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The Diagnostic Value of Clinical and Radiologic
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= Abstract =

Purpose : Acute pyelonephritis is one of the most common causes of unexplained fever in
children. It may lead to the development of progressive renal damage. However, the detec-
tion of acute pyelonephritis can be difficult, especially in infants. The objective of this study
was to evaluate the diagnostic value of various lab tests and imaging studies for acute renal
parenchymal changes in children with APN. We correlated the clinical and laboratory man-
ifestations of acute pyelonephritis with the imaging studies.

Methods : We reviewed the records of 115 children (85 males and 30 females) who were
hospitalized during the period of January 1998 to December 2002 with initial clinical symp-
toms suggestive of pyelonephritis. The patients’ age, sex, duration of fever, laboratory find-
ings, and causative organisms were compared with the findings of imaging studies (Techne-
tium-99m dimercaptosuccinic acid renal scan, renal ultrasonography, intravenous pyelography,
voiding cystourethrography).

Results : No significant relation between the number of febrile days, leukocyte count, caus-
ative organism, and the renal abnormalities in the imaging studies were observed. On the
other hand, both C-reactive protein and erythrocyte sedimentation rate levels were signifi-
cantly elevated in children with positive dimercaptosuccinic acid renal scan. Furthermore,
females and children older than 1 year presented with significantly higher rate of abnormal
dimercaptosuccinic acid renal scan findings and vesicoureteral reflux presented by voiding
cystourethrography.

Conclusion : We recommend females and children older than 1 year who are suspected of
acute pyelonephritis be evaluated carefully for renal involvement by performing imaging
studies including dimercaptosuccinic acid renal scan and voiding cystourethrography. (J Ko-
rean Soc Pediatr Nephrol 2005;9:201-212)

Key Words : Acute pyelonephritis, Age, Sex, Dimercaptosuccinic acid renal scan, Vesicoure-
teral reflux, Renal damage
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INTRODUCTION

97 Guro-Dong, Guro-Gu, Seoul, 152-703, Acute pyelonephritis (APN) is a common
Korea . . . . ..

Tl : 82-2-818-6128 Fax : 82-2-853-9396 disease in children, especially in infants [1].
E-mail : guroped@korea.ac.kr It has been estimated that approximately 1%
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of boys and 3% of girls will experience a
symptomatic UTI before the 11th year of life
[2]. The diagnosis of APN rests upon clinical
symptoms, pyuria and detection of bacteria
from urine sample. However, in infants, the
diagnosis can be difficult due to nonspecific
symptoms such as jaundice, poor feeding,
irritability and weight loss. In 50-65% of af-
fected children, the
insult of APN

lesions of the renal parenchyma [3,4]. The

inflammation from the
initial produces irreversible
damaged areas of renal tissue are replaced
by fibrous scars and the damage can subse-
quently lead to arterial hypertension and in
most severe cases, renal failure [5]. Studies
in animals have demonstrated that inflamma-
tion has an important role in the pathological
process that involves the local influx of poly-
morphonuclear leukocytes and the release of
cytotoxic metabolites [6] and that renal le-
sions caused by acute febrile urinary tract
infection (UTI) may be prevented or dimin-
ished by early diagnosis and treatment [7].
Therefore, it is very important that we re-
cognize the risk factors for early renal dam-
age in childhood pyelonephritis. Most cases
have supported the fact that the suscepti-
bility of the renal parenchyme varies with
age, with infants under 1 year at greatest
risk, and sex, in that underlying urological
abnormalities are more often seen in males.
Jakobson et al. have shown that one-third of
children with radiological abnormalities have
vesico-ureteric reflux (VUR) [8]. The role of
(Hodson) and the Big
Bang Theory (Ransley) in relation to VUR

