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ABSTRACT

BACKGROUND AND OBJECTIVES:

Urinary tract infections (UTIs) are prevalent baelediseases in children,
often linked to vesicoureteral reflux (VUR), a cowm underlying cause.
Traditionally, the diagnosis of VUR has relied omvasive micturating
cystourethrography (MCU). This study aimed to assdbe accuracy of
ultrasonography (USG) for predicting and grading R/lth pediatric patients with

UTls.

METHODOLOGY:

The present study was conducted in the Departmie(Radiology) Radio-
diagnosis, KLES Dr. Prabhakar Kore Hospital and i&d Research Centre,

Belgaum (Belagavi) from January 2023 to Decemb@232

RESULTS:

It was a one-year observational study where in lhoxdoof 42 pediatric
patients, predominantly in early to mid-childhods4./%), underwent evaluation,
with a male-to-female ratio of 6:1. USG identifi@8 true positive cases of VUR and
4 false negatives, while both USG and MCU showedfaise positives or true
negatives.

Among the findings, bilateral Grade IV VUR was mgsevalent, followed by
bilateral Grade V VUR, 90.4 % of all grade VUR wezurately diagnosed and 68.4
% cases were graded accurately, 75% of the lowegb&ihg diagnosed on USG and

44% of cases were accurately graded



96.6 % of the high-grade cases were accuratelyndsgd on USG with 75.8 % of
them accurately graded

In addition to VUR grading, USG provided insight$o kidney size, shape, signs of
chronic pyelonephritis, ureteric characterizatiomtrapelvic echoes indicating
persistent infection, poor urine emptying due tdluse and dynamic reflux
assessment. Furthermore, USG detected renal ggparatmophic changes, and

intrapelvic echogenicities, facilitating compreheesnanagement decisions.

CONCLUSION:
Ultrasonography emerges as a promising non-invasiefor assessing VUR
in pediatric UTI patients, offering reliable diagtic accuracy and additional

parameters for comprehensive clinical management.

Keywords: urinary tract infection, vesicoureteraflux, 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 boys>>“. Between 85% and 90%
of UTIs are brought on by Escherichia coli. Additional typical microbes consist of
Klebsiella,Proteus, Enterococcus, and Enterobacter species®®’.

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 prevalence®®. 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
recurrence'®!t, Timely identification and trestment of UTI are crucia 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 rena 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 outcomes®2. 20% to 35% of children who are assessed for bacteriuria are
thought to experience vesico-ureteral reflux. Following their first UTI, vesicouretera
reflux is diagnosed in over 60% of children under the age of one year®.

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-uretera reflux with one tool of USG.
Therefore, the goal of this study isto 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
vesicouretera reflux (VUR), which is linked to reflux nephropathy4. To prevent the
development of reflex nephropathy, it is especially crucia to check for VUR in
infants who have hydronephrosis at the prenatal stage or recurrent febrile urinary tract
infections™®. The relationship between VUR and chronic nephropathy is still up for
debate, though'®. It is frequently advised that high-risk children be kept out of VUR,
especialy if they have hydronephrosis, kidney damage, or a complex urinary tract
infection®’,

Currently, radionuclide cystography (RNC) and retrograde voiding
cystourethrogram with X-ray (VCUG)*® are the two procedures commonly employed
to diagnose VUR. Due to their intermittent imaging and irradiation, both approaches
have limited sensitivity?®.

When a febrile urinary tract infection (UTI) first occurs, the goa of rena 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)?. The
clinica 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)?..
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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 usualy 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 regiona 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 thisregional setup.
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Aims & Objectives

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, whichn cause major
aftereffects like hypertension, proteinuria, and-stage renal disease, is assumed to
be correlated with the severity of VUR. It is bebke that interventions including
surgical correction, antibiotic prophylaxis, andldw-up imaging lower the risk of
these problems. Due to a dearth of data basedssaneh, most practice guidelines
now in use have concentrated on comprehending atfeophysiology of VUR and
UTIL. As the body of medical literature increasdse pediatric community is now
guestioning some of the long-held assumptions oegguthe management of and role
of imaging in UTI and VUR. In addition to discusgimecent changes in practice
patterns and highlighting some current challengpes tay inspire future updates to
suggested procedures, this paper will look at @ttgphysiology 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 symptoofsUTI
Sterile pyuria

Increased white cells in urine in the absence ofdsa on urine culture
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Bowel and bladder dysfunction
Spectrum of signs and symptoms, including incomtbee constipation and/or
encopresis associated with functional and behaaicailbnormalities 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 uppectra
Pyelonephritis
Kidney infection (febrile UTI may or may not be dieepyelonephritis)
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 massné&ydand urinary tract
anomalies; urosepsis; organism other than E cblpieal clinical course, including
absence of clinical response to antibiotic withtnh7 and renal abscess.
Complicated cystitis
Children with comorbid medical conditions, undenlyi bladder pathology,

indwelling bladder catheter, and atypical clinicalrse.
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Renal status
Reflux nephropathy

Renal cortical abnormalities associated with VURaymbe 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 month8 arithin a year
Concept of VUR
Definition

VUR is a condition marked by retrograde flow of awwlated urine in the
bladder through one or both ureters back to thalrealyx or kidney (intra-renal
reflux). This occurs when the protective mechanégainst reflux is immature or fails
due to anatomical or functional abnormalities.
Classification of VUR

When anatomical or functional congenital defecedléo an inadequate or
immature preventative mechanism against reflimary VUR develops. Secondary
VUR occurs when this preventative mechanism in kbwer urinary tract is
compromised by an organic obstruction and/or negiodl malfunction (posterior
urethral valve, anterior urethral valve, anterioretbral diverticulum, urethral

hypoplasia, and neurogenic bladdés’
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Epidemiology

For girls and boys, respectively, the cumulatisk of UTI during childhood
is 8% and 2%. Between 25% and 40% of children with UTIs areoregd to have
VUR?®, 50-91% of children with feverish UTIs have abnalities on renal cortical
scintigraphy, which suggests acute pyelonephrii®N)?’. On the other hand,
scintigraphy reveals renal cortical abnormalitie§9—-86% of the kidneys when VUR
is presertt.

While these figures demonstrate that VUR is a douting factor to APN,
Ditchfield et al*? discovered that 53% of refluxing kidneys lackey anintigraphy
defect suggesting APN, while 61% of kidneys witldemce of APN on scintigraphy
did not have VUR. Thus, it is common for VUR andMB occur separatel§°. 38—
57% of children with APN identified by scintigrapkyll experience irreversible skin
scarring® 3. The frequency of APN on renal scintigraphy and #everity VUR
grade were found to be correlated in a recent shyd@h et a? however, the risk
that APN would result in permanent renal scarringsvindependent of the VUR

grade.

Pathophysiology of VUR

The ureteral orifice is reached by the distal uret@ning obliquely through
the bladder wall (Fig. 1). Urine cannot flow retradely into the distal ureter when
the bladder expands with pee because of increasagression of the intramural and
submucosal portion of the ureter. The length ofdieal ureteral, which is located
inside the bladder wall, determines how well thadvular function works; a shorter
intramural-submucosal segment raises the risk dRVM children, the usual length

of the intramural-submucosal segment ranges fram 72 mni° and has a ratio of
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5:1 (length:diameter) at vesicoureteric junctios,called as pollitano’s rule. This
length fluctuates with age. In order to extend ititea mural-submucosal segment,

ureteral reimplantation surgery for VUR aims to dum more angled ureteral path

through the bladder wall.

Eladder Wall
Uretaer

—— Imntramural Ureter
— Submucosal Ureter

Fig. 1—Drawing shows pathophysiology of vesico-ureterfilre(VUR). Shorter intramural—

submucosal segment of distal ureter increasest@d of VUR.

Pathophysiology of Pyelonephritis and Renal Scarrig

Instead of hematogenous spread, ascending badtédations in the urinary
system are typically the cause of pyelonephritisn&)in the renal pelvis is more
susceptible to infection due to VUR and urinarnsistdFig. 2). The renal parenchyma
can then become infected with bacteria, which cawsseelling and inflammation.
Compression of the parenchymal microvasculature hinigesult in necrosis,
microabscess development, and ischemia. Loss ehplaymal volume and function
as well as persistent renal scarring may occunef renal parenchyma is unable to
heal from these wounds. The preferred imaging niefboidentifying APN and renal

scarring is renal cortical scintigraphy with 99mdica ercaptosuccinic acid (DMSA)
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due to its high sensitivif§f; both entities show up as photopenic defects orSBM
scans, and the interpreting physician must rely th@ clinical time-course to

differentiate between the two.

Reflux and Urine in pelvis
urinary stasis I becomes infected
{pyelonephritis]

Inflammation and edema e e

lead to ischemia and e
microabscess formation i
[scanting)

Fig. 2—Drawing shows pathophysiology of pyelonephritis egrthl scarring. Ascending
urinary infection allows bacteria to enter renalgnahyma. Inflammatory edema causes
compression of parenchymalicrovasculature that can result in ischemia, nabszess

formation, necrosis, and permanent renal scarring.

