluoroscopy during VUDS testing. The left, right, and bi-
lateral VUR ratios were 47.54% (n=87), 25.14% (n=46), and 

Table 1. Patient characteristics and VUDS findings

Variable Value

Sex
Male 383 (60.13)
Female 254 (39.87)

Age (yr) 21.51±11.25
Course of LUTS (yr) 14.08±7.07
History of drug usage for LUTS 223 (35.01)
Spinal or myelomeningocele closure surgeries

Yes 515 (80.85)
No 122 (19.15)

Bladder management method
Voluntary micturition 13 (2.04)
Abdominal pressure-assisted urination 534 (83.83)
IC 43 (6.75)
IDUC 47 (7.38)

Urodynamic diagnosis
DO 171 (26.84)
DU 41 (6.44)
AcD 425 (66.72)

Bladder sensation
Normal 206 (32.34)
Increased 215 (33.75)
Reduced 64 (10.05)
Absent 152 (23.86)

MCC (mL) 205.90±147.79
MDP (cm H2O) 36.35±27.53
BC (mL/cm H2O) 12.79±16.90
DSD

Yes 105 (16.48)
No 532 (83.52)

PVR (mL) 186.00±152.06
MUCP (cm H2O) 77.50±31.44

Values are presented as number (%) or mean±standard deviation.
VUDS, video-urodynamics; LUTS, lower urinary tract symptoms; IC, 
intermittent catheterization; IDUC, indwelling urethral catheter; DO, 
detrusor overactivity; DU, detrusor underactivity; AcD, acontractile 
detrusor; MCC, maximum cystometric capacity; MDP, maximum de-
trusor pressure; BC, bladder compliance; DSD, detrusor-sphincter dys-
synergia; PVR, postvoid residual urine; MUCP, maximum urethral 
closure pressure.
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27.32% (n=50), respectively. The distribution of VUR from I–V 
degrees was 24, 40, 51, 41, and 77, respectively, in 233 ureters. 
The ratios of low- and high-pressure VUR were 60.94% (n=142) 
and 39.06% (n=91), respectively. Among 248 patients who un-
derwent MRU, 234 had UUTD (bilateral, n =203; unilateral, 
n=31). The distribution of UUTD from 1–4 degrees, according 
to the mentioned [3-6] grading system was 85, 95, 104, and 153, 
respectively, in 437 ureters.

Ninety-three patients (37.5%) had UVJS with 131 ureters (bi-
lateral, n=38; left, n=25; and right, n=30). A Scr >1.5 mg/dL 
was demonstrated in 68 of 295 patients, with a mean level of 
107.2±81.6 μmoI/L (range, 24–653 μmoI/L). Three hundred 
thirty-five kidneys from 248 patients had a GFR <50 mL/min 
(left, n=164; right, n=171). As shown in Table 2, hydronephro-
sis based on ultrasonography was closely related to ipsilateral 
VUR (a case of monokidney). Low- or high-pressure VUR had 
no statistical association with VUR grade (Table 3).

Four hundred twenty-four patients (66.56%) had UUT dam-
age (Table 4). Based on univariate analysis, course of LUTS, 
bladder sensation, MCC, MDP, BC, PVR, and the bladder man-
agement method were shown to be statistically significant fac-
tors affecting UUT damage in patients with myelodysplasia 
(Table 4). Furthermore, we found that the absence of bladder 
sensation, long-term course of LUTS, decreased MCC and BC, 
and increased PVR were independent risk factors predicting 
UUT damage based on logistic regression analysis (Table 5).

DISSCUSION

In this study we retrospectively analyzed the characteristics of 
upper and lower urinary tract functions in patients with myelo-
dysplasia. The results were as follows: (1) Hydronephrosis is 
closely related to ipsilateral VUR. (2) Absence of bladder sensa-
tion, long-term course of LUTS, decreased MCC and BC, and 
increased PVR are risk factors predicting UUT damage.

