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ABSTRACT 

 

BACKGROUND AND OBJECTIVES: 

  
Urinary tract infections (UTIs) are prevalent bacterial diseases in children, 

often linked to vesicoureteral reflux (VUR), a common underlying cause. 

Traditionally, the diagnosis of VUR has relied on invasive micturating 

cystourethrography (MCU). This study aimed to assess the accuracy of 

ultrasonography (USG) for predicting and grading VUR in pediatric patients with 

UTIs. 

 

METHODOLOGY:  

The present study was conducted in the Department of (Radiology) Radio-

diagnosis, KLES Dr. Prabhakar Kore Hospital and Medical Research Centre, 

Belgaum (Belagavi) from January 2023 to December, 2023 

 

RESULTS: 

It was a one-year observational study where in a cohort of 42 pediatric 

patients, predominantly in early to mid-childhood (54.7%), underwent evaluation, 

with a male-to-female ratio of 6:1. USG identified 38 true positive cases of VUR and 

4 false negatives, while both USG and MCU showed no false positives or true 

negatives.  

Among the findings, bilateral Grade IV VUR was most prevalent, followed by 

bilateral Grade V VUR, 90.4 % of all grade VUR were accurately diagnosed and 68.4 

% cases were graded accurately, 75% of the low-grade being diagnosed on USG and 

44% of cases were accurately graded  



xi 
 

 
 

96.6 % of the high-grade cases were accurately diagnosed on USG with 75.8 % of 

them accurately graded  

In addition to VUR grading, USG provided insights into kidney size, shape, signs of 

chronic pyelonephritis, ureteric characterization, intrapelvic echoes indicating 

persistent infection, poor urine emptying due to reflux, and dynamic reflux 

assessment. Furthermore, USG detected renal scarring, atrophic changes, and 

intrapelvic echogenicities, facilitating comprehensive management decisions. 

 

CONCLUSION:   

Ultrasonography emerges as a promising non-invasive tool for assessing VUR 

in pediatric UTI patients, offering reliable diagnostic accuracy and additional 

parameters for comprehensive clinical management. 

 

Keywords: urinary tract infection, vesicoureteral reflux, ultrasonography, micturating 

cystourethrography, pediatric nephrology 
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INTRODUCTION 

Urinary tract infection (UTI) is the most prevalent bacterial diseases in 

children 1. Common causes of UTI include vesicoureteral reflux (VUR), bladder-

bowel dysfunction (BBD), congenital abnormalities of the kidneys and urinary tract 

(CAKUT), and the status of circumcision in young boys2,3,4. Between 85% and 90% 

of UTIs are brought on by Escherichia coli. Additional typical microbes consist of 

Klebsiella,Proteus, Enterococcus, and Enterobacter species5,6,7.  

Boys have a higher prevalence of it (3.7%) in the first year of life compared to 

girls (2%) and beyond infancy, girls have a much higher prevalence8,9. In girls, the 

incidence during prepubertal age is 3%, whereas in boys, it is 1%. Within the first six 

to twelve months following the initial UTI, there is a 12% to 30% chance of a 

recurrence10,11. Timely identification and treatment of UTI are crucial in preventing 

both acute consequences and kidney scarring & its sequelae. Much research has been 

done on pediatric UTI in the past 2 decades, especially in the areas of renal imaging 

and long-term antibiotic prophylaxis following UTI. 

One of common cases of bacterial infection in young infants is urinary tract 

infection (UTI). The developing kidneys may sustain long-term, irreversible damage 

if diagnosis and therapy are delayed. Hypertension, renal failure, and renal scarring 

are possible outcomes12. 20% to 35% of children who are assessed for bacteriuria are 

thought to experience vesico-ureteral reflux. Following their first UTI, vesicoureteral 

reflux is diagnosed in over 60% of children under the age of one year13.  

The traditional method of diagnosing vesico-ureteral reflux is micturating 

cystourethrography. Despite being a day care procedure, this one procedure has poor 

compliance, necessitates antibiotic coverage, requires extensive counseling, which 

requires painful catheterization and should only be done after recovering from a 
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febrile illness. On the other hand, these kids would greatly benefit from a method or 

investigative tool that, in the absence of an invasion, yields comparable or almost 

comparable results in the diagnosis of vesico-ureteral reflux with one tool of USG. 

Therefore, the goal of this study is to ascertain if ultrasonography should be employed 

in kids who have vesico-ureteral reflux-related urinary tract infections. 

One of the most prevalent urinary tract abnormalities in children is 

vesicoureteral reflux (VUR), which is linked to reflux nephropathy14. To prevent the 

development of reflex nephropathy, it is especially crucial to check for VUR in 

infants who have hydronephrosis at the prenatal stage or recurrent febrile urinary tract 

infections15. The relationship between VUR and chronic nephropathy is still up for 

debate, though16. It is frequently advised that high-risk children be kept out of VUR, 

especially if they have hydronephrosis, kidney damage, or a complex urinary tract 

infection17.  

Currently, radionuclide cystography (RNC) and retrograde voiding 

cystourethrogram with X-ray (VCUG)18 are the two procedures commonly employed 

to diagnose VUR. Due to their intermittent imaging and irradiation, both approaches 

have limited sensitivity19.  

When a febrile urinary tract infection (UTI) first occurs, the goal of renal and 

bladder ultrasonography (RBUS) is to identify any anatomic abnormalities that need 

to be further evaluated (such as further imaging or urologic consultation). In order to 

track renal growth, RBUS also assesses the renal parenchyma and renal size)20. The 

clinical situation determines when to perform RBUS. Early on in an acute infection, 

RBUS may be misleading because, as animal studies have shown, dilatation brought 

on by an endotoxin from Escherichia coli during an acute infection might be mistaken 

for hydronephrosis, pyonephrosis, or obstruction)21. 
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Need for the study:  

Vesico-ureteral reflux is most common cause of febrile lower urinary tract 

infections in paediatric patients. The diagnosis is usually achieved by micturating 

cystourethrography, which is a invasive and painful procedure experienced by the 

these children. The use of ultrasonography with its doppler values, if can diagnose the 

presence of vesico-ureteral reflux will be helpful in diagnosing and then confirming 

with micturating cystourethrography and treating these children to prevent 

exacerbation and sequelae of urinary tract infection like pyelonephritis, urosepsis and 

renal abscess. The ultrasonography has also a regional importance here, as no study 

has been done in this part in state or country regarding the use of ultrasonography in 

diagnosis of vesico-ureteral reflux which can either be missed or diagnosed late with 

the fear of invasiveness of the procedure of micturating cystourethrography which is 

extensively practised in this regional setup.  

 



Aims & Objectives 

 

 Page 3 

 

AIMS & OBJECTIVES 

 

1. To evaluate the accuracy of ultrasonography in predicting vesico-ureteral reflux 

cases diagnosed on micturating cystourethrography in paediatric patients.  

2. To study the accuracy of ultrasonography in predicting the grade of vesico-ureteral 

reflux cases diagnosed on micturating cystourethrography in paediatric patients. 
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REVIEW OF LITERATURE 

Background 

The probability of permanent renal scarring, which can cause major 

aftereffects like hypertension, proteinuria, and end-stage renal disease, is assumed to 

be correlated with the severity of VUR. It is believed that interventions including 

surgical correction, antibiotic prophylaxis, and follow-up imaging lower the risk of 

these problems. Due to a dearth of data based on research, most practice guidelines 

now in use have concentrated on comprehending the pathophysiology of VUR and 

UTI. As the body of medical literature increases, the pediatric community is now 

questioning some of the long-held assumptions regarding the management of and role 

of imaging in UTI and VUR. In addition to discussing recent changes in practice 

patterns and highlighting some current challenges that may inspire future updates to 

suggested procedures, this paper will look at the pathophysiology and epidemiology 

of VUR and UTI. 

Definitions of commonly used terms in UTI 

Signs and symptoms 

Febrile UTI 

UTI associated with temperature >38°C (100.4°F) 

Symptomatic UTI 

UTI associated with fever and/or urinary symptoms 

ABU (Asymptomatic bacteruria) 

Significant bacteriuria in a child with no symptoms of UTI 

Sterile pyuria 

Increased white cells in urine in the absence of bacteria on urine culture 
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Bowel and bladder dysfunction 

Spectrum of signs and symptoms, including incontinence, constipation and/or 

encopresis associated with functional and behavioural abnormalities of the bowel, 

lower urinary tract, and pelvic floor 

Site of infection 

Upper-tract UTI  

UTI involving kidneys and ureters 

Lower-tract UTI  

UTI involving bladder and urethra but not upper tract 

Pyelonephritis  

Kidney infection (febrile UTI may or may not be due to pyelonephritis) 

Cystitis  

Bladder infection 

Severity of infection 

Simple UTI 

UTI limited to lower urinary tract and with fever  

Complicated UTI 

UTI in newborns; abdominal and/or bladder mass; kidney and urinary tract 

anomalies; urosepsis; organism other than E coli; atypical clinical course, including 

absence of clinical response to antibiotic within 72 h; and renal abscess. 

Complicated cystitis 

Children with comorbid medical conditions, underlying bladder pathology, 

indwelling bladder catheter, and atypical clinical course. 
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Renal status 

Reflux nephropathy  

Renal cortical abnormalities associated with VUR (may be congenital 

dysplasia or acquired scarring) 

Renal scarring  

Acquired renal damage due to APN 

Renal dysplasia 

Congenital renal cortical abnormalities 

Recurrent UTI 

occurrence of 2 or more acute UTIs within months or 3 within a year 

Concept of VUR 

Definition  

VUR is a condition marked by retrograde flow of accumulated urine in the 

bladder through one or both ureters back to the renal calyx or kidney (intra-renal 

reflux). This occurs when the protective mechanism against reflux is immature or fails 

due to anatomical or functional abnormalities. 

Classification of VUR  

When anatomical or functional congenital defects lead to an inadequate or 

immature preventative mechanism against reflux, primary VUR develops. Secondary 

VUR occurs when this preventative mechanism in the lower urinary tract is 

compromised by an organic obstruction and/or neurological malfunction (posterior 

urethral valve, anterior urethral valve, anterior urethral diverticulum, urethral 

hypoplasia, and neurogenic bladder)23, 24. 
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Epidemiology 

For girls and boys, respectively, the cumulative risk of UTI during childhood 

is 8% and 2%25. Between 25% and 40% of children with UTIs are reported to have 

VUR26. 50–91% of children with feverish UTIs have abnormalities on renal cortical 

scintigraphy, which suggests acute pyelonephritis (APN)27. On the other hand, 

scintigraphy reveals renal cortical abnormalities in 79–86% of the kidneys when VUR 

is present27.  

