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ABSTRACT

Seventy six infants and children with febrile urinary tract infection ( UTI) were stud-
fed aiming at investigating the most reliable imaging approach for febrile UTI and to
evaluate the reliability of clinical and laboratory diagnosis of acute pyelonephritis (APN)
versus imaging diagnosis using renal scan with dimercaptosuccinic acid labeled with
technetium 99 (99mTc-DMSA) as standard reference. Positive radiological findings
were documented in 36 out of the 76 studied patients (47.37%). Out of the 76 studied pa-
tients APN was confirmed in 28 patients (36.84%) by 99mTc-DMSA scanning . Renal ul-
rasonography (US) detected upper urinary tract abnormalities in 19.74% (15/76) of pa-
tients , all of them had DMSA positive scan for APN. Micturating cystourethrography
(MCUG) demonstrated vesicoureteral reflux (VUR) in 23.68 % (18/76) patients. Positive
DMSA scan for APN was documented in 61.11% (11/18) of patients with VUR.

The sensitivity of US compared to 99mTc-DMSA scan for detection of acute renal pa-
renchymal changes was 53.57%, the specificity was 100% and the accuracy was 76.79%.
Compared to 99mTc-DMSA scan , clinical and laboratory diagnosis of APN had a sensi-
tivity of 67.85%, specificity of 72.92% and accuracy of 70.39%. In conclusion: the diag-
nosis of APN among infants and children with febrile UTI based on clinical and labora-
tory observations is insufficient and requires imaging studies. The three imaging
modalities chosen are complementary and are needed for establishing a diagnostic ap-
proach for childhood UTI. The results of this study also emphasize the value of 99mnTc-
DMSA scintigraphy in the initial evaluation of febrile UTI.

INTRODUCTION
Urinary tract infection (UTI) is one of 7.5% (Crain et al 1990, Hoberman et al
the most common serious bacterial diseas- 1993) . While UTI in general cause dis-
es among infants and young children, with comfort o patients and expense to the

a reported prevalence between 4.1% and family, pyelonephritis can damage the
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kidneys, leading to complications such as
renal scaring that can lead o chronic hy-
pertension and eventually renal insuffi-
ciency (Holand et al 1990, Conway and
Cohen 1994).

Early and accurate diagnosis of acute
pyelonephritis (APN ) among children
with febrile UTI is of extreme importance.
Accurate diagnosis together with prompt
antibiotic therapy may reduce the inci-
dence of scaring and complications of
APN . At the same time if APN could be
excluded at the onset, therapy could be
significantly reduced and hospital stay
could be minimized ( Heldrich 1995).

The differentiation of APN from lower
UTT on the basis of clinical and laboratory
findings is difficult, especially in children
(Busch and Huland 1984, Winberg 1980).
Ditferent imaging modalities for the uri-
nary tract are avialable. Three of these
modalities are commonly uscd nowadays
in the diagnosis of UTI these are, renal ul-
rasonography (US ), micturating cystou-
rethrography (MCUG) and rcnal cortical
scintigraphy with dimercaptosuccinic acid
labeled with lechnetium 99m (99mTe-
DMSA). Renal ultrasonography (US) has
become the examination of the first

choice, it is non invasive and should be
able to detect abnormalities demanding
surgical corrcction (Sherwood and Whi-
take 1984, Jequire et al 1985). Micturating
cystourethrography (MCUG) is the only
method to detect vesicoureteral reflux
(VUR). Renal cortical scintigraphy with
dimercaptlosuccinic acid labeled with
technetium 99m (99mTc-DMSA) has
been shown to be more sensitive than TV
vrography (IV1) in visualization of renal
parenchyma and detection of renal scars,
in addition information on the relative
function of the kidneys can be obtained(
Rickwood et al 1992). 99mTc- DMSA
scan is now widely used to confirm the
diagnosis of APN in adults and children
(Jakobsan et al 1992, Connor, 1995).

This study was conducted aiming at
assessing the value of the three chosen im-
aging modalities in ¢stablishing a diagnos-
tic approach to childhood febrile UT], as
well as to determine the prevalence of
APN in children with febrile UTI using
99mTc-DMSA scan as the reference diag-
nostic technique. The study also aimed at
evaluating the diagnostic accuracy of clin-
ical and laboratory findings used for diag-
nosis of APN compared to renal DMSA
scan .

