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ABSTRACT
Introduction: The objective of this research was to determine whether vesicoureteral refl ux-
(VUR) was associated with evolution to renal scarring (RS) following a febrile urinary tract 
infection (UTI) in infants. Materials and methods: Our research included 100 infants, ages up 
to 1 year with a fi rst febrile UTI. The diagnostic was based on results of: laboratory fi ndings, 
ultrasonography (USG), voiding cystourethrography (VCUG) and initial and control renal scin-
tigraphy (DMSA renal scan) withtechnetium99mTcsuccimer (dimercaptosuccinic acid), to as-
sess the acute pyelonephritis (APN), VUR and RS. Results: APN was proven with DMSA renal 
scan in 66 (66%) infants. Twenty-two infants (33.3%) had VUR in-group of patients with APN. 
On the control DMSA scan, performed 6 months after the fi rst DMSA, the presence of RS was 
found in 18 (27.27%) infants. In infants with renal scars VUR were discovered in 9 of them 
(50%). Conclusions: The pathogenesis of RS after febrile UTI in young children is multifacto-
rial. Children with VUR have an increased risk for APN and RS. However, VUR is not the only 
precondition for RS. Creating a renal scarring cannot be imagined without the infl ammatory 
process of the upper urinary system. Therefore, early detection and treatment of febrile UTIs 
in children and identify children at risk for RS are of primary importance.
Keywords: urinary tract infection, acute pyelonephritis, vesicoureteral refl ux, renal scarring.

1. INTRODUCTION
Acute pyelonephritis is one of the 

most common serious bacterial in-
fections that occurs in febrile infants 
and young children. In approximate-
ly 10% to 15% of cases, UTI leads 
to permanent RS, characterized by 
proteinuria, hypertension, chronic 
renal disease (CKD) (10%-24%) and 
problems in pregnancy (1, 2). Th e 
most important risk factors for RS 
are male gender, younger age of the 
child, P-fi mbriatus Escherichia coli, 
VUR, recurrent UTIs, genetic predis-
position and delayed antibiotic treat-
ment (2, 3). Th e goal of imaging after 
the fi rst febrile UTI in patients was 
the early detection of congenital ab-
normalities of the urinary tract that 
may predispose the child to addition-
al persistent or recurrent UTIs and 
RS (4). In order to detect VUR , one 
of the following diagnostic methods 
were performed: voiding cystoure-
thrography (VCUG), radioisotopic 
cystography (RC) and voiding ultra-
sonography (VUS). Th e most widely 
used method for detecting VUR was 
the classic VCUG. Th e DMSA renal 
scintigraphy was a radionuclide scan 
performed to detect APN and RS and 
is considered the gold standard. De-

velopment of non-invasive methods 
and techniques remains imperative 
to further scientifi c research. Th ere-
fore, contrast-enhanced ultrasound 
(CEUS) is a newer technique and 
do not involve radiation. Hains and 
colleagues in their pilot study think 
that CEUS is a highly sensitive, rapid, 
and cost-eff ective diagnostic imaging 
modality for detecting and monitor-
ing RS in children with VUR (5).

2. MATERIALS AND METHODS
Th is is a retrospective study of chil-

dren experiencing the fi rst episode of 
UTI admitted to our hospital in peri-
od of 3 years. Hundred children (16% 
males, 84% females) were included in 
this study. Patients with congenital 
and acquired urological abnormal-
ities, recurrent UTIs, renal failure, 
and afebrile UTI were excluded from 
the study.

Infl ammatory markers, such as 
positive C-reactive protein (CRP), 
the erythrocyte sedimentation rate 
(ESR) > 25, white blood cells (WBCs) 
>13,000/mnm3, were identifi ed. UTI 
was defi ned as growth of more than 
105 CFU/ml from a sterile bag at-
tached to the perineal area, more 
than 104 CFU/ml in urine obtained 
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by bladder catheterization, or any growth observed in 
suprapubic aspirate. Laboratory tests were performed 
using standard laboratory techniques at the Clinical 
Center University of Sarajevo (CCUS).