While these figures demonstrate that VUR is a contributing factor to APN, 

Ditchfield et al.32 discovered that 53% of refluxing kidneys lacked any scintigraphy 

defect suggesting APN, while 61% of kidneys with evidence of APN on scintigraphy 

did not have VUR. Thus, it is common for VUR and APN to occur separately28,29. 38–

57% of children with APN identified by scintigraphy will experience irreversible skin 

scarring30, 31. The frequency of APN on renal scintigraphy and the severity VUR 

grade were found to be correlated in a recent study by Oh et al32; however, the risk 

that APN would result in permanent renal scarring was independent of the VUR 

grade. 

 

Pathophysiology of VUR 

The ureteral orifice is reached by the distal ureter running obliquely through 

the bladder wall (Fig. 1). Urine cannot flow retrogradely into the distal ureter when 

the bladder expands with pee because of increased compression of the intramural and 

submucosal portion of the ureter. The length of the distal ureteral, which is located 

inside the bladder wall, determines how well this valvular function works; a shorter 

intramural–submucosal segment raises the risk of VUR. In children, the usual length 

of the intramural–submucosal segment ranges from 7 to 12 mm33 and has a ratio of 
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5:1 (length:diameter) at vesicoureteric junction, is called as pollitano’s rule. This 

length fluctuates with age. In order to extend the intra mural–submucosal segment, 

ureteral reimplantation surgery for VUR aims to tune a more angled ureteral path 

through the bladder wall. 

 

 

 

 

 

 

 

 

Fig. 1—Drawing shows pathophysiology of vesico-ureteral reflux (VUR). Shorter intramural–

submucosal segment of distal ureter increases likelihood of VUR. 

 

Pathophysiology of Pyelonephritis and Renal Scarring 

Instead of hematogenous spread, ascending bacterial infections in the urinary 

system are typically the cause of pyelonephritis. Urine in the renal pelvis is more 

susceptible to infection due to VUR and urinary stasis (Fig. 2). The renal parenchyma 

can then become infected with bacteria, which causes swelling and inflammation. 

Compression of the parenchymal microvasculature might result in necrosis, 

microabscess development, and ischemia. Loss of parenchymal volume and function 

as well as persistent renal scarring may occur if the renal parenchyma is unable to 

heal from these wounds. The preferred imaging method for identifying APN and renal 

scarring is renal cortical scintigraphy with 99mTc-dim ercaptosuccinic acid (DMSA) 
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due to its high sensitivity34; both entities show up as photopenic defects on DMSA 

scans, and the interpreting physician must rely on the clinical time-course to 

differentiate between the two. 

 

 

 

 

 

 

 

Fig. 2—Drawing shows pathophysiology of pyelonephritis and renal scarring. Ascending 

urinary infection allows bacteria to enter renal parenchyma. Inflammatory edema causes 

compression of parenchymal microvasculature that can result in ischemia, microabscess 

formation, necrosis, and permanent renal scarring. 

 

Settings of diagnosis (patients with suspected VUR) 

VUR is frequently diagnosed in UTI patients28. Additionally, due to the 

increased prevalence of VUR discovered during screening in children with fetal 

hydronephrosis identified by ultrasound, thorough examinations for familial VUR and 

baby health checks using ultrasound are now becoming more common. When 

examining patients with BBD for voiding and/or storage symptoms, VUR is found. 

When proteinuria or kidney failure symptoms are discovered during school health 

exams, VUR is identified in patients with advanced renal dysfunction. 
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Basic Assessment 

The basic assessment must include taking a history, doing a physical 

examination, doing a urine test, and doing an ultrasound. Having a complete family 

history is especially crucial due to the possibility of familial VUR. In young children, 

fever is frequently the sole observable sign of a UTI; symptoms of urgency, 

frequency, dysuria, and stomach pain may occur only after the kid has finished potty 

training and is verbally able to communicate. If the kid is able to communicate the 

need to urinate, midstream urine can be collected; however, younger children, 

regardless of gender, will have their clean-catch urine collected using a urine 

collection pack. Pyuria (urinary white blood cell count ≥10/high-power field) and/or 

bacteriuria will be used to diagnose UTIs. When measured by culture, a bacterial 

count of ≥105 cfu/mL accurately indicates the causative organism. 

Upper urinary tract dilatation shown on ultrasounds may be a sign of VUR, 

and aberrant bladder wall morphology or hyperplasia may indicate voiding 

dysfunction linked to VUR. With upper urinary tract dilatation associated with SFU 

grade 3 or 4 hydronephrosis, the presence of VUR should therefore be assessed via 

VCUG. Though the chance of VUR cannot be completely ruled out, significant 

urinary tract deformity is unlikely if postnatal ultrasonography does not reveal 

hydronephrosis. Even though the hydronephrosis has cleared in newborns with 

antenatally diagnosed fetal hydronephrosis, the occurrence of fUTI should raise 

suspicions for VCUG35,36. 
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STANDARD RADIOLOGICAL STUDIES  

An voiding cystourethrography (VCUG) and conventional imaging 

investigations were initially performed on children who presented with UTIs. The 

relatively noninvasive ultrasonography has progressively replaced the IVP as the 

preferred anatomical study over time. However, vesicoureteral reflux cannot be 

diagnosed with ultrasound alone since it lacks specificity and sensitivity37. The 

majority of doctors agree that it is a suitable screening test to rule out significant 

abnormalities, despite some research suggesting that it is of limited value38. High-

quality ultrasounds can detect serious congenital abnormalities; if prenatal readings 

are normal, the yield of a subsequent ultrasound may be poor. These ultrasounds are 

typically performed in the last trimester of pregnancy. Since the 1960s, the VCUG has 

been routinely utilized. It can be carried out either with a radionuclide or as a regular 

contrast examination. 

In general, the contrast study is preferred for the initial investigation because 

it provides more anatomic detail; however, some investigations have indicated that the 

radionuclide cystogram has a higher sensitivity39. Although opinions on when to 

conduct a VCUG study vary, it is widely agreed that the investigation can begin as 

soon as the kid is afebrile and has a negative urine culture45. Additionally, it seems 

that compliance improves when the VCUG is carried very quickly following a UTI46. 

There's no denying that the VCUG is a highly reliable reflux detector, even though no 

test is flawless. However, considering the paucity of data demonstrating the 

advantages of prophylactic antibiotic use, concerns have been expressed regarding 

whether routine work-up with VCUG is the appropriate course of action to enhance 

long-term results42,43.  
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Evolution of Imaging Practice Patterns 

The American Academy of Pediatrics (AAP) set practice guidelines in 1999 

that directed medical professionals in the assessment of urinary tract infections (UTIs) 

in infants and children for a long time44. The guidelines for the imaging workup were 

extensive, including radionuclide cystography (RNC) (Fig. 5) and voiding 

cystourethrography (VCUG) (Fig. 4) or ultrasound (Fig. 3) for all newborns and 

young children (< 2 years old) with UTI. According to the AAP, there is still 

uncertainty regarding the function of renal cortical scintigraphy with 99mTc-DMSA 

(Fig. 3).  

 

 

 

 

 

 

 

Fig. 3—2 year old girl with fever. A and B, Grayscale (A) and color Doppler (B) 

ultrasound images show round, hypoechoic, poorly perfused abnormality (arrow) in 

upper pole of right kidney, consistent with acute pyelonephritis. C and D, 

Dimercaptosuccinic acid (DMSA) renal cortical scintigraphy scan obtained same day 

as ultrasound (C) shows corresponding photopenic defect (arrow). Followup DMSA 

scan obtained 8 months later (D) shows resolution of defect, consistent with recovered 

pyelonephritis. 
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A                          B              C              D                       E 

Fig. 4—Voiding cystourethrography (VCUG) images. 

 

 

 

 

 

 

 

 

A                                                               B                                                      C 

Fig. 5—Radionuclide cystography (RNC) performed in three different patients with 

bilateral vesicoureteral reflux (VUR). L = left side of patient. A, In RNC image in 

15yearold girl, left reflux reaches renal pelvis. Very subtle right reflux only reaches 

distal ureter (arrow). B, In RNC image in 16yearold girl, bilateral VUR reaches renal 

pelvis. C, RNC image in 13year old boy shows bilateral VUR with tortuosity of both 

ureters and marked dilatation of right renal pelvis and ureter (arrow). 
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Following UTI treatment, the American Academy of Family Physicians 

advised DMSA scanning to check for irreversible renal scarring45 (Fig. 6). The 

"bottom-up" method refers to this imaging algorithm and its variations, since the 

primary diagnostic issue is VUR detection. Following a diagnosis of VUR, the patient 

is considered to be at heightened risk for renal scarring. To identify any permanent 

renal scarring, DMSA scanning is conducted many months later. The corpus of 

research-based literature and the breadth of medical professionals' experience in 

treating juvenile UTIs have both increased since the 1999 recommendations.  

Consequently, there has been a slow retreat from the AAP standards, leading 

to an abundance of more complex imaging algorithms that vary among different 

medical professionals, practice groups, towns, nations, and continents. Just 61% of 

respondents to a recent Shah et al.46 survey reported following the AAP imaging 

standards. A few typical deviations include, particularly in females, delaying imaging 

workup until the second UTI and varying the frequency and timing of DMSA 

scanning. The 2007 European Society of Pediatric Radiology recommendations47 

represent the most notable change in practice guidelines (Fig. 6).  

All pediatric UTI patients are subjected to an ultrasound examination 

according on this strategy. If the ultrasound results are normal and there is a clinical 

suspicion of APN, early DMSA screening is carried out as soon as the infection 

becomes acute. If the DMSA scan reveals APN, VCUG or RNC testing is then carried 

out to check for VUR48.  

Normal results from DMSA scanning prevent VCUG or RNC later on. The 

term "top-down" technique refers to this inversion of the order in which DMSA 

scanning and cystography are performed, since APN, not VUR, is the main diagnostic 
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concern. These latest guidelines are justified by the fact that only 47% of VUR is 

severe enough to result in acute pneumonia.  

Early identification of babies and children who are at risk of permanent renal 

scarring is an important clinical goal in order to prevent catastrophic long-term 

consequences including hypertension and renal failure. When determining who is at 

risk for renal scarring, DMSA renal scintigraphy detection of APN may be a more 

appropriate and sensitive screening method than VCUG or RNC.  