Urodynamic diagnoses in patients with myelodysplasia are 

diverse. In this study 66.72% of patients had AcD, 26.84% of 
patients had DO, and 6.44% of patients had DU. The multiplici-
ty of VUDS diagnoses demonstrated that spinal cord injury is 
multifocal and the nerve damage may be primarily in the cone. 
This study also found that long-term LUTS course is an inde-
pendent risk factor for UUT damage. The above data suggests 
that all patients with myelodysplasia have lower urinary tract 
dysfunction, and with the extension of the course of disease, the 
UUT damage is more serious; however, it needs to be further 
explained that in China, patients with myelodysplasia undergo 
neurosurgery early and go to a urology department late, and 
the lack of attention, correct management of the bladder, long-
term regular drug usage and follow-up after surgery lead to 
UUT damage. So, we recommend that patients with myelodys-
plasia undergo regular Scr, VUDS and urinary tract ultrasound 
examinations, and adopt different bladder management plans 
based on the examination results. If no UUT damage is found, 
BC is good, bladder capacity is normal, but there are more PVR, 
IC is recommended; If UUT damage is found, further MRU 
and nephrogram examinations are required. According to the 
severity, it is recommended to perform drug therapy combined 
with IC, or augmentation cystoplasty combined with IC; If se-
vere DO is found and BC is extremely poor, augmentation cys-
toplasty combined with IC is recommended. All patients are 
recommended to review regularly the above items every year in 
order to adjust the treatment and follow-up plan in time to bet-
ter protect the UUT.

The rate of UUT damage is high and the degree of damage is 
more severe than traumatic spinal cord injury. Bennett et al. 
[15] pointed out that IDUC may aggravate urinary tract com-
plications and increase the incidence of UUT damage. Chao et 
al. [16] did not find a significant difference in creatinine clear-
ance between IDUC and spontaneous voiding. Weld et al. [17] 
showed that although all bladder management methods help to 
protect renal function, chronic IDUC may lead to renal deterio-

Table 2. Relationship between hydronephrosis measured by ul-
trasound and ipsilateral VUR

Hydronephrosis VUR Non-VUR Total P-value

Yes 175     436     611

No    58     604     662 <0.05

Total 233 1,014 1,273

Values are presented as number of ureters.
VUR, vesicoureteral reflux.

Table 3. Relationship between the detrusor pressure and the 
grade of VUR

Parameter Low-grade 
VUR

High-grade 
VUR Total P-value

Low-pressure VUR 29 113 142

High-pressure VUR 22   69    91 >0.05

Total 51 182 233

Values are presented as number of ureters.
VUR, vesicoureteral reflux.
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ration. Dik et al. [18] found that IC for early childhood spina 
bifida to ensure low pressure in the bladder can protect the 
UUT to a certain extent. However, in this study, we did not find 
that a certain type of bladder management is an independent 

risk factor for UUT damage, which may be caused by the un-
even distribution of bladder management data in this study be-
cause IC is not popular in China.

Bladder sensation is an important part of urinary function, 

Table 4. Univariate analysis for UUT damage

Variable
UUT damage

Z/c2 P-value
No Yes

Sex 0.277 0.599
Male 125 (32.64) 258 (67.36)
Female 88 (34.65) 166 (65.35)

Age (yr) 20 (12–32) 20 (14–27) -0.773 0.439
Course of LUTS (yr) 11 (7–19) 15 (8–20) -3.197 0.001
History of drug usage for LUTS 0.064 0.801

Yes    76 147
No 137 277

Spinal or myelomeningocele closure surgeries 2.365 0.124
Yes 48 (39.34) 74 (60.66)
No 165 (32.04) 350 (67.96)

Urodynamic diagnosis 4.541 0.103
DO 65 (38.01) 106 (61.99)
DU 23 (54.76) 18 (43.90)
AcD 172 (40.47) 253 (59.53)

Bladder sensation 33.226 <0.001
Normal 84 (40.78) 122 (59.22)
Increased 68 (31.63) 147 (68.37)
Reduced 34 (53.13) 30 (46.88)
Absent 27 (17.76) 125 (82.24)

