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Purpose: Recently, several studies have suggested that distal ureteral dilatation is an 
important factor influencing the spontaneous resolution of primary vesicoureteral re-
flux (VUR). We evaluated the relationship between distal ureteral dilatation and the 
spontaneous resolution of primary VUR. 
Materials and Methods: The medical records of 114 patients with primary VUR main-
tained on prophylactic antibiotics from April 1999 to August 2008 were retrospectively 
reviewed. The patients’ mean age was 24.2 months (range, 6-108 months). There were 
66 male patients and 48 female patients. The mean follow-up was 37.6 months (range, 
12-102 months). We analyzed various factors including age, gender, grade of reflux, 
laterality, and ureteral diameter ratio (UDR; the largest ureteral diameter was divided 
by the distance from the L1-4 vertebral body to minimize the differences in diameter 
by age) to determine whether these factors influenced the spontaneous resolution of 
primary VUR.  
Results: Unilateral, low-grade reflux and low UDR were significantly associated with 
the spontaneous resolution of reflux (p=0.048, p＜0.001, and p＜0.001, respectively). 
The multivariate analysis revealed that the spontaneous resolution rate of primary re-
flux was significantly higher in patients with low UDR than in patients with high UDR 
(p＜0.001). 
Conclusions: The degree of distal ureteral dilatation is expected to be another important 
factor in determining therapeutic course and predicting the spontaneous resolution of 
VUR.
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INTRODUCTION

Vesicoureteral reflux (VUR) is a relatively common disease 
in children; the onset rate in children ranges from 0.4% to 
1.8% [1]. VUR is diagnosed by voiding cystourethrography, 
and the severity of reflux is graded in accordance with the 
standards of the International Reflux Study in Children 
(IRSC) [2]. 
　The reflux grade is an important diagnostic method for 
determining the treatment and prognosis of VUR. In lower 
grade VUR, relatively more patients experience sponta-
neous resolution. Therefore, patients who are determined 
to have lower grade VUR tend to be treated conservatively 
until the VUR resolves. However, there has been much con-
troversy concerning the treatment guidelines for grade III 
and IV reflux. To this end, Smellie et al reported that pa-

tients with high-grade VUR often have spontaneous reso-
lution of VUR [3]. Furthermore, many arguments have 
been made as to whether the existing grades are suitable 
for predicting the spontaneous resolution of VUR. In addi-
tion to reflux grade, it has also been reported that age, later-
ality (unilateral or bilateral), and gender exert an influence 
on the spontaneous resolution of reflux [4]. 
　In addition to the existing prognostic factors and reflux 
grades, other factors have recently been reported [5,6]. In 
particular, we have focused on the recent literature that 
VUR is influenced by the severity of distal ureteral dilata-
tion and analyzed the degree with which distal ureteral di-
latation influenced the spontaneous resolution of VUR to 
ascertain whether ureteral dilatation is as valuable a prog-
nostic factor as the ones currently in existence. 
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TABLE 1. Characteristics of 114 patients with primary vesi-
coureteral reflux

Characteristics No. of patients

No. of patients
Mean age (months)
Sex

Male
Female

Mean duration of treatment (months)
Laterality

Unilateral
Bilateral

Grade
I
II
III
IV
V

114
24.2 (6-108)

66
48

37.6 (12-102)

75
39

10
32
39
20
13

TABLE 2. Relationship between spontaneous resolution and age, 
sex, laterality, and reflux grade

Factors
No. of 

patients
Spontaneous 
resolution (%)

p-value

Age (years)
＜1
≥1

Sex
Male
Female

Laterality
Unilateral
Bilateral

Grade
I
II
III
IV
V

65
49

66
48

75
39

10
32
39
20
13

35 (53)
22 (44)

28 (42)
29 (60)

42 (56)
15 (38)

7 (70)
23 (71)
21 (53)
5 (25)
1 (8)

0.334

0.057

0.048

＜0.001

MATERIALS AND METHODS

This study retrospectively analyzed how the degree of dis-
tal ureteral dilatation influenced the spontaneous reso-
lution of VUR. Between April 1999 and August 2008, a total 
of 114 patients who were diagnosed with primary VUR and 
were managed with prophylactic antibiotics were included 
in this study. Patients with congenital anomalies and func-
tional disorders in the urinary tract, such as congenitally 
malformed urethra, neurogenic bladder, double ureters 
and urethral valve, hutch diverticulum, and refluxing 
megaureter, were excluded from this study. The patients’ 
mean age was 24.2 months (range, 6-108 months). Male 
and female patients numbered 66 and 48, retrospectively. 
The mean follow-up duration was 37.6 months (range, 
12-102 months), and there were 75 and 39 cases of unilat-
eral and bilateral VUR, respectively. There were 10, 32, 39, 
20, and 13 cases each of grade I, II, III, IV, and V reflux, 
respectively (Table 1).
　The degree of distal ureteral dilatation was analyzed as 
the longest diameter from among the distal ureters be-
tween the sacroiliac joint and the ureterovesical junction 
on voiding vesicourethrography. To correct the ureteral di-
ameter, which may change as a child grows, the ureteral 
diameter ratio was calculated by dividing the maximum di-
ameter of the distal ureter by its distance from the first lum-
bar vertebra to the fourth lumbar vertebra. We selected 
lumbar spine length to correct the ureteral diameter be-
cause Currarino et al reported that there is linear growth 
of the spine from birth to 16 years, and the rib, scapula, oth-
er bones screen the thoracic spine on voiding vesicour-
ethrography [7]. The correlation between the ureteral di-
ameter ratio and spontaneous resolution was analyzed. 
For conservative treatment, prophylactic antibiotics were 
used. Because it is believed that VUR is a predisposing fac-
tor for urinary tract infection, which in turn may cause per-
manent renal injury, voiding cystourethrography was per-

