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 Background: Renal parenchymal damage and scarring usually is associated with urinary tract infection (UTI), whereas the 
impact of vesicoureteral reflux (VUR) on the kidneys is unclear. We aimed to compare kidneys with all grades 
of VUR (grades Io-V) and those without VUR by using direct radionuclide cystography, voiding cystourethrog-
raphy, and findings from 99mTc-DMSA scintigraphy (DMSA scan).

 Material/Methods: The present analysis included 253 renal ureteral units (RUU) from 129 children with VUR and recurrent UTI and 
children with a single febrile UTI associated with abnormal ultrasonographic findings. The 6 grades of VUR (Io, 
I, II, III, IV, and V) and 35 RUUs without VUR were divided into 4 groups: 1. Non-dilated VUR (grades Io-II); 2. 
Mildly dilated VUR (grade III); 3. Dilated VUR (grades IV-V); and 4. The control group.

 Results: DMSA scanning showed significant differences between the groups with non-dilated VUR, grade III VUR, grades 
IV-V VUR, and the control group in kidney width (c2=30.5; P<0.001); position and shape (c2=30.6; P<0.001); 
intensity of activity (c2=38.1; P<0.001); distribution of activity (c2=34.5; P<0.001); and existence of scars 
(c2=16; P<0.001). The probability of abnormalities on DMSA scans increased with the VUR grade. However, in-
side the groups of dilated and non-dilated VUR we found no significant statistical differences between those 
characteristics.

 Conclusions: Our results indicate that kidneys without VUR or with non-dilated lateral VUR and dilated VUR on the contra-
lateral side represent 2 different categories of parenchymal changes.
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Background

Vesicoureteral reflux (VUR) is defined as backflow of urine from 
the urinary bladder to the proximal part of the urinary tract, in-
cluding the kidney parenchyma. VUR occurs in 1% to 2% of the 
pediatric population [1], and about one-third of children with 
VUR will experience a urinary tract infection (UTI). Although UTI 
is mostly responsible for the renal parenchyma damage, hy-
drostatic pressure from urine backflow also can influence the 
severity of disease [2-7]. Therefore, it is important to evaluate 
whether urine backflow reaches the renal parenchyma, and if 
so, its volume [8-12]. Many studies have reported a correlation 
between parenchymal damage and the grade of VUR [13-16]. 
In many countries, the traditional method for detecting VUR 
is still voiding cystourethrography (VCUG), which is more de-
scriptive but less sensitive than direct radionuclide cystogra-
phy (DRNC), according to the majority of authors [17-23]. There 
are rare studies, however, which have reported the opposite 
results [24,25]. Compared to DRNC, VCUG results in a 50 to 
200 times higher dose of radiation to the patient.

DRNC, in contrast, can distinguish between more grades of 
VUR than is possible with VCUG [17,19-23]. According to the 
International Reflux Study in Children (IRSC) grading classifica-
tion, VUR is divided into 5 grades [26]. When DRNC is incorpo-
rated into patient evaluation, 9% to 18.5% more cases of VUR 
can be found than with VCUG [19,21]. DRNC can discriminate 
among 3 grades of VUR (small, medium, and large) [19,27]. 
To assess damage to the renal parenchyma caused by VUR 
and/or UTI, a 99mTc-dimercaptosuccinic (DMSA) scanning can 
be performed, which is still the criterion standard for imaging 
of functional kidney tissue [28-30].

Sometimes, interpretation of results from kidney tests can be 
complicated, especially when renal length is estimated and 
several different specialists in nuclear medicine are involved 
[28,31,32]. The formulas and nomograms for renal length are 
not always in accordance with results from ultrasonography. 
Renal length usually is longer on DMSA than when meaured 
on ultrasonography. Although ultrasonography is more accu-
rate for measuring renal length, more readily available, and 
harmless, DMSA scanning is superior to ultrasonography for 
assessment of parenchymal damage and function [32]. In the 
present study, we aimed to correlate all grades of VUR with 
specific damage to the kidney parenchyma, as diagnosed on 
DMSA scan. We also wanted to compare kidneys with VUR 
and those without VUR using the same method. Our hypoth-
esis was that in patients with recurrent UTI and VUR, paren-
chymal damage worsens as the grade of VUR increases. We 
also believe that in previous analyses of findings from DMSA 
scanning, some characteristics of the testing were not ade-
quately evaluated.