PATIENTS & METHODS

One hundred and three infant and children
with febrile UTT were recruited from the
pediatric clinics of Ain Shams university
hospitals. Inclusion criteria included:

1. Fever (body temperature >38 0 C) to-
gether with one or more symptoms of
UTL vomiting, , poor feeding, lethar-
ay, irrilability, malodorous urine i in-



fants, dysuria, frequencey, enuresis,
hematuria, abdominal pain in older
children.

2. One orc more urine culture of a single
organism >100.000 Col/ml in a clcan-
catch specimen or >10.000 Col/ml in a
catheter specimen.

Patients were subjected to the following:

1. Through history and clinical examina-
tion.

2. Laboratory studies including: complete
blood count (CBC) , erythrocyte sedi-
mentation rate (ESR) estimation by
Westergren method, C-reactive protein

(CRP) determination by nephelome-
(ry, urine analysis and culture for iden-
tification of the causative organism,
the blood urea nitrogen and serum
creatinin were also measured.

Upper UTI was considered if the follow-

ing criteria were present:

* Signs and symptoms suggestive of up-
per UTT including fever, vomiting, ab-
dominal tenderness in infants or renal
angle tenderness in older children

* Two of the following abnormal labora-
tory investigations: increased leucocyt-
ic count higher than normal for age, el-
cvated CRP >10 mg/dl and elevated
ESR > 25mm/h.

Lower UTI was considered if the
above 3 laboratory criteria were normal.
Non-classifiable were used it only one la-
boratory criterion was normal (Jodal et al

1975).
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3. Imaging study of the urinary (ract in-
cluded: renal ultrasonography (US ),
renal cortical scintigraphy with dimer-
captosuccinic acid labeled with tech-
netivm 99m  (99mTc-DMSA) and
micturating cystourethrography
(MCUG). Renal US and 99mTc-
DMSA scan were performed in all
studied cases within few days of com-
mencing antibiotic treatment for the
UTI, MCUG was done at least one
month after the treatment of the UTL.

* Renal UJS was performed without fluid
restriction using a 5-MHZ sector
phased array scanner (Aloka 2000 and
Toshiba 270a). Children were exam-
ined in the supine position. The kid-
neys were evaluated for size, shape,
echogenicity, hydronephrosis, cortical
scars, and other structural abnormali-
ties.

* Renal cortical DMSA scan were ob-
tained 3 hours after intravenous injec-
tion of an age adjusted 99m TC-
DMSA (minimum dose 20 MB(, max-
imum dosc 100 MBq). Examination
was performed with a  rectangular
gamma camera ( Sophy DSX , Gener-
al Electric) with a low energy , all -
purpose collimator coupled to a com-
puter. Scans were taken in the poste-
roanterior and right and left oblique
views (o visualize the parenchyma, in
order to detect evidences of APN and
cortical scaring. IN addition general
evaluation for renal size, shape, loca-



tion and differential function were
done. The criterion for APN was the
presence of area of focal or diffuse de-
creased cortical uptake of 99mTc-
DMSA without evidence of cortical
loss. Defects in uptake associated with
cortical thinning and decreased vol-
ume were considered chronic scars
(Verber et all 1988).

* Micturating cystourethrography
(MCUQG) were performed after bladder

catheterization using iodinated water
soluble diluted contrast medium. The
cystograms were evaluated for the
presence and grade of reflux by using
the International grading system 1988,

Only 76 out of the 103 case of esta-
blished febrile UTI completed the three
imaging techniques and were considered
as our study group. Results were analyzed
statistically using SPSS computer pro-
gram ( Chicago-USA).

RESULTS

Results are illustrated in tables (1 - 4 )
and figures (1-2)
1) Study population

Seventy six infants and children with
established febrile UTI were included in
the study. They were 29 infants (16 males
and 13 females), their age ranged from 4
months to two years ( mean 14 * 5.7
month ) and 47 children (10 males and 37
females) ,their age ranged from >2years to
12 years ( mean 5.96 = 2.23 years) (table
1). The sex distribution did not differ sig-
nificantly among studied infants (P>0.05),
while in the group of children studied a
statistically significant sex distribution
was encountered with a female predilec-
tion ( p<0.01).

2) DImaging results

Urinary abnormalities were detected in
36 out of the 76 studied patients (47.37%)
by the different radiological techniques
used as shown in table ( 2).

A) Renal DMSA scan findings: 99mTc-
DMSA scan revealed APN in 28 out of
the 76 studied patients (36.84%). They
werel?2 infants and 16 children, ( 11
males and 17 females). 92.85% (26/
28) of patients with positive DMSA
scan for APN were below the age of 5
years compared to 64.58% (31/48) of
patients with negative DMSA scan
.The difference was statistically signif-
icant P< 0.01 (table 3) . Unifocal le-
sions were present in 19 and multifo-
cal involvement was present in 9
patients. Bilateral involvement was no-
ticed in 7 patients. Cortical scaring
was present in 5 patients, all of them
had also APN. ( table 2).

