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I described a new UUTD grading system, 
including HN and UD, based on magnetic 
resonance urography (MRU)  [6] . Herein I 
describe a new comprehensive classifica-
tion system for lower and upper urinary 
tract dysfunction in patients with NB ( ta-
ble 1 ).

  In  table 1 , LUTD is described according 
to the Guidelines of the European Associa-
tion of Urology (EAU)  [2]  and the termi-
nology of the International Continence So-
ciety (ICS)  [5] . VUR was graded according 
to the IRSG, and kidney function was de-
termined by the glomerular filtration rate 
from isotope renography and the serum 
level of creatinine. UUTD was graded as 
follows: grade 0, the central renal complex 
is closely apposed without UD ( fig.  1 a); 
grade 1, slight separation of the central re-
nal complex exists, and the ureter is <7 mm 
in diameter ( fig. 1 b); grade 2, the renal pel-
vis is further dilated, a single or a few calices 
may be visualized and the ureter is <10 mm 
in diameter ( fig. 1 c); grade 3, the renal pel-
vis is dilated, there are fluid-filled calices 
throughout the kidney, the renal parenchy-
ma overlying the calices has thinned (renal 
parenchyma loss <50%), and the ureter is 

   Urinary incontinence, hydronephrosis 
(HN), and vesicoureteral reflux (VUR) are 
devastating problems for patients with 
neurogenic bladder (NB) because such 
complications often indicate the presence 
of increased bladder pressure. Elevated in-
travesical pressure can be transmitted to 
the upper urinary tract (UUT), causing HN 
and ureteral dilation (UD), which are re-
ferred to as UUT dilation (UUTD)  [1, 2] . 
Ureteral obstruction at the bladder wall is 
also a cause of UUTD. Therefore, the eval-
uation and protection of UUT function is 
extremely important in the treatment of 
NB dysfunction. The International Reflux 
Study Group (IRSG) classification is widely 
used for grading VUR  [3] ; however, there 
is little agreement on the degree of UUTD 
that signifies HN. The Society for Fetal 
Urology (SFU) grading system for HN is a 
subjective system  [4] ; however, the classifi-
cation of UUTD, including HN and UD for 
patients with NB, is still a matter of debate. 
The existing classification schemes for low-
er urinary tract dysfunction (LUTD) have 
only focused on the bladder and urethra 
and do not relate to UUTD, including HN, 
VUR and UD  [1, 2, 5] . In a previous study, 
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tortuous and <15 mm in diameter ( fig. 2 a), 
and grade 4, similar to grade 3, but the renal 
parenchyma over the calices is thinned (re-
nal parenchyma loss >50%), the ureter is 
severely tortuous and the ureter is >15 mm 
in diameter ( fig. 2 b). For NB patients, de-
trusor fibrosis and thickening secondary to 
progressive destruction of the bladder wall 
often result in ureteral strictures within the 
bladder wall and distal ureteral obstruction 
( fig. 2 c), which is an important factor in the 
etiology of UUTD, including HN and UD, 
and often results in chronic renal failure. 
Therefore, this new system better discrimi-
nates among grade changes in UUT func-
tion, can provide objective indicators for 
UUT function and is an important compo-
nent of long-term follow-up of conserva-
tive and surgical treatment ( fig. 3 ).
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LUT

storage voiding

Bladder function Bladder function
Detrusor activity Detrusor contractility

Normal Normal
Overactive Underactive

Bladder sensation Acontractile
Normal Urethral function
Increased or hypersensitive Normal
 Reduced or hyposensitive Obstruction
Absent Urethral overactivity

Detrusor external sphincter dyssynergia
Detrusor bladder neck dyssynergia
Sphincter overactivity (nonrelaxing 
sphincter, nonrelaxing bladder neck)

Mechanical obstruction

Bladder capacity
Normal1 (300 – 500 ml)
High (>500 ml)
Low (<300 ml)
Bladder compliance
Normal (20 – 40 ml/cm H2O)
High (>40 ml/cm H2O)
Low (<20 ml/cm H2O)
Urethral function
Normal
Sphincter acontractility
Incompetent

Bladder neck
External sphincter

UUT

VUR
No
Yes: unilateral, bilateral

Degrees (left, right) I–V
UUTD (HN and UD)
No
Yes:  unilateral, bilateral

Grades (left, right) 1 – 4
Ureteral obstruction in bladder wall
No
Yes (left, right)
Renal function
Normal (GFR >50 ml/min, left, right)
Renal insufficiency (GFR <50 ml/min, left, right)
Compensatory (GFR, left, right, creatinine <1.5 mg/dl)
Decompensation (GFR, left, right, creatinine >1.5 mg/dl)

1 For adults. LUT = Lower urinary tract; UUT = upper urinary tract; GFR = glomer-
ular filtration rate.

 Table 1. A new comprehensive 
classification system for lower and upper 
urinary tract dysfunction in patients with 
NB
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  Fig. 1.  MRU UUTD grades 0–2.  a  Grade 0 UUTD: MRU reveals no separation of the central renal complex of 
the kidneys and no dilation of the ureters.  b  Grade 1 UUTD: MRU reveals slight separation of the central renal 
complex of the kidneys and the ureters are <7 mm in diameter.  c  Grade 2 UUTD: MRU shows that the renal pel-
vis of the left kidney is further dilated, a few calices may be visualized and the left ureter is <10 mm in diameter. 
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  Fig. 2.  MRU UUTD grades 3–4 and distal ureteral obstruction.  a  Grade 3 UUTD: MRU shows that the renal pel-
vis is dilated, there are fluid-filled calices throughout the left kidney, the renal parenchyma overlying the calices 
has thinned (renal parenchyma loss <50%), and the left ureter is tortuous and <15 mm in diameter.  b  Grade 4 
UUTD: MRU shows that the bilateral renal pelvises are seriously dilated, there are fluid-filled calices throughout 
the kidneys, the renal parenchyma over the calices is thinned (renal parenchyma loss >50%), and the bilateral 
ureters are severely tortuous and >15 mm in diameter.  c  Distal ureteral obstruction: HN and UD can be displayed 
during 360° rotation, and vesicoureteral junction stricture or obstruction can be clearly shown (arrows: left and 
right ureters). 
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  Fig. 3.  Improvement of UUTD grades by MRU after 6 months of augmentation enterocystoplasty.  a  Preoperative 
UUTD grades of right and left kidneys were 3 and 4, respectively.  b  Postoperative UUTD grades of right and left 
kidneys became 0 and 1, respectively. A significant improvement is shown.   
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