Settings of diagnosis (patients with suspected VUR)

VUR is frequently diagnosed in UTI patieffts Additionally, due to the
increased prevalence of VUR discovered during simgein children with fetal
hydronephrosis identified by ultrasound, thorougaminations for familial VUR and
baby health checks using ultrasound are now beapmiiore common. When
examining patients with BBD for voiding and/or stge symptoms, VUR is found.
When proteinuria or kidney failure symptoms arecoi®red during school health

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

The basic assessment must include taking a histdoyng a physical
examination, doing a urine test, and doing an stwad. Having a complete family
history is especially crucial due to the possipibf familial VUR. In young children,
fever is frequently the sole observable sign of @l;Usymptoms of urgency,
frequency, dysuria, and stomach pain may occur aftgr the kid has finished potty
training and is verbally able to communicate. & tid is able to communicate the
need to urinate, midstream urine can be collectemlyever, younger children,
regardless of gender, will have their clean-catemeu collected using a urine
collection pack. Pyuria (urinary white blood cetlunt>10/high-power field) and/or
bacteriuria will be used to diagnose UTIs. When snead by culture, a bacterial
count of>1( cfu/mL accurately indicates the causative organism

Upper urinary tract dilatation shown on ultrasounasy be a sign of VUR,
and aberrant bladder wall morphology or hyperplasiay indicate voiding
dysfunction linked to VUR. With upper urinary traditatation associated with SFU
grade 3 or 4 hydronephrosis, the presence of VURIldhtherefore be assessed via
VCUG. Though the chance of VUR cannot be completeled out, significant
urinary tract deformity is unlikely if postnatal ttdsonography does not reveal
hydronephrosis. Even though the hydronephrosis dieared in newborns with
antenatally diagnosed fetal hydronephrosis, theurmence of fUTI should raise

suspicions for VCU&38
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STANDARD RADIOLOGICAL STUDIES

An voiding cystourethrography (VCUG) and convensibnimaging
investigations were initially performed on childrerho presented with UTIs. The
relatively noninvasive ultrasonography has progveds replaced the IVP as the
preferred anatomical study over time. However, cmsieteral reflux cannot be
diagnosed with ultrasound alone since it lacks ifipitg and sensitivity’. The
majority of doctors agree that it is a suitableesaing test to rule out significant
abnormalities, despite some research suggestirgittiga of limited valué®. High-
quality ultrasounds can detect serious congentiabamalities; if prenatal readings
are normal, the yield of a subsequent ultrasound lpeapoor. These ultrasounds are
typically performed in the last trimester of pregog Since the 1960s, the VCUG has
been routinely utilized. It can be carried out eitlvith a radionuclide or as a regular
contrast examination.

In general, the contrast study is preferred foritiitgal investigation because
it provides more anatomic detail; however, somestigations have indicated that the
radionuclide cystogram has a higher sensiti¥ityAlthough opinions on when to
conduct a VCUG study vary, it is widely agreed ttia investigation can begin as
soon as the kid is afebrile and has a negativeeurinituré®. Additionally, it seems
that compliance improves when the VCUG is carriedyquickly following a UT#®.
There's no denying that the VCUG is a highly rdéateflux detector, even though no
test is flawless. However, considering the pauditfy data demonstrating the
advantages of prophylactic antibiotic use, concdrage been expressed regarding
whether routine work-up with VCUG is the appropeiaiburse of action to enhance

long-term result&43
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Evolution of Imaging Practice Patterns

The American Academy of Pediatrics (AAP) set pactyjuidelines in 1999
that directed medical professionals in the asseassaiairinary tract infections (UTIS)
in infants and children for a long tirtfe The guidelines for the imaging workup were
extensive, including radionuclide cystography (RN@ig. 5) and voiding
cystourethrography (VCUG) (Fig. 4) or ultrasoundg(F3) for all newborns and
young children (< 2 years old) with UTI. Accordirig the AAP, there is still
uncertainty regarding the function of renal coftisaintigraphy with 99mTc-DMSA

(Fig. 3).

Left Kidney = 56% Left Kidney = 50%
Right Kidney = 44%

Right Kidney = 50%

Fig. 3—2 year old girl with fever. A and B, GraykedA) and color Doppler (B)
ultrasound images show round, hypoechoic, poorjuped abnormality (arrow) in
upper pole of right kidney, consistent with acutgelpnephritis. C and D,
Dimercaptosuccinic acid (DMSA) renal cortical sgnaphy scan obtained same day
as ultrasound (C) shows corresponding photoperfiecti¢éarrow). Followup DMSA
scan obtained 8 months later (D) shows resolutfatetect, consistent with recovered

pyelonephritis.
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A B C D E

A B C

Fig. 5—Radionuclide cystography (RNC) performedhree different patients with
bilateral vesicoureteral reflux (VUR). L = left gicdbf patient. A, In RNC image in
15yearold girl, left reflux reaches renal pelvisery subtle right reflux only reaches
distal ureter (arrow). B, In RNC image in 16yeargid, bilateral VUR reaches renal
pelvis. C, RNC image in 13year old boy shows bikdt®¥ UR with tortuosity of both
ureters and marked dilatation of right renal pe&nsl ureter (arrow).
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Following UTI treatment, the American Academy ofnitly Physicians
advised DMSA scanning to check for irreversibleateacarring® (Fig. 6). The
"bottom-up” method refers to this imaging algorittand its variations, since the
primary diagnostic issue is VUR detection. Follogve diagnosis of VUR, the patient
is considered to be at heightened risk for renatrsry. To identify any permanent
renal scarring, DMSA scanning is conducted many thenater. The corpus of
research-based literature and the breadth of mlegitdessionals’ experience in
treating juvenile UTIs have both increased sineelt®99 recommendations.

Consequently, there has been a slow retreat fremAP standards, leading
to an abundance of more complex imaging algorititha vary among different
medical professionals, practice groups, towns,onatiand continents. Just 61% of
respondents to a recent Shah et®aurvey reported following the AAP imaging
standards. A few typical deviations include, paitacly in females, delaying imaging
workup until the second UTI and varying the frequerand timing of DMSA
scanning. The 2007 European Society of PediatrididRagy recommendatiofis
represent the most notable change in practice bgse(Fig. 6).

All pediatric UTI patients are subjected to an asdound examination
according on this strategy. If the ultrasound rssate normal and there is a clinical
suspicion of APN, early DMSA screening is carriegt @s soon as the infection
becomes acute. If the DMSA scan reveals APN, VCUBNC testing is then carried
out to check for VUFE,

Normal results from DMSA scanning prevent VCUG M@ later on. The
term "top-down" technique refers to this inversiohthe order in which DMSA

scanning and cystography are performed, since ABNYUR, is the main diagnostic

Page 14



Review Of Literature

concern. These latest guidelines are justified Hyy fact that only 47% of VUR is
severe enough to result in acute pneumonia.

Early identification of babies and children who aterisk of permanent renal
scarring is an important clinical goal in order poevent catastrophic long-term
consequences including hypertension and renalréailvhen determining who is at
risk for renal scarring, DMSA renal scintigraphytetgion of APN may be a more
appropriate and sensitive screening method than@GURNC.

A significant constraint associated with 99mTc-DMS3énal scintigraphy
pertains to the radiopharmaceutical's accessibllitye to sporadic shortages brought
on by technical production issues, there are rxedbtifew commercial facilities
globally that produce DMSA re agent kits and 99ng€oerators.

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

It is possible to diagnose urinary tract malforrmas with accuracy, including
hydronephrosis, hypoplastic kidney, duplicated enet megaloureters, and
ureterocele. This modality's ease of use and littlasiveness make it beneficial.
Pyelectasis, aberrant echogenicity, variationseimal dimensions between the right
and left kidney, ureterocele, uneven shape andatita of the lower ureters at the
dorsal part of the bladder are examples of ultradofindings that are significant
because they may be risk factors for urinary tnafefctions. In 46—60% of patients
with VUR identified by VCUG?, ultrasound screening revealed no abnormalities.

Based on the presence or lack of ultrasound abribiesathe diagnosis of
VUR is not very accurate; the sensitivity is 18—46%e specificity is 76—88%, the

positive predictive value is 24—66%, and the neggtredictive value is 71-83%.
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For all young children experiencing their first ésish UTI as well as older
children experiencing recurring UTIs, a renal dtmaography evaluation is
recommended. It is necessary to do renal and bladttasonography to look for
structural or anatomical abnormalifitsThe clinical scenario determines when to
perform an ultrasonographic evaluation.

Children who are really unwell or who do not getiéreas soon as they should
(typically within 12 to 36 hours) should have u#tmaography within the first few
days to rule out obstructive anatomic abnormalitiesenal abscess. Kids with less
severe illnesses can have USG once the acute ph#se virus has gone in order to
avoid false positive results from kidney inflamnoati which can persist till 1 — 2

weeks.

* The most widely used technique to assess foroamatabnormalities such as
duplication, dilatation, and blockage in the gemitoary tract; non-invasive,

reasonably priced, and safe in any age range.

