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Abstract

Febrile urinary tract infection is one of the commonest infections in the childhood. Unrecognized and untreated
childhood UTI can lead to scarring of the growing kidneys with subsequent hypertension and renal failure. This study
has been done at a tertiary care medical centre to study the clinico - biological and imaging correlation in children
with first episode of febrile UTI. Renal function tests, ultrasonogram, DMSA and MCU were done according to ISPN
and institutional protocol. Imaging was done on follow up as per need. Majority of the children were found to be in 1
to 5 years age (68%) group and overall there was female preponderance (n=80; 53%). Dysuria was the commonest
presentation in febrile UTI and E. coli, the commonest organism isolated. USG was found abnormal in 57.6% of
children and DMSA done in acute phase picked up pyelonephritis in 81.5%. MCU revealed VUR in 39% of the study
population. The study underlines the importance and efficacy of various investigations apart from the clinical
presentation in diagnosing UTI and defining the associated risk factors.
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Introduction
Febrile urinary tract infection (UTI) is one of the commonest

infections in children next only to respiratory infections. Accurate
diagnosis and early treatment of acute UTI and pyelonephritis is
essential. A quick and readily available diagnostic test would be
valuable for the early diagnosis of acute pyelonephritis. This helps to
decrease the extent of renal scarring and subsequent secondary
hypertension and renal failure by instituting proper and complete
treatment. This study had been carried out in a tertiary pediatric
referral unit in a developing country to determine the clinico-
biological and imaging correlation of first febrile urinary tract
infection.

Methods and Materials
Aims and objectives: 1. To study the presenting clinical features at

the time of documenting first episode of febrile UTI. 2. To study the
essential biological and radiological findings in them and to correlate
one to the other in predicting acute pyelonephritis and 3. To study the
efficacy of DMSA in acute phase in children with acute pyelonephritis;
this will help in proper and complete treatment to prevent
complications.

Study design: A prospective and longitudinal study

Place of study: Mehta Children’s Hospital, Chennai

Study period: June 2011 to December 2012

Inclusion criteria: 1. Children of both sexes from after one month of
age up to 12 years and 2. First episode of febrile culture positive UTI

Exclusion criteria: 1. Children up to 1 month old 2. Recurrent UTI
3. Children with first episode of culture positive UTI who could not
complete the evaluation as per our protocol and 4. Children who did
not complete the follow-up period of 1 year.

Statistical methods: Statsistical analysis was done using SSPS
software. Demographic values have been given in frequencies with
their percentages. Association between clinical, biological and imaging
features were analyzed using Chi Square test; P ≤ 0.05 was taken as
significant.

Study method: The presenting symptoms and clinical signs formed
the clinical profile. As per our unit protocol irregular bowels were
defined as passage of hard stools and/or constipation. Essential
biological, ultrasonogram (USG) evaluation along with
dimercaptosuccinic acid scintigraphy [DMSA] and micturating
cystourethrogram [MCU] were performed as per Indian Society of
Pediatric Nephrology (ISPN) guidelines which states that all infants
with UTI be screened by USG, followed by MCU and DMSA
scintigraphy. Since older patients (1-5 year old) with significant reflux
and scars or urinary tract anomalies are likely to show abnormalities
on ultrasonography or scintigraphy, a MCU in this age group is
advised only in patients having abnormalities on either of the above
investigations. Children older than 5 years are screened by
ultrasonography and further evaluated only if this is abnormal. As per
ISPN guidelines, children more than 5 years of age had regular USG
but they also had DMSA in the first instance if clinically sick as per our
protocol which is away from ISPN guidelines. As per ISPN guidelines,
grade I, II, III VUR which are more likely to resolve are low grade
reflux, whereas grade IV, V are considered as high grade reflux.

Investigations like urine routine, spot urine protein/creatinine ratio,
urine culture and sensitivity, complete blood count, serum electrolytes
[sodium, potassium, chloride, bicarbonate] and serum creatinine were
done for all children. UTI was treated with parenteral or oral
antibiotics as per ISPN guidelines followed by chemoprophylaxis as
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per need. Bladder training was given in the form of timed and double
voiding. Follow up USG was done for all the children enrolled in the
study. For children who showed initial cystitis on USG, repeat USG
was done after 3 months of treatment and for the rest of the study
group, it was done at the end of 1 year. Repeat DMSA was done
between 6 months to 1 year follow-up period in children who had
abnormal imaging during initial evaluation. Our Institutional Ethical
Committee approval was also obtained for our study.