A significant constraint associated with 99mTc-DMSA renal scintigraphy 

pertains to the radiopharmaceutical's accessibility. Due to sporadic shortages brought 

on by technical production issues, there are relatively few commercial facilities 

globally that produce DMSA re agent kits and 99mTc generators. 

RBUS, VCUG and 99mTc-DMSA renal scintigraphy were used. 

RBUS:  

It is possible to diagnose urinary tract malformations with accuracy, including 

hydronephrosis, hypoplastic kidney, duplicated ureters, megaloureters, and 

ureterocele. This modality's ease of use and little invasiveness make it beneficial. 

Pyelectasis, aberrant echogenicity, variations in renal dimensions between the right 

and left kidney, ureterocele, uneven shape and dilatation of the lower ureters at the 

dorsal part of the bladder are examples of ultrasound findings that are significant 

because they may be risk factors for urinary tract infections. In 46–60% of patients 

with VUR identified by VCUG49, ultrasound screening revealed no abnormalities.  

Based on the presence or lack of ultrasound abnormalities, the diagnosis of 

VUR is not very accurate; the sensitivity is 18–46%, the specificity is 76–88%, the 

positive predictive value is 24–66%, and the negative predictive value is 71–83%. 
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For all young children experiencing their first feverish UTI as well as older 

children experiencing recurring UTIs, a renal ultrasonography evaluation is 

recommended. It is necessary to do renal and bladder ultrasonography to look for 

structural or anatomical abnormalities21. The clinical scenario determines when to 

perform an ultrasonographic evaluation.  

Children who are really unwell or who do not get better as soon as they should 

(typically within 12 to 36 hours) should have ultrasonography within the first few 

days to rule out obstructive anatomic abnormalities or renal abscess. Kids with less 

severe illnesses can have USG once the acute phase of the virus has gone in order to 

avoid false positive results from kidney inflammation, which can persist till 1 – 2 

weeks.  

 

• The most widely used technique to assess for anatomic abnormalities such as 

duplication, dilatation, and blockage in the genitourinary tract; non-invasive, 

reasonably priced, and safe in any age range.  

• NICE guidelines: In children younger than six months old or older than six months 

old with an unusual or recurrent UTI, recommend RBUS following the first febrile 

UTI. AAP guidelines: After a child's first febrile UTI, recommend RBUS for ages 2 to 

24 months50.  
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VCUG:  

A common imaging test used to diagnose VUR is called VCUG. It provides 

comprehensive anatomical data that allows for the determination of the international 

classification's severity grade in addition to the presence or absence of VUR. In order 

to diagnose VUR and examine the lower urinary tract, VCUG is necessary52–55. 

 

Voiding Cystourethrography:  

The standard diagnostic method for vesicoureteral reflux (VUR) is a voiding 

cystourethrogram (VCUG), which helps establish the existence and severity of VUR. 

Routine VCUG after the initial UTI21 is not recommended. It should only be 

considered in cases of recurrent feverish urinary tract infection (UTI) or when 

hydroureter, hydronephrosis or scarring are seen on RBUS. 

 

If the pathogen is unusual or the clinical situation is complex, it might be 

taken into consideration following the initial UTI56.  

If ureteral dilatation is seen on postnatal ultrasonography, if there is moderate 

to severe hydronephrosis, or if there are bladder abnormalities suggesting bladder 

outlet obstruction, a VCUG is recommended for newborns with a history of antenatal 

Grade Ultrasonography classification of vesicoureteral reflux 51 

I Reflux of urine into the distal ureter 

II Reflux (+) and upper and lower ureteral filling  

III Reflux (+) with mild dilatation of the ureter and pelvicalyceal system 

IV Reflux (+) with moderate dilatation of the ureter and pelvicalyceal system 

V Reflux (+) with massive dilatation of the ureter and pelvicalyceal system 
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hydronephrosis. Routine VCUG may not be necessary following a first febrile UTI 

due to its intrusive nature, cost, discomfort, potential for UTI, and radiation risks.  

In order to identify individuals with VUR, this test should be taken into 

consideration in cases with recurrent UTI and upper tract abnormalities on ultrasound.  

 

VUR is graded as low-grade (I-III) and high-grade (IV-V). The International Reflux 

study group classifies VUR into 5 grades as follows57:   

• Grade I: Reflux into the distal and middle of the ureter without dilation 

• Grade II: Reflux into the ureter and collecting system without dilation 

• Grade III: Reflux into the ureter and collecting system with mild dilation 

and mild blunting of calyces 

• Grade IV: Reflux into the ureter and collecting system with gross dilation 

and severe blunting of calyces 

• Grade V: Massive reflux with gross dilation of ureter and collecting 

system, blunting of all calyces, and tortuosity of the entire collecting 

system with loss of fornices and papillary impressions 

Contrast-Enhanced Voiding Urosonogram:  

An option called a contrast-enhanced voiding urosonogram (ceVUS) has been 

proposed to reduce radiation exposure in children requiring VCUG. Bladder 

catheterization is necessary for this test, which is not comfortable for younger 

patients. When the patient is being checked ultrasonically, they will be instructed to 

void and given an infusion of contrast material. 
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False-negative outcomes are reported by 3% of patients. Even though ceVUS isn't 

available in every facility, doctors should use it to diagnose obstructive uropathies and 

VUR in real time without radiation exposure 56,57.  

• The most widely used technique to assess for VUR is intrusive, costly, and 

radiation-exposed to patients. 

99mTc-DMSA renal scintigraphy:  

Renal parenchymal damage can be diagnosed by 99mTc-DMSA renal scintigraphy, 

which is also a useful test for evaluating divided renal function and renal scarring in 

VUR patients. 

• This procedure is costly, time-consuming, invasive, and radiation-exposed for 

patients. However, it can reveal details on the degree of renal inflammation and 

scarring.  

• Children on VCUG who have acute DMSA alterations are more likely to develop 

VUR grades III–V.  

• DMSA should not be used in the regular evaluation of a child's first febrile UTI, 

according to both NICE and AAP guidelines.  

• There is ongoing debate on the usefulness of DMSA in assessing clinically 

severe renal scarring that results from infection.  

• AAP guidelines did not include the use of DMSA in their recommendations50.  

• NICE guidelines: Recommend DMSA 4-6 months after:  

• Atypical or recurring infection in children under 3 years of age.  

• Recurring infection in children over 3 years of age.  
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Fig. 6—Diagrams show evolution of practice guidelines for urinary tract infection (UTI) and 

vesicoureteral reflux (VUR). 

A, In 1999, “bottomup” approach was advocated: performing voiding 

cystourethrography (VCUG) or radionuclide cystography (RNC) first, followed several 

months later by 99mTcdimercaptosuccinic acid (DMSA) renal cortical scintigraphy to 

evaluate for renal scarring. (Adapted with permission from45). 

B, In 2007, “topdown” approach was recommended: performing DMSA renal cortical 

scintigraphy first to evaluate for acute pyelonephritis, followed by VCUG if DMSA 

scanning findings are abnormal. (Adapted with permission from47). 
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Review of Studies: 

In 2020, Zamir G comprised all children aged 0–5 who had spent two years in 

a medium-sized institutional regional medical center for a first uncomplicated febrile 

UTI. 

Children who were known to have anomalies in their urine or who had 

received antibiotic treatment within seven days prior to admission were not allowed to 

enter. During their hospital stay, all of the enrolled children had renal ultrasonography 

and within two to six months, voiding cystouretrography (VCUG). The test's yield 

was evaluated using its ability to detect renal abnormalities, as well as its sensitivity, 

specificity, positive and negative predictive values for the identification of 

vesicoureteral reflux (VUR), and its impact on the treatment of urinary tract infections 

(UTIs). Of the 255 children involved in the study, only nine exhibited VUR on 

VCUG, but 33 of them had mild to severe renal pelvis dilatation on RUS, which was 

indicative of VUR. However, the RUS was normal in 36 children with VUR on 

VCUG. When it came to identifying VUR, aberrant RUS's sensitivity, specificity, 

positive predictive value, and negative predictive value were, respectively, 17.7%, 

87.6%, 23.5%, and 83.2%. It was not need to alter the management of any of the 

patients with abnormal RUS during or after their hospital stay. The data suggest that 

there is doubt about the effectiveness of RUS in treating children who are 

experiencing their first uncomplicated UTI65. 

A retrospective assessment of the ultrasound and voiding cystourethrogram 

(VCUG) results of 162 children under the age of five who were admitted for the first 

time within a two-year period due to a urinary tract infection (UTI) was carried out by 

Mahant S et al in 2003. If there was "dilatation of the collecting system" of one or 

both kidneys, "dilatation of the ureters," or "dilatation of the pelvi-calyces," the 
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ultrasound results were thought to be suggestive of VUR. A total of 162 patients, with 

a median age of 85 days and 71 (44%) females, met the inclusion criteria. Twenty-two 

percent of people had VUR. Thirty-seven out of the 127 patients without VUR on 

VCUG had positive ultrasound results for VUR, and 14 out of the 35 patients with 

confirmed VUR on VCUG had positive results. 14 individuals had grade II reflux, 5 

had grade III reflux, and 2 had grade IV reflux out of the 21 patients who had a 

normal ultrasound but had VUR on VCUG. When it came to indicating VUR, 

ultrasound's sensitivity and specificity were 40% and 76%, respectively. 

Ultrasonography had a 32% positive predictive value and an 82% negative predictive 

value when it came to predicting VUR. In children with a first UTI, renal 

ultrasonography results are not sensitive nor specific for VUR53. 

In 2010, Leory S. et al. conducted a prospective hospital-based cohort research 

comprising children who had urinary tract infections (UTIs). The study received 

permission from the institutional review board and parental agreement was acquired. 

Analysis and comparison were done on renal length, ureteral dilatation, pelvic 

dilatation, and corticomedullary differentiation. There were seventeen patients total, 

consisting of 71 females and 46 (or 39%) boys. The data were analyzed using a two-

level logistic regression model, and computations of diagnostic accuracy were made. 

Of the youngsters, eight (7%) had VUR of grade 3 or higher, and thirty-two (27%) 

had all-grade VUR. With 25% sensitivity and 88% specificity, ureteral dilatation was 

the only factor that was substantially correlated with all-grade VUR. 

