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Abstract The aim of this study was to define in children
younger than 2 years of age the diagnostic significance of
clinical and laboratory findings to localize site of febrile
urinary tract infection. We reviewed the records of 185
children younger than 2 years of age admitted to hospital
with febrile urinary tract infection. Patients were divided
into having either acute pyelonephritis or acute cystitis
according to the presence or absence of acute lesions on
dimercaptosuccinic acid (DMSA) renal scintigraphy. Clin-
ical and laboratory [white blood cell count (WBC),
urinalysis, erythrocyte sedimentation rate (ESR), C-reactive
protein (CRP)] findings were compared between the two
groups using Student’s t test, chi-square test, and multivar-
iate analysis. Patients with pyelonephritis had statistically
significant higher age, WBC, ESR, and CRP than those
with cystitis. Although the sensitivity of the tests was 80–
100%, their specificity was <28%. On multivariate analysis,
33% of patients with cystitis were diagnosed as having
pyelonephritis, whereas 22% of those with pyelonephritis
were considered to have cystitis. Given the low specificity

of clinical findings and available laboratory tests to define
the site of urine infection in this age group, we recommend
DMSA renal scintigram as the test of choice to make the
diagnosis of acute pyelonephritis in these patients.
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Introduction

Urinary tract infection (UTI) is common in infants and
young children [1]. It may involve the upper (acute
pyelonephritis) and/or the lower (cystitis, urethritis) urinary
tract. Renal scarring is present in 8–40% of patients after an
episode of acute pyelonephritis [2–8]. As a result of the
renal scars, patients may develop hypertension and variable
degrees of renal failure [9]. The differentiation between
upper and lower UTI has important clinical implications in
children younger than 2 years of age. In this group, the
clinical presentation tends to be nonspecific, and the chance
of renal damage after acute pyelonephritis is considered to
be higher than in older children [2, 10, 11].

Dimercaptosuccinic acid (DMSA) renal scan is a
sensitive, specific, and reproducible test to evaluate for
acute pyelonephritis in patients presenting with UTI [12–
15]. Many nephrologists and general pediatricians routinely
make the diagnosis of acute pyelonephritis on clinical and
laboratory data only, and DMSA renal scan is not widely
used as an initial diagnostic test. This practice of low
utilization of the test is consistent with the 1999 subcom-
mittee on UTIs of the American Academy of Pediatrics
statement that “the role of DMSA renal scan in the clinical
management of the child with UTI still is unclear” [16].
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The purpose of this study was to assess the accuracy of
clinical findings and commonly requested laboratory tests
to localize the site of UTI in the febrile child younger than
2 years of age with a documented UTI using DMSA scan as
the gold standard for the diagnosis of acute pyelonephritis.

Patients and methods

This retrospective study included children and infants ages
3 months to 2 years admitted to Tampa General Hospital
(Tampa, Florida, USA) and to Hospital Regional (Valdivia,
Chile) between 1999 and 2004 with fever and in whom the
diagnosis of UTI was made. Infection was defined by the
presence of >100,000 colonies per milliliter of a single
bacterial species on a specimen obtained by bladder
catheterization. All children underwent renal planar scin-
tigraphy after administration of DMSA, followed by
delayed imaging 2–4 h later using a high-resolution pinhole
collimator. Although this is a retrospective study, our policy
has been to review renal scan images with a nuclear
medicine physician to reach consensus regarding the
presence or absence of parenchyma involvement. Renal
scintigraphy was performed between 48 h and 5 days after
admission to the hospital. The diagnosis of pyelonephritis
was made by the presence of a diminished DMSA cortical
uptake but preservation of the reniform outline. Cystitis was
identified by the absence of photopenic renal parenchyma
defects in patient with a documented UTI. Clinical findings
included the presence of gastrointestinal (vomiting, diar-
rhea) and/or neurological symptoms (irritability, seizures)
as well as fever (≥38°C) at the time of admission.
Laboratory evaluation on admission included white blood
cell count (WBC; normal <10,000 WBC/mm3), erythrocyte
sedimentation rate (ESR; normal 0–10), C-reactive protein
(CRP; normal <0.5 μg/ml), urinalysis (pyuria defined as >10
cells/high power field), nitrite test, and urine culture. Review
of charts was approved by the Institutional Review Board
committee of each institution.

