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ABSTRACT: Imaging of the urinary tract is recommended for all children with UTIL. The aim of these investigations is to identify
patients at risk of renal damage, mainly those below 5Syears of age, with vesicoureteric reflux (VUR) or urinary tract obstruction.
This study was designed and conducted in the department of Pediatrics and department of Radiodiagnosis, BVDU Medical college
hospital, Pune during the period from July 2009 to August 2011 to do imaging studies as per protocol of investigations suggested by
the Indian Pediatric Nephrology Group of children from birth to 12 years of age presenting with their first culture positive UTI who
attended our tertiary care centre. Abnormal USG was found in 40.3% cases and helped to identify hydroureteronephrosis (HUN) and
calculi. Micturating cystourethrography (MCU) examination was abnormal in 31.1% cases. Of which, 22.2% patients had VUR
suggesting that VUR is common in culture positive UTI, thus stressing the need of MCU in patients of culture positive UTI. DMSA
scintigraphy (DMSA) showed scar in 56% of total cases examined indicating need for doing DMSA whenever indicated and for
prognostication. One single imaging modality is not sufficient to evaluate children with UTIL.
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INDRODUCTION: Urinary tract infection (UTI) is a common
infection in infants and children. Rapid evaluation and
treatment of UTI is important to prevent renal parenchymal
damage (Renal scarring) that can cause hypertension,
toxaemia of pregnancy, chronic renal failure and end-stage-
renal disease later. Risk factors for renal scarring include:
young age especially children less than one year old, delay in
initiating antibacterial treatment, recurrent UT],
presence of moderate to severe VUR.(12)

Imaging of the urinary tract is recommended for all
children with UTI. The aim of these investigations is to
identify patients at risk of renal damage, mainly those below
Syears of age, with VUR or urinary tract obstruction. The
following is the protocol of investigations suggested by the
Indian Pediatric Nephrology Group
statement on management of urinary tract infection.(®

20% of children with urinary tract infections have an
underlying structural abnormality of the urinary tract,
three-fourth of which are picked up on ultrasound. In
addition, a micturating cystourethrography (MCU) is also
indicated in all boys below 2 years with UTI, since one-third
of anomalies will be missed if only ultrasound is done.(345) In
one study VUR was identified in 106 of 171 kidney units
when MCU was done following the first UTL(6)

DMSA renal scan is the best mode for evaluation of
renal parenchymal involvement. During the acute infection
it can detect focal pyelonephritis and later show renal scars.
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DMSA scan should be done as a follow up investigation as a scan
during acute infection does not predict development of
permanent scars.(7:8)

The present study was designed to do imaging studies of
children from birth to 12 years of age presenting with their first
UTI in our tertiary care centre.

MATERIAL AND METHODS: This observational study was
conducted in the department of Pediatrics and department of
Radiodiagnosis, BVDU Medical college hospital, Pune during the
period from July 2009 to August 2011. After obtaining informed
consent 52 patients from birth to 12 years of age with urine
culture positive first urinary tract infection was enrolled.
Inclusion criteria: Children birth-12 years of age with positive
urine culture.

Exclusion Criteria: Children with recurrent UTI. Detailed
clinical history taking, general and systemic examinations were
done. Investigations that include hemoglobin, TLC, DLC, blood
urea and serum creatinine, urinalysis, urine culture and
sensitivity tests were done for all patients. Imaging of urinary
tract that include renal USG, micturating cystourethrography
(MCU), 99mTc-dimercaptosuccinic acid scintigraphy (DMSA)
and in some cases Ethylene dicysteine renal scan (EC renal
scan), 99mTc-diethylenetriaminepentaacetic acid scan (DTPA
scan) and Intravenous pyelography (IVP) were done whenever
relevant as per protocol recommended by Indian Paediatric
Nephrology Group..