B)Micturating cystourethrogram findings:
vesicoureteral reflux (VUR) was de-
tected in 18 out of the 76 studied pa-
tients (23.68%). Eleven out of these18
patients (61.11%) had significant
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VUR ( 5 with grade III, 4 with grade
IV and 2 with grade V). All had posi-
live DMSA scan for APN. Hydro-
nephrosis was detected by renal US in
9 out of these 11 patients (81.81%)
Negative DMSA scan and renal US
studies were encountered in the rest of
patients 7/18(38.88%).All 7 patients
had minor grades of reflux ( 5 with
grade I VUR and 2 case with grade II
VUR).Reflux was bilateral in 44.44%
(8/18) and unilateral in 55.56% (10/
18) (table 2). The prevalence of re-
flux was 22% (11/50) in female pa-
tients and 26.92% (7/26)in male pa-
tients. The difference was statistically
insignificant P>0.05. The prevalence
of reflux was 39.28% (11/28) in the
group of patients with positive DMSA
scan for APN and 14.58% (7/48) in the
group of patients with negative DMSA
scan for APN. The difference was sta-
tistically significant (p<0.01).

Renal ultrasonographic findings: ab-
normal renal sonograms were detected
in 15 out of the 76 studied patients
(19.74%), all of them had positive

DMSA scan for APN. Nine out of

these 15 patients ( 60%) had bilateral
hydronephrosis with increased paren-
chymal echogenicity. All of them had
VUR as detected by MCUG. .Six out
of the 15 patients with abnormal renal
sonograms(40%) had focal areas of in-
creased echogenicity of renal paren-
chyma without change in kidney size
(table 2). The sensilivity of renal US
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compared to 99mTc-DMSA scan in
detection of renal parenchymal inflam-
matory changes was 53.57% (15/28)
while the specificity was 100% (48/48)
and the accuracy was 76.79%.

3. Clinical and laboratory results versus

99mTc- DMSA scan findings: Initial
maximum body temperature ranged
from 38 to 410 C (mean 39.1 £ 0.9°C).
78.57% of patients with positive
DMSA scan for APN had body tem-
perature higher than the mean value
compared to 41.66% of patients with
negative DMSA scan the difference
was statistically significant p<0.05.
85.71% of patients with positive
DMSA scan for APN had a duration of
fever more than 5 days compared to
39.58% of the negative scan group, the
difference was statistically significant,
p<0.05. The initial peripheral leuco-
Lyle count ranged from 7.30 to 38 10
10711 ( mean value 18.60 * 6.30 10” n.
75%of patients with positive DMSA
scan for APN had a mean leucocytic
count higher than 18.6 109/1 compared
to 37.5% of patients with negative
DMSA scan , the difference was statis-
tically significant, p<0.01. CRP ranged
from 6 - 88 mg/dl ( mean 28 + 9.4 mg/
dl) . 71.43% of patients with positive
DMSA scan for APN and 25% of
DMSA scan negative group had CRP
>10 mg/dl the difference was statisti-
cally significant, p<0.01. ESR ranged
from 11 - 75 mm/h (mean 389 + 7.3).
85.72% of paticnts with posilive
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DMSA scan for APN had ESR higher
than 25 mm/h compared to 22.92% of
DMSA scan negative group. The dif-
ference was statistically significant,
p<0.01, (table 3).

The organisms isolated from the urine
cultures of the 76 studied paticnts were as
follow: Escherichia coli (E.coli) in 60 pa-
tients, Klebsiella species in 8 patients,
Proteus in 4 patients, Pseudomonus in 2
patients and citrobacter in 2 patients.
92.85% of patients with positive DMSA
scan for APN had E-coli in their urine cul-
tures compared to 70.83% of scan nega-
tive patients .The difference was statisti-
cally significant, p<0.01, (table 3 ).