* NICE guidelines: In children younger than six rtienold or older than six months
old with an unusual or recurrent UTI, recommend FEBfdllowing the first febrile
UTI. AAP guidelines: After a child's first febrildTI, recommend RBUS for ages 2 to

24 month&,
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Grade | Ultrasonography classification of vesicouretal reflux 5!

| Reflux of urine into the distal ureter

Il Reflux (+) and upper and lower ureteral filling

1] Reflux (+) with mild dilatation of the uretema pelvicalyceal system

v Reflux (+) with moderate dilatation of the uretnd pelvicalyceal system

\% Reflux (+) with massive dilatation of the ureterd pelvicalyceal system

VCUG:

A common imaging test used to diagnose VUR is dal€UG. It provides
comprehensive anatomical data that allows for #terdhination of the international
classification's severity grade in addition to gnesence or absence of VUR. In order

to diagnose VUR and examine the lower urinary {rd@UG is necessary >

Voiding Cystourethrography:

The standard diagnostic method for vesicouretaflix (VUR) is a voiding
cystourethrogram (VCUG), which helps establishékistence and severity of VUR.
Routine VCUG after the initial UPt is not recommended. It should only be
considered in cases of recurrent feverish urinaagttinfection (UTI) or when

hydroureter, hydronephrosis or scarring are sedRRIIS.

If the pathogen is unusual or the clinical situatis complex, it might be
taken into consideration following the initial U¥

If ureteral dilatation is seen on postnatal ultresgraphy, if there is moderate
to severe hydronephrosis, or if there are bladdeomanalities suggesting bladder

outlet obstruction, a VCUG is recommended for nembavith a history of antenatal
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hydronephrosis. Routine VCUG may not be necessalgwing a first febrile UTI
due to its intrusive nature, cost, discomfort, ptite for UTI, and radiation risks.
In order to identify individuals with VUR, this teshould be taken into

consideration in cases with recurrent UTI and upraeat abnormalities on ultrasound.

VUR is graded as low-grade (I-1ll) and high-gradé-Y/). The International Reflux

study group classifies VUR into 5 grades as folfdws
« Grade I: Reflux into the distal and middle of theter without dilation
- Grade II: Reflux into the ureter and collectingteys without dilation

« Grade lll: Reflux into the ureter and collectingssgm with mild dilation

and mild blunting of calyces

« Grade IV: Reflux into the ureter and collecting teys with gross dilation

and severe blunting of calyces

- Grade V: Massive reflux with gross dilation of wmetand collecting
system, blunting of all calyces, and tortuosity tbé entire collecting

system with loss of fornices and papillary impreasi
Contrast-Enhanced Voiding Urosonogram:

An option called a contrast-enhanced voiding urogoam (ceVUS) has been
proposed to reduce radiation exposure in childreguiring VCUG. Bladder
catheterization is necessary for this test, whishnot comfortable for younger
patients. When the patient is being checked ultiaadly, 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 igati&€ven though ceVUS isn't
available in every facility, doctors should ustitliagnose obstructive uropathies and
VUR in real time without radiation exposwi&’.

» The most widely used technique to assess for VURLtisisive, costly, and

radiation-exposed to patients.

99mTc-DMSA renal scintigraphy:
Renal parenchymal damage can be diagnosed by 99WBA renal scintigraphy,
which is also a useful test for evaluating dividedal function and renal scarring in

VUR patients.

This procedure is costly, time-consuming, invasiaed radiation-exposed for

patients. However, it can reveal details on therele@f renal inflammation and

scarring.

» Children on VCUG who have acute DMSA alteratiores more likely to develop
VUR grades IlI-V.

* DMSA should not be used in the regular evaluatiba ohild's first febrile UTI,
according to both NICE and AAP guidelines.

» There is ongoing debate on the usefulness of DM&Aadgsessing clinically
severe renal scarring that results from infection.

« AAP guidelines did not include the use of DMSA it recommendatiof%

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

» Atypical or recurring infection in children undery8ars of age.

* Recurring infection in children over 3 years of age
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1999

Recurrent UTI or Young child o

Uncertain follow-up

v

Ultrasound and VCUG or

RNC
Normal * * Reflux
No further Antibiotic prophylaxis Annual cystogram
examination Annual ultrasound and/or DMSA scan
Reflux resolves New scarring or
Breakthrough UTI or
Persistent reflux (age
controversial)
Y v
DMSA scan |<— Consider surgical correction

No scarring Scarring
v v

No further evaluation

Annual blood pressure monitoring
and urinalysis

2007

| uUTl

A 4

Doppler ultrasound

[ 1

A4

Normal ultrasound

Clinical
cystitis

A4

A 4

| Clinical  Pyelonephritis

A 4

|

Normal

A

No further evaluation

Pyelonephritis or scar

A 4

Follow-up ultrasound
VUR evaluation (VCUG or RNC)
Late DMSA scan
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Fig. 6—Diagrams show evolution of practice guidelinesddnary tract infection (UTI) and
vesicoureteral reflux (VUR).
A, In 1999, “bottomup” approach was advocated: periiogm voiding

cystourethrography (VCUG) or radionuclide cystodmagRNC) first, followed several

months later by?9MTcdimercaptosuccinic acid (DMSA) renal corticalrdigiraphy to
evaluate for renal scarring. (Adapted with pernaisgiont®).

B, In 2007, “topdown” approach was recommended: pariiog DMSA renal cortical
scintigraphy first to evaluate for acute pyelonégsrfollowed by VCUG if DMSA

scanning findings are abnormal. (Adapted with pssion fronf?).
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Review of Studies:

In 2020, Zamir G comprised all children aged 0O-®whad spent two years in
a medium-sized institutional regional medical cembe a first uncomplicated febrile
UTI.

Children who were known to have anomalies in theine or who had
received antibiotic treatment within seven daysmpio admission were not allowed to
enter. During their hospital stay, all of the efedlchildren had renal ultrasonography
and within two to six months, voiding cystouretraginy (VCUG). The test's yield
was evaluated using its ability to detect renalaabralities, as well as its sensitivity,
specificity, positive and negative predictive vaudor the identification of
vesicoureteral reflux (VUR), and its impact on theatment of urinary tract infections
(UTIs). Of the 255 children involved in the studynly nine exhibited VUR on
VCUG, but 33 of them had mild to severe renal gebilatation on RUS, which was
indicative of VUR. However, the RUS was normal i6 8hildren with VUR on
VCUG. When it came to identifying VUR, aberrant R&Sensitivity, specificity,
positive predictive value, and negative predictiadue were, respectively, 17.7%,
87.6%, 23.5%, and 83.2%. It was not need to alterrhanagement of any of the
patients with abnormal RUS during or after theispital stay. The data suggest that
there is doubt about the effectiveness of RUS imating children who are
experiencing their first uncomplicated UTl

A retrospective assessment of the ultrasound amingp cystourethrogram
(VCUG) results of 162 children under the age o&fivho were admitted for the first
time within a two-year period due to a urinary triadection (UTI) was carried out by
Mahant S et al in 2003. If there was "dilatationtloé collecting system" of one or

both kidneys, "dilatation of the ureters,” or "d#ion of the pelvi-calyces," the
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ultrasound results were thought to be suggestivéliR. A total of 162 patients, with
a median age of 85 days and 71 (44%) females,hmaenclusion criteria. Twenty-two
percent of people had VUR. Thirty-seven out of #2857 patients without VUR on
VCUG had positive ultrasound results for VUR, arddut of the 35 patients with
confirmed VUR on VCUG had positive results. 14 induals had grade Il reflux, 5
had grade Il reflux, and 2 had grade IV reflux adtthe 21 patients who had a
normal ultrasound but had VUR on VCUG. When it catoeindicating VUR,
ultrasound's sensitivity and specificity were 40%da 76%, respectively.
Ultrasonography had a 32% positive predictive valod an 82% negative predictive
value when it came to predicting VUR. In childrenthwa first UTI, renal
ultrasonography results are not sensitive nor fipdor VURSS,

In 2010, Leory S. et al. conducted a prospectiaphal-based cohort research
comprising children who had urinary tract infec8o(UTIs). The study received
permission from the institutional review board gatental agreement was acquired.
Analysis and comparison were done on renal lengteteral dilatation, pelvic
dilatation, and corticomedullary differentiationh@re were seventeen patients total,
consisting of 71 females and 46 (or 39%) boys. d&a were analyzed using a two-
level logistic regression model, and computatiohdiagnostic accuracy were made.
Of the youngsters, eight (7%) had VUR of grade digher, and thirty-two (27%)
had all-grade VUR. With 25% sensitivity and 88%apeity, ureteral dilatation was
the only factor that was substantially correlatethall-grade VUR.