Statistical analysis Results are reported as mean ± standard
deviation (SD). Comparisons of the mean response of the
DMSA positive and negative groups were performed using
Student’s t test for the numeric variables (age, temperature,
WBC, ESR, and CRP). Chi-square tests comparing the two
groups were conducted for dichotomous variables (nitrite
and pyuria). Multivariate discriminating analysis was used
to determine whether clinical and commonly requested
laboratory tests can be used to discern between the DMSA
positive and negative groups. Sensitivity, specificity, accu-
racy, and predictive values were calculated as per method-
ology reported by Galen [17]. All analyses were conducted
using SAS 9.1.

Results

Demographics One hundred eighty-five patients were
included in the study. Of them, 97 were females and 88
males. Frequency and type of UTI by age are shown in
Table 1. Seventy-four percent (137/185) of the patients
were younger than 12 months old at the time of UTI
diagnosis. Cystitis was present in 49.1% and acute
pyelonephritis in 50.9% of patients. Males presented more
cystitis and acute pyelonephritis than did females in the
group <6 m of age. Cystitis and pyelonephritis in the
groups older than 12 months were predominantly observed
in females.

Diarrhea was most commonly seen in patients with acute
pyelonephritis (p=0.038). Vomiting and neurological find-
ings did not differ significantly between patients with
cystitis and those with acute pyelonephritis (Table 2).

Comparisons between acute pyelonephritis and cystitis
for quantitative variables (age, temperature, WBC, ESR,
and CRP) are shown in Table 2. Patients presenting with
acute pyelonephritis were older. Mean laboratory values
were greater in patients with acute pyelonephritis compared
with those with cystitis for all measures. Differences were
statistically significant for CRP, ESR, and WBC and
tending toward significance (p<0.15) for pyuria and nitrite
test. Sensitivity, specificity, and accuracy of individual
laboratory tests and fever are shown in Table 3. All clinical
and laboratory tests had high sensitivity but low specificity
and accuracy.

To improve the diagnostic accuracy of laboratory tests,
multivariate discriminating analysis was used to evaluate
whether WBC, ESR, and CRP could be combined to
improve the diagnosis of acute pyelonephritis. The combi-
nation of these three laboratory tests did not improve the
accuracy of the diagnosis. Based on cross validation, 33%
of the patients with acute cystitis were misclassified as
having acute pyelonephritis, whereas 22% of those with
acute pyelonephritis were misclassified as having cystitis.

Table 1 Demographics

DMSA positive DMSA negative

Male Female Male Female

Age
3–6 months 18 15 35 15
6–12 months 12 19 11 12
12–18 months 1 18 8 7
18–24 months 2 6 1 5
Total 33 58 55 39

DMSA dimercaptosuccinic acid renal scan
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Discussion

Febrile UTIs are common in young children. It is estimated
that 60–65% of patients with a febrile UTI will have an
acute pyelonephritis [1]. Our study demonstrates that
neither clinical nor current available laboratory findings
are accurate enough to confirm the diagnosis of acute
pyelonephritis in children younger than 2 years of age with
fever and UTI. We used the DMSA renal scan as the gold
standard for the diagnosis of acute pyelonephritis [12], as it
has a sensitivity of >90% and a specificity of 100% in the
diagnosis of acute pyelonephritis [18–23]. The photopenic
defect observed on DMSA scan is the result of a decrease in
DMSA uptake by proximal tubular cells and decreased
perfusion of the infected area. Because most UTIs are
ascending in origin and involve the renal medulla prior to
the cortex, it has been argued that some patients with early
acute pyelonephritis may have no defects on DMSA scan
(false negative results) because the lesions are only present
in the renal medulla [13, 24].