Material and Methods

The present study enrolled 129 children with VUR and recur-
rent UTI or a single episode of febrile UTI who had abnormal 
findings on ultrasonography. Patients were included if they 
had a single pyelocaliceal system and single ureter, whereas 
those with a duplex collecting system were excluded. Of the 
patients enrolled, 49 (38%) were boys and 80 (62%) were girls. 
All of the patients underwent DRNC and VCUG. When both of 
the tests were positive, grading of VUR was based on the IRSC 
classification. When DRNC was positive and VCUG was nega-
tive, a patient was considered to have Io-grade VUR.

Renal ureteral units (RUUs) were analyzed based on 5 grades 
of VUR, according to the IRSC classification, plus a single grade 
detected solely by DRNC (Io, I, II, III, IV, and V); patients with 
no VUR served as the control group. Patients were divided into 
4 groups: 1. Non-dilating VUR (grades Io-II); 2. Mildly dilated 
VUR (grade III); 3. Dilated VUR (grades IV-V); and 4. Controls 
(no VUR). DRNC was performed based on the 2014 recommen-
dations from the American College of Radiology (ACR) [27]. 
Catheterization was done with the patient in the horizontal po-
sition with a double-lumen, sterile Foley catheter (8-14F). After 
the bladder was drained, it was filled with warm saline contain-
ing 99mTc pertechnetate (74 MBq/500 mL) under a hydrostatic 
pressure of 60 to 70 cmH2O until the bladder was full or the 
child expressed the urge to void. When the bladder capacity 
was reached, the catheter was removed and the patient was 
moved to a sitting position. In most cases, the patient started 
to void. For visualization of radiotracer, a computerized gam-
ma camera (Siemens LFOV) equipped with a parallel, low-en-
ergy, all-purpose collimator was used. The data were stored in 
the computer (Digital PDP 11/34) dynamic mode: 1 frame/5 s. 
Dynamic analog images were produced, 1/60 s during the fill-
ing phase and 1/5 s during voiding [19].

VCUG was performed based on recommendations from the 
ACR (revised 2019; Resolution 10) [26]. Catheterization was 
done with a feeding tube (8F) and the bladder was filled with 
warmed saline mixed with contrast medium (Telebrix) in a 
12% dilution under hydrostatic pressure of 60 to 70 cmH2O. 
The patient was in the horizontal position. When the blad-
der reached full capacity or the patient expressed an urge to 
void, the filling was stopped and the patient was placed in a 
seated or upright position. When the catheter was removed, 
in most cases, patients started to void. Two overhead abdom-
inal films were made during both the filling and voiding phas-
es. Fluoroscopy also was used to monitor the patients during 
the examination [19].

After VUR had been diagnosed, patients underwent a DMSA 
scan following guidelines from the European Association of 
Nuclear Medicine [28]. For this purpose, we used 99mTc DMSA 
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injected intravenously in doses adjusted according to the body 
surface of each child. Images were acquired with a double-
headed gamma camera with a low-energy, high-resolution 
collimator. A child was placed in a supine position and both 
posterior and anterior images were taken. It was possible to 
acquire both views simultaneously with the double-headed 
gamma camera. Images of both kidneys were acquired with a 
total of 300 000 to 500 000 counts with a matrix of 128×128.

Visual measurements were estimated by 3 independent spe-
cialists in nuclear medicine. Parenchymal thickness and pres-
ence of ectopic and malrotated kidneys were estimated visu-
ally and by calculating a differential renal function percentage. 
Regarding positioning, the kidneys usually are located between 
the Th12 and L3 vertebral segments. The intensity of uptake 
was estimated visually, but also based on total DMSA uptake in 
each kidney, which was calculated by determining the counts in 
each region of interest. The parameters for homogeneity were 
estimated visually, while the presence of scars was assessed 
visually and was characterized by lack of 99mTc DMSA uptake 
and loss of kidney contour. The size of kidneys was measured 
visually on the planar 99mTc-DMSA images.