Significantly, dilatations of the urinary tract,lyis, and ureter were linked to
VUR of grade 3 or above (ORs of 20.2, 13.7, and 2fespectively). The ureteral
dilatation criterion, which showed 73% sensitivétyd 88% specificity for high-grade

VUR, was the best balance between sensitivity getificity. Additionally, they
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came to the conclusion thaturetral dilatation mightvide the most accurate US-
based diagnosis of high-grade and all-grade VURs T$ criterion may be used in
an evidence-based selective strategy to limit gysgghy in children with UTIs,
possibly in conjunction with other predictbrs

Nelson CP et al. (2014) examined 3995 clinicaltsishat had VCUG and
RBUS tests for a history of UTI, spanning from Janyul, 2006, to December 31,
2010. Patients with a history of prenatal hydromepis or postnatal genitourinary
imaging in the past were not accepted. The RBU®digtive values, specificity, and
sensitivity for VCUG abnormalities were establisha@they found 2259 individuals
younger than 60 months old for whom imaging wascaed due to a UTI. "Normal"
RBUS was recorded in 75% of cases. 41.7% of patievith VCUG had any
vesicoureteral reflux (VUR), 20.9% had VUR gradé, anhd 2.8% had VUR grade
>|ll. The range of RBUS sensitivity for any abefraasults on VCUG was 5% to
28%. The range of sensitivity for VUR grade >1ll sva8% to 55%. The positive
predictive value of RBUS was 37% to 47% for VUR dga>ll among the 1203
children ages 2 to 24 months who were scannedvioitp their first febrile UTI; the
negative predictive value was 72% to 74% for VURdg >II. They came to the
additional conclusion that RBUS is a subpar gemit@uy abnormality screening test.
It is appropriate to see RBUS and VCUG as compleangrsince they offer distinct
but equally significant informatiéa

A study by Kovanlikaya A et al. (2014) involved 18#ants born between
January 2005 and December 2012 who had voidingoasethrography (VCU)
evidence of VUR and who also had recurrent bladdfactions (RBU) within a
month of the VCU. On RBU and VCU, standard methadse employed to grade

hydronephrosis and VUR. Using MCU'’ findings of, leaf as the gold standaard,
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diagnostic accuracy asessments including sengitistecificity, PPV and NPV were
performed for HUN and ureteral visibility on USGhére was a strong correlation
between reflux grade and the degree of HN. Ultragoaphy's sensitivity, NPV, and
accuracy were much higher when predicting reflux goades more than IV reflux
than when predicting reflux for lower reflux grades

Furthermore, ultrasonography demonstrated a highcanstant specificity for
reflux prediction across all the refluux grade, gess it can be a valuable tool for
screening. Additionally, they concluded that nortd&G is unusual for reflux grades
IV to V and moderate to severe hydronephrosis monmmon with reflux less than
grade IV. USG is good test to figure out who witfirst-time UTI needs to get VCU.
Aberrant USG is defined by the Society for Fetablogy classificatiof? as including
all levels of hydronephrosis.

In a 2015 study, Park HW, et al. included 917 aeitdwho were hospitalized
at our facility between January 2001 and Octobdi02d@ue to a febrile UTI episode
for the first time. RBUS was performed on everylcthipon admission. The follow-
up period averaged 7.9 months. The rates of UTurrence were computed using a
variety of clinical factors.

Using bivariate and multiple logistic regressiondais, they examined the
possible predictive value of age, sex, aberranalr€l8G results, abnormal DMSA
kidney scan points, or renal USG findings paransefer urinary tract infection
recurrence, higher-grade VUR, or renal scarringademital kidney and urinary tract
abnormalities, as well as hydronephrosis, wereifgignt predictors of recurrent
UTIs on RBUS.

Their odds ratios are, nevertheless, lower thasetas typical RBUS results.

There were no RBUS results that strongly prediete®. High grade VUR, aberrant
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RBUS results, and recurrent UTlIs all strongly irmdéd aRS. According to this study,
RBUS is helpful in determining if severe congeni®®, obstructive uropathy, and
kidney abscess should be ruled out following thet fncidence of a feverish U

In 2015, Hung TW carried out a study wherein h@sdizied children who were
younger than two years old and had experiencedr thst febrile UTI were
prospectively assessed through imaging studies swsh US, voiding
cystourethrography, and a (99m)Tc dimercaptosuccagid (DMSA) scan. 105
(33.9%) of the 310 kids examined—195 boys and litlS-ghad aberrant US. 194
children (62.6%) had abnormal acute DMSA scanswioth 89 (45.9%) also had
concurrently abnormal US. 107 children (34.5%) W&R, of which 79 (25.5%) had
VUR in Grades IlI-V. Of the 85 children with RS (2%), 55 (64.7%) had abnormal
US. Thirty-three (31.4%) of the 105 children witbnarmal US required further
therapy, which included surgical intervention, peaia¢ counseling, or renal function
monitoring. RS risk factors were Grades IlI-V VURdanephromegaly on the
baseline US examination. They came to the conaluthat abnormal US could be
associated with a high risk of Grades IlI-V VUR ardal scarring and could have an
impact on many children's future care. Nephromegalyhe first ultrasonogram and
Grades IlI-V VUR are highly correlated togetherighler chance of developing RS.
As a result, children who have had their first fiebUTI should have US performed,
and those who have a normal US may not need voidiysjourethrograpiiy.
In a study published in 2018, Zhang W found thatvieen August 2016 and October
2017, ninety children who were at risk of VUR wedrespitalized to the Tongji
Hospital's Pediatric Nephrology Department and Ga¥US. One milliliter of the
SonoVue second-generation USA contrast agent wastéd intravenously with a

trans urethral bladder catheter. Adverse eventdemge was seen. Culture and
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analysis of urine were done. In order to screerMdR, a total of 90 youngsters (47
females and 43 males; mean age, 36.6 months) wahPelvi-Ureteral Units (PUUS)
had CeVUS procedures. 64/178 PUUs (36.52%) and O44@diatric patients
(48.89%) have VUR found by CeVUS.

The 65 PUUs with VUS were distributed into thedaling grades: Grade I, 3,
Grade Il, 9, Grade lll, 14, Grade 1V, 22, and Gr&dd 7. The current study's CeVUS
accuracy was in line with earlier findings. Adveeseents and urethral abnormalities
were not observed. It has been shown that CeVU& ®secure, accurate, and
dependable imaging method for identifying VUR inldfen, especially newborns,
who are at high risk. The current study's findingdicate that CeVUS can be used in
China as the main screening and follow-up technfqueediatric VUR diagnosé%

In 2020, Salib, A. et al. observed When screenthgtgatients with complex
UTIs or recurrent pyelonephritis, urologists shohlave an index of suspicion for
VUR because the true frequency of the conditiothia population is yet unknown.
Adult VUR patients with recurrent pyelonephritisveabeen successfully treated
endoscopically in a number of case series and emadtrospective investigations.
Adult patients who do not respond to endoscopi@ttnent for vein transplant
rejection may still consider venereal reimplantati®@ecause there is a dearth of
evidence, the current recommendations and treatrfentVUR in adults have been
extrapolated from the pediatric population. Sind¢RVis rare in the adult population,
a clinician must have a high degree of suspiciatieRts can avoid hospitalization,
recurring infections, and the need for repeatethmic use when VUR is accurately

diagnosed and treat¥d
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In this cohort study, 380 patients' kidneys wenreegtigated by Dogan GM et
al. in 2022. Three age categories were used topgtioel patients: 0-2, 3-5, and 6-17
years old. Anteroposterior renal pelvic diametePRPD), kidney parenchyma,
kidney size, and ureter size were all reported # dudies. APRPD is considered
pathogenic when it is >5 mm or >10 mm. The serigtigpecificity, PPV, and NPV
were assessed individually for all age groups urtder conditions. In every age
group, a correlation was discovered between the @Gldd US results (sensitivity,
specificity, and NPV of the US were, respectivé3$,99%, 60.26%, and 88.13%).
Conversely, sensitivity, specificity, and NPV wer8.45%, 79.91%, and 71.17%,
respectively, when pathologic APRPD was greatem ttamm. The US age group of
0-2 had the highest sensitivity and NPV. This sttaiynd that US will help VCUG
diagnose VUR if it is carried out by radiologiskslled in the pediatric urinary system
and if it adds additional parameters with APRPD.aAsesult, radiation exposure in
clinical practice can be reduééd

In 2023, Sharifiaghdas F. et al. Participants ia thtrospective analysis were
younger than 12 years old who had received botVi&M® scan and a VCUG scan at
our institution between 2005 and 2020 and werergiagd with their first febrile UTI.
208 patients in all (mean age 3.34 + 2.54 yearslZP males and females) were
enrolled. On VCUG, VUR was found in 261 out of 4&6tal units (62.7%).