intra-renal reflux

are being discussed [9], and in our previous

studies, we have suggested a genetic basis

for VUR by investigating the genetic poly-
morphism of ACE, AT1 and ATZ subtypes
of ANG II receptor genes [10]. The risk fac-
tors for renal involvement in childhood pye-
lonephritis are yet being debated. Since it is
often difficult to determine the renal involve-
ment in urinary tract infections by fever,
flank pain, elevated C-reactive protein (CRP)
values or erythrocyte sedimentation rate
(ESR), which are classically associated with
pyelonephritis in adults, imaging techniques
including Tc-99m  dimercatposuccinic  acid
(DMSA) renal scan, renal ultrasonography
(Us), (IVP)

voidihg cystourethrography (VCUG) are used

intravenous pyelography and
to assess APN. Many reports have claimed
DMSA renal scan to be the best clinically
applicable standard of reference for the diag-
nosis of acute pyelonephritis [11,12]. More-
DMSA renal
portunity to study the progression of renal

over, scan provides the op-
damage and functional loss from the initial
mnsult of APN to the subsequent development
of irreversible renal damage.

The aim of this study was to evaluate the
diagnostic values of various lab tests and
imaging studies for early renal parenchymal
changes in children first admitted for clin-
ically suspected APN. We compared the sen-
sitivities of imaging techniques for the as-
sessment of renal abnormalities and correlated
the clinical and laboratory manifestations of
acute pyelonephritis with the imaging stud-

ies.
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MATERIALS AND METHODS

1. Patients’ characteristics and study
design

A retrospective study was undertaken with
115 consecutive patients admitted to the hos-
pital who had taken DMSA renal scan for
suggested APN. The records of the pediatric
patients aged 0-15 years who were admitted
to Guro Hospital and Anam Hospital, Korea
University Medical Center between January,
1998 and December, 2002 were reviewed. &5
male and 30 female patients were eligible for
the study. They were highly suggestive of
APN (fever>38.57T, white blood cells in urine
=5 per high power field on microscopy and
positive urine culture =10° microorganisms
per mL for voided urine, >10° for suprapubic
collection). To keep possible misinterpretation
due to previous renal scars to a minimum,
we only included children with the first
symptomatic urinary tract infection. All chil-
dren had undergone DMSA renal scan and
renal US, 75 had IVP, and 95 had undergone
VCUG. Those studies not taken were either
because the physician did not order the
study or the patient’s guardians neglected
the order. Prior to evaluating the relations of
patient's age, sex, fever duration, causative
organism, and laboratory results to the find-
ings of imaging studies, the sensitivity of
each imaging study was statistically com-
pared to choose the best parameter for the
detection of renal abnormalities. Children in
the study were divided into two groups as
follows : group I, age less than 1 year and

group I, age greater than 1 year.
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2. Clinical and laboratory assessments

The duration of fever prior to admission
was evaluated for the possible risk factor of
renal damage. For laboratory assessments,
the causative organism confirmed by urine
culture, white blood count (WBC), CRP, and
ESR levels were evaluated. The result of
CRP level was missing in 1 case, and ESR

level in 5 cases.
3. Imaging studies

DMSA renal
after injection of 99mTc-DMSA, taking one

scan was performed 3 hr

posterior, one anterior, and two posterior ob-
lique images by rectangular-headed, rotating
gamma camera (SOPHA DSX, Sopha Medi-
cal Systems, Columbia, MD) with the patient
in the prone position. The fractional left and
right activities were calculated for each kid-
ney after background correction. A kidney
uptake of 45-55% of the total renal activity
was considered normal. The criteria of renal
abnormality were: focal or diffuse areas of
decreased uptake of labeled DMSA or dif-
fusely decreased uptake in an enlarged kid-
ney. DMSA renal scan was performed no
later than 15 days following the diagnosis of
UTI in order to assess the acute lesion.
Renal US was performed by a certified ra-
diologist using HDI-5000 scanner with sector
C8-5 mHz probes for neonates and convex
C5-2 mHz probes for older children. The cri-
teria for renal abnormality were : focal or dif-
fuse parenchymal hyper- or hypoechogeni-
city, loss of corticomedullary differentiation,
pelvic dilatation, parenchymal reduction or in-

crease in renal size.
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IVP was taken with a series of radio-
graphs of the urinary tract at 1, 3, 7, 12, 20,
25 and 30 min after intravenous injection of
contract medium, lobitridol, at the dosage of
1 ml/kg. The criteria of renal abnormality
were : pelvic dilatation, distention of minor
calyx and infundibulum, and loss of minor
calyceal cupping.