The results were analyzed by 3 independent specialists in nu-
clear medicine. Observers were not aware of the results of 
previously performed VCUG, DRNC, or ultrasonography. The 
DMSA scans were analyzed for the following characteristics: 
1. Parenchymal width; 2. Position, rotation and outline; 3. 
Intensity of radiotracer uptake; 4. Distribution of radiotracer 
uptake; 5. Presence of scars; and 6. Other renal impairments.

Finally, only findings that were confirmed by at least 2 spe-
cialists were taken into account. In the present study, we used 
the c2 test and logistic regression because of adaptation of 
groups according to the age and time interval between diag-
nosis of VUR and DMSA scanning. Results with P<0.005 were 
considered statistically significant. Statistica software version 
8.0 was used for the study.

Results

From the 129 children who were tested with DRNC, VCUG, 
and DMSA scans, a total of 253 RUUs were included in the 
study (218 RUUs with VUR and 35 RUUs in the control group) 
(Table 1). Five patients were excluded from the study, 1 because 
of unilateral renal agenesis, and 4 because of a duplicated py-
elocalyceal system. Seventeen patients (13.2%) had left-sided 
VUR, 19 (14.7%) had right-sided VUR, and 93 patients had bi-
lateral VUR. None of the enrolled patients had any surgical or 
endoscopic interventions during the study. The mean age of 
patients with VUR at the time of cystography was 15 months 
(range, 0.96-116.4) and at the time of DMSA scan was 56.4 
months (range, 5.04-212.4), while for controls, these values 
were 12 months (range, 3.0-116.4) and 46.8 months (range, 
9.96-182.4), respectively. The mean elapsed time from the diag-
nosis of VUR to DMSA scanning was 22.8 months (range, 3.96-
202.8) with no surgical interventions in the interim (Table 2). 
DMSA scanning showed significant differences between the 
groups with non-dilated VUR, grade III VUR, grades IV-V VUR, 
and the control group regarding kidney width, position and 
shape, intensity and distribution of activity, and existence of 
scars (Table 3).

Parenchyma Width

The percentage of kidneys with thinned parenchyma in the non-
dilated group of VURs was the same as in the control group.

Compared with that in the control group, there were 2.3 times 
more kidneys with parenchymal thinning in the group with 
grade III VUR and 3.5 times more in the group with grade IV-V 
VUR, as well as in the group with non-dilated VUR (c2=30.5; 
P<0.001).

There were 4.9 times fewer kidneys with parenchymal thinning 
than with normal parenchymal width in the control group and 
in the group with non-dilated VUR and 1.6 times fewer in the 

VUR	grade RUU	no.	(%) Left side Right side

Io  63 (24.9) 29 34

I  26 (10.3) 14 12

II  38 (15) 17 21

III  56 (22.1) 33 23

IV  25 (9.9) 11 14

V  10 (4) 5 5

Control group  35 (13.8) 16 19

Total  253 125 128

Table 1. Total number of cases of VUR of all grades in the study group and number of analyzed RUUs in the control group by side.

RUU – renal ureteral unit; VUR – vesicoureteral reflux.
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group with grade III VUR, whereas parenchymal thinning was 
1.5 times more common in the group with grade IV-V VUR.

Position, Rotation, and Outline

We found a statistically significant difference among the groups 
(c2=30.6; P<0.001) in irregular position, rotation, and outline 
of kidneys, which were 7 times more common in the kidneys 
with grade III VUR and 14.5 times more common in the group 
with grade IV-V VUR than in the group with non-dilated VUR.