MUCP (cm H2O) 70 (52.5–98.5) 72.5 (59–96) -1.426 0.154
MCC (mL) 268 (166–400) 128 (60–255.5) -9.002 <0.001
MDP (cm H2O) 27 (12–50) 33 (18–50) -2.218 0.027
BC (mL/cm H2O) 13 (7–23) 6 (3–9) -10.057 <0.001
DSD 1.913 0.167

Yes 29 (27.62) 76 (72.38)
No 184 (34.59) 348 (65.41)

PVR 207 (72.5–400) 128 (56–250) -4.163 <0.001
Bladder management method - 0.048

Voluntary micturition 7 (53.85) 6 (46.15)
Abdominal pressure-assisted urination 177 (33.15) 357 (66.85)
IC 19 (44.19) 24 (55.81)
IDUC 10 (21.28) 37 (78.72)

Values are presented as number (%) or median (interquartile range).
UUT, upper urinary tract; LUTS, lower urinary tract symptoms; DO, detrusor overactivity; DU, detrusor underactivity; AcD, acontractile detrusor; 
MUCP, maximum urethral closure pressure; MCC, maximum cystometric capacity; MDP, maximum detrusor pressure; BC, bladder compliance; 
DSD, detrusor-sphincter dyssynergia; PVR, postvoid residual urine; IC, intermittent catheterization; IDUC, indwelling urethral catheter.
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and can guide the daily urination behavior of healthy individu-
als. Indeed, individuals with normal bladder sensation can de-
termine when to urinate and can prevent the destructive effects 
of overdilation of the bladder. Evaluation of bladder sensation 
during urodynamic studies, which guides daily urinary behav-
ior, is important. Our results showed that the absence of blad-
der sensation is an independent risk factor for UUT damage. 
Patients with sensory loss have more urine storage in the blad-
der, increased bladder capacity and residual urine, and high 
pressure in the bladder, which may cause VUR and damage the 
UUT.

UUT damage adversely affects the long-term lives of patients 
with myelodysplasia. The detrusor contractile function in pa-
tients with myelodysplasia is a progressive, pathologic process. 
In this study the number of patients with DO, DU, and AcD 
was 26.84%, 6.44%, and 66.72%, respectively. Impaired detru-
sor contractility is accompanied by increased PVR and MDP, 
and decreased MCC and BC, resulting in UUT damage. A long-
term increase in PVR may cause inflammation of the lower uri-
nary tract and even cause repeated infections. Inflammation 
and infection of the lower urinary tract can accelerate fibrosis 
of the bladder wall. Ozkan et al. [19] showed that histologically, 
severe detrusor fibrosis may be a risk factor for UUT damage. 

Orellana et al. [20] reported that moderate and severe fibrosis 
of the detrusor muscle is a risk factor for UUT damage during a 
full-thickness pathologic biopsy of the bladder wall intra-oper-
atively. Fibrosis of the bladder wall can lead to a decrease in 
MCC and BC, and an increase in MDP, which can further ag-
gravate fibrosis and increase the workload of the ureter to 
transport urine to the bladder and damage the vesicoureteral 
antireflux mechanism. Over time, ureteral function is decom-
pensated, resulting in VUR, ureteral dilation, and hydrone-
phrosis. It has been suggested that a MCC <200 mL is signifi-
cantly associated with UUT damage [21]. The low BC is associ-
ated with UUT damage and is one of the major risk factors [22]. 
In our study logistic regression analysis indicated that the de-
crease in bladder volume and BC, and the increase in PVR were 
independent risk factors for UUT damage. Simforoosh et al. 
[23] only performed bladder enlargement to improve BC and 
bladder capacity in patients with a low-compliant bladder after 
conservative treatment failure, but did not assess VUR. After 
follow-up, VUR resolved completely in 85.4% of patients.

