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Abstract 

Objective: Urinary tract infection is one of the most common diseases in childhood. Experimental studies 

have shown that renal damage due to urinary tract infection can be prevented by early diagnosis and 

treatment. The aim of this study was to evaluate the correlation between vesicoureteral reflux grade and 

Technetium-99m- dimercaptosuccinic acid scintigraphy in patients with frequent urinary tract infection 

Methods Between January and October 2017, 34 cases were diagnosed as vescoureteral reflux with voiding 

cystoureterography were retrospectively evaluated with Technetium-99m- dimercaptosuccinic acid 

scintigraphy in terms of renal scar and function. Scars and function ratios were evaluated in Technetium-

99m- dimercaptosuccinic acid scintigraphy according to voiding cystourethrography grades and correlation 

between the vesicoureteral reflux grade and Technetium-99m- dimercaptosuccinic acid scintigraphy findings 

were investigated. 

Results: Of 34 patients, 26 (76.5%) were female and 8 (23.5%) were male. The mean age of the patients was 

6.08 ± 4.03 (min: 1 month, max: 17 years). Twenty-one patients had unilateral vesicoureteral reflux and 13 

patients had bilateral vesicoureteral reflux. Vesicoureteral reflux were detected in 47 of the total 68 kidneys. 

Conclusion: In children with vesicoureteral reflux, Technetium-99m- dimercaptosuccinic acid scintigraphy 

provides useful information to show the kidney damage and as the vesicoureteral reflux grade increases, the 

rate of kidney damage increases. Even in the case of grade 1 and grade 2 vesicoureteral reflux, which are not 

expected to cause renal parenchymal damage. Technetium-99m- dimercaptosuccinic acid scintigraphy is the 

most successful imaging method for detecting parenchymal injury. 
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Introduction 

Urinary tract infection is one of the most 

common diseases in childhood. This infection can 

only be limited to the bladder (cystitis) or may result 

in renal parenchymal injury (pyelonephritis) 

(Tekgul et al., 2012). The risk of developing renal 

parenchymal injury has increased, especially in 

children with high degrees of vesicoureteral reflux 

(VUR) (Temiz et al., 2006). Therefore, if VUR is 

not excluded in children with frequent urinary tract 

infections (more than two in six months, three or 

more in one year), end stage renal failure may be 

developed in these patients. In all children who have 

a frequent urinary tract infection and the children 

who have a febrile urinary tract infection under 2 

years of age, voiding cystourethrography (VCUG) 

is recommended. Experimental studies have shown 

that renal damage due to urinary tract infection can 

be prevented by early diagnosis and treatment 

(Hoberman et al., 2003). Therefore, detection of 

VUR and renal scar is of great importance. The 

sensitivity of Technetium-99m dimercaptosuccinic 

acid (Tc-99m DMSA) scintigraphy in detection 

acute and chronic pyelonephritis is higher than 

intravenous pyelography and ultrasonography 

(Stokland et al., 1999). In addition, it is considered 

the gold standard for the detection of renal scar 

(Bhatnagar et al., 2002; Piepsz et al., 1999). The aim 

of this study is to emphasize the importance of Tc-

99m DMSA scintigraphy in evaluating the 

relationship between VUR grade and renal 

parenchymal injury in patients with VUR. 

 

Methods 

 

Design of the study 

34 patients aged 0-18 years with vesicoureteral 

reflux were included in the study. These children 

who admitted to Hatay Mustafa Kemal University 

Pediatric Surgery Clinic between January and 

October 2017 were evaluated retrospectively. All 

patients presented with frequent urinary tract 

infection (more than two in six months, three or 

more in one year) and were diagnosed VUR via 

VCUG. 

With the decision dated 11.10.2018 and 

numbered 12, ethics committee approval was 

obtained. Antibiotic prophylaxis was initiated in all 

patients diagnosed with VUR and Tc-99m DMSA 

scintigraphy was performed after there was no 

growth in urine cultures.  Patient's VUR grades and 

also defected/hypoperfused areas and renal 

functions in Tc-99 mm DMSA scintigraphy were 

recorded. 

Tc-99m DMSA scintigraphy capture 

After obtaining informed consent from the 

parents of the patient, Tc-99m DMSA was 

administered intravenously at a dose of 1-5 mCi 

according to the age of the patient. Three hours 

later, the two-headed gamma camera (Siemens, 

Symbia S, Germany) and static images were taken 

at posterior, anterior and posterior oblique 

positions. Images were taken with low energy 

general purpose collimator in 256x256 matrix using 

140 keV ± energy window. 1000 kkount count was 

taken for each position. 

Scars and function ratios were evaluated in Tc-

99m DMSA scintigraphy according to VCUG 

grades and correlation between the VUR grade and 

Tc-99m DMSA scintigraphy findings were 

investigated. 

 

Statistical analysis 

Data were analyzed using Statistical Pack for 

Social Science for Windows 18.0 version. (SPSS 

Inc., Chicago, IL, USA). Quantitative data were 

assessed were examined by student’s t test. 