Intensity	of	Radiotracer	Uptake	(Normal/Diminished)

We found a statistically significant difference among the groups 
(c2=38.1; P<0.001) in radiotracer uptake, which was 1.5 times less 
intense in the group with non-dilated VUR, 2.6 times less intense 
in the group with grade III VUR, and 3.3 times less intense in the 
group with grade IV-V VUR than in the control group. Reduced 
uptake was seen in 1.7 times more kidneys with grade III VUR 
and 2.15 times more kidneys with grade IV-V VUR than in the 
group with non-dilated VUR. In the control group, there were 
2.9 times fewer kidneys with diminished versus normal intensi-
ty of radiotracer uptake, whereas there were 1.6 times fewer in 

	Age	(years) Time elapsed from
diagnosis	of	VUR	to	DMSA	scan	(years)Diagnosis	of	VUR DMSA scan

VUR grade

 Io  2.1 (0.5-2.3)  4.0 (0.75-11.75)  1.6 (-0.33-9.1)

 I  1.8 (0.33-7.4)  7.2 (1.2-17.75)  3.8 (0-16.9)

 II  1.0 (0.25-8.75)  4.4 (0.75-17.7)  3.0 (0.08-14.9)

 III  1.37 (0.17-9.7)  4.4 (0.42-17.1)  1.6 (0-16.7)

 IV  0.42 (0.17-7.33)  4.0 (0.5-17.1)  2.8 (0-16.7)

 V  0.42 (0.08-2)  7.6 (5.2-16)  6.4 (4.9-15.5)

Control group  1.0 (0.25-9.7)  3.9 (0.83-15.2)  1.1 (0-14.33)

Total  1.25 (0.08-9.7)  4.7 (0.42-17.7)  1.9 (-0.33-16.9)

Table 2.  Comparison of mean ages (median, min–max) at VUR diagnosis and DMSA scan and VUR grade versus time elapsed (median, 
min–max) from VUR diagnosis to DMSA scan.

DMSA – 99mTc-DMSA scintigraphy; VUR – vesicoureteral reflux.

Dependent variable
Io, I, II
(n=127)

III
(n=56)

IV, V
(n=35)

No	VUR
(n=35)

P*

Parenchyma width Normal  105 (83)  34 (61)  14 (40)  29 (83) <0.001

Thinned  22 (17)  22 (39)  21 (60)  6 (17)

Kidney position, 
rotation, and outline

Normal  124 (98)  48 (86)  25 (71)  35 (100) <0.001

Irregular  3 (2)  8 (14)  10 (29)  0

Intensity of activity Normal  76 (60)  18 (32)  5 (14)  26 (74) <0.001

Decreased  51 (40)  38 (68)  30 (86)  9 (26)

Distribution of activity Homogenous  100 (79)  30 (54)  16 (46)  34 (97) <0.001

Nonhomogeneous  27 (21)  26 (46)  19 (54)  1 (3)

Scar No  119 (94)  47 (84)  27 (77)  35 (100) 0.001

Yes  7 (6)  9 (16)  8 (23)  0

Table 3.  Comparison of abnormalities on DMSA scan (number and percentage of kidneys) in groups with non-dilated and dilated VUR 
and no VUR.

* c2 test. DMSA – 99mTc-DMSA scintigraphy; VUR – vesicoureteral reflux.
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the group with non-dilated versus dilated VUR. Comparing kid-
neys with decreased and normal radiotracer uptake, there were 
twice as many with decreased uptake in the group with grade 
III VUR and 6 times as many in the group with grade IV-V VUR.

Distribution	of	Radiotracer	Uptake	(Homogeneous/
Nonhomogeneous)

We found a statistically significant difference among the 
groups (c2=34.5; P<0.001) in distribution of radiotracer uptake. 
Nonhomogeneous distribution was 7 times more common in 
the group with non-dilated VUR, 15.3 times more common 
in the group with grade III VUR, and 18 times more common 
in the group with grade IV-V VUR than in the control group. 
Nonhomogeneous distribution of radiotracer was 2.2 times 
more common in the group with grade III VUR and 2.6 times 
more common in the group with grade IV-V VUR than in the 
group with non-dilated VUR. The number of kidneys with non-
homogeneous distribution of radiotracer uptake increased in 
proportion to the grade of reflux.

In the control group, a single kidney had nonhomogeneous dis-
tribution of activity. Nonhomogeneous distribution of activity 
was 3.7 times less common in the group with non-dilated VUR, 
while the incidence of homogenous and nonhomogeneous ac-
tivity was equal in patients with grade III VUR. In the patients 
with grade IV-V VUR, in contrast, nonhomogeneous distribu-
tion of radiotracer was 1.2 times more common. A logistic re-
gression analysis with adjustment for age at diagnosis con-
firmed the difference in activity between the control group and 
the group with non-dilated VUR (OR 9.9%, CI 1.2-68, P=0.034).