RESULT: Fifty two (52) children with first UTI formed the study
material and were evaluated. Of this 52 children, 31 were males
and 21 were females with male to female ratio of 1.47:1.
Imaging done as per protocol and results are shown in Figure 1.
USG was done in all patients in this study group (Fig. 1).
31(59.6%) patients had normal USG findings. Remaining
21(40.4%) patients had abnormal USG as shown in Table 2.
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As expected, some of the patients had more than one
abnormality on USG. Of 52 patients, MCU was done in
44(84.6%) patients (Fig. 1). Of which, 29(65.9%) were
normal, remaining 15(34.1%) patient had abnormal findings
on MCU as shown in Table 3. As per protocol, for children
greater than 5 years of age with normal USG no further
investigation was done. MCU was not done in 7 patients, of
which MCU was not indicated in 4 cases (>5 years and
normal USG), 1 patient parents were not willing and 2 other
patients were considered immunosuppressed and hence
predisposed to infection and did not warrant further
investigation. Some patients had more than 1 abnormality
on MCU.

VUR was detected in 10(22.2%) cases. 6(60%) patients
had primary VUR and 4(40%) had secondary VUR secondary
to posterior urethral valves (PUVs). Of 52 patients, DMSA
was done after 3 months in 25(48%) cases. It was not
indicated as per protocol in 9 cases and either not done due
to financial constraints or patients did not follow up for
DMSA in 18 cases (Fig. 1). Of 25 patients who underwent
DMSA, 11(44%) had a normal scan and 14(56%) had
abnormal findings in the form of poor/irregular tracer
uptake with cortical cold areas suggestive of renal scars.

Ethylene Dicysteine (Ec) Renal Scan: EC renal scan was
done in 2 infants, 1 was a 2 month old infant with USG
showing right HUN, normal MCU and a scarred right kidney
on DMSA. EC scan showed enlarged, poorly functioning,
hydronephrotic obstructed right kidney (PUJ obstruction).
The other one was a 3 months old child, a case of bilateral
ectopic ureters, USG showed bilateral HUN, MCU showed
grade V right VUR, DMSA showed no scar. EC scan showed
hydronephrotic obstructed left kidney with preserved
function and sub optimally functioning non-obstructed right
kidney.

99m Tc-Diethylenetriamine Pentacetic Acid (Dtpa) Scan:
DTPA scan was done in 2 cases; 1 was a case of neurogenic
bladder. USG showed bilateral HUN, MCU was suggestive of
neurogenic bladder, DMSA showed a scar on left kidney.
DTPA scan showed normally functioning mildly
hydroureteronephrotic, non-obstructed left kidney. Another
was a case of left HUN on USG, VUR on MCU with scar on
DMSA. DTPA showed small satisfactorily functioning
hydronephrotic non-obstructed left kidney with evidence of
scar.

Intravenous Pyelography (IVP): IVP was done in 3 cases. 1
was a case of left PUJ obstruction. USG showed left HUN,
DMSA showed scar and MCU was normal. IVP showed
bilaterally normally functioning kidneys, fullness of left
pelvicalyceal system with probable vascular impression at
PUJ. Another was a case of congenital megaureter, USG
showed left HUN with dilated ureter, MCU and DMSA were
normal. IVP showed left peivicalyceal fullness with tortuous
and grossly dilated left ureter-congenital megaureter. The
third was a case of duplex moiety. USG showed duplex
moiety on left side and absent right kidney, MCU showed
VUR grade IV on left side, DMSA showed no scar but smaller
right moiety compared to left. DTPA confirmed double
moiety on left side with hydroureteronephrosis (HUN) of
lower moiety.
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DISCUSSION: USG has almost completely replaced IVP for
assessing the gross anatomy of the urinary tract, and it is
routinely performed after the diagnosis of a first UTL It is a
noninvasive test that can demonstrate the size, shape, number,
location of the kidneys, the presence of duplication and
dilatation of the ureters, the presence of ureteroceles, bladder
wall thickness, and the existence of gross anatomical
abnormalities, such as horseshoe kidney. However, USG is not
sensitive enough to detect acute pyelonephritis, VUR and renal
scarring. MCU is very sensitive and specific in detecting VUR and
DMSA for acute pyelonephritis and renal scar.