The DMSA scan's sensitivity, specificity, PPV, adBV for identifying VUR
were 52%, 75%, 78%, and 48%, respectively. Follgnage subgroup analysis, 50
patients (M/F: 8/42) and 158 patients (M/F: 51/1@@&ye older than 4 years. Using a
DMSA scan, the PPV and NPV for predicting VUR w@&®6% and 46.3% for
patients under 4 years old, and 55.5% and 56.2%hfase over 4 years old. The

study's findings demonstrated that, in comparieod@UG, the DMSA scan is not as
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accurate in predicting VUR since it fails to idéyta significant number of patients
who have high-grade VUR when used in isolationtfierinitial evaluation of children
with a febrile UTF®,

Patients between the ages of two months and twis yeso were examined in
a tertiary pediatric hospital over a two-year périsho were diagnosed with UTI
were included in a study done in 2023 by Aydin OGaktin compliance with the
standards set forth by the American Academy of &gds (AAP), RBUS and
voiding cystourethrography (VCUG) were conductedbsequently, they reviewed
our records and assessed the frequency of kidsegssdiscovered when we limited
RBUS testing to individuals with an unusual causeheir initial UTI or multiple
UTIs. This investigation comprised 128 patients vitad UTIs monitored throughout
time. In 104 cases (58.5%), the identified pathoges E. Coli, and in 74 cases
(41.6%), it was unusual. Thirty patients underw®¥@UG, of whom sixteen had
vesicoureteral reflux (VUR) and one had PUJ obstvac Only two serious kidney
abnormalities would have been overlooked by a uiffe diagnostic strategy that
required the presence of an unusual pathogen atitted UTI or a fUTI recurrence in
order to perform the RBUS. It was noted that RBU§hihdrop by 40.4% and VCUG
might drop by at least 20%

Study participants with suspected UTIs were assedse APN using
ultrasound between March 2019 and January 2021stady led by Lee HB in 2023.
Changes in renal pelvis dilatation, parenchymalgehicity, and the presence of a
focal suspected lesion were assessed by convehgjmmgcale ultrasonography. The
location and existence of a decreased perfusian\aege evaluated by color Doppler

ultrasonography (CDUS) and CEUS. The agreement dmtweach ultrasonic
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examination and a 99m Tc—dimercaptosuccinic acM$B) scan was assessed using
thek value. To assess the lesion's most evident tira&lSCwas utilized.

In this study, twenty-one individuals with isolatednary tract infections were
enrolled; their ages ranged from 2.0 to 61.0 mgniigh 8.0 months being the
median. While fourteen renal pelvic dilatations .@8) and five increased
parenchymal echotextures (11.9%) were confirmeaysgrale imaging did not show
any localized lesions. On CDUS and CEUS, lowerllpeafusion indicative of APN
was seen in two and five kidneys, respectively. [é/tliere was a substantial level of
agreementi = 0.80, P = 0.010) between the results of the DM8an and CEUS,
there was a lack of agreement (P >0.05) betweerethsdts of the other grayscale and
CDUS tests. The late parenchymal phase on CEUSda\he finest view of all
lesions. without being sedated or exposed to riadiat

CEUS can identify renal perfusion abnormalitiespediatric patients with
suspected APN; as a result, it may be a usefupaactical diagnostic methéd

Updated, evidence-based clinical practice guidsliier the therapy of
primary vesicoureteric reflux (VUR) and urinarydranfections (UTI) in children are
presented by Hari P et al in 2024 on behalf of lihdian Society of Pediatric
Nephrology (ISPN). These guidelines meet intermaictandards; openness, rigor,
and thoroughness in the guideline creation wereredsby using checklists from the
Institute of Medicine and AGREE. These guidelines i@elevant worldwide for the
management of VUR and UTI due to the rigorous nektlepy. There are seventeen
suggestions and eighteen clinical practice poietgetbped. The following are some
of the main suggestions and guidelines. If thegehggh clinical suspicion of UTl in a
newborn, a urine culture with more tharf tdlony forming units/mL is considered

relevant for the diagnosis of the condition. Whechdd has a suspected UTI, urine
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leukocyte esterase and nitrite testing can be padd as a substitute screening test
for urine microscopy. For seven to ten days, aannfvho is not toxic can be treated
with oral antibiotics for acute pyelonephritis.idt not advised to perform an acute-
phase DMSA scan when evaluating a UTI. Micturatggtourethrography (MCU) is
recommended for individuals under 2 years old with-E. coli UTIs, recurrent UTIs
in children, and abnormal kidney ultrasonographiie Tuse of dimercaptosuccinic
acid scanning (DMSA scanning) is limited to childresho have high-grade (3-5)
VUR and recurrent UTIs. In children who recovernfr@ UTI and have a normal
urinary tract, prophylaxis with antibiotics is na@commended. In kids with higher
grade VUR and bladder-bowel dysfunction (BBD), pgrglaxis is advised to prevent
UTI. If a child with VUR is potty trained, free &BD, and hasn't had a UTI in the
previous year, prophylaxis should be discontinu&then a kid develops recurrent
breakthrough febrile UTIs while receiving antiboprophylaxis, parents may choose

for surgical surgery in high-grade VUR

Page 31



Materialsand Me&thods

MATERIALSAND METHODS

Sour ce of Data:

Patients visiting to the paediatric & paediatriogary OPD, admitted in
paediatric & paediatric surgery ward and referredadiology department of KLEs
Dr.Prabhakar Kore Hospital and MRC. The patientthwie diagnosis of vesico-
ureteral reflux by micturating cystourethrographgrev counseled and subjected to

ultrasonography during the 1 year period from Jan@@23 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 prevalestecis n=42(1-P)/d2
Where P is the percentage of prevalence and ceipehcentage likely difference in
the prevalence. & is linked with the level of significance. For 5%vel of the
significance & 1.96. Ref: With P 60% and d= 15% of P= 9%, the @ansize is
40.97. This sample size will be raised to 42.

Sampling technique:
Purposive sampling. Patients of age 2 months tgek2s with diagnosis of

urinary tract infection will be included in the diu

Inclusion Criteria:
» Patients of age 2 months to 12 years of both tkesse

» Clinically diagnosed cases of urinary tract infeoti
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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 P8rasibnography
machine manufactured by GE Healthcare. All the sadevesico-ureteral reflux will
be subjected to ultrasonography by single senidiolagist and the findings will be
noted and analysed. The findings of micturatingtaysethrography would not be
revealed to the radiologist except the presencaginéry tract infection. Consent will
be taken from all the patients or parents. All taga collected will be entered in to
MS Excel sheet, data will be tabulated & tablesrthand graphs will be prepared.
Data collection procedure:

Ultrasonography of the patients fulfilling all thaclusion and exclusion

criteria as described above.

Statistical Method

Data was analyzed using statistical software Rioerd.2.0 and Microsoft
Excel. Categorical variables were represented mguencies and percentages.
Continuous variables were represented by Mean # $&dian (Min, Max) form.
Only descriptive analysis was applicable for theapgeters we had taken as there was

neither the comparison group nor the controls.
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OBSERVATION & RESULTS

Results

Table 1. Agewisedistribution of the study participants (N=42)

Sino Age Frequency Percentage
1 <5 6 14.2
2 5-10 23 54.7
3 >10 13 30.9

Figure 1: Agewisedistribution of the study participants (N=42)

Percentage

<5

The mean age of the study population is 8.2 y&drs.first age group, consisting of
children under 5 years, accounts for 6 individuathjch constitutes 14.2% of the
total surveyed population. This indicates a re&dgivsmaller proportion of very young

children in the sample. The second age group, asmgrindividuals aged between 5
to 10 years, is the largest, with 23 individualisTgroup represents a significant

majority, making up 54.7% of the total populatidiis suggests that the majority of

05-10

>10

the surveyed individuals are in the early to midettfood range. The third age group,
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which includes individuals older than 10 years, h8smembers, corresponding to

30.9 % of the total population. This indicates bstantial presence of older children
and adolescents in the sample.

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

Sino Gender Per centage
Male 36 85.7
Female 6 14.2

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

- male
‘ ' - female

The study involved 36 male participants, comprissb&o of the population, and 6
female participants, comprising 14.2% of the popoia
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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

Poor urinary stream and

5 increased frequency of 5 11.9
micturition
6 Recurrent history of fever 6 14.2

Figure 3: Distribution of presenting complaints among the study participants
(N=42)

Percentage

BURNING PAIN ABDOMEN POOR STREAM POOR URINARY  RECURRENT HISTORY
MICTURITION STREAM AND OF FEVER
INCREASED
FREQUENCY OF
MICTURITION

The most common complaint is "Poor stream," repbtig 18 individuals, which
constitutes 42.8 % of the surveyed population. Tinicates that nearly half of the
individuals experienced issues with the flow ofneti Two other complaints are
reported by an equal number of individuals, eacl6 lpeople, making up 14.2 % of
the population each. These complaints are "Burmmgturition,” and "Recurrent
history of fever." Pain abdomen was reported bye@pbe, making up 16.6 % of the
population. This distribution shows that a sigrafit portion of the population
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experiences discomfort or pain during urinationdahinal pain, or recurrent fever
episodes. Additionally, the complaint of "Poor @iy stream and increased frequency
of micturition” is reported by 5 individuals, regenting 11.9 % of the population.
This indicates that a smaller, but notable, fractib 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)

History of congenital

SI.No _ Frequency Per centage
anomalies
1 Anal atresia 4 9.5
Crossed fused ectopic
2 ) 3 7.1
kidney

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)

Percentage

ANAL ATRESIA CROSSED FUSED PHIMOSIS POSTERIOR NIL
ECTOPIC KIDNEY URETHRAL VALVE
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The most frequently reported condition is "posterioethral valve," which is

observed in 9 individuals, accounting for 21.4 %tlué surveyed population. This
indicates that this condition is relatively a commumngenital anomaly in this group.
Phimosis is noted in 7 individuals corresponding & % of population. Anal atresia
is reported in 4 individuals and Crossed fusedmctkidney in 3 individuals. These
conditions constitute 9.5% and 7.1 % of the popatatespectively. This suggests
that these two congenital anomalies are less comubrstill present in a notable
portion of the surveyed individuals. The largediegary, however, is those with no
history of congenital anomalies, labeled as "Niltis group includes 19 individuals,
making up 45.2 % of the population. This indicatiest a significant portion of the

surveyed individuals do not have any reported coitgleconditions.

