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Abstract It is generally believed that infants are more
susceptible to development of renal scarring after pyelo-
nephritis than children over 5 years old. This view has led
to differences in investigations and treatment according to
age. The aim of this prospective study was to assess the
occurrence of renal parenchymal lesion in children over
5 years admitted with a first-time symptomatic urinary
tract infection (UTI). Between October 2000 and April
2002, 52 children aged over 5 years who were admitted to
our department with probable acute pyelonephritis (APN)
and a positive urine culture were included in this study.
All children received antibiotics for 14 days. During the
acute phase of infection, scintigraphy with technetium-99
m -labeled dimercaptosuccinic acid (DMSA) and ultra-
sonography (US) were done. Voiding cystourethrography
(VCUG) was performed in all children early in the course
of the illness, generally within 5–7 days of hospitaliza-
tion. When scintigraphy showed renal parenchymal
changes, repeat scintigraphy was done after at least
3 months to assess the progression of renal abnormalities.
Of the 52 children with a first-time documented pyelo-
nephritis, cortical scintigraphy showed renal lesion in 41
children (78.8%). US was normal in all children with
normal renal scintigraphy, while it detected renal abnor-
malities in 16 of the 41 (39 %) with abnormal scintigra-
phy ( p <0.0001). Topographic analysis of the 165 focal
lesions showed that 42.4% were localized to the upper
poles, 17.5% to the middle third, and 40% to the lower
poles of the kidneys. Repeat scintigraphy showed per-

sistent lesions corresponding to those on the initial scan in
nine (28.2%) of the 32 children. Renal lesions had partly
regressed in 23 (71.8%) of the patients who underwent
repeat scintigraphy. Vesicoureteral reflux was observed in
13.4% of kidneys and renal parenchymal abnormalities
were identified in 71.4% and 72.2% of renal units, re-
spectively, with and without reflux ( p >0.05). In con-
clusion, our data did not confirm the conventional opinion
that the risk of renal scarring after pyelonephritis is low in
children over the age of 5 years. Our findings suggest that
renal scintigraphy may be a more appropriate method of
investigation than VCUG for evaluation of the children
over 5 years with acute pyelonephritis. Additionally, the
frequency of scintigraphic changes is high, and a strategy
based exclusively on ultrasound findings would miss
about 61% of the abnormal renal units. We recommend
that all children, irrespective of age, will benefit from
further investigations that might prevent or limit the de-
velopment of scarring process and renal complications.
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Introduction

It is generally believed that very young children are more
susceptible to development of renal scarring after pyelo-
nephritis than patients over 5 years old. This view has led
to differences in investigations and treatment according to
age [1]. The children with renal involvement are at risk of
permanent renal damage, which may lead to hypertension,
proteinuria, hyposthenuria, complications during preg-
nancy, and even renal failure [2].

The diagnosis of urinary tract infection (UTI) in chil-
dren is based on significant bacteriuria. The level of in-
fection (i.e., whether the infection involves the kidneys or
only the lower urinary tract) is of great importance for the
choice of treatment and prognosis. Because the clinical
symptoms are nonspecific, the diagnosis of renal infection
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needs to be supported by laboratory data and radiologic
imaging. Renal cortical scintigraphy with technetium-99
m-labeled dimercaptosuccinic acid (DMSA), although not
perfect, appears to be the best clinically applicable stan-
dard of reference for the diagnosis of acute pyelonephritis
[3, 4, 5]. It is considered the most sensitive technique for
the identification of the renal parenchymal change in
acute pyelonephritis (APN), as well as in the detection of
scarring. Acute DMSA renal scan defects persisted as
renal scarring in 36–52% of kidneys [6]. The sites of new
renal scarring corresponded to those sites of APN seen on
initial DMSA renal scans, confirming the primary role of
the acute inflammatory response to infection in the eti-
ology of renal scarring [7].

Some controversy exists about the usefulness of acute
renal scintigraphy. Many pediatric nephrologists share the
view that the diagnosis of complicated UTI is based on
clinical and biological data, and that scintigraphy is
generally not necessary for the diagnosis [8, 9]. The goal
of this prospective study was to assess the occurrence of
renal parenchymal lesion in children over 5 years ad-
mitted with a first-time symptomatic UTI.