USG and MCU in Diagnosis of VUR: In a comparative study by
Tan Chee et al, 55 children with culture positive UTI were
studied by both USG and MCU, 17 patients with VUR on MCU,
only 3 were reported to have abnormal USG, and supported the
impression that USG is deficient in accurately excluding VUR.(9)

Our study also had similar findings, in 10 cases of VUR on
MCU, 3 had normal USG findings.In a study of Shrestha et al, 145
MCUs were done in children with UTI, of which 24% were
positive for VUR and the most common age group was between
2 to 12 months and the male to female ratio was 1:2:1. More
than 60% had bilateral VUR.(10) In our study 22.2% had VUR
detected by MCU, bilateral in 50% cases with male to female
ratio of 9:1 and 50% cases in age group less than 2 years. This
finding is similar to findings by Shrestha et al. In the study by
Theodoros A et al also found VUR in 20% cases of culture
positive UTI, 50% unilateral and 50% bilateral, similar to our
findings.(11)

MCU and Structural Anomalies of the Urinary Tract: In a
study by Jothilakshmi et al about the association of structural
abnormalities of the urinary tract in children with UTI using
USG, 262 children with culture proven UTI were studied, 54
patients had an underlying urinary tract anomaly; 42 were
picked up by ultrasound and 12 by MCU. Children less than 2
years had the highest incidence of anomalies. One-third of
anomalies would have been missed if only ultrasound was
done.(12) In our study, of 52 patients with culture positive UTI,
congenital anomalies of urinary tract was found in 23% of cases.

Technetium-99m-Labeled Dimercaptosuccineic Acid Scan
(Dmsa Scan): In our study, of 25 patients who underwent
DMSA, 44% had a normal scan and 56% had abnormal findings
suggestive of renal scars. In study by Nammalwar et al, 68
children with UTI, 92.9% had features of acute pyelonephritis in
the DMSA done during acute episode of infection, of these 82.1%
had VUR. In 33.3% only there was persistence of scar after 6
months on repeat DMSA. DMSA is a useful investigation for the
diagnosis of acute pyelonephritis in febrile UTI. An abnormal
DMSA is a strong indication for work up for VUR.(13)

Comparison of USG, MCU and DMSA in children with UTI: In
a hospital based study by Smellie JM et al, comparing 4 methods
of investigation (USG, MCU, DMSA and IVU) in 58 children with
UT]I, all 4 investigations were normal in 12 children. In 36 with
VUR on MCU, dilatation was reported on USG in 8 children. On
DMSA renal scarring was seen in 20 children; it was suspected
on USG in nine, with dilatation alone in four, and a normal
report in seven. Duplex kidneys identified on IVU were
unrecognized on USG or DMSA studies.
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This study suggests that USG is unreliable in detecting
VUR, renal scarring, or inflammatory change and alone, is
inadequate for investigating UTI in children.(14) In our
study, in all those patients who had undergone DMSA,
findings were compared with the findings of USG. Of the 25
patients, 16(64%) patients had abnormal USG findings,
while 14(56%) patients had abnormal DMSA findings.

In our study, in all those patients who had undergone
DMSA scanning, their MCU findings were analyzed and
compared with the findings of DMSA. Of 25 patients,
13(52%) patients had abnormal MCU findings, while
14(56%) patients had abnormal DMSA findings. In the study
by Hye-young Lee, Byung Hyun Soh et al, 32.7% showed
positive results on DMSA, of which VUR was present on MCU
in 56.6% cases and in the remaining 29.8% DMSA was
normal. USG was also normal in 29.8% of cases with VUR in
MCU.(15)

Thus, similar to other hospital based studies, our study
also shows that one single imaging modality is not sufficient
to evaluate children with UTI. Though renal USG is the first
imaging modality considered after an UT]I, it cannot pick up
all VUR and is very insensitive to identify renal scarring.
Also, not all patients with abnormal renal USG or abnormal
MCU have scar on DMSA. Conversely, all patients with scar
on DMSA may not have abnormal USG or MCU.