There are no data that assess the false negative result rate
using DMSA scan in children for the diagnosis of acute
pyelonephritis. However, the scan needs to be performed
when the bacteria have extended beyond the renal medulla

and into the cortex. In this study, the scan was obtained
between 48 h and 5 days after hospital admission. No data
on serial scans defining the minimum time for optimal
scanning are available. Hoberman et al. obtained scans 48 h
after entering patients in their study. None of their patients
initially presenting a normal DMSA renal scintigraphy was
considered to have had acute pyelonephritis (false negative
result) during follow-up [5].

The percentage of patients with acute pyelonephritis and
cystitis in our study was similar to that observed by
Hoberman in the same age group [5]. In contrast to
Hoberman et al.’s study [5] but in agreement with others
[25, 26], we observed a predominance of males in the first
6 months whereas females predominated after 12 months of
age. In our study, fever was not significantly higher in
patients with acute pyelonephritis, and extrarenal clinical
findings could not discriminate between acute pyelonephri-
tis and cystitis. Previous studies have not addressed
extrarenal clinical findings when differentiating between
upper and lower UTIs. In addition, fever has not been
found significantly elevated in patients with pyelonephritis
when compared with those with cystitis [27].

Acute-phase reactants (ESR, CRP, and WBC) in children
with febrile UTI have been previously reported [6, 7, 25–
31]. These studies have shown a statistically significantly
increased level of WBC, CRP, and ESR in patients with
acute pyelonephritis when compared with those with acute
cystitis. These findings have led to the practice of obtaining
these tests to differentiate between upper and lower UTIs.
However, of the quoted studies, only a few have addressed
the issue of specificity of these tests [7, 25, 26, 31]. Our
study elaborates further on the use of acute phase reactant
tests and demonstrates that they are not specific enough to
confirm the diagnosis of acute pyelonephritis. In addition,
comparison of our report to early studies is difficult for
several reasons: (1) all previous studies include patients of
all ages, (2) the time when the DMSA renal scan was
performed is either not reported or, if given, it is unknown
if those patients studied early had an increase rate of false
negative results [7, 25, 26, 31]. In these previous reports,
sensitivity of CRP and ESR tests varied from 72% to 93%,
whereas specificity varied from 25% to 57%. Moreover, in
those studies showing higher specificity, the cutoff values
for CRP and ESR considered for identification of patients
with acute pyelonephritis were arbitrarily increased [25].
This increased specificity was associated with a decrease in
sensitivity of the test augmenting the number of false
negative results. Therefore, it is impossible to select a cutoff
level for CRP, ESR, or WBC that can afford discrimination
between acute pyelonephritis and cystitis. At any cutoff
point, sensitivity is sacrificed for specificity and vice versa.

We calculated accuracy of pyuria, CRP, ESR, and WBC
to assess their discriminatory power in differentiating

Table 3 Sensitivity, specificity, and accuracy of tests

Test Sensitivity Specificity Accuracy

Pyuria (>10 WBC/HPF) 82 28 51
CRP (>0.5 μg/ml) 100 8 48
ESR (>10 mm/h) 100 8 62
WBC (>10,000 WBC/mm3) 89 27 55

WBC/HPF white blood cell/high power field, CRP C-reactive protein,
ESR erythrocyte sedimentation rate,WBCwhite blood cell count/mm3

Table 2 Clinical and laboratory data

DMSA positive DMSA negative P value

Age (months) 8.9±5.8 7.0±5.9 0.019
Fever 39.6±0.7 39.2±1.2 0.114
GI symptoms
Diarrhea 10 (11%) 21 (22%) 0.038
Vomiting 32 (35%) 31 (33%) 0.753
Irritability 12 (13%) 7 (7%) 0.198
Seizures 4 (4%) 7 (7%) 0.380
URI symptoms 10 (11%) 16 (17%) 0.237
ESR 87±33 52±30 0.0001
WBC 23,880±9,857 19,990±8,454 0.009
CRP 18.3±9.7 9.7±14.0 0.00001
Pyuria 51/62 (82%) 53/75 (71%) 0.114
Nitrite test 34/66 (47%) 27/74 (41%) 0.073

DMSA dimercaptosuccinic acid renal scan, GI gastrointestinal, URI
upper respiratory infection, ESR erythrocyte sedimentation rate, WBC
white blood cell count, CRP C-reactive protein
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between pyelonephritis and cystitis. Our data showed that,
at best, each test affords a 50/50 chance for patient younger
than 2 years of age with a febrile UTI of having acute
pyelonephritis. If every single test was unable to differen-
tiate between cystitis and acute pyelonephritis in children
younger than 2 years old, results combining the tests did
not fare better.