Protecting UUT function is an extremely important goal in 
NB patient management. The morphology and innervation of 
the ureterovesical junction play an important role in the occur-
rence of VUR, especially in NB patients with a long disease his-

Table 5. Multivariate analyses of UUT damage

Variable OR 95% CI P-value

Bladder sensation

Normal 1.000 0.007

Increased 0.831 0.497–1.248 0.435

Reduced 1.142 0.585–2.125 0.697

Absent 2.267 1.190–3.690 0.005

Course of LUTS 1.050 1.022–1.079 <0.001

MCC 0.992 0.989–0.995 <0.001

MDP 0.996 0.988–1.003 0.217

BC 0.977 0.963–0.991 0.001

PVR 1.004 1.001–1.006 0.003

Bladder management method

Voluntary micturition 1.000 0.114

Abdominal pressure-assisted urination 0.616 0.158–2.401 0.485

IC 0.347 0.077–1.561 0.168

IDUC 0.270 0.053–1.379 0.116

UUT, upper urinary tract; OR, odds ratio; CI, confidence interval; LUTS, lower urinary tract symptoms; MCC, maximum cystometric capacity; 
MDP, maximum detrusor pressure; BC, bladder compliance; PVR, postvoid residual urine; IC, intermittent catheterization; IDUC, indwelling ure-
thral catheter.
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tory [24]. A lengthy course of NB and suboptimal bladder 
management may be the causes of VUR, UUTD, or UUT dam-
age. Reduced BC secondary to progressive fibrosis of the blad-
der wall is an important factor in the occurrence of VUR. In 
this study most patients had severe VUR and UUTD. The 
gradual destruction of the bladder wall causes reduced BC, de-
trusor fibrosis, and thickening of the detrusor muscle, which 
often lead to ureteral stenosis in the bladder wall or UVJS, an 
important factor in the occurrence of UUTD [3-6]. UVJS usu-
ally leads to hydronephrosis, ureteric dilatation, tortuosity, ad-
hesions, and renal failure. The sites of obstruction usually begin 
at the UVJS, and fibrotic cords always form at tortuous points. 
UUTD and VUR often cause chronic renal failure in NB pa-
tients. A patient with UUTD, tortuous knotting ureter and 
UVJS should undergo ureteral tailoring/shortening and reim-
plantation during augmentation cystoplasty and renal function 
could be fully protected. Therefore, evaluation using UUTD 
and AUTD systems can provide us with objective indicators for 
the conditions of upper and lower urinary tract function and is 
also an important part of early guidance and treatment.

There was a significant difference between the presence or 
absence of VUR and the appearance of hydronephrosis, and the 
incidence of hydronephrosis was higher in patients with VUR. 
DeLair et al. [25] conducted a study involving patients with 
myelodysplasia and found that VUR is an independent risk fac-
tor for renal cortex damage. These results suggest that if the pa-
tient can manage the bladder in a timely and reasonable man-
ner to prevent or reduce VUR, kidney function may be protect-
ed.

In the present study there was no statistical difference in the 
degree of VUR between low- and high-pressure VUR. We spec-
ulate that the antireflux mechanism of the bladder and ureters 
in patients with myelodysplasia may be damaged, but it is un-
clear why the left VUR (47.54%) is greater than the right (25.14%) 
and bilaterally (27.32%); further research is needed to better 
understand this finding.

The main limitations of this retrospective study were as fol-
lows: (1) because some patients were outpatients, UUTD status, 
GFR, and Scr were not available; (2) most patients had only one 
VUDS examination in our center, so we did not observe the 
dynamic changes of urinary tract function.

In conclusion, the current study showed that the UUTD and 
AUTD systems comprehensively and effectively evaluated the 
upper and lower urinary tract function of patients with myelo-
dysplasia, and can be used for longitudinal monitoring of uri-

nary tract function of patients without missing items. The cur-
rent retrospective study using these systems indicates that pa-
tients with myelodysplasia have a high incidence of UUT dam-
age. The absence of bladder sensation, long-term course of 
LUTS, decreased MCC and BC, and increased PVR were inde-
pendent risk factors predicting UUT damage in patients with 
myelodysplasia.
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