Table5: Distribution of various grades of VUR in MCU among the study
participants (N=42)

Sino MCU findings Frequency Percentage
1 Bilateral Grade | VUR 3 7.1
2 Bilateral Grade Il VUR 7 16.6
3 Bilateral Grade Il VUR 8 19
4 Bilateral Grade IV VUR 10 23.8
5 Bilateral Grade V VUR 9 21.4
6 Right Grade 1l VUR 2 4.7
7 Right Grade IV VUR 3 7.1
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Figure5: Distribution of MCU findings among the study participants (N=42)

BILATERAL BILATERAL BILATERAL BILATERAL BILATERAL RIGHT GRADE RIGHT GRADE
GRADE | VUR GRADE Il VUR GRADE Il VUR GRADE IV VUR GRADE V VUR I VUR IV VUR

Percentage

The most prevalent finding is "Bilateral Grade NUR," observed in 10 individuals,
which constitutes 23.8 % of the surveyed population

"Bilateral Grade V VUR" is identified in 9 individls, accounting for 21.4 % of the
population. This higher-grade reflux, although lessnmon than Grade 1V, still
represents a significant portion of the surveyedividuals, indicating a notable
presence of more severe VUR. " Bilateral gradeMUR " is identified in 8
individuals each, accounting for 19 % of populatéath. "Bilateral grade | and Right
grade Il VUR " is identified in 2 individuals eaclgcounting for 4.7 % of population
each. “Right grade IV VUR” is noted in 3 individsalaccounting for 7.1 % of the
population. This indicates that unilateral VUR regent but less frequent compared

to the bilateral cases.
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Table6: Distribution of casesinto unilateral and bilateral caseson MCU (N=42)

Sl. no vesico-ureteric reflux Frequency Percentage
1 Unilateral 37 88.1
2 Bilateral 5 11.9

Figure 6: Distribution of casesinto unilateral and bilateral caseson MCU (N=42)

- Bilateral
\ ' - Unilateral

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

bilateral vesicoureteral reflux and 11.9% with atekal vesicoureteral reflux,

indicating that the majority of the population rff from bilateral vesicoureteral

reflux.

Page 40



Reaults

Table 7: Depictsrenal and ureter parametersin accurately graded caseson
ultrasonography

Grade Ante_roppsterlor renal Proximal ureter (cm) Distal ureter (cm)
pelvis diameter (cm)
Minimum | Maximum | Minimum | Maximum | Minimum | Maximum
I 0.3 0.3 - - 0.5 0.6
Il 0.7 0.8 0.5 0.8 0.4 0.7
11 15 1.7 0.6 0.8 0.7 0.8
\Y, 1.6 2.4 0.9 1.6 0.8 1.7
Vv 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

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

USG and MCU) and 4 false negative cases (negativdG but positive on MCU).
There were no false positives (positive on USGrimgative on MCU), and no true
negatives (negative on both USG and MCU).
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Figure 7: Pie chart depictsthe accuracy of ultrasonography in detecting vesico-
ureteral reflux cases (N=42).

Detection of VUR on USG

N

- Positive cases

- Negative cases

Table9: 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 discover&tSG), 26 cases constituting 68.4
% were graded appropriately, while 12 cases i.€6%were not graded correctly.
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Figure 8: Pie chart depictsthe accuracy of ultrasonography in grading all grade

vesico-ur eteral reflux cases (N=38).

‘

Grade of VUR on USG

Positive cases

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

Negative cases

pregﬁ'&fn;ﬂd Detection | Grading of | Grading of %?t\if}:g n
9VUR gn of VURon | VURon | VUROnUSG| oo
MCU (+) USG (+) USG (+) ) 0
Bilateral grade
| VUR 3 2 1 1 1
Bilateral grade 7 5 5 3 5
I VUR
Bilateral grade 8 . 4 3 1
I VUR
Bilateral grade
IV VUR 10 10 7 3 0
Bilateral grade
V VUR 9 9 9 0 0
Right grade I
TR 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

8
| i
4
3
2

10 10
10

BILATERAL  BILATERAL  BILATERAL  BILATERAL  BILATERAL RIGHT RIGHT
GRADE I VUR  GRADE Il GRADE IlI GRADE IV GRADE V GRADE Il GRADE IV
VUR VUR VUR VUR VUR VUR

M positive case for prediction and grading of VUR on MCU
[ positive case for detection of VUR on USG

[ positive case for grading of VUR on USG

Table 11: Depictsaccuracy of USG in detection and grading of low grade VUR
(gradel and I1) on USG

prediction _ ) ) Detection
| Detection of| Grading of | Grading of
and grading of VUR
VUR on VUR on VUR on
of VUR on on USG
USG (+) USG (+) USG (-)
MCU (+) ¢
Bilateral grade
3 2 1 1 1
| VUR
Bilateral grade
7 5 2 3 2
I VUR
Right grade II
o9 2 2 1 1 0
VUR
Total 12 9 4 5 3
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Among the study population of 42,

12 children were diagnosed and graded with low-@MdR (grade | and grade II) on
MCU.

2 cases (66.6%) among the 3 cases of bilaterabdr&R were diagnosed on USG

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

5 cases (71.4 %) among the 7 cases of bilaterdedta/UR were diagnosed on USG

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

All the cases (2 cases) right grade 1l VUR wereggdased on USG and 1 (50 %)

among them were accurately graded.

9 cases of low-grade VUR were diagnosed on USGstitating for 75% cases, 4
children were correctly graded on USG, constitutinog 44.4 % cases among the

cases diagnosed on USG.

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

were not correctly graded among the 9 diagnosddrehi.
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Table 12: Depicts accuracy of USG in detection and grading of high grade VUR
(gradelll, 1V and V) on USG

Detection
and _ _ _ Detection
_ Detection of| Grading of | Grading of
grading of VUR
VUR on VUR on VUR on
of VUR on USG
USG (+) USG (+) USG (-)
on MCU ()
(+)
Bilateral grade
8 7 4 3 1
' VUR
Bilateral grade
10 10 7 3 0
IV VUR
Bilateral grade
9 9 9 0 0
V VUR
Right grade IV
o9 3 3 2 1 0
VUR
Total 30 29 22 7 1

Among the study population of 42,

30 children were diagnosed and graded with higll@hUR (grade lll, grade IV and

grade V) on MCU.

7 cases (87.5%) among the 8 cases of bilaterabdtBdUR were diagnosed on USG

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

All the cases (13 cases) of right grade IV andtéikd grade IV VUR were diagnosed
on USG, however 2 cases (66.6 %) of right grade/I¥ases (70%) of bilateral grade

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

graded on USG.

29 cases are diagnosed on USG, constituting f& @%cases and 22 children were
correctly graded on USG, constituting for 75.8 %asaamong the cases diagnosed on

USG.

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

children were not correctly graded among the 2§mbaed children.
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DISCUSSION

The purpose of this study was to evaluate the acguof ultrasonography in
predicting vesico-ureteral reflux cases diagnosednicturating cystourethrography
in paediatric patients and further grade thosescase

In the present study, the sample size is 42, Aotingin clinical history was
noted, symptoms were recorded, and any associaiadenital anomalies were
studied.

Three age groups comprise the sample: childrenruinde years old, those
between five and ten years old, and those abovgdars old. There are fewer very
young children in the first age group, which makgs 14.2% of the overall
population. With 54.7% of the population in thiseagracket, the majority of people
fall into the early to mid-childhood range. Olddrildren and teenagers make up
30.9% of the third age group.

In the present study, males outnumbered femalesn@@s; 85.7 % and 6
females; 14.2 %).

Arzu Kovanlikaya et al.'s study did not specify adjstribution in detalil,
focusing more on the presence and grading of VURSsac268 renal units in 134
cases. This broad age inclusion may differ from more segmented approach,
potentially impacting the observed prevalence aiagribstic parameters due to the
varying physiology and disease presentation iredifit age group$

Huang et al.'s study included 310 children agedoup years, with a median
age of 5 months. The majority (86.1%) were undegedr old, including 89.7% of
boys and 80% of girls. This study’s focus on a ygmmcohort, primarily infants,

contrasts with our broader age range and couldaaxmifferences in diagnostic

Page 48



Discussion

performance metrics, as VUR presentation and detechight vary significantly
between infants and older childfén

Urine flow was a problem for most of the peopleveyed, with "poor stream"
being the most often mentioned concern. Six indiald reported burning micturition
and recurring fever, while seven reported stomah,pndicating pain or discomfort
during urination or recurrent fever episodes. A dovpercentage, 11.9%, reported
more frequent micturition and a weak urine stresnggesting that a sizable segment
of the population experiences these problems.