Renal USG was performed within the fi rst 3 days of 
admission by expert pediatric radiologists using an ul-
trasound machine General Electric Volson 730 PRO 
with a convex probe of 5.0 MHZ and a linear multi fre-
quency probe with a central frequency of 7.5 MHZ at 
the CCUS. USG fi ndings of APN included altered paren-
chymal echogenicity, pelvicalycial dilatation or fullness, 
undiff erentiated corticomedullary junction, and renal 
enlargement.

APN was defi ned as a UTI associated with a positive 
DMSA renal scan. Th e DMSA renal scintigraphy was 
performed during the fi rst week of admission by injec-
tion of 2 MBq/kg Tc- 99m DMSA. To allow the cortical 
uptake, we waited 3 hours before imaging (6). An abnor-
mal acute DMSA scan suggesting APN was defi ned as 
the presence of focal or diff use areas of decreased cor-
tical uptake, with preservation of the renal contour (1).

VUR was identifi ed by conventional voiding cystoure-
thrography (VCUG) within the fi rst 2 weeks of acute fe-
brile UTI. Th e VUR was graded from I toV according to 
the International Refl ux Study in children (7). For easier 
comparison we have classifi ed VUR as mild (grades 1-2), 
moderate (grade 3) and severe (grades 4-5).

All children with positive DMSA renal scanning re-
sults for APN were scheduled for repeated analysis after 
6-8 months in order to detect any RS at the Clinic for 
Nuclear Medicine of the CCUS. RS was defi ned as the 
occurrence of focal or generalized areas of diminished 
uptake of the isotope at the same locations as in the APN 
on the fi rst DMSA scan and/or associated loss of the kid-
ney contour or cortical thinning with reduced volume. 
We used the protocol to interpret control DMSA renal 
scans taken from Slovenian researchers (8). We evaluat-
ed the degree of renal scarring as follows: mild, moderate 
and severe. Th e study was approved by the Ethics Com-
mittee of CCUS.

Statistical analyses
Statistical analyses were performed using IBM Sta-

tistics SPSS v19.0 with package of tools for medical re-
search and MedCalc v10. We used Fisher’s exact test and 
student’s t-test. A P-value of less than 0.05 was accepted 
as signifi cant.

3. RESULTS
Acute pyelonephritis with fi rst febrile UTI was demon-

strated in 66 (66%) of 100 children, with DMSA renal 
scan. From 66 patients with APN, 22 (33.3 %) had VUR 
and 18 (27.27%) had a renal scar. Patients’ characteristics 
are presented in Table 1.

4. DISCUSSION
Acute pyelonephritis with the fi rst febrile UTI by 

DMSA renal scan in our study was confi rmed in 66 (66%) 
of 100 children (Table 1). APN had 54 (81.8%) female and 
12 (18.2%) male infants. Two thirds of the male infants 
were between 1 and 6 months of age.

Total UTI patients
(n=100)

Patients with APN
(n=66)

Patients with
lower UTI

(n=34)

Patients with VUR
(n=22)

Patients with RS
(n=18)

Patients
without

RS (n=82)
Male/female ratio 16/84 12/54 4/30 6/16 4/14 12/70

Table 1. Patients’ characteristics
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The VCUG method has been used in 66 patients 
with APN treated in our study and identified VUR in 
22 (33.33%) infants (Table 1). Out of 16 boys with UTI, 
6 (37.5%) had VUR and out of 84 girls with UTI, 16 
(19.05%) had VUR which is a statistically significant dif-
ference in the prevalence of VUR by gender (χ2 = 5.677; 
p = 0.0034).

The frequency of VUR in children with first febrile UTI 
varies from country to country. Experts have found that 
in England VUR have 11.6% of evaluated infants, in the 
United States of America (USA) 18% and 39%, Sweden 
18% and 26%, Spain 21%, Taiwan 29.60% and Croatia 
33% (9-15).

In our study, the inflammatory parameters in infants 
with VUR were significantly higher than in patients 
without VUR. Other researchers (16) also noted such 
findings.

Out of the 30 kidney units affected by VUR, 96.66% 
children had mild and moderate forms of VUR suitable 
for successful treatment (Figure 1). All of our patients 
with VUR had pathological initial DMSA renal scans. On 
the DMSA renal scans, performed after 6 months, the 
presence of RS was found in 18 (27.27%) infants (Figure 
2, 3) out of which 9 (50%) had VUR (50% male and 50% 
female).