Ethylene Dicysteine (EC) Renal Scan: EC renal scan which
was done in 2 small infants with suspected obstruction and
poor renal function as suggested by abnormal USGs, 1
normal and 1 abnormal MCU, 1 normal and 1 abnormal
DMSA showed hydronephrotic obstructed kidneys with sub
optimally functioning kidneys. Therefore, EC scan is useful
in young infants for diagnosing obstructive lesions and renal
function.

99m Tc-Diethylenetriaminepentacetic Acid (Dtpa) Scan:
DTPA scan was done to estimate renal function (GFR) and to
look for obstruction in 2 cases which was found helpful in
estimating GFR and in diagnosing obstruction in urinary
tract more specifically.

Intravenous Pyelography (IVP): Intravenous Pyelography
(IVP) is useful in confirming duplication systems, function of
kidneys and other anatomic abnormalities. In our study the
procedure was performed in 3 cases and was found useful in
diagnosing 1 case of PUJ obstruction, 1 congenital
megaureter and 1 duplex moiety.

CONCLUSION: Abnormal USG was found in 40.3% cases and
helped to identify hydroureteronephrosis and calculi. MCU
examination was abnormal in 31.1% cases. Of which, 22.2%
patients had VUR. This suggests that VUR is common in
culture positive UTI, thus stressing the need of MCU in
patients of culture positive UTI. DMSA showed scar in 56%
of total cases examined indicating need for doing DMSA
whenever indicated and for prognostication. One single
imaging modality is not sufficient to evaluate children with
UTL
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Age(years) | Male | Female | Total | Percentage (%)
<2 15 12 27 51.9
>2-5 7 5 12 23.0
>5 9 4 13 25.0

Table 1: Age and Sex distribution (n=52)

USG Findings Num.ber of | Percentage
Patients (%)
Normal 31 59.6
HN with HU 14 269
et | o | ws
HN (no hydroureter) 3 5.7
Chronic re;:ig:;enchymal 5 3.8
Ureteric calculus 2 3.8
Single kidney 1 1.9
Vesical calculus 1 1.9
Cystic kidney 1 1.9
Double moiety (left) 1 1.9
Wilm'’s tumor 1 1.9

Table 2: Distribution of cases according
to renal USG findings (n=52)

L. Number of Percentage

MCU Findings Patients (%)
Normal 29 65.9
Bilateral VUR 5 111
Unilateral VUR 5 11.1
Trabeculated bladder 2 4.4
Urethral stricture 1 2.2

Dilated posterior urethra 6 13.3
Bilateral ectopic ureters 1 2.2

Table 3: Distribution of cases according to
micturating cystourethrogram (MCU) findings (n=44)

Number of Percentage
MCU Findings Pationts % g
Primary VUR 6 60
Secondary VUR 4 40
Total 10 100

Table 4: Distribution of cases
according to type of VUR (n=10)

Number of | Percentage
DMSA Findi
indings Patients (%)
Normal 11 44
. Abnormal 14 6
(Cortical cold areas/Scars)

Table 5: Distribution of patients according to findings
of DMSA scintigraphy (99mTc-dimercaptosuccinic acid) (n=25)
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Distribution of cases according to renal USG findings Distribution of cases according to micturating
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Image 1: USG image of hydroureteronephrosis
of a child in this study cohort
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Image 2: MCU image of a case of VUR grade
V on right side in this study cohort

Image 3: DMSA Scan Image showing poor tracer uptake
with cortical cold areas suggestive of scars in this study cohort

First UTI

USG

v v
MNormal Abnormal
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v v \

=2 years 2-5 years =5 years MCU & DMSA scan
MCU & DMSA scan No further evaluation
DMSA scan MCU if

- Scar on DMSA scan

- DMSA scan not available
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Fig. 1. IMAGING RESULTS
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