Observations and Results
A total of 151 children with ages between more than 1 month upto

12 years with first episode of febrile culture positive UTI were
evaluated in this study. The mean age of the study population was 2.35
± 2.33 yrs out of which 58(38.4%) children were less than 1 year old,
68(45%) children were in the age group of 1 to 5 years old and
25(16.6%) children were more than 5 years old (Table 1). Eighty (53%)
children in the study group were females and 71(47%) were males
(Figure 1). Twenty four (17%) children were circumcised. Male gender
predominated in less than 1year age group (n-31; 53.4%) whereas
female gender formed the majority in more than 1year old children
(n-53%; 66.3%). In our study, common risk factors were anomalous
urinary tract (n-49; 32.5%), irregular bowels (n-38; 25.2%) and
phimosis (n-8; 5.3%). Fever was present in 100% of the study group as
febrile UTI was the inclusion criteria to begin with. Dysuria was the
most common symptom which was seen in 61(40.3%) children.
Followed by frequency in 44(29.1%), vomiting in 13 (8.6%) and other
symptoms like abdominal pain, enuresis in the rest (22%) (Table 2). E.
coli was the commonest organism (80.8%) isolated in all age groups
(Figure 2). Klebsiella was the second most common organism found
(9.3%) followed by pseudomonas (3.3%) and others (2.6%). Majority
of the children, 129(85.4%) were treated on out-patient basis whereas
only 22(14.6%) needed in-patient care out of which 11 (50%) were less
than 1 year old. Among 151 children, 115(76.2%) had pyuria, 14(9.3%)
had microscopic hematuria and 14(9.3%) had 1+ and 26(17.2%) had
2+ proteinuria by dipstick method. Majority of the children
106(70.2%) had leucocytosis with the mean of 16,685.4 ± 6622.4/mm3.
Forty four (29.1%) children had normal white blood cell count and
only one (0.7%) child presented with leucopenia. All children had
normal serum creatinine and electrolytes at presentation. Children
underwent imaging studies which included USG, DMSA and MCU
(Table 3). Initial USG abdomen showed abnormality in 87(57.6%)
children. Renomegaly was the commonest finding seen in 62(71.2%)
children and 25(28.8%) children showed changes of cystitis. DMSA in
the acute phase picked up acute pyelonephritis in 123(81.5%) children
out of which 42(34.1%) were less than 1 year old, 59(48%) were
between 1 and 5 years of age and 22(17.9%) were more than 5years
old. All children with UTI were treated with intravenous or oral
antibiotics for a period of 10 to 14 days depending upon the clinical
presentation. MCU done after adequate control of acute infection
followed by a minimum period of 4 weeks of chemoprophylaxis,
picked up VUR in 59(39%) children, with low grade reflux in
44(74.6%) and high grade reflux in 15(25.4%). MCU showed VUR in 8
children in the age group of less than 1 year with normal USG and
DMSA. Repeat USG done as per our protocol was found normal in
129(8.4%). Twenty two (14.6%) children had abnormal USG including
one sided small kidney (9.9%) and other structural anomalies already
documented in the first instance.

Figure 1: Sex distribution (n 151)

Figure 2: Bacterial isolates in urine

Sex Less than 1 year 1 to 5 year More than 5 years

Males 31(53.4%) 33(48.5%) 7(28%)

Females 27(46.6%) 35(51.5%) 18(72%)

Total 58(38.4%) 68(45%) 25(16.6%)

Table 1: Age and sex distribution of UTI (n–151)

Clinical Features Number Percentage (%)

Fever 151 100

Frequency 44 29.1

Dysuria 61 40.4

Vomiting 13 8.6

Others 33 21.9

Table 2: Clinical features of UTI in children (n–151)

Age Initial USG Initial DMSA Initial MCU Repeat DMSA

Less than 1
year

29(33.3%) 42(34.1%) 26(44.1%) 10(22.7%)

1 to 5years 40(46%) 59(48%) 25(42.4%) 24(54.6%)
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More than 5
years

18(20.7%) 22(17.9%) 8(13.6%) 10(22.7%)

Table 3: Abnormal imaging in children with UTI in various age groups

Discussion
Urinary tract infection (UTI) is defined as growth of significant

number of organism of single species in urine associated with
symptoms [1]. It is one of the commonest bacterial infection in
children especially in those less than 5 years old. As per ISPN
guidelines UTI is more common in males during infancy and there is
female preponderance thereafter [1-3]. Taneja et al. in their study of
143 infants with culture positive UTI, found male preponderance, with
116 being males and 27 females [3]. In our study also we found male
predominance in children less than 1 year old (53.4%). In contrast to
the study done by Sharma et al. who found fever as the commonest
presenting symptom followed by abdominal pain, we found dysuria as
the commonest symptom in children with febrile UTI [4]. As per the
ISPN guidelines, common risk factors usually associated with UTI
include children aged less than 1 year, male gender, vesicoureteric
reflux and posterior urtheral valves. In the recent guideline by ISPN,
bowel bladder dysfunction was also considered as an important risk
factor, emphasizing the importance of its prompt recognition and
management [1]. In our study, common risk factors were anomalous
urinary tract (32.5%), irregular bowels (25.2%) and phimosis (5.3%).
Escherichia coli is the most common pathogen identified in 80% to
90% of children with first attack of UTI [5,6]. Taneja et al. and Sharma
et al. in their studies found E. coli to be the commonest organism
implicated in UTI with Klebsiella being the second most common
[3,4]. The above studies are in concordance with our finding where in
E. coli was the commonest organism isolated (80.8%) with klebsiella
being the second most common (9.3%).