The number of children with RS after the first febrile 
UTI in childhood ranges from surprising and unlikely 
1.4% in Taiwan to 51% in Greece. Between these two ex-
tremes are the USA with 9.5%, Italy 15%, England 17%, 
Korea 30%, Sweden 38% and Switzerland 40% (10, 15, 
17, 18, 19, 20, 21, 22). The data provided in the literature 
with the extremely low or high percentage of children 
with RS in certain countries cannot be accepted as re-
liable. In foreign studies, namely, patients are often not 
the same age, nor is the diagnosis always based on clin-
ical-laboratory findings, the findings of ultrasound of 
the urinary system, VCUG and renal scintigraphy. From 
these groups, then, exercised evidence of RS by con-
trolling DMSA renal scan after the past 6 months to 2 
years of the first examination. It is not excluded that in 
this period could happen recurrent febrile UTIs which 
would result in a new scars. Based on the unequal distri-
bution of RS in various countries arises conclusion that 
the RS is undoubtedly affected significantly by genetic 
and physical characteristics of individual nations.

Out of total number of 16 boys with UTI, the RS had 
4 (25%) versus 14 (16.66%) girls out of 84 female infants, 
which was statistically significant difference regarding 
the presence of renal scar towards the gender of infants 
(χ2 = 4.254, p = 0.042). Out of 18 patients with RS, 13 
(72.2%) of them had mild renal scar (Figure 3). This can 
be explained by the fact that it was a single febrile UTI 
with a relatively small proportion of VUR.

Montini concluded  that VUR was poorly correlated 
with the resulting renal scar (19). Montini and his as-
sociates have offered new diagnostic algorithms for fe-
brile UTIs in children so-called “top-down approach”. 
New diagnostic algorithm suggests earlier performance 
of DMSA renal scan in children with UTI. After that 
would undergo to VCUG only the children with proven 

APNand recurrent UTIs (2, 11, 12). Urology Section of 
the American Academy of Pediatrics has estimated that 
the new diagnostic trends have caused great damage to a 
significant number of the most vulnerable human popu-
lation. Delaying the determination of accurate diagnosis 
would lead to a large number of children at risk of per-
manent RS, which is not the goal of pediatric nephrolo-
gists (23).

In theory and practice, it has long been mistakenly be-
lieved that findings of the RS were regularly triggered by 
VUR. Colossal technical-technological advances in diag-
nostics nowadays lead to a changing in interpretations 
of the place and role of VUR in the development of RS. 
Even without the presence of VUR, a renal scar appears 
at the site of inflammation after APN. This confirms the 
primary role of acute kidney inflammation in the etiolo-
gy of acquired RS. Nevertheless, renal lesions have been 
found in lower grades or even in the VUR absence (9). 
Our results support the later findings.

The pathogenesis of RS following APN is multifactori-
al. There is no dispute that the anatomical and physiolog-
ical immaturity of a child’s organism is predisposing to a 
part of the children’s population to become an object of 
interdependent diseases as APN, VUR and RS, especially 
children under 2 years of age. Today, the importance of 
genetic predisposition is clear for part of children’s pop-
ulation to develop RS (24). There are number of open 
questions and dilemmas regarding the relationship be-
tween VUR and RS.

It is necessary to monitor the health status of patients 
with RS through out their lives. When the problem of RS 
is observed in planetary relationships, it should be noted 
that a large number of countries do not have the person-
nel, material and technical-technological opportunities 
for early detection of VUR and RS. Thus, a large number 
of children sentenced the absence of optimal treatment 
and further professional monitoring.

5.	 CONCLUSIONS
Children with VUR have an increased risk for APN and 

RS. However, VUR is not the only precondition for renal 
scars. Creating a RS cannot be observed without the in-
flammatory process of the upper urinary system. All the 
imaging studies of the urinary system in infants with fe-
brile UTI should be adapted to each child as a separate 
individual and technical and technological possibilities 
and economic situation of the country in which the pa-
tient lives. Recent guidelines attempt to recommend im-
aging in high-risk children while avoiding unnecessary 
investigation in children who do not need them. We are 
hopeful that data from new studies, especially biomark-
ers and genetic studies can be used to develop individu-
alized diagnostic and treatment options for children with 
a first febrile UTI.
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