Significantly, dilatations of the urinary tract, pelvis, and ureter were linked to 

VUR of grade 3 or above (ORs of 20.2, 13.7, and 20.0, respectively). The ureteral 

dilatation criterion, which showed 73% sensitivity and 88% specificity for high-grade 

VUR, was the best balance between sensitivity and specificity. Additionally, they 
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came to the conclusion thaturetral dilatation might provide the most accurate US-

based diagnosis of high-grade and all-grade VUR. This US criterion may be used in 

an evidence-based selective strategy to limit cystography in children with UTIs, 

possibly in conjunction with other predictors61. 

Nelson CP et al. (2014) examined 3995 clinical visits that had VCUG and 

RBUS tests for a history of UTI, spanning from January 1, 2006, to December 31, 

2010. Patients with a history of prenatal hydronephrosis or postnatal genitourinary 

imaging in the past were not accepted. The RBUS's predictive values, specificity, and 

sensitivity for VCUG abnormalities were established. They found 2259 individuals 

younger than 60 months old for whom imaging was indicated due to a UTI. "Normal" 

RBUS was recorded in 75% of cases. 41.7% of patients with VCUG had any 

vesicoureteral reflux (VUR), 20.9% had VUR grade >II, and 2.8% had VUR grade 

>III. The range of RBUS sensitivity for any aberrant results on VCUG was 5% to 

28%. The range of sensitivity for VUR grade >III was 18% to 55%. The positive 

predictive value of RBUS was 37% to 47% for VUR grade >II among the 1203 

children ages 2 to 24 months who were scanned following their first febrile UTI; the 

negative predictive value was 72% to 74% for VUR grade >II. They came to the 

additional conclusion that RBUS is a subpar genitourinary abnormality screening test. 

It is appropriate to see RBUS and VCUG as complementary since they offer distinct 

but equally significant information62. 

A study by Kovanlikaya A et al. (2014) involved 134 infants born between 

January 2005 and December 2012 who had voiding cystourethrography (VCU) 

evidence of VUR and who also had recurrent bladder infections (RBU) within a 

month of the VCU. On RBU and VCU, standard methods were employed to grade 

hydronephrosis and VUR. Using MCU’ findings of, reflex as the gold standaard, 
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diagnostic accuracy asessments including sensitivity, specificity, PPV and NPV were 

performed for HUN and ureteral visibility on USG. There was a strong correlation 

between reflux grade and the degree of HN. Ultrasonography's sensitivity, NPV, and 

accuracy were much higher when predicting reflux for grades more than IV reflux 

than when predicting reflux for lower reflux grades.  

Furthermore, ultrasonography demonstrated a high and constant specificity for 

reflux prediction across all the refluux grade, suggests it can be a valuable tool for 

screening. Additionally, they concluded that normal USG is unusual for reflux grades 

IV to V and moderate to severe hydronephrosis is uncommon with reflux less than 

grade IV. USG is good test to figure out who with a first-time UTI needs to get VCU. 

Aberrant USG is defined by the Society for Fetal Urology classification63 as including 

all levels of hydronephrosis. 

In a 2015 study, Park HW, et al. included 917 children who were hospitalized 

at our facility between January 2001 and October 2010 due to a febrile UTI episode 

for the first time. RBUS was performed on every child upon admission. The follow-

up period averaged 7.9 months. The rates of UTI recurrence were computed using a 

variety of clinical factors. 

Using bivariate and multiple logistic regression models, they examined the 

possible predictive value of age, sex, aberrant renal USG results, abnormal DMSA 

kidney scan points, or renal USG findings parameters for urinary tract infection 

recurrence, higher-grade VUR, or renal scarring. Congenital kidney and urinary tract 

abnormalities, as well as hydronephrosis, were significant predictors of recurrent 

UTIs on RBUS.  

Their odds ratios are, nevertheless, lower than those of typical RBUS results. 

There were no RBUS results that strongly predicted aRS. High grade VUR, aberrant 
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RBUS results, and recurrent UTIs all strongly indicated aRS. According to this study, 

RBUS is helpful in determining if severe congenital RS, obstructive uropathy, and 

kidney abscess should be ruled out following the first incidence of a feverish UTI64. 

In 2015, Hung TW carried out a study wherein hospitalized children who were 

younger than two years old and had experienced their first febrile UTI were 

prospectively assessed through imaging studies such as US, voiding 

cystourethrography, and a (99m)Tc dimercaptosuccinic acid (DMSA) scan. 105 

(33.9%) of the 310 kids examined—195 boys and 115 girls—had aberrant US. 194 

children (62.6%) had abnormal acute DMSA scans, of which 89 (45.9%) also had 

concurrently abnormal US. 107 children (34.5%) had VUR, of which 79 (25.5%) had 

VUR in Grades III–V. Of the 85 children with RS (27.4%), 55 (64.7%) had abnormal 

US. Thirty-three (31.4%) of the 105 children with abnormal US required further 

therapy, which included surgical intervention, parental counseling, or renal function 

monitoring. RS risk factors were Grades III–V VUR and nephromegaly on the 

baseline US examination. They came to the conclusion that abnormal US could be 

associated with a high risk of Grades III–V VUR and renal scarring and could have an 

impact on many children's future care. Nephromegaly on the first ultrasonogram and 

Grades III–V VUR are highly correlated together a higher chance of developing RS. 

As a result, children who have had their first febrile UTI should have US performed, 

and those who have a normal US may not need voiding cystourethrography65.  

In a study published in 2018, Zhang W found that between August 2016 and October 

2017, ninety children who were at risk of VUR were hospitalized to the Tongji 

Hospital's Pediatric Nephrology Department and had CeVUS. One milliliter of the 

SonoVue second-generation USA contrast agent was injected intravenously with a 

trans urethral bladder catheter. Adverse event incidence was seen. Culture and 
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analysis of urine were done. In order to screen for VUR, a total of 90 youngsters (47 

females and 43 males; mean age, 36.6 months) with 178 Pelvi-Ureteral Units (PUUs) 

had CeVUS procedures. 64/178 PUUs (36.52%) and 44/90 pediatric patients 

(48.89%) have VUR found by CeVUS.  

The 65 PUUs with VUS were distributed into the following grades: Grade I, 3, 

Grade II, 9, Grade III, 14, Grade IV, 22, and Grade V, 17. The current study's CeVUS 

accuracy was in line with earlier findings. Adverse events and urethral abnormalities 

were not observed. It has been shown that CeVUS is a secure, accurate, and 

dependable imaging method for identifying VUR in children, especially newborns, 

who are at high risk. The current study's findings indicate that CeVUS can be used in 

China as the main screening and follow-up technique for pediatric VUR diagnoses66. 

In 2020, Salib, A. et al. observed When screening adult patients with complex 

UTIs or recurrent pyelonephritis, urologists should have an index of suspicion for 

VUR because the true frequency of the condition in this population is yet unknown. 

Adult VUR patients with recurrent pyelonephritis have been successfully treated 

endoscopically in a number of case series and smaller retrospective investigations. 

Adult patients who do not respond to endoscopic treatment for vein transplant 

rejection may still consider venereal reimplantation. Because there is a dearth of 

evidence, the current recommendations and treatments for VUR in adults have been 

extrapolated from the pediatric population. Since VUR is rare in the adult population, 

a clinician must have a high degree of suspicion. Patients can avoid hospitalization, 

recurring infections, and the need for repeated antibiotic use when VUR is accurately 

diagnosed and treated67. 
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In this cohort study, 380 patients' kidneys were investigated by Dogan GM et 

al. in 2022. Three age categories were used to group the patients: 0-2, 3-5, and 6-17 

years old. Anteroposterior renal pelvic diameter (APRPD), kidney parenchyma, 

kidney size, and ureter size were all reported in US studies. APRPD is considered 

pathogenic when it is >5 mm or >10 mm. The sensitivity, specificity, PPV, and NPV 

were assessed individually for all age groups under two conditions. In every age 

group, a correlation was discovered between the VCUG and US results (sensitivity, 

specificity, and NPV of the US were, respectively, 86.99%, 60.26%, and 88.13%). 

Conversely, sensitivity, specificity, and NPV were 79.45%, 79.91%, and 71.17%, 

respectively, when pathologic APRPD was greater than 10 mm. The US age group of 

0–2 had the highest sensitivity and NPV. This study found that US will help VCUG 

diagnose VUR if it is carried out by radiologists skilled in the pediatric urinary system 

and if it adds additional parameters with APRPD. As a result, radiation exposure in 

clinical practice can be reduced68. 

In 2023, Sharifiaghdas F. et al. Participants in this retrospective analysis were 

younger than 12 years old who had received both a DMSA scan and a VCUG scan at 

our institution between 2005 and 2020 and were diagnosed with their first febrile UTI. 

208 patients in all (mean age 3.34 ± 2.54 years; 59/149 males and females) were 

enrolled. On VCUG, VUR was found in 261 out of 416 rental units (62.7%).  

The DMSA scan's sensitivity, specificity, PPV, and NPV for identifying VUR 

were 52%, 75%, 78%, and 48%, respectively. Following age subgroup analysis, 50 

patients (M/F: 8/42) and 158 patients (M/F: 51/107) were older than 4 years. Using a 

DMSA scan, the PPV and NPV for predicting VUR were 85.6% and 46.3% for 

patients under 4 years old, and 55.5% and 56.2% for those over 4 years old. The 

study's findings demonstrated that, in comparison to VCUG, the DMSA scan is not as 
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accurate in predicting VUR since it fails to identify a significant number of patients 

who have high-grade VUR when used in isolation for the initial evaluation of children 

with a febrile UTI69.  

Patients between the ages of two months and two years who were examined in 

a tertiary pediatric hospital over a two-year period who were diagnosed with UTI 

were included in a study done in 2023 by Aydin O et al. In compliance with the 

standards set forth by the American Academy of Pediatrics (AAP), RBUS and 

voiding cystourethrography (VCUG) were conducted. Subsequently, they reviewed 

our records and assessed the frequency of kidney issues discovered when we limited 

RBUS testing to individuals with an unusual cause of their initial UTI or multiple 

UTIs. This investigation comprised 128 patients who had UTIs monitored throughout 

time. In 104 cases (58.5%), the identified pathogen was E. Coli, and in 74 cases 

(41.6%), it was unusual. Thirty patients underwent VCUG, of whom sixteen had 

vesicoureteral reflux (VUR) and one had PUJ obstruction. Only two serious kidney 

abnormalities would have been overlooked by a different diagnostic strategy that 

required the presence of an unusual pathogen at the initial UTI or a fUTI recurrence in 

order to perform the RBUS. It was noted that RBUS might drop by 40.4% and VCUG 

might drop by at least 20%70. 