VCUG was evaluated for the presence and
grade of reflux. lodinated contrast material
was inserted into the bladder by ureteral
catheterization by a pediatrician. The proce-
dure was performed after the urine culture
was evidently sterilized by at least a week
of antibiotic treatment. As the child voids,
radiographic cystograms, two oblique and
one supine view, were taken spontaneously.
Reflux severity was based on the Interna-
Study

was defined as reflux into a non-dilated ure-

tional Classification : Grade 1 reflux
ter; Grade I was reflux into the upper col-
lecting system without dilatation; Grade I
was reflux into dilated ureter and/or blunting
of calyceal fornices; grade IV was reflux into
a grossly dilated ureter; Grade V was mas-
sive reflux with significant ureteral dilatation
and tortuosity and loss of papillary impres-
Grade I-1II and IV-V

were categorized as low and high grade,

sion. In this study,

each respectively.
4. Statistical analysis

The results were analyzed with chi—square
test, Fischer’s exact test, t test, and rank
sum test. The relations of sex and age with
the imaging studies were mainly tested using
chi-square test, while the other risk factors

were tested by t test and rank sum test, as

needed. A P-value of less than 0.05 was
considered statistically significant. The Sig-

mastat version 2.0 for Windows was used.

RESULTS

1. Patients’ characteristics
(age and sex)

A total of 115 Korean children, 85 males
and 30 females, were enrolled in the study.
The mean age was 12 months. 96 (80 males
and 16 females) were less than 1 year in
age; 19 (5 males and 14 females) were older
than 1 year. In children younger than 1 year,
the frequency of first documented APN was
significantly higher in males than in females
(83.3% in males vs. 16.7% in females, P<
0.05). On the contrary, females were predom-
inant in children older than 1 year (26.3% in
males vs. 73.7% in females, P<0.05).

2. Clinical and laboratory data in

relation to imaging studies

The mean fever duration prior to admis-
sion was 26%39 days (range 1-30). Leuko-
cyte count measured was 13,766i5,697/mm3
(range 3,200-30,500). CRP measured in 114
of the 115 patients was 63£58 mg/L (range
0-222), while ESR measured in 110 of the
115 patients was 44%=32 mm Hg (range 1-
134). No significant differences in the num-
ber of febrile days and leukocyte count in
relation to the renal abnormalities in the im-
aging studies (renal US, IVP, DMSA renal
scan, VCUG) were observed. CRP and ESR
levels were not in relation to the renal ab-
normalities in renal US, IVP, and VCUG.
However, both CRP and ESR levels were

significantly elevated in children with posi-
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tive DMSA renal scan (P<0.001, P=0.044,
respectively) (Table 1).
leukocyte count, CRP, and ESR levels show-

The fever duration,

ed no relation to the positive findings of fol-
low—up DMSA renal scan which suggests
scarring of renal parenchyma as opposed to
acute transient inflammation.

3. Bacterial pathogen in relation to

imaging studies

The causative organisms of APN were
evaluated to compare the influence of each
organism’s virulence on renal damage. E.coli
was the infecting agent in 105 (91.3%) chil-
dren and K. pneumoniae in 5 (4.4%), Entero-
bacter in 2 (1.7%), K. oxytoca in 2 (1.7%),
Enterococcus in 1(0.9%) composed the rest.
The organisms were divided into two groups;
E-coli group and non-E-coli group. No sig-
nificant relation, however, was found between
the two groups and the findings of imaging
studies. Age and sex were not in relation to

the causative organisms, as well.