formed on all subjects at intervals of 6 months or 1 year. 
Cases for which VUR was not observed on the voiding cys-
tourethrography were defined as spontaneous resolution.
　The correlation between each factor and spontaneous 
resolution was analyzed through both univariate analysis 
and multivariate analysis. For statistical analysis, the 
SAS software (version 9.1.2; SAS Institute, Cary, NC, 
USA) was used; chi-squared test, p for trend, Spearman 
rank correlation, and a logistic regression model were 
performed. Cases for which the p-values were less than 
0.05 were considered statistically significant.

RESULTS

Spontaneous resolution occurred in 57 (50%) of 114 cases. 
Surgical operations were performed on 44 (38%) of the other 
57 cases in which reflux had already progressed or had not 
changed. Medical treatment with prophylactic antibiotics 
and follow-ups were performed on the residual 13 cases 
(10%). There were 65 cases aged less than 1 year and 49 cases 
aged over 1 year; of those less than 1 year of age, 35 cases 
(53%) showed spontaneous resolution, and of those aged 1 
year or older, 22 cases (44%) showed spontaneous resolution. 
However, this difference was not statistically significant 
(p=0.344). Additionally, spontaneous resolution occurred 
in 28 of 66 males (42%) and in 29 of 48 females (60%) (p= 
0.057). Spontaneous resolution occurred in 42 of 75 cases 
(56%) of unilateral VUR and in 15 of 39 cases (38%) of bilateral 
VUR (p=0.048). In each grade (I to V), 7 cases (70%), 23 cases 
(71%), 21 cases (53%), 5 cases (25%), and 1 case (8%) had 
spontaneous resolution, respectively, demonstrating that 
spontaneous resolution rates were higher in the lower gra-
des (p＜0.001) (Table 2). The mean ureteral diameter ratio 
was 0.073 (range, 0.004-0.216), and the univariate and 
multivariate analyses showed that the spontaneous reso-
lution rate significantly increased as the ureteral diameter 
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TABLE 3. Multivariate analysis by the logistic regression model 

Risk factors Odds ratio 95.0% CIa p-value

Age  
Sex
Laterality
VUR Grade

II
III
IV
V

Ureteral
 diameter ratio

3.032
0.476 
1.021 

 
0.933 
0.522 
0.674 
0.195 

4.479x1032

0.967-9.510 
0.149-1.525 
0.322- 3.237 

 
0.138-6.281 
0.078-3.495 
0.072-6.330
0.007-5.712

1.059x1018-1.167x1039

0.0572 
0.2115 
0.9715 
0.8389 

＜0.001

VUR: vesicoureteral reflux, a: confidence interval

FIG. 1. Relationship between spontaneous resolution and ureteral 
diameter ratio.

ratio decreased (p＜0.001) (Table 3, Fig. 1). Furthermore, 
there was a statistical correlation between ureteral diame-
ter ratio and VUR grade (p＜0.001, rs=0.643).

DISCUSSION

It is well known that age, gender, laterality, and reflux 
grade have a large influence on the occurrence of sponta-
neous resolution in patients with primary VUR. With re-
spect to age, the spontaneous resolution rate is higher in 
younger patients. Yeung et al demonstrated that in 155 pa-
tients with primary VUR, the spontaneous resolution rate 
was higher in high-grade patients aged less than 1 year 
than in those older than 1 year [8]. Park et al who performed 
conservative treatments of 48 cases of ureteral reflux for 
35 months (on average), reported that reflux sponta-
neously resolved in 27 cases and that the resolution rate 
was higher in younger patients, despite higher grades of 
reflux [9]. It is thought that the immature muscles of the 
vesical trigone develop with time and that the submucosal 
ureter becomes longer. In this study, the spontaneous reso-
lution rate reached 53% and 44% in patients aged less than 
1 year and in those aged 1 year and above, respectively. 