Patients and methods

Fifty-two patients (8 boys, 44 girls) aged 5–12 years (mean 7 years
6 months) were included in the study between October 2000 and
April 2002. All children admitted to hospital because of high sus-
picion of APN, defined as follows: fever, with a temperature
�38.5�C, ESR>20 mm/hr or increased C-reactive protein, alter-
ations in the urinary sediment (leukocyturia, bacteriuria, hematuria)
and a positive urine culture result (growth of single organism with
colony counts equal to or greater than 105 colony-forming units/
ml). Samples were collected as clean-voided midstream urine. Only
those with proven UTI were included in the study. One hundred
four kidneys were investigated by DMSA scan and renal ultrasound
within the first days after admission. When scintigraphy revealed
renal parenchymal lesions, a second scintigraphy was done at least
3 months later to evaluate the progression of renal lesions. The
appearance of new lesions was recorded. Scintigraphy was done
with intravenous injection of DMSA as described by Merrick et al.
[10].

Images were obtained by means of a gamma equipped with a
high-resolution collimator after an intravenous injection of Tc-99 m

DMSA scintigraphy, according to a standard schedule [11]. About
3–4 hours after injection with the tracer, one posterior, one anterior
and two posterior oblique images of the kidneys were acquired,
with the patient prone below the camera. The fractional left and
right renal activity was calculated for each kidney. The renal
scintigraphic patterns were independently interpreted by two senior
nuclear-medicine physicians, and the criteria used for the inter-
pretation of the images did not change during the period of the
investigation. A kidney with regular shape and a tracer uptake that
appeared to be homogenous was considered as normal. Single or
multiple cortical defects, focal or diffuse photopenic patterns in one
kidney were considered as abnormal [12, 13]. The scan was con-
sidered to be abnormal for an old lesion (scar) when one or more
areas of focal decreased uptake associated with contraction and loss
of volume in the involved cortex were noted [8].

Patients with previous history of UTI, structural abnormalities
such as neurogenic bladder, posterior urethral valves, ureteroceles
or other congenital anomalies were excluded from the analysis. A
kidney uptake of 45–55% of the total renal activity was considered
as normal (symmetrical renal split function). The involvement of
each kidney was visually graded as mild (focal defect in uptake),

moderate (uptake of renal radionuclide of 20–40%) and severe
(shrunken kidney with uptake less than 20%) [14]. We defined
renal scars as persistent changes in the same location; complete or
partial reversible lesions as complete or partial resolution of
changes that had been observed on first scintigraphic examination;
and new lesions not present during the acute phase of UTI. All
scintigrams were independently assessed by two experienced ra-
diologist who used standard criteria previously defined by Patel et
al. [15].

Each lesion present in the late scan was directly compared by
topographic analysis with the acute scan. A lesion present in the
initial scan that persisted in the late scan was defined as a persistent
lesion. A lesion present in the acute scan but no longer evident in
the late scan was defined as a reversible lesion [3]. Renal ultra-
sound was performed on computerized sonographic units equipped
with 3.5 MHz and 5.0 MHz transducers. The renal sonograms were
interpreted by a pediatric radiologist without the knowledge of the
findings from DMSA scans. The criteria of renal abnormality were:
focal or generalized hyperechogenicity or hypoechogenicity, in-
crease in renal size, loss of corticomedullary differentiation,
thickened pelvic wall, irregular outlining of the kidney and pa-
renchymal reduction. For all patients a VCUG was done early in the
course of the illness, generally within 5–7 days of hospitalization
and always before the patient was discharged from the hospital
[16]. The radiographic cystograms were evaluated for the presence
and grade of reflux using the international grading system [17].

Vesicoureteral reflux (VUR) was graded as mild, moderate, or
severe by radionuclide technique [18]. The radionuclide cystogra-
phy was graded as follows: Grade I reflux was defined as reflux
into the ureter; grade II was reflux into a non-dilated collecting
system; grade III was reflux into a mildly dilated collecting system;
grade IV was reflux into a moderately dilated collecting system;
and grade V was reflux into a severely dilated collecting system
[19]. For the purpose of comparison between the two studies, ra-
diographic and radionuclide cystography grades I and II correspond
to mild, grade III to moderate, and grade IV and V to severe reflux.
Patients were treated for 14 days with an antibiotic chosen ac-
cording to bacterial susceptibility tests.