4. Renal US in relation to age and sex

Of the 115 children who had taken renal
US, 37 (32.1%) showed renal abnormalities.
28 of 85 (32.9%) males and 9 of 30 (30%)
females had positive sonographic findings. 34
of 96 (35.4%) in age group I and 3 of 16

(18.7%) in group II had positive findings.
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The findings on renal US had no relation to

age or sex.

5. IVP in relation to age and sex

Of the 75 children who had taken IVP, 21
(28.0%) had abnormal findings. 14 of 55 (236
%) males and 8 of 20 (40.0%) females had
positive findings. 13 of 58 (22.4%)
group I and 8 of 17 (47.0%) in group II had
positive findings. The findings on IVP had

in age

no relation to age or sex.

6. DMSA renal scan in relation to
age and sex

Of the 115 children who had taken DMSA
renal scan during the acute phase, 53 (46.0
%) had findings consistent with APN; 40
had unilateral, 13 had bhilateral changes on
renal scan. Follow-up DMSA renal scan was
performed within 6 months in 44 of 115 chil-
dren for the evaluation of prolonged renal
damage or scar; 13 of 44 (29.5%) children
with initial renal damage showed persistent
lesions. On the initial DMSA renal scan, 33
of 85 (38.8%) males and 20 of 30 (66.6%) fe-
males had positive findings; females had a
significantly higher proportion of renal paren-
chymal damage on DMSA renal scan (P=
0.014) (Fig. 1). 38 of 96 (39.5%) children in
age group [ and 15 of 19 (78.9%) in group II
were positive for APN by DMSA renal scan;

Table 1. Summary of Laboratory and Clinical Data Expressed as Mean and Standard Dev1dt10n in
Comparison to Tc-99m Dimercatposuccinic Acid Renal Scan

DMSA positive DMSA normal P value
Number of patients 53 62
Duration of fever (days) 29%50 23128 >0.05
C-reactive protein (mg/dL) 88+65 43+40 <0.001
Erythrocyte sedimentation rate (mm/h) 51£34 38+28 0.044
White blood count (WBC/mm3) 14,243£6,129 13,358+5,317 >0.05
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Fig. 1. Comparison of Dimercaptosuccinic acid
(DMSA) renal scan findings by sex in children
with clinically suggested APN.

older groups had significantly higher propor-
tion of positive findings (P=0.004) (Fig. 2).
However, positive findings on follow—up
DMSA renal scan were not related to age or
sex. Furthermore, the DMSA renal scan find-
ings were evaluated in 4 different combina-
tions of groups by sex and age. As a result,
the rate .of positive findings on the initial
DMSA renal scan was significantly higher in
the group of children who are concurrently
female and older in age (age group II); 12 of
14 (85.7%) children who are female and in
age group II, 3 of 5 (60.0%) who are female
and in age group II, 8 of 16 (50.0%) who are
male and in age group II, and 30 of 80 (37.5
%) who are male and in age group I, show-
ed positive findings consistent with APN in
DMSA renal scan (P=0.008).
findings on follow-up DMSA

were not significantly related to

The positive
renal scan,
however,

such combination groups.
7. VCUG in relation to age and sex

Of the 95 children who had taken VCUG,
21 (22.1%) had VUR; high and low grade re-
flux in 13 (13.6%) and 8 (8.4%), each respec-
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Fig. 2. Comparison of DMSA renal scan find-
ings by different age groups in children with
clinically suggested APN.
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Fig. 3. Comparison of AVCUG findings by sex in
children with clinically suggested APN.