The most common congenital anomaly in the surveymmlilation is posterior
urethral valve, observed in 21.4% of individualirRosis is reported in 16.6% of
individuals, while anal atresia and crossed fusgdpec kidney are less common but
still present in 9.5% and 7.1% of the populati@spectively. The largest category is
“Nil," comprising 45.2% of the population.

In Grade | reflux cases, reflux of urine is seenthie distal ureter with its
dilatation, however proximal ureter was not dilated

In Grade Il reflux cases, reflux of urine is semrthe ureter and renal pelvis,
however pelvis was not dilated.

In the higher grade refluxes (Grade lll, IV and ¥long the reflux, dilatation
of the ureter and pelvicalyceal system was seen.

Grade Ill, Grade IV and Grade V showed mild, motieend severe dilatation
of the pelvicalyceal system respectively with bingtof calyces in grade IV and
grade V vesicoureteral reflux.

According to the study, bilateral Grade IV VUR ligtmost prevalent, making
up 23.8% of the participants in the survey. 21.40f4he population has bilateral

Grade V VUR, which is a more severe form of VUR%8f those surveyed have
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bilateral Grade Il and Ill VUR, whereas 4.7% anii%.of participants had bilateral
Grade | and Right Grade Il VUR, respectively.
The study reveals that 88.1% of the population ikderal reflux, with 37
individuals having bilateral vesicoureteral reflarxd 11.9% having unilateral reflux.
Among the diagnosed cases, the USG found 38 treéiy®cases and 4 false
negative cases; neither the USG nor the MCU foumg false positives or true

negatives.

Of the 38 cases (or 90.4% of all cases discoveredJ$G), 26 cases
constituting 68.4 % were graded correctly, whilech®es i.e. 31.6% were not graded
correctly.

12 cases were diagnosed with low-grade VUR on M@ith 9 cases (75%)
being diagnosed on USG. 44% of cases were corrgaljed on USG, while 3 (25%)
children were not detected with VUR and 5 (66%)ewveot correctly graded among
the 9 diagnosed children.

Even though the accuracy of detection and gradirigeolower grade VUR on
USG in low, the surgical management is not adviseldwer-grade cases and have
better prognosis.

29 were diagnosed with high-grade VUR on MCU, with cases (75.8 %)
correctly graded on USG. Out of these, 1 child wasdetected with VUR on USG,
and 24.1 % children were not correctly graded.

Study conducted by Leroy et al demonstrate thatetak dilatation has the
best diagnostic accuracy (compared with renal lengglvic dilatation, urinary tract
dilatation, and corticomedullary differentiation,itkv 73% sensitivity and 88%

specificity for the detection of high-grade VIR
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USG is a safer and less stressful procedure comhpar®!CU, which requires
a catheter insertion and contrast material. It s®sd waves to produce images,
protecting both patients and medical staff. US@cisessible in most medical settings,
unlike MCU which requires specialized equipment gedsonnel. It is particularly
beneficial for young patients.

USG, while not as detailed as MCU, can dynamicakbgess bladder and
ureters using color flow or Doppler imaging to agteflux during voiding. Its ability
to provide serial monitoring of VUR without repeateadiation doses is crucial,

especially in pediatric cases.

While MCU remains valuable for detailed grading aedl-time assessment of
VUR severity, USG offers significant advantageseinms of safety, accessibility, and
cost-effectiveness, especially for initial scregnamd follow-up evaluations.

MCU stops at the kidney, but USG looks at the kydméth respect to size,
shape (shows signs of chronic pyelonephritis) aggshin ureteric characterization,
persistent infection in the form of intrapelvic eels and poor emptying of refluxed
urine.

USG is also helpful in picking up additional pardens such as renal scarring,
atrophic kidney, intrapelvic echogenicities, anidteid ureter.

USG is also helpful in prognosticating the disepsecess and providing a
non-hesitant view of management and whether obBemah uroprophylaxis or

surgical treatment is to be planned for the givemnaal 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 al-grade and high grade

vesico-ureteral reflux.
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SUMMARY

Urinary tract infections (UTI) are the most comntmacterial diseases in children,
with vesico-ureteral reflux being the one of thestnmdmmon cause.

Over 60% of children under one year old are diagdasith vesicoureteral reflux
after their first UTI.

The traditional method is micturating cystourethiegahy, which is painful and
invasive. This study aims to evaluate the accura€yultrasonography in
predicting and grading vesicoureteral reflux cagespediatric patients with
urinary tract infections.

The sample size is 42, with 54.7% of the populabemg in the early to mid-
childhood range and male-female (6:1).

Urine flow was a problem for most of the peopleveyed, with "poor stream"
being the most often mentioned concern.

88.1% of the population has bilateral reflux andatral Grade IV VUR is the
most prevalent followed by bilateral Grade V VUR,

USG found 38 (90.4%) true positive cases and 4 fakgative cases; neither the
USG nor the MCU found any false positives or tregatives

68.4 % cases were graded correctly, 75% of thedmse being diagnosed on
USG and 44% of cases were correctly graded

96.6 % of the high-grade cases were diagnosed dd Wih 75.8 % of them
correctly graded

USG evaluates the kidney with respect to size, eshlghows signs of chronic
pyelonephritis), ureteric characterization, peesistinfection in the form of

intrapelvic echoes, poor emptying of refluxed uriaed the dynamicity of reflux.
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* USG is also helpful in picking up additional paraeme such as renal scarring,
atrophic kidney, intrapelvic echogenicities, pramgl a non-hesitant view of
management

* The study has several limitations, including a $rsaimple size of 42 patients, a
cross-sectional design, and a lack of follow-upaddihe sensitivity of USG in
detecting high-grade VUR is high, but its accuracgetecting low-grade VUR is
lower, potentially leading to underdiagnosis oratassification.

« USG's non-invasive nature may not provide the siwel of detail as MCU,
especially for low-grade VUR. The study acknowlesighese limitations and

acknowledges the need for long-term evaluation 86 efficacy.
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LIMITATIONS

One of the limitations of this study is the smaligple size of 42 patients. A small
sample size limits the statistical power of thedgtumaking it difficult to make
inferences. Additionally, in this study the samgliof participants was limited to
known cases of VUR, thus inherently carrying risls@ection bias.

The study's cross-sectional design limits the #llg duration when ideally long-
term follow-up is essential to assess the progvassf VUR and the impact of
early diagnosis and intervention on patient outcame

While the accuracy of USG in detecting high-gradgR/ (grades IlI-V) are
reported to be high, the accuracy in detecting dgpade VUR (grades I-1l) is
lower. This discrepancy highlights a limitationtire diagnostic capability of USG
for less severe cases of VUR, which may lead to erthdgnosis or
misclassification of the condition in some patients

USG is advantageous due to its non-invasive natumé lack of radiation
exposure, it may not provide the same level ofidesm MCU, particularly for

low-grade VUR.
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Annexures

ANNEXURES - |
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 camecedure, involves thorough
counselling, requires antibiotic coverage, has mmmpliance and is only done after
recovering from febrile iliness. However if we haagrocedure, an investigative tool
which without invasion gives similar results & nesimilar results in diagnosis of
vesico-ureteral reflux, would be of immense helphtese children. Hence the study
here is to find the role of ultrasonography in dieging and grading of vesicoureteral
reflux.

Explanation of procedure: The patients referred to the Radiology departrfamthe

micturating cystourethrography will simultaneoustydergo the ultrasonography.

Withdrawal from participation in the study: Participation in this study is voluntary.
You will be free to decide whether to participatethis study or continue participation
once enrolled. In case you decide to withdraw ymarticipation, you are free to do so.

However, please convey the decision to the prihdipestigator.

Possible benefits from participating in the study: You will/will not have nor get
any benefits by participating in this study. Theéadgathered 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, t
prevent any person from identifying you. Your idgnwill never be revealed. The
data collected from you will be kept confidentialdaonly processed or aggregated data
will be used for publication.

Financial incentives: You will not receive any payment for participafim this study.
Authorization for publication of aggregated data: Results obtained after processing
of the aggregated data will be published for sdienpurposes and or presented to
scientific groups.

However, your identity will never be revealed.
Questions: In case of any questions with regard to this stydy, are free to contact:

“Reg No: BS0121001, Phone No: 9108606838, emailaliarsh.c.m212@gmail.com”
If you have any question or complaints with regerd/our right as study participant
you may contact Dr Harsha Hegde, Chairperson, &tliemmittee of JINMC, 0831-
2473777 Extension 4052.

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

1. I understand that | am participating in the gfwhich includes ultrasonography

2. | confirm that | have read and understood thiermation in the patient information
sheet. Procedure is explained to me in detail alemtdy information about the
advantages and disadvantages of taking part insthdy. | have been given the
opportunity to discuss all aspects of the trialagk questions and hereby consent to
participation in the trial outlined above.

3. I understand that the decision to take parhis $tudy is completely voluntary and |
am aware that | can choose to withdraw from thdysat any point of time.

4. | consent to the photographing or recording fed procedure to be performed
including appropriate portions of my body, for nedj scientific or educational
purposes provided my identity is not revealed i piictures or by the descriptive texts
accompanying them.