Study participants with suspected UTIs were assessed for APN using 

ultrasound between March 2019 and January 2021 in a study led by Lee HB in 2023. 

Changes in renal pelvis dilatation, parenchymal echogenicity, and the presence of a 

focal suspected lesion were assessed by conventional grayscale ultrasonography. The 

location and existence of a decreased perfusion area were evaluated by color Doppler 

ultrasonography (CDUS) and CEUS. The agreement between each ultrasonic 
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examination and a 99m Tc–dimercaptosuccinic acid (DMSA) scan was assessed using 

the κ value. To assess the lesion's most evident time, CEUS was utilized.  

In this study, twenty-one individuals with isolated urinary tract infections were 

enrolled; their ages ranged from 2.0 to 61.0 months, with 8.0 months being the 

median. While fourteen renal pelvic dilatations (33.3%) and five increased 

parenchymal echotextures (11.9%) were confirmed, grayscale imaging did not show 

any localized lesions. On CDUS and CEUS, lower local perfusion indicative of APN 

was seen in two and five kidneys, respectively. While there was a substantial level of 

agreement (κ = 0.80, P = 0.010) between the results of the DMSA scan and CEUS, 

there was a lack of agreement (P >0.05) between the results of the other grayscale and 

CDUS tests. The late parenchymal phase on CEUS provided the finest view of all 

lesions. without being sedated or exposed to radiation 

CEUS can identify renal perfusion abnormalities in pediatric patients with 

suspected APN; as a result, it may be a useful and practical diagnostic method71. 

Updated, evidence-based clinical practice guidelines for the therapy of 

primary vesicoureteric reflux (VUR) and urinary tract infections (UTI) in children are 

presented by Hari P et al in 2024 on behalf of the Indian Society of Pediatric 

Nephrology (ISPN). These guidelines meet international standards; openness, rigor, 

and thoroughness in the guideline creation were ensured by using checklists from the 

Institute of Medicine and AGREE. These guidelines are relevant worldwide for the 

management of VUR and UTI due to the rigorous methodology. There are seventeen 

suggestions and eighteen clinical practice points developed. The following are some 

of the main suggestions and guidelines. If there is a high clinical suspicion of UTI in a 

newborn, a urine culture with more than 104 colony forming units/mL is considered 

relevant for the diagnosis of the condition. When a child has a suspected UTI, urine 
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leukocyte esterase and nitrite testing can be performed as a substitute screening test 

for urine microscopy. For seven to ten days, an infant who is not toxic can be treated 

with oral antibiotics for acute pyelonephritis. It is not advised to perform an acute-

phase DMSA scan when evaluating a UTI. Micturating cystourethrography (MCU) is 

recommended for individuals under 2 years old with non-E. coli UTIs, recurrent UTIs 

in children, and abnormal kidney ultrasonography. The use of dimercaptosuccinic 

acid scanning (DMSA scanning) is limited to children who have high-grade (3–5) 

VUR and recurrent UTIs. In children who recover from a UTI and have a normal 

urinary tract, prophylaxis with antibiotics is not recommended. In kids with higher 

grade VUR and bladder-bowel dysfunction (BBD), prophylaxis is advised to prevent 

UTI. If a child with VUR is potty trained, free of BBD, and hasn't had a UTI in the 

previous year, prophylaxis should be discontinued. When a kid develops recurrent 

breakthrough febrile UTIs while receiving antibiotic prophylaxis, parents may choose 

for surgical surgery in high-grade VUR72. 
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MATERIALS AND METHODS 

Source of Data:  

Patients visiting to the paediatric & paediatric surgery OPD, admitted in 

paediatric & paediatric surgery ward and referred to radiology department of KLEs 

Dr.Prabhakar Kore Hospital and MRC. The patients with the diagnosis of vesico-

ureteral reflux by micturating cystourethrography were counseled and subjected to 

ultrasonography during the 1 year period from January 2023 to December 2023.  

 

Study Design:  

Prospective cross-sectional study 

Study Period:  

January 2023 to December 2023  

 

Sample Size:  

The minimum sample size formula based on prevalence rate is n=Zα2(1-P)/d2 

Where P is the percentage of prevalence and d is the percentage likely difference in 

the prevalence. Zα is linked with the level of significance. For 5% level of the 

significance Zα 1.96. Ref: With P 60% and d= 15% of P= 9%, the sample size is 

40.97. This sample size will be raised to 42.  

Sampling technique:  

Purposive sampling. Patients of age 2 months to 12 years with diagnosis of 

urinary tract infection will be included in the study.  

 

Inclusion Criteria:  

• Patients of age 2 months to 12 years of both the sexes  

• Clinically diagnosed cases of urinary tract infection.  
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Exclusion Criteria:   

• Operated cases of vesico-ureteral reflux.  

• Children with multi-system anomalies.  

Study protocol:  

The study will be conducted using GE VOLUSON P8 ultrasonography 

machine manufactured by GE Healthcare. All the cases of vesico-ureteral reflux will 

be subjected to ultrasonography by single senior radiologist and the findings will be 

noted and analysed. The findings of micturating cystourethrography would not be 

revealed to the radiologist except the presence of urinary tract infection. Consent will 

be taken from all the patients or parents. All the data collected will be entered in to 

MS Excel sheet, data will be tabulated & tables, charts and graphs will be prepared.  

Data collection procedure:  

Ultrasonography of the patients fulfilling all the inclusion and exclusion 

criteria as described above.  

 

Statistical Method 

Data was analyzed using statistical software R version 4.2.0 and Microsoft 

Excel. Categorical variables were represented by frequencies and percentages. 

Continuous variables were represented by Mean ± SD / Median (Min, Max) form.  

Only descriptive analysis was applicable for the parameters we had taken as there was 

neither the comparison group nor the controls. 
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OBSERVATION & RESULTS 

Results 

Table 1: Age wise distribution of the study participants (N=42) 

 

Slno Age Frequency Percentage 

1 <5 6 14.2 

2 5-10 23 54.7 

3 >10 13 30.9 

 

Figure 1: Age wise distribution of the study participants (N=42) 

 

 

 

The mean age of the study population is 8.2 years. The first age group, consisting of 

children under 5 years, accounts for 6 individuals, which constitutes 14.2% of the 

total surveyed population. This indicates a relatively smaller proportion of very young 

children in the sample. The second age group, comprising individuals aged between 5 

to 10 years, is the largest, with 23 individuals. This group represents a significant 

majority, making up 54.7% of the total population. This suggests that the majority of 

the surveyed individuals are in the early to mid-childhood range. The third age group, 
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which includes individuals older than 10 years, has 13 members, corresponding to 

30.9 % of the total population. This indicates a substantial presence of older children 

and adolescents in the sample. 

 

Table 2: Gender wise distribution of the study participants (N=42) 

 

 

 
 

 

 

 

 

 

Figure 2: Gender wise distribution of the study participants (N=42) 

 

 

 

The study involved 36 male participants, comprising 85% of the population, and 6 

female participants, comprising 14.2% of the population. 
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Slno Gender Percentage 

Male 36 85.7 

Female 6 14.2 
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Table 3: Distribution of presenting complaints among the study participants 

(N=42) 

Sl. no Presenting complaints Frequency Percentage 

1 Burning micturition 6 14.2 

2 Pain abdomen 7 16.6 

3 Poor stream 18 42.8 

5 

Poor urinary stream and 

increased frequency of 

micturition 

5 11.9 

6 Recurrent history of fever 6 14.2 

 

Figure 3: Distribution of presenting complaints among the study participants 

(N=42) 

 

The most common complaint is "Poor stream," reported by 18 individuals, which 

constitutes 42.8 % of the surveyed population. This indicates that nearly half of the 

individuals experienced issues with the flow of urine. Two other complaints are 

reported by an equal number of individuals, each by 6 people, making up 14.2 % of 

the population each. These complaints are "Burning micturition," and "Recurrent 

history of fever." Pain abdomen was reported by 7 people, making up 16.6 % of the 

population. This distribution shows that a significant portion of the population 
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experiences discomfort or pain during urination, abdominal pain, or recurrent fever 

episodes. Additionally, the complaint of "Poor urinary stream and increased frequency 

of micturition" is reported by 5 individuals, representing 11.9 % of the population. 

This indicates that a smaller, but notable, fraction of the population suffers from both 

a weak urinary stream and frequent urination. 

 

Table 4: Distribution of history of congenital anomalies among the study 

participants (N=42) 

Sl.No 
History of congenital 

anomalies 
Frequency Percentage 

1 Anal atresia 4 9.5 

2 
Crossed fused ectopic 

kidney 
3 7.1 

3 Phimosis 7 16.6 

4 Posterior urethral valve 9 21.4 

5 Nil 19 45.2 

 

Figure 4: Distribution of history of congenital anomalies among the study 

participants (N=42) 
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The most frequently reported condition is "posterior urethral valve," which is 

observed in 9 individuals, accounting for 21.4 % of the surveyed population. This 

indicates that this condition is relatively a common congenital anomaly in this group. 

Phimosis is noted in 7 individuals corresponding to 16.6 % of population. Anal atresia 

is reported in 4 individuals and Crossed fused ectopic kidney in 3 individuals. These 

conditions constitute 9.5% and 7.1 % of the population respectively. This suggests 

that these two congenital anomalies are less common but still present in a notable 

portion of the surveyed individuals. The largest category, however, is those with no 

history of congenital anomalies, labeled as "Nil." This group includes 19 individuals, 

making up 45.2 % of the population. This indicates that a significant portion of the 

surveyed individuals do not have any reported congenital conditions. 

 

Table 5: Distribution of various grades of VUR in MCU among the study 

participants (N=42) 

 

 

 

Slno MCU findings Frequency Percentage 

1 Bilateral Grade I VUR 3 7.1 

2 Bilateral Grade II VUR 7 16.6 

3 Bilateral Grade III VUR 8 19 

4 Bilateral Grade IV VUR 10 23.8 

5 Bilateral Grade V VUR 9 21.4 

6 Right Grade II VUR 2 4.7 

7 Right Grade IV VUR 3 7.1 
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Figure 5: Distribution of MCU findings among the study participants (N=42) 

 

 

 

The most prevalent finding is "Bilateral Grade IV VUR," observed in 10 individuals, 

which constitutes 23.8 % of the surveyed population.  