tively. 11 of 72 (15.2%) males and 10 of 23
(43.4%6) females had positive findings; females
had a significantly higher proportion of renal
abnormality on VCUG (P=0.018) (Fig. 3). 13
of 79 (16.5%) in age group I and 8 of 16 (50
%) in group II had positive findings; children
older than 1 year had significantly higher
proportion of renal abnormality (P=0.013)(Fig.
4). VCUG findings were further evaluated in
4 different combination groups by sex and
age. As a result, 7 of 13 (53.8%) children
who are female and in age group II, 3 of 10
(30.0%) who are male and in age group II, 1
of 3 (33.3%) who are female and in age
group I, and 10 of 69 (14.5%) who are male
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Fig. 4. Comparison of VCUG findings by differ-
ent age groups in children with clinically sug-
gested APN.
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Fig. 5. Comparison of positive finding rates of
different imaging studies in children with clini-
cally suggested APN.

and in age group I, showed positive findings.
The results, however, were not significantly

related to such combination groups.
8. Comparison of imaging studies

From the imaging studies, DMSA renal
scan presented with the highest rate of posi-
tive findings in children with clinically sug-
gested APN (Fig. 5). The DMSA renal scan
findings were each compared with other im-
aging studies by chi-square. As a result, not
much relation was found with renal US or
IVP. Of the children who had undergone
both studies, only 19 of 115 (165%) and 14

A9 A 2E 20054

of 75 (18.6%) were positive for both studies,
respectively. On the other hand, 17 of 95
(17.8%) children had positive findings for
both DMSA renal scan and VCUG and their
findings were significantly related (P<0.05).
Moreover, DMSA renal scan findings were
significantly related to VCUG by grade (P<
0.05). Of the 13 children who had low-grade
reflux by VCUG, 9 (69.2%) had positive find-
ings of DMSA renal scan, whereas, of the 8
children who had high-grade reflux, all 8
(1009%) had positive findings. 31 of 74 (41.8
9%) children without reflux had positive find-

ings on DMSA renal scan.

DISCUSSION

As the diagnosis of APN is often difficult
in neonates and infants, the risk factors of
pyelonephritis, reliability of the diagnostic pa-
rameters, and the “gold standard” method for
diagnosis are still being debated. The retro-
spective study we present was addressed to
evaluate the risk factors of early renal
damage in childhood after first APN.

There have been various Imaging studies
performed for the evaluation of APN in chil-
dren, including renal US, IVP, DMSA renal
scan, and VCUG. In this study, the children
with clinical and laboratory manifestation of
pyelonephritis showed the highest positive
rate of abnormal findings in DMSA renal
scan, suggesting DMSA renal scan to be the
most sensitive imaging study- to assess renal
parenchymal lesion (DMSA renal scan 46.0%,
renal US 32.1%, IVP 28.0%, VCUG 22.1%).

DMSA renal scan has emerged as the im-

aging study of choice for the early detection
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and evaluation of APN in many recent stud-
ies [13, 14].

The relation of patients’ laboratory results
with the findings of imaging studies were
evaluated, and as a result, both CRP and
ESR levels were significantly elevated in
children with- positive DMSA renal
Ghiro et al [15] reported that children with

evidence of scars on DMSA scan had sig-

scan.

nificantly higher levels of CRP, therefore
suggesting a high risk of parenchymal in-
volvement and the development of scar le-
sions in febrile children with UTI and in-
creased CRP.

It has been generally accepted that the in-
flammatory reactions are especially harmful
in children during the period when the
growth of the kidney is most rapid and that
infants are more prone to develop permanent
damage [16-18].
renal parenchyma increases and the forma-

renal The resistance of
tion of scar is thought to be less common in
the older children [19-21]. Recent data, in-
cluding the study results that we propose,
however, call in question our previous knowl-
edge in this field. In studies most often re-
ferred to in this respect, renal sequelae from
various pathophysiological entities may have
been lumped together under the terms of re-
nal scarring and reflux nephropathy [22, 23].
Benador et al [24] reported that scarring
was more common in children above 1 year
of age than in those below this age. Lin et
al [25] reported that APN was more common
in older children with equal prevalence of
renal scarring after APN in three different
signifi-