Scars	(Yes/No)

The incidence of kidney scarring increased with the grade of 
VUR and the differences among groups were statistically sig-
nificant (c2=16; P<0.001). In the control group, there were no 
kidneys with scars. In contrast, compared with the group with 
non-dilated VUR, scarring was 3.8 times more common in the 
group with grade IV-V VUR and 2.7 times more common in the 
group with grade III VUR.

In the group with non-dilated VUR, there were 17 times more 
kidneys without than with scars, whereas in the group with 
grade III VUR, there were 5.2 times more kidneys without scars. 
In the group with grade IV-V VUR, there were 3.3 times more 
kidneys without scars than with scars.

Other	Renal	Impairments	(Shrinking,	Small	Size,	
Enlargement,	and	Thinning)

Among other renal impairments in the studied group, 14.6% 
of kidneys overall were small. Incidence of small kidneys was 
13.4% in the group with non-dilated VUR, 12.5% in the group 
with grade III VUR, and 34% in the group with IV-V VUR. In 
contrast, only a single kidney in the control group was small.

Renal	Characteristics	in	the	Group	with	Grade	Io-II	VUR

In the group with non-dilated VUR, the grade of VUR did not 
influence the parenchymal width of kidneys (c2=1.77, P=0.412) 
or the intensity (c2=1.33, P=0.513) or distribution of activity in 
them (c2=1.17, P=0.556) (Table 4). In terms of kidney position 

Dependent variable
Io

(n=63)
I

(n=26)
II

(n=38)
P*

Parenchymal width Normal  50 (79)  21 (81)  34 (89) 0.412

Thinned  13 (21)  5 (19)  4 (11)

Kidney position, rotation, and 
outline

Normal  61 (97)  26 (100)  37 (97)

Irregular  2 (3)  0 (0)  1 (3)

Intensity of activity Normal  39 (62)  13 (50)  24 (63) 0.513

Decreased  24 (38)  13 (50)  14 (37)

Distribution of activity Homogenous  52 (82)  20 (77)  28 (74) 0.556

Nonhomogeneous  11 (18)  6 (23)  10 (26)

Scar No  59 (94)  23 (92)  37 (97)

Yes  4 (6)  2 (8)  1 (3)

Table 4.  Number and percentage of kidneys in the group with non-dilated VUR (Io-II) that had abnormalities on DMSA scans and their 
relationships to VUR grade.

* c2 test. DMSA – 99mTc-DMSA scintigraphy; VUR – vesicoureteral reflux.
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and scarring in the group with non-dilated VUR, only 2.4% of 
the kidneys were irregularly positioned and 5.6% were scarred.

Kidney	Characteristics	in	the	Group	with	Grade	Io-II	VUR	
vs Controls

There were no statistically significant differences between kid-
neys in the control group and those in the group with non-di-
lated VUR in terms of parenchymal width (c2=0; P=1), intensi-
ty of activity (c2=1.9; P=0.171), or presence of scars (c2=0.916; 
P=0.338). However, there was a statistically significant differ-
ence in radiotracer distribution (c2=34.5; P<0.001). Regarding 
position, none of the kidneys in the control group were irreg-
ularly positioned, whereas 3 kidneys in the group with non-
dilated VUR were irregularly positioned.

Kidney Characteristics in the Groups with Grade III vs 
Grade	IV-V	VUR

There were no statistically significant differences between kid-
neys in the groups with grade III and grade IV-V VUR in terms 
of parenchymal width (c2=2.9; P=0.087), position (c2=1.94; 
P=0.163), intensity of activity (c2=2.75; P=0.097), distribution 
of activity (c2=0.264; P=0.607), or presence of scars (c2=0.283; 
P=0.595).