"Bilateral Grade V VUR" is identified in 9 individuals, accounting for 21.4 % of the 

population. This higher-grade reflux, although less common than Grade IV, still 

represents a significant portion of the surveyed individuals, indicating a notable 

presence of more severe VUR. " Bilateral grade III VUR " is identified in 8 

individuals each, accounting for 19 % of population each. "Bilateral grade I and Right 

grade II VUR " is identified in 2 individuals each, accounting for 4.7 % of population 

each. “Right grade IV VUR” is noted in 3 individuals, accounting for 7.1 % of the 

population. This indicates that unilateral VUR is present but less frequent compared 

to the bilateral cases. 
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Table 6: Distribution of cases into unilateral and bilateral cases on MCU (N=42) 
 

Sl. no vesico-ureteric reflux Frequency Percentage 

1 Unilateral 37 88.1 

2 Bilateral 5 11.9 

 

 

Figure 6: Distribution of cases into unilateral and bilateral cases on MCU (N=42) 

 

 

 

The study found that 88.1% of the population, comprising 37 individuals with 

bilateral vesicoureteral reflux and 11.9% with unilateral vesicoureteral reflux, 

indicating that the majority of the population suffers from bilateral vesicoureteral 

reflux. 
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Table 7: Depicts renal and ureter parameters in accurately graded cases on 
ultrasonography  
 

Grade 
Anteroposterior renal 
pelvis diameter (cm) 

Proximal ureter (cm) Distal ureter (cm) 

 Minimum Maximum Minimum Maximum Minimum Maximum 

I 0.3 0.3 - - 0.5 0.6 

II 0.7 0.8 0.5 0.8 0.4 0.7 

III 1.5 1.7 0.6 0.8 0.7 0.8 

IV 1.6 2.4 0.9 1.6 0.8 1.7 

V 2.2 2.6 1.3 1.7 1.2 1.7 

 

 

Table 8: Accuracy of ultrasonography in detecting all grade vesico-ureteral 

reflux (N=42). 

 

VUR POSITIVE CASES NEGATIVE CASES 

MCU 42 0 

USG 38 4 

 

Among the cases diagnosed, USG identified 38 true positive cases (positive on both 

USG and MCU) and 4 false negative cases (negative on USG but positive on MCU). 

There were no false positives (positive on USG but negative on MCU), and no true 

negatives (negative on both USG and MCU). 
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Figure 7: Pie chart depicts the accuracy of ultrasonography in detecting vesico-

ureteral reflux cases (N=42). 
 

 

 

 

Table 9: Accuracy of ultrasonography in grading all grade vesico-ureteral reflux 

cases (N=38). 

 

 Number of cases Percentage 

Accurately graded 26 68.4 

Not accurately graded 12 31.6 

 

Of the 38 cases (or 90.4% of all cases discovered in USG), 26 cases constituting 68.4 

% were graded appropriately, while 12 cases i.e. 31.6% were not graded correctly.  
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Figure 8: Pie chart depicts the accuracy of ultrasonography in grading all grade 

vesico-ureteral reflux cases (N=38). 

 

 

 

Table 10: VUR detection and grading on both MCU and USG 

 

prediction and 
grading of 
VUR on 
MCU (+) 

Detection 
of VUR on 
USG (+) 

Grading of 
VUR on 
USG (+) 

Grading of 
VUR on USG 

(-) 

Detection 
of VUR 
on USG 

(-) 

Bilateral grade 
I VUR 

3 2 1 1 1 

Bilateral grade 
II VUR 

7 5 2 3 2 

Bilateral grade 
III VUR 

8 7 4 3 1 

Bilateral grade 
IV VUR 

10 10 7 3 0 

Bilateral grade 
V VUR 

9 9 9 0 0 

Right grade II 
VUR 

2 2 1 1 0 

Right grade IV 
VUR 

3 3 2 1 0 

Total 42 38 26 12 4 
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Figure 9: Depicts detection & grading of VUR among various grades of VUR on 

both MCU and USG  

 

 

 

Table 11: Depicts accuracy of USG in detection and grading of low grade VUR 

(grade I and II) on USG  
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Grading of 
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Detection 

of VUR 
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Bilateral grade 

I VUR 
3 2 1 1 1 

Bilateral grade 

II VUR 
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Right grade II 

VUR 
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Total 12 9 4 5 3 
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Among the study population of 42,  

12 children were diagnosed and graded with low-grade VUR (grade I and grade II) on 

MCU. 

2 cases (66.6%) among the 3 cases of bilateral grade I VUR were diagnosed on USG 

and one (50%) among them were accurately graded.  

5 cases (71.4 %) among the 7 cases of bilateral grade II VUR were diagnosed on USG 

and 2 (40 %) among them were accurately graded.  

All the cases (2 cases) right grade II VUR were diagnosed on USG and 1 (50 %) 

among them were accurately graded.  

9 cases of low-grade VUR were diagnosed on USG, constituting for 75% cases, 4 

children were correctly graded on USG, constituting for 44.4 % cases among the 

cases diagnosed on USG. 

3 children among the 12 children were not detected with VUR on USG and 5 children 

were not correctly graded among the 9 diagnosed children. 
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Table 12: Depicts accuracy of USG in detection and grading of high grade VUR 

(grade III, IV and V ) on USG  

 

 

Detection  

and 

grading 

of VUR 

on MCU 

(+) 

Detection of 

VUR on 

USG (+) 

Grading of 

VUR on 

USG (+) 

Grading of 

VUR on 

USG (-) 

Detection 

of VUR 

on USG 

(-) 

Bilateral grade 

III VUR 
8 7 4 3 1 

Bilateral grade 

IV VUR 
10 10 7 3 0 

Bilateral grade 

V VUR 
9 9 9 0 0 

Right grade IV 

VUR 
3 3 2 1 0 

Total 30 29 22 7 1 

Among the study population of 42,  

30 children were diagnosed and graded with high-grade VUR (grade III, grade IV and 

grade V) on MCU. 

7 cases (87.5%) among the 8 cases of bilateral grade III VUR were diagnosed on USG 

and 4 (57.1 %) among them were accurately graded.  

All the cases (13 cases) of right grade IV and bilateral grade IV VUR were diagnosed 

on USG, however 2 cases (66.6 %) of right grade IV, 7 cases (70%) of bilateral grade 

IV were accurately graded. 
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All the cases (9 cases) of bilateral grade V were accurately diagnosed and correctly 

graded on USG. 

29 cases are diagnosed on USG, constituting for 96.6 % cases and 22 children were 

correctly graded on USG, constituting for 75.8 % cases among the cases diagnosed on 

USG. 

1 child among the 30 children was not detected with VUR on USG and 7 (24.1 %) 

children were not correctly graded among the 29 diagnosed children. 
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DISCUSSION 

The purpose of this study was to evaluate the accuracy of ultrasonography in 

predicting vesico-ureteral reflux cases diagnosed on micturating cystourethrography 

in paediatric patients and further grade those cases. 

In the present study, the sample size is 42, A thorough clinical history was 

noted, symptoms were recorded, and any associated congenital anomalies were 

studied. 

Three age groups comprise the sample: children under five years old, those 

between five and ten years old, and those above ten years old. There are fewer very 

young children in the first age group, which makes up 14.2% of the overall 

population. With 54.7% of the population in this age bracket, the majority of people 

fall into the early to mid-childhood range. Older children and teenagers make up 

30.9% of the third age group. 

In the present study, males outnumbered females (36 males; 85.7 % and 6 

females; 14.2 %). 

Arzu Kovanlikaya et al.'s study did not specify age distribution in detail, 

focusing more on the presence and grading of VUR across 268 renal units in 134 

cases. This broad age inclusion may differ from our more segmented approach, 

potentially impacting the observed prevalence and diagnostic parameters due to the 

varying physiology and disease presentation in different age groups63. 

Huang et al.'s study included 310 children aged up to 2 years, with a median 

age of 5 months. The majority (86.1%) were under 1 year old, including 89.7% of 

boys and 80% of girls. This study’s focus on a younger cohort, primarily infants, 

contrasts with our broader age range and could explain differences in diagnostic 
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performance metrics, as VUR presentation and detection might vary significantly 

between infants and older children65. 

Urine flow was a problem for most of the people surveyed, with "poor stream" 

being the most often mentioned concern. Six individuals reported burning micturition 

and recurring fever, while seven reported stomach pain, indicating pain or discomfort 

during urination or recurrent fever episodes. A lower percentage, 11.9%, reported 

more frequent micturition and a weak urine stream, suggesting that a sizable segment 

of the population experiences these problems. 

The most common congenital anomaly in the surveyed population is posterior 

urethral valve, observed in 21.4% of individuals. Phimosis is reported in 16.6% of 

individuals, while anal atresia and crossed fused ectopic kidney are less common but 

still present in 9.5% and 7.1% of the population, respectively. The largest category is 

"Nil," comprising 45.2% of the population. 

In Grade I reflux cases, reflux of urine is seen in the distal ureter with its 

dilatation, however proximal ureter was not dilated. 

In Grade II reflux cases, reflux of urine is seen in the ureter and renal pelvis, 

however pelvis was not dilated. 

In the higher grade refluxes (Grade III, IV and V), along the reflux, dilatation 

of the ureter and pelvicalyceal system was seen. 

Grade III, Grade IV and Grade V showed mild, moderate and severe dilatation 

of the pelvicalyceal system respectively with blunting of calyces in grade IV and 

grade V vesicoureteral reflux. 

According to the study, bilateral Grade IV VUR is the most prevalent, making 

up 23.8% of the participants in the survey. 21.4 % of the population has bilateral 

Grade V VUR, which is a more severe form of VUR. 19% of those surveyed have 
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bilateral Grade II and III VUR, whereas 4.7% and 7.1% of participants had bilateral 

Grade I and Right Grade II VUR, respectively. 

The study reveals that 88.1% of the population has bilateral reflux, with 37 

individuals having bilateral vesicoureteral reflux and 11.9% having unilateral reflux. 

Among the diagnosed cases, the USG found 38 true positive cases and 4 false 

negative cases; neither the USG nor the MCU found any false positives or true 

negatives. 

 

Of the 38 cases (or 90.4% of all cases discovered in USG), 26 cases 

constituting 68.4 % were graded correctly, while 12 cases i.e. 31.6% were not graded 

correctly.  

12 cases were diagnosed with low-grade VUR on MCU, with 9 cases (75%) 

being diagnosed on USG. 44% of cases were correctly graded on USG, while 3 (25%) 

children were not detected with VUR and 5 (66%) were not correctly graded among 

the 9 diagnosed children. 