After the initial treatment, children with parenchymal lesions on
the DMSA scan were placed on continuous prophylactic antibiotics
until the second follow-up investigation, whether or not VUR was
present. Patients with VUR were also kept on prophylaxis regimens
for a period of at least 6 months. It was decided that all children
enrolled in the study would receive this prophylaxis until the sec-
ond scan, in order to avoid possible bias. No patient had a break-
through infection during this period. Control urine cultures were
taken in all children after treatment, 6 weeks, 3 months and
6 months, and more if clinically indicated.

No patient was excluded from the analysis during the hospital
stay. Follow-up scan was performed if the initial scan was abnor-
mal. Therefore, late scans were not performed in 11 patients, be-
cause of normal renal scan on the initial scintigraphy. Later, nine
patients among the remaining 41 were lost to follow-up scan, and,
because of the absence of a late renal cortical scintigraphy, they
were not included in the analysis of renal scarring. Thus, 32 patients
(64 renal units) with a positive acute DMSA scan remained eligible
for analysis. The chi-squared procedure and the Fisher exact test
were used to determine the statistical significance of the relation-
ships between variables. A p value below 0.05 was considered
statistically significant.

Results

Fifty-two patients, 44 females and 8 males, aged 5–
12 years (mean 7.6 years) with a first documented UTI
were enrolled in the study. The median time between the
diagnosis of UTI and cortical scintigraphy was 3.5 days
(range: 1–6 days). Of the 52 children with a first docu-
mented pyelonephritis, 41 (78.8%) had abnormal cortical
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scintigraphy(seven unilateral and 34 bilateral), and 11
(21.1%) had normal kidneys (Table 1). US was normal in
all children with normal renal scintigraphy, while it de-
tected renal abnormalities in 16 of the 41 (39%) with
abnormal scintigraphy (p<0.0001).

The number of kidneys involved in disease was 75 (38
left and 37 right). The extent of changes in DMSA scan
was mild in 31/75 kidneys (41.3%), moderate in 29/75
kidneys(38.6%) and severe in 15/75 kidneys (20%).

Topographic analysis of the 165 focal lesions showed
that 42.4% were localized to the upper poles,17.5% to the
middle third ,and 40% to the lower poles of the kidneys.
A voiding cystourethrogram was obtained for all children.
VUR was documented in 14/104 kidneys (13.4%). Ta-
ble 2 shows VCUG findings according to number of pa-
tients and renal units, respectively. The degree of reflux
was mild (grades I and II) in 9/14 kidneys (64.2%),
moderate (grade III) in 4/14 kidneys (28.5%) and severe
(grades IV and V) in 1/14 kidneys (7.1%). As shown in
Table 3, the frequency of renal parenchymal abnormali-
ties in the presence of VUR and in non-refluxing renal
units was similar (71.4% vs 72.2%, p>0.05).

Parenchymal abnormalities on scintigraphy were as-
sociated with mild reflux in 44.4% of the nine kidneys
and moderate to severe reflux in 100% of the five renal
units shown in Fig. 1. Although the rate of DMSA ab-
normality in kidneys with moderate to severe reflux were
higher than those with mild reflux, the difference did not
reach statistical significance (p=0.086).

All these children were reassessed with a second renal
evaluation after an average of 4 months. Repeat scintig-
raphy showed persistent lesions corresponding to those on
the initial scan in 11 (29.6%) of the 64 renal units. Renal
lesions had partially regressed in 45 (70.3%) of the renal

Table 1 DMSA scintigraphy findings

DMSA Patients Renal units

Scintigraphy No. % No. %

Normal 11 21.1 29 27.8
Abnormal 41 78.8 75 72.1
Total 52 100 104 100

Table 2 Voiding cystourethrography findings

Patients Renal units

Reflux No. % No. %
None 41 78.8 90 86.5
Grade
I–II 8 15.3 9 8.6
III 2 3.8 4 3.8
IV–V 1 1.9 1 0.9
Total 52 100 104 100

Table 3 DMSA scintigraphy and voiding cystourethrography
findings

Renal units Normal DMSA Abnormal DMSA Total

No. % No. % No. %

Without
reflux

25 27.7 65 72.2 90 100

With reflux 4 28.5 10 71.4 14 100
Total 29 75 104

p>0.05

Fig. 1 Correlation of 99m tech-
netium-dimercaptosuccinic acid
(99m Tc-DMSA) renal scintig-
raphy abnormalities with reflux
grade
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units who underwent a follow-up scan. Residual lesions
compared with the initial lesions are presented in Table 4.
In all patients, persistent lesions in the late scan corre-
spond exactly to the sites of acute pyelonephritis seen on
the acute DMSA scans. No new abnormalities developed
in previously normal contralateral kidney or in any other
areas of the involved pyelonephritic kidney that were
normal on the initial scan.

