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Abstract
Purpose: The presence and degree of hydronephrosis is very important in the management of many diseases of the urinary 
tract. In this study, we aim to compare the sensitivity and specificity of 2 classification systems that are used for hydro­
nephrosis grading in ultrasound, for reflux and scar detection. The classification systems were the Society of Fetal 
Urology (SFU) and Urinary Tract Dilatation (UTD).

Material and methods: Ultrasounds and dimercaptosuccinic acid scintigraphies (DMSA) of all patients who under­
went voiding cystourethrogram (VCUG) due to urinary tract infection were examined retrospectively. DMSA was 
accepted for scar detection and VCUG for reflux detection as reference methods. SFU classification was used for 
hydronephrosis in ultrasound reports, and UTD classification was made over the reports. Sensitivity, specificity, and 
positive and negative predictive values of UTD and SFU classification systems for reflux and scar detection were 
calculated, and these 2 systems were compared.

Results: 103 (39%) of the patients were male and 162 (61%) were female. Pathologies were detected in 192 (35%) of 
530 kidneys in ultrasound. In 110 (42%) of the children, reflux was detected in VCUG. Scars in DMSA were detected 
in only 16% (44) of 266 kidneys. Sensitivity, positive and negative predictive values of the UTD classification system 
were statistically significantly higher than the SFU system for scar and reflux detection (p < 0.01).

Conclusions: If we use the UTD system in ultrasounds of patients with urinary tract infections, children reported as 
UTD 0 may not need VCUG, which reduces radiation exposure to children and the cost of the diagnostic interven­
tions.
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Introduction
Urinary tract infections (UTI) are among the most com­
mon infections under the age of 5 years, which can cause 
very serious complications such as permanent kidney 
damage. Occurrence of these complications increase sig­

nificantly when UTIs are accompanied by vesicourethral 
reflux (VUR) [1]. Ultrasound (US), dimercaptosuccinic 
acid scintigraphy (DMSA), and voiding cystourethrogram 
(VCUG) are used for the diagnosis of negative effects and 
complications of UTI [2]. Many guidelines have been pub­
lished on which order and in which situations these im­
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aging methods should be used. Especially in recent years, 
it is believed that US findings are important in detecting 
high-grade VUR with the contribution of technological de­
velopments in US devices, and VCUG is not advised in the 
presence of a normal US [3,4].

The presence and degree of hydronephrosis are very 
important in the management of many congenital and 
acquired diseases of the urinary tract. For the standard­
ization of hydronephrosis evaluation, in 1993, the Fetal 
Urology Association (SFU) proposed a classification sys­
tem [5]. In addition, while many more grading systems 
are being used, the Urinary Tract Dilation (UTD) clas­
sification system was proposed in 2014 [6]. 

In this study, we aimed to compare the sensitivity and 
specificity of UTD and SFU classification systems in US 
examination for VUR detection by using VCUG as a ref­
erence method. Also, we aimed to compare the sensitivity 
and specificity of the UTD and SFU classification systems 
for scar detection by using DMSA as a reference method 
and to contribute to the guideline recommendations. 

Material and methods
In 2018-2019, 436 children in the 0-17 years age range, 
who were followed up with a diagnosis of UTI, and who 
had VCUG, were evaluated retrospectively. Children with 
neurogenic bladder, and children with congenital and ac­
quired urogenital anomalies were excluded from the study. 
Children whose US examinations were not performed by 
a paediatric radiologist and those with US reports contain­
ing missing information were excluded from the study. 
Consequently, 265 children and 530 kidneys were included 
in this study. All 265 children in the study group also had 
US examinations, but only133 of 265 children had DMSA. 

The patients were divided into 3 groups according 
to their ages. Group 1, 0-2 years old; Group 2, 2-5 years 
old; Group 3, > 5 years old. Urinary system US was per­
formed in the first 15 days of the diagnosis of the index 
UTI. DMSA scintigraphy findings, applied at least 120 days 
after active urinary tract infection, were recorded. When 
the renal function was within the normal range, radioiso­
tope intake was homogeneous without an evident scar and 
there was no cortical hypoactivity, DMSA was considered 
normal. Significant localized deformity, volume loss in the 
outer contours, and volume reduction in the cortex were 
considered as scar [7].