age groups. Our study revealed a

cantly high positive rate of abnormal DMSA

findings in older children who were clinically
suspected for APN, particularly in those old-
er than 1 year. This may be due to the du-
ration required for scars to develop or
because renal scars have developed as a re-
sult of previously unrecognized pyelonephritis
that were mistaken for other febrile illnesses.
The different criteria for admission in infants
and older children might be another contrib-
uting factor to the result. Ilyas et al [26]
reported that APN correlates better with the
DMSA renal scan finding in older children
than in younger children, and that it may be
due to the fact that older children are better
able to relate their symptoms. We suggest
the possibility that all children with APN run
a risk of renal scarring. It seems appropriate
to perform DMSA renal scan in all children
clinically suggestive of APN, regardless of
age. Moreover, our study showed a higher
rate of reflux in children over 1 year in age.

Lin et al [25] reported that although se-
vere renal infection can result even in the
absence of VUR and the presence of VUR
by itself does not necessarily imply an acute
renal infection, VUR, especially high grade
reflux, continues to be one significant risk
factor in the etiology of childhood pyelone-
phritis. Howard et al [27] reported the pres-
ence of VUR in 39% of symptomatic Chinese
children with UTI In addition, the results of
our study were in accordance with many
other reports that noted the increased risk of
renal scarring with the grade of VUR [28].
The positive rate of DMSA renal scan in-
creased as the grade of VUR increased
(VUR; no reflux 41.8%, grade I-II 69.2%,

grade IV-V 100%, P<0.05).
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The highest incidence of urinary tract in-
fection 1s known to occur in the first year of
life, with a strong male predominance [29].
In our study, the frequency of first docu-
mented febrile UTI in children younger than
1 year was higher in males, whereas in older
children, the frequency was higher in females.
Lin et al [27] reported that both febrile UTI
and APN were more prevalent in males un-
der 1 year and females over 1 year. Different
contributing factors may play roles in such
phenomenon. Rushton and-Majd [30] showed
a disproportionately high frequency of uncir-
cumcised male infants among the male in-
fants with febrile urinary tract infection.

Host factors, such as the inner nonkera-

tinized epithelium of the foreskin, create a
moist reservoir for uropathogens and once
the prepuce is colonized, the bacteria can as-
cend the urinary tract infection and cause
UTL Other studies have reported that male
infants have a higher incidence of urodyna-
mic abnormalities [31,32]. Gobet et al. [33]
explained this finding by the higher resis-
tance of the long male urethra and the nar-
rower male meatus as well as anatomical
differences in the configuration of the exter-
nal urethral sphincter. The short urethra and
voiding habits of females may contribute to
the higher incidence of UTI in older age.

In our study, contrary to the high preva-
lence of male infants with clinically suggested
APN,
higher rate of abnormal DMSA findings and
reflux  (VUR)
VCUG. Previous studies related age below 1

females presented with significantly

presented by

vesicoureteral

yvear and male gender to an increased fre-
quency of VUR [34, 35]. However, Zaki et al

ekaobalgsrs] Al A9 A A2 5 2005

reported that males had a lower risk profile
than females, the latter having a higher rate
of reflux as well as a higher rate of abnor-
mal DMSA scans [36]. Notably, performing
DMSA scans and VCUG according to the
assumption that male infants are more likely
to show abnormal findings may lead to in-
correct interpretations of the patient’s status.
The small number of older female patients
may have had some influence over the re-
sults in our study, but such results were
statistically significant and should be taken
into consideration more or less.

In conclusion, this study demonstrates that
children who have DMSA renal changes on
initial scanning, whether they were congen-
ital or acquired in origin, were more likely to
develop APN and that DMSA renal scan and
VCUG showed higher positive rates of abnor-
malities in females and in older children. The
radiological evaluation of urinary tract after
the clinical suspicion of APN should not be
limited to male infants or children of young-
er age, particularly if CRP or ESR level is
markedly increased. We recommend female in-
fants and children older than 1 year who are
suspected of having APN be evaluated for re-
nal involvement by performing imaging stud-
ies including DMSA renal scan and VCUG.
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