Qualitative data were evaluated by ki Chi-square 

test. P <0.05 was considered significant. 

 

Results 

Of the 34 patients, 26 (76.5%) were female and 

8 (23.5%) were male. The mean age of the patients 

was 6.08 ± 4.03 (min: 1 month, max: 17 years). 

Twenty-one patients had unilateral VUR and 13 

patients had bilateral VUR. VUR was detected in 47 

of the 68 kidneys in total (Table 1). There were 7 

kidneys with grade 1, 5 kidneys grade 2, 16 kidneys 

with grade 3, 15 kidneys with grade 4, and 4 kidneys 

with grade 5 VUR (Table 2). 

 

Table 1. Clinical features of patients 
 n % 

Number of Patients 34  

Male 8 76.5 

Female 26 23.5 

Mean age all of the patients 6,08  

              Male 5,4  

              Female 6,28  

Side of vesicoureteral reflux   

Left 9 26,47 

Right 12 35,29 

Bilateral 

  
13 38,23 

Mean function (%)   

On the VUR side     35  

On the non VUR side 64,64  
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Table 2. The number of kidneys according to 

vesicoureteral reflux grades 

VUR Grade 
The number of kidney 

(n=47) 

Grade 1 7 

Grade 2 5 

Grade 3 16 

Grade 4 15 

Grade 5 4 

 

Mean age of patients with grade 1 reflux was 4, 

patients with grade 2 reflux was 5, patients with 

grade 3 reflux was 7.25, patients with grade 4 reflux 

was 5.8, patients with gr5 reflux was 8. One patient 

with grade 5 reflux was 1 month old. 

The mean function on the VUR side of 21 

patients with unilateral VUR was 35.36 ± 16.33% 

and the mean function on the non-VUR side was 

64.64 ± 16.33%. Of the 47 kidneys with VUR, 25 

kidneys had cortical defect / hypoperfusion. While 

there is no pathology in 22 kidneys; perfusion defect 

were observed globally in 14 kidneys, on the upper 

pole in 4 kidneys, on the both upper and lower poles 

in 4 kidneys, on the lower pole in 2 kidneys and on 

the both upper pole and the middle section in 1 

kidney (Table 3) (Figure 1). 

 

Table 3. The number of kidneys with 

vesicoureteral reflux and perfusion defect; and also 

localization of defects 

Defect localization The number of kidney 

(n=47) 

Normal (no defect) 22 
Global 14 

Upper pole 4 

Upper and lower pole 4 

Lower pole 2 
Upper pole and central 

part 

1 

 

The incidence of perfusion defects was 14.3% in 

grade 1 VUR, 40% in grade 2 VUR, 43.7% in grade 

3 VUR, 73.3% in grade 4 VUR and 100% in grade 

5 VUR (Table 4). In low-grade VUR (Grade 1 and 

2), the incidence of perfusion defects in the kidneys 

was 25%, while in the high-grade VUR (Grade 3 

and above) was 62.86%. Scar function increases 

significantly as the degree of VUR increases. 

P:<0.28 (1 and 5)  

 
Figure 1. 9-year-old girl, multiple defects in both 

kidneys, more prominent on the right, function rates were 

74% in left kidney, 26% in right kidney, and grade 4 

VUR in bilateral kidneys (a), 2-year-old girl, multiple 

defects in both kidneys, more prominent on the right, 

function rates left kidney 51%, right kidney 49%, 

bilateral kidneys grade 4 VUR (b), 5-year-old girl, global 

hypoperfusion in the left kidney, function rates in the left 

kidney 17%, right kidney 83%, left kidney grade 3 VUR, 

posterior image (c),  anterior view of the same patient (d). 

 
Table 4. Rates of perfusion defects in kidneys 

according to vesicoureteral reflux grade 

VUR 

Grade 

Number 

of kidney 

with 

defect 

Number of 

kidney 

without 

defect 

Percentage 

of perfusion 

defects 

Grade 1 1 6 %14,3 

Grade 2 2 3 %40 

Grade 3 7 9 %43,7 

Grade 4 11 4 %73,3 

Grade 5 4 0 %100 

 

 

Discussion 

Vesicoureteral reflux is the most common 

anomaly in pediatric urinary tract infections 

(Yılmaz et al., 2018). The rate of VUR diagnosis in 

children with frequent urinary tract infections has 

been reported to be 30-50% (Simsek et al., 1991). 

VUR is the most common risk factor in the 

development of renal damage (Camacho et al., 

2004), resulting in renal parenchymal damage as 

well as proteinuria, hypertension and end-stage 

renal failure in children (Peters et al., 2010). 
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Diagnosis, treatment and follow-up of these patients 

are very important and children with frequently 

urinary tract infection should be investigated for 

VUR. Because, if the early diagnosis of VUR can 

be made and treated, the renal function of these 

patients can be preserved. 

The presence of renal scarring is a most critical 

determinant factor in the surgical treatment of VUR. 