Sensitivity, specificity, and positive and negative pre­
dictive values of UTD and SFU classification systems in 
US examinations were calculated for reflux detection 
by using VCUG as a reference method. For this, VCUG 
and US results of 530 kidneys were compared. Sensitiv­
ity, specificity, and positive and negative predictive values 
of UTD and SFU classification systems in US examina­
tions were calculated  for scar detection by using DMSA 
as a reference method. For this, DMSA and US results of 
266 kidneys were compared. 

Categorical data were expressed as count and per­
centage. Pearson’s c2 test was used for comparisons based 
on independent groups. Sensitivity and specificity com­
parisons were performed by McNemar test. The weighted 
generalized score statistic proposed by Kosinski was used 
for comparisons of 2 positive or negative predictive val­
ues. In all analyses the significance level was considered 
as 0.05. R software (4.0.0) was used for statistical analysis. 
All procedures followed were in accordance with the Hel­
sinki Declaration, and all of the parents of the patients 
were informed and all were approved to participate in this 
study. Institutional ethics committee approval was pro­
vided, with number 2020/750 on 02-06-2020.

Voiding cystourethrogram findings

Reflux evaluation was done by 2 paediatric radiologists: 
A.S has 12 years’ experience in paediatric radiology, and 
G.M. has 3 years’ experience in paediatric radiology. VUR 
was classified as 0 to 5 according to the International Re­
flux Study [8]. According to this classification, Grade 1 
and 2 reflux were accepted as low grade and Grade 3 to 5 
reflux as high grade.

Ultrasound findings

US examinations of all patients were performed by the 
same paediatric radiologist, who has 3 years’ experience 
in paediatric radiology, using a GE LOGIQ S8 (USA).  
The SFU grading system was used in the urinary system 
US examination in 2018-2019 in our clinic. The SFU classi­
fication system, which we use, is divided into 5 groups [5]. 
Reports were analysed retrospectively by the same paedi­
atric radiologist, and UTD classifications were made ad­
ditionally over all reports [6]. All the parameters required 
for the UTD classification system were already detailed in 
our existing reports. 

Results
Demographic and clinical data of the patients are  
summarized in Table 1. Fifty-seven children (52%) with 
reflux in VCUG were > 5 years old, and most of them 
were girls (66%), but there was no statistically significant 
difference between age and gender in terms of reflux  
(p > 0.05). 

The values of each kidney in the SFU and UTD sys­
tems are shown in in Table 2. 76% (28) of kidneys with 
SFU 1 were normal in UTD system and 19% of kidneys 
with SFU 0 were evaluated as UTD 2-3.

While the SFU classification system indicated patho­
logical in 15% (57) of kidneys without reflux in VCUG, 
this rate was 14% (51) in the UTD classification system. 
Only 6 (7%) kidneys with high-grade reflux in VCUG 
were normal in the UTD system, but 56 (67%) kidneys 
with high-grade reflux were normal in the SFU system. 
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Fifty-four per cent (83) of the refluxes detected in 
our study were high grade (Figures 1 and 2). Because the 
VCUG is considered as the gold standard for the diag­
nosis of VUR, the sensitivity, specificity, positive (PPV) 
and negative (NPV) predictive values of the SFU and 
UTD systems for the diagnosis of any grade of reflux and 

high-grade reflux (grade 3-5) are shown in Tables 3 and 4, 
respectively. The sensitivity, PPV, and NPV of the UTD 
classification system were statistically significantly higher 
than those of the SFU system for reflux and high-grade 
reflux (p < 0.05).