Discussion

The ultimate goal of treatment for pyelonephritis in
children is prevention or reducing the morbidity and long-
term clinical sequelae of renal scarring, including arterial
hypertension, hyposthenuria, proteinuria and chronic re-
nal failure [20, 21, 22, 23]. Experimental investigations
have shown that inflammation has an important role in the
pathogenesis of renal damage in pyelonephritis, which
involves the local infiltration of polymorphonuclear leu-
kocyte and the extracellular release of cytotoxic meta-
bolites [24, 25, 26].

DMSA scintigraphy is currently considered the imag-
ing agent of choice for estimating the presence and ex-
tension of acute parenchymal changes as well as the de-
velopment of permanent renal scarring. It has been com-
pared with histopathologic findings, and there has been
97% agreement between them [27]. DMSA uptake reflects
renal tubular cell function and is therefore affected by both
intrarenal blood flow and proximal tubular cell membrane
transport [28]. Alteration of either or both of these pa-
rameters may result in focal or diffuse areas of diminished
uptake. Experimental studies have reported focal ischemia
associated with APN. Hill and Clark [29] found evidence
of marked cortical vasoconstriction in areas of acute in-
flammation in rabbits with acute renal infection, with in-
flammatory cells obstructing the peritubular capillaries.
Further ischemia-related alteration to renal tubular cell
function results from the release of superoxide produced,
in part during reperfusion of ischemic tissue [30]. Super-
oxide generates oxygen radicals that are toxic not only to
the bacteria, but also to the surrounding tubular cells [31].
According to this hypothesis, the combination of intersti-
tial damage from both toxic enzymes and ischemia that
produces the inflammatory changes observed on DMSA
renal scans during APN may be responsible for subsequent
development of irreversible renal cortical scarring. In this
study, both early and late DMSA scans were performed,
since it was important to assess whether a normal renal
unit on a late scan was also normal on the initial scan or
was the consequence of a perfect healing process.

Experimental studies in piglets demonstrated that
DMSA renal scan has sensitivity from 80–91% and
specificity from 99–100% for detecting acute pyelo-
nephritic lesions [1, 2, 32]. The undetected lesions by
DMSA scan were attributed to grossly unapparent and
microscopic clusters of inflammatory cells that involved
less than 1% of the renal parenchyma [4]. It is also well
known that DMSA scintigraphy reflects the function of
proximal tubular cells and the intrarenal blood flow [28,
32]; consequently, an infection limited to the papilla and
the medulla may not be clarified on a DMSA renal scan.
This study revealed a high frequency of acute inflam-
matory changes on DMSA scan in 78.8% of children
(72.1% of renal units), although the clinical and biologi-
cal criteria were compatible with APN. This is similar to
the findings reported by others [33, 34, 35, 36, 37, 38].
These data emphasize the fact that older children with
first-time febrile UTI are at risk for acute inflammatory
renal parenchymal damage.

VUR is a known risk factor for renal scarring. It has
been found in up to 88% of children with DMSA scans
during febrile UTI [8, 37, 38]. In our experience, VUR
was found in 10/14 kidneys (71.4%) with evidence of
pyelonephritis on DMSA scan. VUR was absent also in
65/90 kidneys (72.2%) with renal parenchymal involve-
ment, which emphasizes that abnormalities at DMSA
scan commonly occur in the absence of reflux [18, 39].
Reflux was present in 28.5% of normal kidneys without
any abnormality. Our findings agree with the observations
of other investigators. Biggi found acute pyelonephritis in
70 out of 101 children (69%) hospitalized with the di-
agnosis of an acute febrile UTI. VUR was present in 27%
of the renal units with evidence of acute pyelonephritis on
DMSA renal scan and absent in 47%.

In 80% of kidneys with abnormal DMSA scans, VUR
of grades 4 to 5 was found. Reflux was present in 13% of
kidneys with normal scan findings [8]. Majd found acute
pyelonephritis in 62 out of 94 children with UTI (66%).
Among the children with evidence of acute pyelonephritis
on DMSA scan, VUR was present in 37% of children.
DMSA scan findings of APN were present in 79% of
children with VUR and 60% of those without demon-
strable VUR. Reflux was present in 19% of renal units
with normal DMSA scan [16].