Even though the accuracy of detection and grading of the lower grade VUR on 

USG in low, the surgical management is not advised in lower-grade cases and have 

better prognosis.  

29 were diagnosed with high-grade VUR on MCU, with 22 cases (75.8 %) 

correctly graded on USG. Out of these, 1 child was not detected with VUR on USG, 

and 24.1 % children were not correctly graded. 

Study conducted by Leroy et al demonstrate that ureteral dilatation has the 

best diagnostic accuracy (compared with renal length, pelvic dilatation, urinary tract 

dilatation, and corticomedullary differentiation, with 73% sensitivity and 88% 

specificity for the detection of high-grade VUR61 
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USG is a safer and less stressful procedure compared to MCU, which requires 

a catheter insertion and contrast material. It uses sound waves to produce images, 

protecting both patients and medical staff. USG is accessible in most medical settings, 

unlike MCU which requires specialized equipment and personnel. It is particularly 

beneficial for young patients. 

USG, while not as detailed as MCU, can dynamically assess bladder and 

ureters using color flow or Doppler imaging to detect reflux during voiding. Its ability 

to provide serial monitoring of VUR without repeated radiation doses is crucial, 

especially in pediatric cases. 

 

While MCU remains valuable for detailed grading and real-time assessment of 

VUR severity, USG offers significant advantages in terms of safety, accessibility, and 

cost-effectiveness, especially for initial screening and follow-up evaluations. 

MCU stops at the kidney, but USG looks at the kidney with respect to size, 

shape (shows signs of chronic pyelonephritis) and helps in ureteric characterization, 

persistent infection in the form of intrapelvic echoes and poor emptying of refluxed 

urine. 

USG is also helpful in picking up additional parameters such as renal scarring, 

atrophic kidney, intrapelvic echogenicities, and dilated ureter. 

USG is also helpful in prognosticating the disease process and providing a 

non-hesitant view of management and whether observational uroprophylaxis or 

surgical treatment is to be planned for the given clinical scenario. 
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CONCLUSION 

Our study supports the use of USG as a valuable tool for screening, diagnosis 

as well as follow-up of vesicoureteral reflux cases and grading of the vesico-ureteral 

reflux in paediatric patients in higher-grade cases. Renal pelvis diameter and ureteral 

dilatation shows best accuracy is diagnosing & grading all-grade and high grade 

vesico-ureteral reflux. 
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SUMMARY 
 

• Urinary tract infections (UTI) are the most common bacterial diseases in children, 

with vesico-ureteral reflux being the one of the most common cause.  

• Over 60% of children under one year old are diagnosed with vesicoureteral reflux 

after their first UTI.  

• The traditional method is micturating cystourethrography, which is painful and 

invasive. This study aims to evaluate the accuracy of ultrasonography in 

predicting and grading vesicoureteral reflux cases in pediatric patients with 

urinary tract infections.  

• The sample size is 42, with 54.7% of the population being in the early to mid-

childhood range and male-female (6:1). 

• Urine flow was a problem for most of the people surveyed, with "poor stream" 

being the most often mentioned concern.  

• 88.1% of the population has bilateral reflux and Bilateral Grade IV VUR is the 

most prevalent followed by bilateral Grade V VUR, 

• USG found 38 (90.4%) true positive cases and 4 false negative cases; neither the 

USG nor the MCU found any false positives or true negatives 

• 68.4 % cases were graded correctly, 75% of the low-grade being diagnosed on 

USG and 44% of cases were correctly graded  

• 96.6 % of the high-grade cases were diagnosed on USG with 75.8 % of them 

correctly graded  

• USG evaluates the kidney with respect to size, shape (shows signs of chronic 

pyelonephritis), ureteric characterization, persistent infection in the form of 

intrapelvic echoes, poor emptying of refluxed urine, and the dynamicity of reflux. 
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• USG is also helpful in picking up additional parameters such as renal scarring, 

atrophic kidney, intrapelvic echogenicities, providing a non-hesitant view of 

management  

• The study has several limitations, including a small sample size of 42 patients, a 

cross-sectional design, and a lack of follow-up data. The sensitivity of USG in 

detecting high-grade VUR is high, but its accuracy in detecting low-grade VUR is 

lower, potentially leading to underdiagnosis or misclassification.  

• USG's non-invasive nature may not provide the same level of detail as MCU, 

especially for low-grade VUR. The study acknowledges these limitations and 

acknowledges the need for long-term evaluation of USG's efficacy. 
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LIMITATIONS 

• One of the limitations of this study is the small sample size of 42 patients. A small 

sample size limits the statistical power of the study, making it difficult to make 

inferences. Additionally, in this study the sampling of participants was limited to 

known cases of VUR, thus inherently carrying risk of selection bias. 

• The study's cross-sectional design limits the follow-up duration when ideally long-

term follow-up is essential to assess the progression of VUR and the impact of 

early diagnosis and intervention on patient outcomes.  

• While the accuracy of USG in detecting high-grade VUR (grades III-V) are 

reported to be high, the accuracy in detecting low-grade VUR (grades I-II) is 

lower. This discrepancy highlights a limitation in the diagnostic capability of USG 

for less severe cases of VUR, which may lead to underdiagnosis or 

misclassification of the condition in some patients. 

• USG is advantageous due to its non-invasive nature and lack of radiation 

exposure, it may not provide the same level of detail as MCU, particularly for 

low-grade VUR.  
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ANNEXURES – I 

INFORMED CONSENT FORM  

 “ROLE OF ULTRASONOGRAPHY IN DIAGNOSING VESICO-URET ERAL 

REFLUX IN PAEDIATRIC PATIENTS WITH URINARY TRACT IN FECTION 

– A ONE YEAR HOSPITAL BASED CROSS-SECTIONAL STUDY”  

               This procedure even though a day care procedure, involves thorough 

counselling, requires antibiotic coverage, has poor compliance and is only done after 

recovering from febrile illness. However if we have a procedure, an investigative tool 

which without invasion gives similar results & near similar results in diagnosis of 

vesico-ureteral reflux, would be of immense help to these children. Hence the study 

here is to find the role of ultrasonography in diagnosing and grading of vesicoureteral 

reflux.   

 Explanation of procedure:  The patients referred to the Radiology department for the 

micturating cystourethrography will simultaneously undergo the ultrasonography.  

 Withdrawal from participation in the study:   Participation in this study is voluntary.  

You will be free to decide whether to participate in this study or continue participation 

once enrolled.  In case you decide to withdraw your participation, you are free to do so. 

However, please convey the decision to the principal investigator.  

 Possible benefits from participating in the study:  You will/will not have nor get 

any benefits by participating in this study. The data gathered will help the population at 

large.  
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Possible risks from participating in the study:  There are no risks involved in 

participating in this study.  

Privacy and confidentiality: The information collected from you will be coded, to 

prevent any person from identifying you.  Your identity will never be revealed.  The 

data collected from you will be kept confidential and only processed or aggregated data 

will be used for publication.  

Financial incentives:  You will not receive any payment for participating in this study. 

Authorization for publication of aggregated data: Results obtained after processing 

of the aggregated data will be published for scientific purposes and or presented to 

scientific groups.   

However, your identity will never be revealed.  

Questions:  In case of any questions with regard to this study, you are free to contact:  

“Reg No: BS0121001, Phone No: 9108606838, email ID: adarsh.c.m212@gmail.com” 

If you have any question or complaints with regard to your right as study participant 

you may contact Dr Harsha Hegde, Chairperson, Ethical committee of JNMC, 0831-

2473777 Extension 4052.  

Legal rights: By signing this consent form, we are not waving any of your legal rights.  
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CONSENT TO PARTICIPATE IN RESEARCH STUDY: 
 

1. I understand that I am participating in the study, which includes ultrasonography 

2. I confirm that I have read and understood the information in the patient information 

sheet. Procedure is explained to me in detail along with information about the 

advantages and disadvantages of taking part in the study. I have been given the 

opportunity to discuss all aspects of the trial, to ask questions and hereby consent to 

participation in the trial outlined above.  

3. I understand that the decision to take part in this study is completely voluntary and I 

am aware that I can choose to withdraw from the study at any point of time.  

4. I consent to the photographing or recording of the procedure to be performed 

including appropriate portions of my body, for medical, scientific or educational 

purposes provided my identity is not revealed in the pictures or by the descriptive texts 

accompanying them.  

5. I understand that there is no significant risk involved in the test that would be done in 

this study.  

6. No guarantee or assurance has been given by anyone as to the results that may be 

obtained.  

7. My signature on this form signifies that I have willingly decided to participate after 

understanding the above information 

Participant’s Name/ legally authorized ______________________ representative  

Signature ______________________  

Name and signature of witness ______________________  

Name and signature of interviewer ______________________  

Date:  

Place: 
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ANNEXURE – II – PROFORMA  

PROFORMA FOR DATA COLLECTION 
 
NAME_________________  

AGE & SEX___________ 

OP/IP NO ___________   

MOBILE NO: _______________ 

ADDRESS ______________________________________ 

USG NUMBER: _______________ 

 

PRESENTING COMPLAINTS:-_______________________ 

PAST H/O VESICO-URETERAL SURGERY: _______________ 

H/O OTHER CONGENITAL ANOMALIES: _______________ 

 

 RIGHT LEFT 

AP diameter of renal pelvis    

Maximum diameter of proximal ureter   

Maximum diameter of distal ureter   

Vesicoureteral reflux (present /absent)   

Grade of vesicoureteral reflux   

Cortical thickness    

Cortical thinning    

 
MCU FINDINGS:______________________ 
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ANNEXURE- III – FIGURES 

 

GE VOLUSON P8 USG MACHINE USED FOR THE STUDY  
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PHOTOGRAPHS OF CASES 

 

     (a)                                                                       (b) 

Figure 1; Ureteral dilatation with grade I reflux 

(a). Transverse renal US image shows distal ureteric dilatation (b) Corresponding 

cystogram shows grade I VUR 
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(a)                                         (b) 

 
Figure 2; Ureteral dilatation with grade II reflux 

(a). Transverse renal US image shows proximal ureteric dilatation with no dilatation of 

the renal pelvis (b) Corresponding cystogram shows grade II VUR 
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(a)                                      (b)                                            (c) 

    Figure 3: Ureteral dilatation with grade V reflux 

(a) Transverse renal US image shows dilatation of pelvicalyceal system and proximal       

ureter (b) dilatation of the distal ureter (c) Corresponding cystogram shows grade V 

VUR 

 

 

 

 

 

 



Annexures 
 

 

 Page 86 

 
 