Probability	of	Changes	on	DMSA	scan	with	Increased	VUR	
Grade

Because the time interval between diagnosis of VUR and 
DMSA scanning was very long in some cases, we used logis-
tic regression to assess the influence of VUR grade (no VUR, 
Io-II, III, and IV-V) on kidney impairment for each studied pa-
rameter, as measured with DMSA scan, with adjustment for 
age and the time interval between the diagnosis of VUR and 
the DMSA scan. Time intervals were divided into 4 categories, 
based on quartiles and medians.

We found that the probability of decreased parenchymal width 
more than doubled (95%CI 1.8-3.6) with each increase in VUR 
grade compared with normal parenchymal width and that the 
probability of abnormal kidney position was increased 4.8 times 
(95%CI 2.4-9.3). For each increase in VUR grade, the probability 
of decreased isotope activity and decreased distribution of ac-
tivity was 2.8 times higher (95%CI 1.9-4) and the probability of 
scar formation was 3.1 times higher (95%CI 1.8-5.5) (Table 5).

Dependent variable OR	(95%	CI) P*

Parenchymal width Grade of VUR  2.5 (1.8-3.6) <0.001

Time distance  0.96 (0.73-1.3) 0.800

Age at diagnosis  1.1 (0.99-1.3) 0.076

Kidney position, rotation, and outline Grade of VUR  4.8 (2.4-9.3) <0.001

Time distance  1.5 (0.9-2.5) 0.141

Age at diagnosis  1.3 (1-1.7) 0.031

Intensity of activity Grade of VUR  2.8 (1.9-4) <0.001

Time distance  1.4 (1.1-1.8) 0.011

Age at diagnosis  1.2 (1.0-1.3) 0.017

Distribution of activity Grade of VUR  2.8 (1.9-4) <0.001

Time distance  1.6 (1.2-2.1) 0.002

Age at diagnosis  1.2 (1.1-1.4) 0.002

Scar Grade of VUR  3.1 (1.8-5.5) <0.001

Time distance  1.1 (0.7-1.7) 0.774

Age at diagnosis  1.3 (1-1.6) 0.015

Table 5.  Logistic regression analysis of the influence of VUR grade on kidney impairment as shown on DMSA scan, adjusted for age 
and time interval between VUR diagnosis and DMSA scan.

* Logistic regression. CI – confidence interval; OR – odds ratio; DMSA – 99mTc-DMSA scintigraphy; VUR – vesicoureteral reflux.
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Discussion

In 37% to 68% of cases, kidneys with UTI accompanied by 
VUR developed scars and abnormal DMSA findings, whereas 
the incidence was only 6% to 33% in kidneys with UTI unre-
lated to VUR. Scarring of the kidney itself is indicative of VUR 
[3,7,29,30]. All those findings suggest a strong relationship be-
tween VUR and parenchymal injury. Our study clearly showed 
a relationship between VUR and abnormalities on DMSA scan-
ning, as well as a correlation between increases in abnormali-
ties on DMSA scanning and progression of each grade of VUR.

For reasons that have yet to be clarified other than infection, 
VUR on its own, whether congenital or acquired, can be a sig-
nificant risk factor for development of renal parenchymal inju-
ry [4,30,33]. Preexisting and acquired parenchymal scars have 
been reported more frequently in older children in association 
with multiple episodes of febrile UTI, and more often in children 
with grade IV VUR than in children with lower-grade VUR [14], 
thus indicating that parenchymal changes are silent and slow-
ly accumulate over time [33]. The suggestion that VUR is not 
serious on its own, is only a significant risk factor for UTI, and 
does not contribute to scar formation and renal insufficien-
cy [34] is not acceptable, given that the present study showed 
that the rate of abnormalities on DMSA scanning was signif-
icantly higher in kidneys with VUR than in kidneys with UTI 
but without VUR in our control group.

Snodgrass found a high percentage (50%) of abnormal DMSA 
scans in patients with high-grade VUR and no abnormalities 
on DMSA scans in patients with grade II VUR [13]. Our study, 
however, showed that both a high percentage of abnormali-
ties on DMSA scans associated with higher-grade VUR and a 
significant percentage of such abnormalities also were asso-
ciated with lower-grade VUR.