5. I understand that there is no significant riskoived in the test that would be done in
this study.

6. No guarantee or assurance has been given byharggto the results that may be
obtained.

7. My signature on this form signifies that | hawvglingly 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 - I - 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- Ill - FIGURES

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

(@ (b)

Figure 1; Ureteral dilatation with grade | reflux
(a). Transverse renal US image shows distal ureteriatatibn (b) Corresponding

cystogram shows grade | VUR
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(@) (b)
Figure 2; Ureteral dilatation with grade Il reflux

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

the renal pelvis (b) Corresponding cystogram shgnade 11 VUR
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(@) (b) (©)

Figure 3: Ureteral dilatation with grade V tefl

(a) Transverse renal US image shows dilatation of palyceal system and proximal
ureter (b) dilatation of the distal ureter (c) Gmponding cystogram shows grade V
VUR
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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/LKCT 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
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Slno | Age (yrs) | Sex Presenting Complaints H/O Cong ano MCU Findings APD(:::;T RP APD(::nI;T RP | MD ;::fr:)T PU 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 It vur | USG GRADING OF THE VUR
1 5 M Burning Micturition PUV Bilateral grade IV VUR 18 21 0.9 12 11 13 Yes Yes 0.7 0.6 yes | yes grade IV grade IV Bilateral grade IV VUR
2 10 M Poor Stream nil Bilatera grade Il VUR 12 13 0.5 0.6 0.6 0.5 Yes Yes 1 11 no | no gradell /111 gradell /111 Bilatera gradell / 11l VUR
3 8 M Poor Stream anal atresia | Bilateral grade Il VUR 0.8 0.7 0.6 0.5 0.6 0.5 Yes Yes 15 16 no | no grade | grade Il Bilateral grade Il VUR
4 11 M Fever nil Bilateral grade Il VUR 0.6 0.5 0.3 04 0.4 0.7 Yes Yes 16 16 no | no gradel /I gradel /11 Bilatera grade | /11 VUR
5 8 F Poor Stream of Urine nil Bilateral gradeV VUR 26 25 15 13 14 13 Yes Yes 0.4 0.3 yes | yes gradeV grade V Bilateral grade V VUR
6 8 M Pain Abdomen phimosis Bilateral gradeV VUR 25 25 13 14 13 15 Yes Yes 0.3 0.3 yes | yes gradeV gradeV Bilateral gradeV VUR
7 3 M | Increased Frequency of Micturition PUV Bilateral grade IV VUR 17 19 0.9 13 11 12 Yes Yes 0.7 0.8 no | no grade IV grade IV Bilateral grade IV VUR
8 11 M Burning Micturition nil Bilatera grade IV VUR 16 2 11 11 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 1l VUR 11 13 0.6 0.5 0.6 0.6 Yes Yes 1 11 no | no gradell /111 gradell /11 Bilateral gradell / 111 VUR
10 9 M Poor Stream anal atresia | Bilateral grade Il VUR 16 15 0.7 0.8 0.8 0.7 Yes Yes 12 12 no | no grade 1l gradelll Bilatera grade Il VUR
11 8 M Fever phimosis Right grade Il VUR 0.8 0.6 0.5 0.2 0.4 0.2 Yes no 15 16 no | no grade | nil Right grade Il VUR
12 2 M Poor Stream of Urine nil Bilateral grade | VUR 0.6 0.6 - - - - no no 17 18 no | no nil nil nil
13 12 M Pain Abdomen CFEK Bilateral grade IV VUR 22 18 0.9 11 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 Bilatera grade IV VUR 2.3 21 11 12 1 11 Yes Yes 0.7 0.6 yes | yes grade IV grade IV Bilateral grade IV VUR
15 6 M Burning Micturition nil Bilateral grade 1l VUR 15 17 0.6 0.8 0.7 0.8 Yes Yes 1 12 no | no grade Il grade Il Bilateral grade 1l VUR
16 9 M Poor urinary Stream phimosis Right grade IV VUR 24 0.7 13 0.3 13 0.2 Yes no 0.8 13 no | no grade IV nil Right grade IV VUR
17 12 M Poor urinary Stream phimosis Bilateral grade Il VUR 0.8 0.8 0.4 0.5 0.4 0.5 Yes Yes 15 15 no | no gradel /1l grade | /11 Bilateral gradel /11 VUR
18 8 F Fever anal atresia | Bilateral grade V VUR 24 25 13 14 15 14 Yes Yes 0.3 0.3 yes | yes gradeV gradeV Bilateral gradeV VUR
19 10 M Poor Stream of Urine CFEK Bilateral gradeV VUR 22 23 14 13 15 12 Yes Yes 0.4 0.5 yes | yes gradeV gradeV Bilateral gradeV VUR
20 9 M Pain Abdomen PUV Right grade IV VUR 13 0.6 0.6 0.2 0.5 0.2 Yes no 0.6 14 yes | no gradelll / 1V nil Right grade 1l / IV VUR
21 11 M Poor Urinary stream nil Bilateral grade IV VUR 18 21 0.6 0.8 0.7 0.8 Yes Yes 0.9 0.7 no | yes gradelll / IV gradelll / IV Bilateral grade 111 / 1V VUR
22 7 F Burning Micturition nil Bilateral grade | VUR 0.5 0.4 0.3 0.2 0.5 0.6 Yes Yes 14 15 no | no gradel /I gradel /11 Bilatera grade ! / 11 VUR
23 10 M Poor Stream PUV Bilateral grade Il VUR 0.8 0.5 0.3 0.2 0.2 0.2 no no 15 15 no | no nil nil nil
24 6 M Poor Stream phimosis Bilatera grade Il VUR 15 17 0.6 0.8 0.7 0.8 Yes Yes 13 12 no | no grade 1l gradelll Bilatera grade Il VUR
25 11 M Fever nil Bilateral grade IV VUR 19 22 11 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 Bilatera grade IV VUR 2.2 2 0.6 0.8 0.7 0.8 Yes Yes 0.7 0.7 yes | yes gradelll / IV gradelll / IV Bilateral gradelll / IV VUR
27 2 M Pain Abdomen anal atresia | Bilateral grade V VUR 24 22 13 12 14 15 Yes Yes 0.3 0.4 yes | yes gradeV grade V Bilateral gradeVV VUR
28 11 F | Increased Frequency of Micturition nil Bilatera grade Il VUR 1 0.9 0.3 0.2 0.3 0.2 no no 11 1 yes | yes nil nil nil
29 9 M Burning Micturition nil Bilateral gradeV VUR 26 24 15 16 15 17 Yes Yes 0.4 0.4 yes | yes gradeV gradeV Bilateral grade IV VUR
30 12 M Poor Stream PUV Bilateral gradeV VUR 2.3 2.3 15 17 16 17 Yes Yes 0.5 04 yes | yes gradeV gradeV Bilateral gradeV VUR
31 6 M Poor Stream nil Bilateral grade Il VUR 0.5 0.5 0.3 0.2 0.2 0.2 no no 13 14 no | no nil nil nil
32 12 M Fever nil Right grade IV VUR 21 0.8 11 0.2 11 0.2 Yes no 0.8 12 no | no grade IV nil Right grade IV VUR
33 3 M Poor Stream of Urine PUV Bilateral gradeV VUR 24 24 16 14 15 17 Yes Yes 0.4 0.5 yes | yes gradeV gradeV Bilateral gradeVV VUR
34 7 F Pain Abdomen PUV Bilateral gradeV VUR 2.3 24 17 16 15 14 Yes Yes 0.5 0.5 yes | yes gradeV gradeV Bilateral gradeV VUR
35 11 M | Increased Frequency of Micturition nil Bilateral grade Il VUR 0.6 0.8 0.5 0.5 0.6 0.6 Yes Yes 14 13 no | no gradel /1l gradel /11 Bilateral grade 1 /11 VUR
36 9 M Burning Micturition nil Bilatera grade Il VUR 12 12 0.6 0.5 0.5 0.5 Yes Yes 12 11 no | no gradell /111 gradell /111 Bilatera gradell / 11l VUR
37 6 M Poor Stream PUV Bilateral grade IV VUR 23 19 12 11 1 11 Yes Yes 0.5 0.6 yes | yes grade IV grade IV Bilateral grade IV VUR
38 5 M Poor Stream nil Right grade Il VUR 0.5 0.5 0.3 0.2 0.5 0.2 Yes no 12 13 no | no gradel /I nil Right grade | / Il VUR
39 2 F Fever nil Bilateral gradeV VUR 24 24 16 14 15 17 Yes Yes 0.4 0.5 yes | yes gradeV gradeV Bilateral gradeVV VUR

40 12 M Poor Stream of Urine nil Bilatera grade IV VUR 15 14 0.7 0.8 0.8 0.8 Yes Yes 13 14 no | no gradelll / 1V gradelll / IV Bilateral gradelll / IV VUR
41 9 M Pain Abdomen nil Bilateral grade Il VUR 0.8 0.7 0.6 0.6 0.7 0.6 Yes Yes 14 16 no | no grade | grade Il Bilateral grade Il VUR
42 11 M Pain Abdomen PUV Bilateral grade | VUR 0.3 0.3 - - 0.6 0.5 Yes Yes 15 14 no | no grade | gradel Bilateral grade | VUR