ANNEXURE IV: KEY TO MASTERCHART 

 
H/O HISTORY OF  

M MALE 

F FEMALE 

CONG ANO CONGENITAL ANOMALIES 

APD ANTEROPOSTERIOR DIAMETER  

RT RP RIGHT RENAL PELVIS  

LT RP LEFT RENAL PELVIS  

MD OF RT / LT PU MAXIMUM DIAMETER OF RIGHT 

/LEFT PROXIMAL URETER 

MD OF RT / LT DU MAXIMUM DIAMETER OF RIGHT 

/LEFT DISTAL URETER 

RK / LK CT RIGHT KIDNEY / LEFT KIDNEY 

CORTICAL THICKNESS 

RK / LK ct RIGHT KIDNEY / LEFT KIDNEY 

CORTICAL THINNING 

RT / LT VUR RIGHT / LEFT VESICOURETERAL 

REFLUX 

CFEK CROSSED FUSED ECTOPIC KIDNEY 

PUV POSTERIOR URETHRAL VALVE 

USG ULTRASONOGRAPHY 

 



Slno Age (yrs) Sex Presenting Complaints H/O Cong ano MCU Findings
APD of RT RP 

(cm)

APD of LT RP 

(cm)

MD of RT PU 

(cm)
MD of LT PU (cm) MD of RT DU (cm) MD of LT DU (cm) RT VUR ON USG LT VUR ON USG RK CT (cm) LK CT (cm) RK ct LK ct Grading of rt vur Grading of lt vur USG GRADING OF THE VUR 

1 5 M Burning Micturition PUV Bilateral grade IV VUR 1.8 2.1 0.9 1.2 1.1 1.3 Yes Yes 0.7 0.6 yes yes grade IV grade IV Bilateral grade IV VUR

2 10 M Poor Stream nil Bilateral grade III VUR 1.2 1.3 0.5 0.6 0.6 0.5 Yes Yes 1 1.1 no no grade II / III grade II / III Bilateral grade II / III VUR

3 8 M Poor Stream anal atresia Bilateral grade II VUR 0.8 0.7 0.6 0.5 0.6 0.5 Yes Yes 1.5 1.6 no no grade II grade II Bilateral grade II VUR

4 11 M Fever nil Bilateral grade II VUR 0.6 0.5 0.3 0.4 0.4 0.7 Yes Yes 1.6 1.6 no no grade I / II grade I / II Bilateral grade I / II VUR

5 8 F Poor Stream of Urine nil Bilateral grade V VUR 2.6 2.5 1.5 1.3 1.4 1.3 Yes Yes 0.4 0.3 yes yes grade V grade V Bilateral grade V VUR

6 8 M Pain Abdomen phimosis Bilateral grade V VUR 2.5 2.5 1.3 1.4 1.3 1.5 Yes Yes 0.3 0.3 yes yes grade V grade V Bilateral grade V VUR

7 3 M Increased Frequency of Micturition PUV Bilateral grade IV VUR 1.7 1.9 0.9 1.3 1.1 1.2 Yes Yes 0.7 0.8 no no grade IV grade IV Bilateral grade IV VUR

8 11 M Burning Micturition nil Bilateral grade IV VUR 1.6 2 1.1 1.1 1 0.9 Yes Yes 0.8 0.8 no no grade IV grade IV Bilateral grade IV VUR

9 8 M Poor Stream phimosis Bilateral grade III VUR 1.1 1.3 0.6 0.5 0.6 0.6 Yes Yes 1 1.1 no no grade II / III grade II / III Bilateral grade II / III VUR

10 9 M Poor Stream anal atresia Bilateral grade III VUR 1.6 1.5 0.7 0.8 0.8 0.7 Yes Yes 1.2 1.2 no no grade III grade III Bilateral grade III VUR

11 8 M Fever phimosis Right grade II VUR 0.8 0.6 0.5 0.2 0.4 0.2 Yes no 1.5 1.6 no no grade II nil Right grade II VUR

12 2 M Poor Stream of Urine nil Bilateral grade I VUR 0.6 0.6 - - - - no no 1.7 1.8 no no nil nil nil

13 12 M Pain Abdomen CFEK Bilateral grade IV VUR 2.2 1.8 0.9 1.1 0.8 1 Yes Yes 0.5 0.6 yes yes grade IV grade IV Bilateral grade IV VUR

14 11 M Increased Frequency of Micturition phimosis Bilateral grade IV VUR 2.3 2.1 1.1 1.2 1 1.1 Yes Yes 0.7 0.6 yes yes grade IV grade IV Bilateral grade IV VUR

15 6 M Burning Micturition nil Bilateral grade III VUR 1.5 1.7 0.6 0.8 0.7 0.8 Yes Yes 1 1.2 no no grade III grade III Bilateral grade III VUR

16 9 M Poor urinary Stream phimosis Right grade IV VUR 2.4 0.7 1.3 0.3 1.3 0.2 Yes no 0.8 1.3 no no grade IV nil Right grade IV VUR

17 12 M Poor urinary Stream phimosis Bilateral grade II VUR 0.8 0.8 0.4 0.5 0.4 0.5 Yes Yes 1.5 1.5 no no grade I / II grade I / II Bilateral grade I / II VUR

18 8 F Fever anal atresia Bilateral grade V VUR 2.4 2.5 1.3 1.4 1.5 1.4 Yes Yes 0.3 0.3 yes yes grade V grade V Bilateral grade V VUR

19 10 M Poor Stream of Urine CFEK Bilateral grade V VUR 2.2 2.3 1.4 1.3 1.5 1.2 Yes Yes 0.4 0.5 yes yes grade V grade V Bilateral grade V VUR

20 9 M Pain Abdomen PUV Right grade IV VUR 1.3 0.6 0.6 0.2 0.5 0.2 Yes no 0.6 1.4 yes no grade III / IV nil Right grade III / IV VUR

21 11 M Poor Urinary stream nil Bilateral grade IV VUR 1.8 2.1 0.6 0.8 0.7 0.8 Yes Yes 0.9 0.7 no yes grade III / IV grade III / IV Bilateral grade III / IV VUR

22 7 F Burning Micturition nil Bilateral grade I VUR 0.5 0.4 0.3 0.2 0.5 0.6 Yes Yes 1.4 1.5 no no grade I / II grade I / II Bilateral grade I / II VUR

23 10 M Poor Stream PUV Bilateral grade II VUR 0.8 0.5 0.3 0.2 0.2 0.2 no no 1.5 1.5 no no nil nil nil

24 6 M Poor Stream phimosis Bilateral grade III VUR 1.5 1.7 0.6 0.8 0.7 0.8 Yes Yes 1.3 1.2 no no grade III grade III Bilateral grade III VUR

25 11 M Fever nil Bilateral grade IV VUR 1.9 2.2 1.1 1 1 1 Yes Yes 0.8 0.7 no yes grade IV grade IV Bilateral grade IV VUR

26 7 M Poor urinary Stream CFEK Bilateral grade IV VUR 2.2 2 0.6 0.8 0.7 0.8 Yes Yes 0.7 0.7 yes yes grade III / IV grade III / IV Bilateral grade III / IV VUR

27 2 M Pain Abdomen anal atresia Bilateral grade V VUR 2.4 2.2 1.3 1.2 1.4 1.5 Yes Yes 0.3 0.4 yes yes grade V grade V Bilateral grade V VUR

28 11 F Increased Frequency of Micturition nil Bilateral grade III VUR 1 0.9 0.3 0.2 0.3 0.2 no no 1.1 1 yes yes nil nil nil

29 9 M Burning Micturition nil Bilateral grade V VUR 2.6 2.4 1.5 1.6 1.5 1.7 Yes Yes 0.4 0.4 yes yes grade V grade V Bilateral grade IV VUR

30 12 M Poor Stream PUV Bilateral grade V VUR 2.3 2.3 1.5 1.7 1.6 1.7 Yes Yes 0.5 0.4 yes yes grade V grade V Bilateral grade V VUR

31 6 M Poor Stream nil Bilateral grade II VUR 0.5 0.5 0.3 0.2 0.2 0.2 no no 1.3 1.4 no no nil nil nil

32 12 M Fever nil Right grade IV VUR 2.1 0.8 1.1 0.2 1.1 0.2 Yes no 0.8 1.2 no no grade IV nil Right grade IV VUR

33 3 M Poor Stream of Urine PUV Bilateral grade V VUR 2.4 2.4 1.6 1.4 1.5 1.7 Yes Yes 0.4 0.5 yes yes grade V grade V Bilateral grade V VUR

34 7 F Pain Abdomen PUV Bilateral grade V VUR 2.3 2.4 1.7 1.6 1.5 1.4 Yes Yes 0.5 0.5 yes yes grade V grade V Bilateral grade V VUR

35 11 M Increased Frequency of Micturition nil Bilateral grade II VUR 0.6 0.8 0.5 0.5 0.6 0.6 Yes Yes 1.4 1.3 no no grade I / II grade I / II Bilateral grade I / II VUR

36 9 M Burning Micturition nil Bilateral grade III VUR 1.2 1.2 0.6 0.5 0.5 0.5 Yes Yes 1.2 1.1 no no grade II / III grade II / III Bilateral grade II / III VUR

37 6 M Poor Stream PUV Bilateral grade IV VUR 2.3 1.9 1.2 1.1 1 1.1 Yes Yes 0.5 0.6 yes yes grade IV grade IV Bilateral grade IV VUR

38 5 M Poor Stream nil Right grade II VUR 0.5 0.5 0.3 0.2 0.5 0.2 Yes no 1.2 1.3 no no grade I / II nil Right grade I / II VUR

39 2 F Fever nil Bilateral grade V VUR 2.4 2.4 1.6 1.4 1.5 1.7 Yes Yes 0.4 0.5 yes yes grade V grade V Bilateral grade V VUR

40 12 M Poor Stream of Urine nil Bilateral grade IV VUR 1.5 1.4 0.7 0.8 0.8 0.8 Yes Yes 1.3 1.4 no no grade III / IV grade III / IV Bilateral grade III / IV VUR

41 9 M Pain Abdomen nil Bilateral grade II VUR 0.8 0.7 0.6 0.6 0.7 0.6 Yes Yes 1.4 1.6 no no grade II grade II Bilateral grade II VUR

42 11 M Pain Abdomen PUV Bilateral grade I VUR 0.3 0.3 - - 0.6 0.5 Yes Yes 1.5 1.4 no no grade I grade I Bilateral grade I VUR