Moreover, some other studies [6,7], as well as ours, have shown 
abnormalities on DMSA scans in 6% to 33% of patients with 
UTI who do not have VUR, thus confirming the role of infec-
tion in the development of parenchymal changes.

Garin et al found insufficient evidence that non-dilated VUR 
increased the incidence of parenchymal scarring, whereas they 
reported insufficient data on which to base a conclusion about 
the group with high-grade VUR [35]. Because our study included 
a significant number of cases of non-dilated and dilated VUR, 
we were able to show that the number of abnormalities on 
DMSA scans rose significantly as the grade of VUR increased.

It is obvious that the incidence of parenchymal changes is higher 
in patients with VUR, with or without UTI. VUR can transmit bacte-
ria or chemicals into the tubulointerstitial space, leading to a self-
progressing process of fibrosis in that space. Only in a minority 

of cases does parenchymal damage develop without VUR, prob-
ably as a result of bacterial infection, whereas in the majority of 
cases, such damage develops in the presence of VUR, suggesting 
that VUR plays a crucial role in the development of renal scars.

In our study, the fact that the incidence of ectopic and rotat-
ed kidneys and of kidneys with altered outlines increased sig-
nificantly with the grade of VUR gives credence to the theo-
ry that those characteristics are potential predictors of VUR. 
This is consistent with a 2010 study by Van den Bosch et al, 
which proved that incidence of VUR is increased and relative 
renal function decreased in patients with ectopic kidneys [36].

Regarding the timing of cystography and DMSA scanning, spac-
ing between them of at least 6 months is recommended [4,7]. 
In our study, that elapsed period was 1.9 years, which was suf-
ficient time to reveal definitive changes in renal parenchyma 
caused by VUR or UTI. In the present study, the abnormalities 
most frequently seen on DMSA scans were diminished uptake 
of radiotracer, decreased parenchymal width, and nonhomo-
geneous distribution of radiotracer uptake.

Significant differences were observed among groups with non-
dilating VUR, mildly dilated VUR, dilated VUR, and kidneys with-
out VUR in terms of parenchymal width, kidney shape, rota-
tion and position, intensity and distribution of isotope activity, 
and existence of parenchymal scars.

In the group with non-dilating VUR, however, there were no 
statistically significant differences between grades of VUR in 
parenchymal width; kidney position, rotation, and outline; in-
tensity of radiotracer activity; distribution of renal activity; or 
presence of scars. Moreover, there were no statistically signif-
icant differences between the kidneys in the group with non-
dilated VUR and those in the control group in terms of paren-
chymal width, intensity of activity, or presence of scars. That 
means that patients with kidneys with non-dilating VUR and 
the controls probably represent a low-risk group in terms of 
prognosis and approach to therapy [14,34,37-40].

The present study showed no statistically significant differenc-
es among the groups with dilated VUR in terms of the afore-
mentioned characteristics on DMSA scans.

Therefore, those patients also have a group of diseases that 
share the same prognoses and for which the approach to ther-
apy should be similar [15].

Finally, on DMSA scans, we found approximately the same 
percentage of small kidneys in all cases with non-dilated VUR 
and a higher percentage (34%) of small kidneys in the group 
with dilated VURs, which is consistent with the findings of 
Guarino et al [16].
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Conclusions

DMSA scans revealed statistically significant differences be-
tween the kidneys with non-dilated, mildly dilated, and dilat-
ed VURs and the kidneys with no VUR. The probability for pro-
gression of abnormalities on DMSA increased in proportion to 
the grade of VUR.

According to the results of the present study, patients with non-
dilating VUR and without VUR are significantly different from 
those with mildly and highly dilated VUR. Non-dilating and di-
lating VUR clearly represent 2 totally different categories of dis-
ease that likely have different clinical courses and prognoses.

We have found that despite possible variability in the inter-
pretation of DMSA scans by different observers – what could 
be considered as the bias in the present study – some DMSA 
scans probably have not been used properly in diagnosis of 
kidneys affected by VUR. In conclusion, the results of the pres-
ent study prove that DMSA scanning is still a reliable and pre-
dictive tool for diagnosing VUR.
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