DMSA was performed on 133 of 265 children. Scars 
in DMSA were detected in only 16% (44) of 266 kidneys. 
Seventy-three per cent (32) of these kidneys had pathol­
ogy in US. Sixty-two per cent (28) of these patients were  
girls, and 59% (26) were > 5 years old. Because scintigra­
phy is considered as the gold standard for the detection 
of renal scars, the sensitivity, specificity, PPV, and NPV 
of SFU and UTD systems for scar detection are shown in 
Table 5. The sensitivity, PPV, and NPV of the UTD classi­
fication system were statistically significantly higher than 
those of the SFU system for scar detection (p < 0.05).

Discussion 
In our study, reflux was observed in 110 of 265 patients in 
VCUG. Sixty-six per cent (73) of them were girls, and 58% 
(64) of them were > 5 years old. This may be related to the 
higher occurrence of UTI in girls. Although UTI is seen 
most often in patients between 2 and 24 months of age 
[9], our patients were not within this range. The develop­
ment of VUR in children with UTI varies depending on 
age, gender, and clinical picture [9]. 

In this study, the sensitivity of US was 96% and the 
NPV was 98% for high-grade VUR. Our results showed 
that, if an US examination of a kidney was normal but had 
VUR in VCUG, the grade of this reflux was highly likely 
to be low. In this study, only 6 kidneys had high-grade re­
flux, and no abnormalities were found in their US exami­
nations. This supports that US can be a guide for need of 
VCUG examination. In the literature, the sensitivity and 
NPV of US is reported to be between 16 and 40%, and 
between 25 and 86% for reflux [10,11]. However, these 
rates increase significantly for high-grade VUR and are 
reported as 63-86% for sensitivity and 70-94% for NPV 
[12,13]. Our study is similar to the literature.

Sixteen per cent of kidneys had scar in DMSA in our 
study. Seventy-three per cent of these kidneys had pa­
thology in US, and most of these pathologies were related 

Table 1. Patient demographics 

Parameters n (%)

Gender

Female 162 (61)

Male 103 (39)

Age groups

Group 1 71 (27)

Group 2 59 (22)

Group 3 135 (51)

VUR

Reflux (+) 110 (42)

Reflux (–) 155 (58)

VUR – laterality

Unilateral 72 (65)

Bilateral 38 (35) 

VUR – side

Right 75 (49)

Left 79 (51) 

VCUG (kidney)

High grade 83 (54) 

Low grade 71 (46)

SFU system (kidney)

Grade 0 417 (79)

Grade 1 37

Grade 2 50

Grade 3 15

Grade 4 11

UTD system (kidney)

Normal 366 (69)

P1 28

P2 45

P3 91

DMSA (kidney)

Normal 222 (84)

Scar 44 (16)

 No DMSA 264 (49)

Scar

Right kidney 20 (47)

Left kidney 24 (53)

Table 2. Number of renal units in each grade according to the Society for 
Fetal Urology (SFU) grading system and the Urinary Tract Dilatation (UTD) 
classification system

UTD 0 UTD 1 UTD 2 UTD 3 SFU system

SFU 0 337 1 20 59 417

SFU 1 28 6 2 1 37

SFU 2 1 21 16 12 50

SFU 3 0 0 7 8 15

SFU 4 0 0 0 11 11

UTD system 366 28 45 91 530
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to renal parenchymal changes. The sensitivity of the UTD 
system was much higher than that of the SFU system in 
our study for scar detection. It was reported that US was 
not sensitive enough to detect kidney damage in the 
study of Bush et al. [14]. In another study, it was stated 

that the sensitivity and the specificity of US in detecting 
renal scar could be 37-100% and 65-99%, respectively. 
It was stated that this wide range could be related to the 
differences of personal experiences [15]. The fact that the 
US examinations were all performed by one radiologist 
in our study and there were no interobserver variations 
might explain the high specificity and sensitivity values 
of our study.

Most of the kidneys (75,6%) classified as SFU 1 were 
found to be normal according to the UTD classification 
system. This is one of the most important results of our 
study. Most of these children had no reflux in VCUG or 
had low-grade reflux. Therefore, the false positivity of SFU 
in detecting VUR was high. Because this pathology in 
SFU is interpreted as abnormal in US, these children may 
be subjected to over-examination and -treatment. 