Intravenous pyelography (IVP) was the most 

commonly used method for evaluating renal 

parenchyma before radionuclide imaging methods 

developed. In low grade VUR's where pelvicaliseal 

dilatation is not observed, IVP can be mostly 

normal.  In addition, it was reported that 6 to 24 

month period was required for renal damage to be 

seen in the IVP. Renal damage can be detected 

much earlier via Tc-99m DMSA scintigraphy 

(Rushton et al., 1992).  Ultrasonography is the most 

commonly used imaging method for this purpose 

because of its cheap, easily accessible and no 

radiation. However, Tc-99m DMSA scintigraphy is 

much more sensitive in detecting parenchymal 

defects, İt has been reported that USG cannot detect 

40% of scars and these renal scars can be detected 

by Tc-99m DMSA scintigraphy (Temiz et al., 

2006). Therefore, Tc-99m DMSA scintigraphy has 

been accepted as the gold standard in detecting the 

presence of renal scar (Roebuck et al., 1999). 

The indications of Tc-99m DMSA scintigraphy 

is detection of renal parenchymal abnormalities, 

renal sequelae (six months after infection), acute 

pyelonephritis, associated abnormalities (abnormal 

duplex kidney, small kidney, dysplastic tissue, 

horseshoe kidney), ectopic kidney and confirmation 

of non-functional multicystic kidney. There are no 

contraindications for Tc-99m DMSA scintigraphy. 

During the acquisition, immobilization of the child 

should be obtained. The most difficult age is 

between 1-3 years, but sedation is rarely needed. Tc-

99m MAG3 scintigraphy can also be used to detect 

renal parenchymal defects, but Tc-99m MAG3 

scintigraphy images are acquired only in posterior 

or anterior and posterior positions without oblique 

positions. You do not have a second chance to take 

the images again with Tc-99m MAG3 scintigraphy, 

because it is a dynamic acquisition. But in Tc-99m 

DMSA scintigraphy, the technician can acquire the 

images again in case of any problem such as patient 

movement. 

In case of significant hydronephrosis late Tc-

99m DMSA images (4 to 24 hours) or diuretic 

injection may be useful to excrete Tc-99m DMSA 

activity from the renal pelvis. In these cases Tc-99m 

MAG3 scintigraphy should be considered (Piepsz et 

al., 2009). 

 It can detect acute pyelonephritis if it is used 

during the acute illness, but it shows renal scars 

secondary to acute disease in late imaging 

performed months after infection (Wani et al., 

2016). In Tc-99m DMSA scintigraphy, wedge-

shaped cortical defects and decreased renal volume 

associated with decreased cortical function are 

significant for determining renal scarring (Agras et 

al., 2007). In a study recommended that all children 

with recurrent urinary tract infections should be 

routinely investigated for VUR via VCUG in 

addition to USG and DMSA scintigraphy should be 

performed in non-acute period (Doğan et al., 2018). 

Wongbencharat et al found that the sensitivity of 

urinary tract infection was 50% and Tc-99m DMSA 

scintigraphy in the sixth month was 87.5% in 

predicting infants with high grade VUR 

(Wongbencharat et al.,2016). 

Awais et al reported that Tc-99m DMSA 

scintigraphy has high sensitivity and negative 

predictive value on patients with high grade VUR 

(Grade 3 and higher) and also it has benefit of 

exclusion of high grade VUR (Awais et al., 2015). 

In our study, as the VUR grade increased, the 

probability of renal damage in the kidneys was 

increased. The incidence of perfusion defect in low 

grade VUR was 25%, whereas it was 62.86% in 

high-grade VUR. Urinary tract infection 

accompanied fever do not cause renal damage in 

most children, even if the resulting damage it is 

generally remains unchanged or recedes over time. 

However, 20% of children with kidney damage 

after urinary tract infection have impaired renal 

function. Patients with impaired renal function are 

usually children with grade 3-5 VUR (Swerkersson 

et al., 2017). There is a direct correlation between 

renal scar development and VUR grade (Temiz et 

al., 2006).  In our study, the frequency of perfusion 

defect / scar development in the kidneys increased 

as the VUR degree increased. An important point 

was that no pathology was found in 22 (46.80%) of 

47 kidneys with VUR. An important point was that 

no pathology was found in 22 (46.80%) of 47 

kidneys with VUR. This result supports the 

hypothesis that if there is no observed pathology in 

the TC-99m scintigraphy in early period, the risk of 

developing renal scar is low (Biggi et al., 2001; 

Stockland et al., 1996). 

 

Conclusion 

Vesicoureteral reflux is an important cause of 

chronic renal failure in children if it is not diagnosed 
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and treated in time. The severity of the renal 

parenchymal injury should be evaluated after the 

diagnosis of VUR. In children with VUR, Tc-99m 

DMSA scintigraphy provides useful information to 

show the renal damage and as the VUR grade 

increases, the rate of renal damage increases. Even 

in the case of grade 1 and grade 2 VUR, which are 

not expected to cause renal parenchymal damage. 

Tc-99m DMSA scintigraphy is the most successful 

imaging method for detecting parenchymal injury, 

which can detect early damage with less radiation 

exposure. 
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