USG is useful for detecting anatomic abnormalities of kidneys and
urinary tract apart from detecting suspicious features of acute
pyelonephritis like renomegaly, pyelitis and turbid urinary contents
[7]. Montini et al. analyzed data of 300 children with acute
pyelonephiritis with USG evaluation and found that USG detected
VUR only in 27.27%. The ability of USG to predict the renal
parenchymal damage was also limited to only 26.66% and they were
found to have parenchymal scarring by DMSA [8]. In our study, USG
showed signs of pyelonephritis in 62(71.2%) children and cystitis in
25(28.8%). Kidney scarring related to UTI has been considered a cause
of substantial long-term morbidity [9]. DMSA is the gold standard for
diagnosing acute pyelonephritis and renal scars. In the acute phase of
illness, it will help in confirming acute pyelonephritis [10,11].
Approximately 60% of children with febrile UTI, when evaluated in
the acute phase with DMSA, will have features of pyelonephritis. Ten
to 40% of these will have permanent renal scarring [12,13]. To know
the usefulness of DMSA in diagnosing acute pyelonephritis, it was
done in acute phase in our protocol. Jakobsson et al. studied 185
children with UTI and he also did DMSA in the acute phase. In his
study he found that 85% of the study population had abnormal DMSA
in the acute phase, 47% had persistent abnormality in repeat DMSA
which was done after 5 months. Montini et al. had also shown that the
acute phase DMSA scan exhibited features of acute pyelonephritis in
54% of children. The follow-up DMSA scan showed scarring in 28% of
those with initial diagnosis of acute pyelonephritis. He concluded that
DMSA should be done 6 months after infection to detect scarring that
may be lead to hypertension and proteinuria [8]. In our center, DMSA

in acute phase picked up acute pyelonephritis in 81.5% children,
follow-up scan done between 6 months to 1 year revealed evidence of
scars in 44(29.1%) children. It is important to distinguish between
acute pyelonephritis and lower UTI, because renal parenchymal
involvement can lead to permanent renal damage and chronic kidney
disease in a growing kidney [14].

Clinicobiological features to predict renal imaging including that of
DMSA had been attempted in various studies. Procalcitonin as an
acute phase reactant was more superior compared to CRP or white
blood cell count for identifying APN during early stages of UTI [15].
Further from the Study of the Working Group of the Clinical Practice
Guidelines for UTI in children, we can identify the recommendations
of the possibility of acute pyelonephritis from various clinicobiological
features like >38°C fever, systemic involvement, serum procalcitonin
and C- reactive protein as well as interleukin-6 in urine. But direct
correlations of clinicobiological features with various stages of imaging
abnormalities are clearly lacking [16].

Primary vesicoureteral reflux (VUR) is the commonest congenital
urinary tract abnormalities in childhood, which is usually diagnosed
after an episode of UTI [17]. Hence the evaluation of UTI is complete
only with MCU. It is a known fact that VUR is not a prerequisite for
renal involvement among febrile UTI children [18,19]. Pecile et al. in
their study showed VUR in 74(24%) children out of 208 studied. He
also concluded that there was no significant difference in the incidence
of VUR among children with or without renal lesions [20]. In our
study MCU picked up VUR in 39% children of whom 74.6% had low
grades of reflux and only 25.4% had high grade reflux. There was no
statistical significance between the children with APN and VUR.
Abnormal imaging in children with UTI in various age groups is
shown in Table 3 and various imaging correlation as predictors of
renal damage is shown in Table 4. Out of 151 children, 64 had normal
USG, but had DMSA abnormality. Hence predicting the renal
parenchymal damage by USG is limited. Though the DMSA yielded
positive results in 132 children, only 44 had VUR. This showed VUR
may not be mandatory to produce parenchymal changes in DMSA. As
this study was conducted in a tertiary care hospital with a selected
cohort of children, selection bias is unavoidable. We recommend that
this study should be conducted on a large scale in a general pediatric
population to avoid the selection bias.

n Estimate
(%)

Likelihood Ratio

Abnor
mal
DMSA

Norma
l
DMSA

PP
V

NPV Sensit
ivity

Specifi
city

Positi
ve

Negativ
e

USG

Abnor
mal

62 9 87.
3

20 49.2 64 1.36 0.79

Norma
l

64 16

MCU

VUR 44 11 80 2.2 33.3 15.3 0.39 4.35

No
VUR

88 2

Table 4: USG and MCU findings as Predictors of Parenchymal Renal
Damage on DMSA Scans
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Conclusion
UTI is one of the commonest infections in children, with a potential

risk for complications such as renal scarring. The diagnosis and
prompt as well as aggressive treatment of UTI is very important in
young children as it may be a marker of urinary tract anomaly also.
Early diagnosis and adequate treatment helps the children to have
normal renal function of the growing kidneys. DMSA in acute phase
definitely plays a major role in confirming acute pyelonephritis and
thereby decision on complete treatment. If childhood UTI up to 5
years of age is not evaluated and treated properly then it becomes an
important risk factor for the development of proteinuria, hypertension
and end stage renal disease. Early intervention in childhood may
prevent future complications.
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