Benador found acute pyelonephritis in 74 out of 111
children (67%) with UTI. VUR was presenting in 39%
and absent in 61% [40]. Thus, our results confirm that a
high percentage of febrile UTI, as documented by acute
DMSA renal scan, can occur without the presence of a
VUR. The higher incidence of renal parenchymal abnor-
malities in our patients seems contradictory to the general
opinion that very young children are more susceptible to
development of renal scarring after pyelonephritis than
patients over 5 years old, and that scintigraphy is gener-
ally not necessary for the diagnosis [8, 9]. One theory for
VUR as a cause of pyelonephritis concerns the elective
localization of scars in the polar regions of the kidney [41,
42]. In the present study, the frequency of acute renal
changes, as well as scars, was higher in upper and lower

Table 4 Residual cortical lesions compared with the initial lesions

Evolution of the cortical lesions No. %

Unchanged 9 28.1
Partial improvement 23 71.8
Total 32 100
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poles of the kidneys, whether there was a reflux or not. In
contrast to findings by Benador et al. [43], these data are
in accordance with the high percentage of polar ab-
normalities previously found. In some studies, DMSA
changes remaining after 3 months from infection are
considered to be persistent [11, 43]. In our experience, 32
out of 41 children with abnormal DMSA scan in the acute
phase of the disease underwent a repeat scintigraphy be-
tween 3 months and 5 months after an index UTI. A
persistent change was found in the 29.6% of the kidneys
with an abnormal DMSA scan in the acute phase of dis-
ease. Similar results were reported by Biggi et al. [8].

Whether some of these cortical abnormalities on late
DMSA scintigraphy were the consequence of the acute
episode of infection or were preexisting (previously ac-
quired pyelonephritic scars or congenital sequelae) cannot
be determined. Cortical lesions that had partially re-
gressed were found in 70.3% of kidneys, which confirms
that the susceptibility of the renal parenchyma to infection
in children over 5 years old is an important factor in the
development of renal scarring. This finding agrees with
the previous studies in children and adults, in which the
development of new renal scars after a acute febrile py-
elonephritis is common [40, 44, 45]. Age is generally
considered an important risk factor for the development of
renal sequelae. Previous studies using intravenous urog-
raphy have shown that younger children are at greatest
risk for renal scarring than older ones [46, 47]. Recent
prospective studies using DMSA scintigraphy found no
relationship between age at infection and developing re-
nal damage [12, 33, 44, 48]. It has been suggested [49, 50]
that the strategy for the use of DMSA renal scan should
depend on age: “It should not be performed in children
over 5 years with a first documented UTI and normal
ultrasound.” Hoberman, in a recent prospective random-
ized study [51], included only children under 2 years of
age, because some investigators have identified infants
aged younger than 1 year as a group at particularly high
risk for renal scarring [34]. In the present study, children
over 5 years of age were included, based on the fact that
other authors observed a high frequency of renal abnor-
malities in older children presenting with a first UTI [35,
44]. In this series, 25 out of 41 patients with abnormal
DMSA scan were normal on US. This is in agreement
with results in other studies and confirms that normal
ultrasound findings do not accurately identify children
with acute renal parenchyma involvement documented by
DMSA scintigraphy [52].

Recently, it was reported that B-mode high-resolution
ultrasonography performed by trained radiologists in pa-
tients with an average age of 2 years was as sensitive as
the DMSA scan in detection of renal parenchyma changes
in children with unobstructed pyelonephritis [53]. We
conclude that a high percentage of children admitted with
first-time febrile UTI have evidence of APN on DMSA
scintigraphy. Most children with renal parenchymal in-
volvement have no demonstrable VUR. Moreover, our
results did not confirm the conventional opinion that the
risk of renal scarring after pyelonephritis is low in chil-

dren over the age of 5 years. Our findings suggest that
renal scintigraphy may be a more appropriate method of
investigation than VCUG for identifying children over
5 years at risk of renal sequelae. In addition, the fre-
quency of scintigraphic changes is high, and a strategy
based exclusively on ultrasound findings would miss a
significant number of abnormal renal units. Accordingly,
we recommend that all children hospitalized with UTI,
irrespective of age, will benefit from further investiga-
tions that might prevent or limit the development of
scarring process and renal complications.
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