Although the rate was higher in younger patients, the dif-
ference was not statistically significant.
　Many studies have suggested that the onset rate of VUR 
is higher in girls than in boys. Chand et al performed a study 
with 15,504 children and reported that the onset rate was 
approximately two times higher in girls less than 2 years 
of age than in boys of the same age [10]. According to the 
report by Yeom et al, in general, the onset rate of VUR was 
higher in girls than in boys; however, in the case of children 
aged less than 1 year, the rate was higher in boys [11]. In 
our study, the overall onset rate was higher in boys (57%) 
than in girls (43%). This may have resulted from the fact 
that children less than 1 year of age accounted for 44 boys 
and 21 girls in our study, which means that the onset rate 
may have been inflated owing to the larger number of boys. 
With respect to spontaneous resolution, Schwab et al re-
ported that VUR was rapidly resolved in boys compared 
with girls [12], and Sjöström et al reported that the sponta-
neous resolution rate of high-grade VUR (at least grade IV) 
was higher in boys aged less than 1 year than in girls of the 
same age grouping [13]. In our study, however, it was high-
er in girls (60%) than in boys (42%), although the difference 
was not statistically significant. This difference might 
have resulted from there being more high-grade VUR in 
boys than in girls. 
　With regard to the correlation between laterality and 
spontaneous resolution, Estrada et al reported that unilat-
eral VUR resolved earlier than bilateral VUR [14]. Smellie 
et al performed a study among children with grade III or 
IV reflux and reported that the spontaneous resolution rate 
was significantly higher in unilateral VUR [3]. Tamminen- 
Möbius et al reported that the spontaneous resolution rate 
reached 12% in bilateral VUR but was 54% in unilateral 
VUR [15]. Similarly, in our study, the rate of spontaneous 
resolution was significantly higher in unilateral VUR than 
in bilateral VUR (56% vs. 38%, p=0.048).
　Zerati Filho et al researched spontaneous resolution 
rates in 417 children for 2.7 years (on average), and found 
resolution rates of 87.5%, 77.6%, 52.8%, 12.2%, and 4.3% 
for grade I, II, III, IV, and V reflux, respectively [16]. Arant 
reported that the spontaneous resolution rate reached 80% 
in grade I and II primary VUR without operative manage-
ment [17]. Schwab et al performed a study with 214 chil-
dren and showed that the spontaneous resolution rate was 
13% in low-grade VUR (grade III and less) and 5% in 
high-grade VUR (grade IV and over) [12]. Barroso et al ob-
served 178 children with unilateral VUR for 55 months on 
average and reported that there was a strong possibility 
that high-grade VUR could develop into bilateral VUR [18]. 
In our study, 69% of low-grade VUR (grade II or less) spon-
taneously resolved; however, for high-grade VUR (grade IV 
and over), the spontaneous resolution rate was just 18%, 
showing the inverse relationship between the spontaneous 
resolution rate and the reflux grade.
　Concerning primary VUR, there have been two domi-
nant views. One is that the antireflux function is weakened 
due to the congenitally immature muscles that go from the 
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vesical trigone to the terminal ureter. The other is that the 
ureterovesical junction, formed from the outside in during 
fetal life, makes the submucosal ureter shorter and causes 
VUR [4]. Specifically, the length and diameter of the sub-
mucosal ureter may be a large part of primary VUR. 
However, the reflux grade is used to evaluate the severity 
of primary VUR, a grading system that reflects the structure 
of the upper urinary system, including the renal pelvis and 
the renal calyx, and the subjective judgement of the person 
making the evaluation is reflected in grading. On the au-
thority of such hypotheses, we calculated the ureteral dia-
meter ratio by dividing the maximum diameter of the distal 
ureter by the distance from the first lumbar vertebra to the 
fourth one so as to correct the ureteral diameter for change 
with child growth. We then analyzed the relationship be-
tween the ureteral diameter ratio and spontaneous reso-
lution. Few studies have been carried out about distal ure-
teral dilatation as a factor influencing the spontaneous re-
solution of primary VUR. Méndez et al classified patients 
into three groups according to how much the lower ureter 
was dilated on ultrasonography and analyzed the prognoses 
after ureteral submucosal injection [5]. They reported that 
distal ureteral dilatation was an important prognostic fac-
tor in treating primary reflux. Lee et al divided the maximum 
length of the lower ureter, as measured by preoperative 
voiding cystourethrography using the length of the fourth 
lumbar vertebra, and performed ureteral submucosal in-
jection according to the calculated ratio and analyzed its 
relationship to the recurrence of VUR [6]. The results 
showed that the dilatation of the lower ureter was a signi-
ficant prognostic factor. We analyzed the influence of distal 
ureteral dilatation on the spontaneous resolution of VUR, 
through univariate analysis based on the logistic regression 
model and multivariate analysis from which age, gender, 
laterality, and reflux grade were excluded. As a result, we 
determined that the ureteral diameter ratio was sig-
nificantly related to the spontaneous resolution of reflux. 
Thus, it appears that the ureteral diameter ratio may ob-
jectively measure vesicoureteral structure and thus may 
be an appropriate index to predict not only the present state 
of VUR but also the possibility of spontaneous resolution.

CONCLUSIONS

We have presented the degree of distal ureteral dilatation, 
which has the benefit of predicting spontaneous resolution 
more objectively. Distal ureteral dilatation may be another 
prognostic factor in VUR, determining therapeutic course 
and predicting spontaneous resolution of VUR.
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