A B

Figure 1. A) Ultrasound imaging in the sagittal plane. The parenchyma of the left kidney was abnormal and Urinary Tract Dilatation (UTD)  classification 
system in this case was UTD 3. B) Imaging in the transverse plane US. Anterior-posterior diameter of the renal pelvis (APRPD) is 8 mm. Society for Fetal 
Urology (SFU) classification system in the same case was grade 2

Figure 2. Voiding cystourethrogram. There was a grade 3 (high grade ) re-
flux to the left kidney

Table 5. The comparison of Urinary Tract Dilatation (UTD) and Society for 
Fetal Urology (SFU) classification for scar

SFU UTD

Sensitivity 14 72.1 

Specificity 78.4 67.1 

PPV 11.1 29.8 

NPV 82.5 92.5
PPV – positive predictive value, NPV – negative predictive value

Table 3. The comparison of Urinary Tract Dilatation (UTD) and Society for 
Fetal Urology (SFU) classification for reflux (grade 1-5)

SFU UTD

Sensitivity 32.5 73.4 

Specificity 84.8 85.6 

PPV 49.6 67.7 

NPV 76.5 88.7 
PV – positive predictive value, NPV – negative predictive value

Table 4. The comparison of Urinary Tract Dilatation (UTD) and Society for 
Fetal Urology (SFU) classification for high-grade reflux

SFU UTD

Sensitivity 36.4 92.8 

Specificity 80.8 79.9

PPV 23.9 46.1 

NPV 86.6 98.3 
PPV – positive predictive value, NPV – negative predictive value
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Our other important result was that the sensitivity, 
PPV, and NPV of the UTD system were statistically sig­
nificantly higher than those of the SFU system in detecting 
reflux and scar. The UTD system was able to classify 90% of 
high-grade VUR as moderate or high-risk hydronephrosis 
(P2 or P3). However, this was just 15% in the SFU system. 
In this new UTD classification system, unused parameters 
such as ureteral dilatation, bladder status, and renal paren­
chymal appearance are used [16]. In our study, the most 
important reason for the superiority of UTD sensitivity, 
PPV, and NPV over SFU was that the ureter dilation and 
parenchymal echogenicity increased the UTD degree even 
with a normal pelvicalyceal system. In many studies, these 
parameters are shown to increase the sensitivity and speci­
ficity of US detection for VUR [17,18]. 

Han et al. evaluated the reliability of the UTD and 
SFU grading system for postpartum urinary dilatation in 
infants [19]. As a result, they said that the UTD system 
had a better agreement between the observers. In their 
study, similarly to ours, half of the kidneys with SFU 
grade 1-2 were normal according to the UTD classifica­
tion. Although there are similar studies in the literature 
for antenatal and postnatal hydronephrosis monitoring 
and treatment related to the comparison of the UTD and 
SFU classification systems [20,21], our study is the first 
study to compare the UTD classification system with the 
SFU classification system in detecting of VUR.

Contrast-enhanced ultrasound (CEUS) is a technique 
whereby biocompatible microspheres of inert gas are ad­

ministered intra venously, which reflect ultrasonography 
sound waves. This technique has the potential to replace 
imaging studies such as DMSA because it does not in­
volve radiation [22]. In recent years, there have been stud­
ies on the sensitivity of this method, especially in renal 
scar detection, and it was concluded that CEUS is a very 
sensitive and cost-effective diagnostic imaging method for  
the detection and monitoring of renal scars in children 
with VUR [23].

There were some limitations to our study. Our study 
was retrospective, all patients did not have DMSA, and  
the number of scars detected in DMSA was low. The in­
clusion of both index and recurrent UTIs in our study 
may have affected our results.

Conclusions
If the UTD system is used in the US of patients with UTI, 
children reported as UTD 0 may not need VCUG, which 
reduces the radiation exposure and cost. When urinary 
system US for a paediatric patient is performed by an ex­
perienced radiologist, examining all parameters in detail, 
reflux and scar can be predicted.
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