When data on WBC, CRP, and ESR were analyzed in
combination, 33% of patients showing no lesions on
DMSA scan were diagnosed as having acute pyelonephri-
tis, whereas 22% of those found to have inflammatory
lesions on DMSA renal scan were reported as presenting
acute cystitis. Multivariate analysis using CRP, ESR, and
WBC has only been reported previously by Biggi et al.
[25]. Their analysis is not comparable with ours because
they only evaluated the number of true positive and false
negative patients with documented acute pyelonephritis
(diagnosis based on DMSA renal scan findings). Moreover,
their true positive results included only patients with CRP,
ESR, and WBC results above the median value of all
patients studied.

We emphasize that our findings refer to patients 2 years
old and younger with a documented febrile UTI. The lack
of accuracy of the clinical and laboratory tests in the 3-
months to 2-years age group does not imply that older
patient evaluated for febrile UTI and complaining of flank
pain also require a DMSA renal scan to make the diagnosis
of pyelonephritis. However, even in older patients, the
clinical diagnosis of acute pyelonephritis could be inaccu-
rate, as Fairley et al., using the gold standard of a positive
ureteral culture to make the diagnosis of acute pyelone-
phritis, demonstrated that 14% of patients presenting with
flank pain and UTI did not have renal involvement [32].

There is the need to make an accurate diagnosis of acute
pyelonephritis for several reasons:

1. There is agreement that the antibiotic used for the
treatment of acute pyelonephritis must have good tissue
penetration because pyelonephritis is an interstitial
nephritis. Thus, it is not appropriate to treat pyelone-
phritis with nitrofurantoin, a first-line antibiotic for
UTI, which does not have tissue penetration. On the
other hand, to use cefixime for acute cystitis might be
considered overkill [33].

2. The use of oral antibiotics to treat pyelonephritis on an
outpatient basis has been recently advocated [5].
However, the trial was not specifically designed to
assess whether oral or intravenous treatments for
pyelonephritis were equivalent. Rather, it aimed at
determining whether there were differences between
them. Failure to show differences in a randomized trial
does not mean that the treatments are equivalent [34,
35]. Until further studies resolve this controversy, it

seems sensible to administer parenteral antibiotics as
the initial therapy for acute pyelonephritis. Moreover,
given the initial diagnostic uncertainty as to the
presence of cystitis or pyelonephritis in these patients,
it seems prudent to initially administer parenteral
antibiotic therapy until results of the DMSA scan are
available.

3. Although there are no studies in children defining the
length of therapy in the case of pyelonephritis, Johnson
and Stamm [36] demonstrated in adults the need to treat
acute pyelonephritis longer (14 days) than cystitis (up
to 7 days).

For the above reasons, every effort should be made to
accurately diagnose acute pyelonephritis in this age group.
Lately, procalcitonin has been advocated as a sensitive and
specific marker for acute pyelonephritis [37–39]. However,
a recent study showed that at a 100% sensitivity, the
specificity was only 42.8% [40].

In summary, our study shows that in patients younger
than 2 years of age with febrile UTI, neither clinical nor
laboratory data will allow an accurate diagnosis of acute
pyelonephritis. Using the available laboratory criteria, the
diagnosis will be missed in a large number of patients. In
addition, many patients with cystitis will be classified as
having acute pyelonephritis. Given the low specificity of
clinical findings and available laboratory tests to define the
site of urine infection in this age group, we recommend
DMSA renal scintigram, when available, as the test of
choice to make the diagnosis of acute pyelonephritis in
these patients.
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