Clinical manifestations were rarely
distinctive in the 29 studied infants, all
had fever and 20 of them ( 68.96%) had
also vomiting . 99mTc-DMSA scan
proved the diagnosis of APN in only
41.38% (12/29 )Yof infants studied. In the
whole group of studied infants and chil-
dren vomiting was present in 67.85% (19/
28) of patients with positive DMSA for
APN(12 infants and 7 children) compared
to 43.75% (21/48) of patients with nega-
tive DMSA study ( 8 infants and 13
child). The difference was statistically sig-
nificant, p<0.05, (table 3) Abdominal
and renal angle tenderness were elicited in
12 out of 16 children (75%) with positive
DMSA scan for APN compared to 14 out
of the 31 child with negative DMSA study

(45.16%). The difference was statistically
significant, p<0.05, (table 3). Symptoms
of bladder irritability ( frequency, dysuria,
suprapubic pain and secondary enuresis)
were found in 36 out of 48 studied chil-
dren (76.50%), 16 of these patients had
positive DMSA scan for APN. Sensitivity,
specificity , and accuracy of different
studied clinical and laboratory parameters
used for diagnosis of APN were calculat-
ed in relation to 99mTc-DMSA scan diag-
nosis as a standard reference (table 4 ) .

Using the combined clinical and la-
boratory criteria for diffrentiation between
upper UTI (APN) and lower UTI accord-
ing to the method of Jodal et al 1975,
APN was diagnosed in 32 out of the 76
(42.11%) studied patients. They were 15
infants and 17 children. Lower UTI was
diagnosed in 28 (36.84%) patients, they
were 3 infants and 25 children. The re-
maining 16 (21.05%) patients could not be
classified, they were 11 infants and 5 chil-
dren.

Out of the 32 patients diagnosed clini-
cally as APN only 19(59.39%) had posi-
tive DMSA scan for APN. Nine out of the
16 patients (56.25%) who could not be
classified clinically using Jodal criteria
had positive DMSA scan for APN .Thus
clinical diagnosis of APN had a sensitivity
of 67.85% (19/28), specificity of 72.92%
(35/48) and accuracy of 70.39% compared
t099mTc-DMSA scan diagnosis.( table 3).
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Table (1) Age and sex distribution among studied patients

Age Males Females Total
4 months-2 years 16 (21.05%) 13 (17.11%) 29 (38.16%)
>2 - 12 years 10 (13.16%) 37 (48.68%) 47 (61.84%)
Total 26 (34.21%) 50 (65.79%) 76 (100%)

Table (2) Urinary abnormalities detected in 76 infants and children with febrile UTIL.

Imaging technique Abnormality NO (%) Comments
of patients
Decreased cortical *28 (36.84%) | * bilateral involvement
uptake of " Tc-DMSA in 0.25% (7/28) of pa-
Without cortical loss(= tients
positive DMSA scan for
APN)
PN L DMSA scan
a) unifocal 19
b) multifocal 9

Decreased cortical
uptake of " Tc-DMSA
with cortical loss

(= scaring)

* 5 (0.066%)

* All had positive
DMSA scan for APN

VUR * 18 (23.68%) | * 11 paticnts had
Grade NO positive DMSA scan

L. 5 for APN (61.11%)

IL 2 * 9 patients had

IIL. S hydronephrosis

MCUG V. 4 detected by US.

V. 2 * 8 patients had bilat-
eral VUR worse grade
of reflux was liswed
when non-concordant
(3 patients

Abnormal renal US. *15(19.74%) | * all had positive
DMSA scan for APN.
A) Hydronephrosis with **Q
increased echogenicity. ** all the 9 patients
Renal US B) Increased 6 had VUR

echogenicity without
change of kidney size
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Table (3) Clinical and laboratory characteristics of patients with

positive (+ve) and negative (-ve) DMSA scan.

urine culture

Characteristics DMSA +ve DMSA -ve Significance
(No & %) No =28 No =48
sex (M/IF) 11/17 (64.70%) 15/33 (45.45%) P> 0.05
Age<Sys 26/28 (92.85%) 31/48 (64.58%) P<0.01
Ty > 39.1°C 22/28 (78.57%) 20/48 (41.66%) P <0.01
Fever > 5 days 24/28 (85.71%) 19/48 (39.58%) P<0.01
Vomiting 19/28 (67.85%) 21/48 (43.75%) P <0.05
Renal / abdominal 12/16 (75%) 14/31 (45.16%) P < 0.05
tenderness
WBC count > 18.60 21/28 (75%) 18/48 (37.50%) P<0.01
x 109/1
CRP > 10 mg/dl 20728 (71.43%) 12/48 (25%) P <001
IESR > 25 mm/h 24/28 (85.72%) 11/48 (22.92%) P<0.01
Positive E-Coli 26/28 (92.85%) 34/48 (70.83%) P<0.01

P> 0.05 = Non significant, P < .05 = S ignificant, P < 0.01 = Highly significant.

Table (4) Sensitivity, specificity and accuracy of studied clinical and laboratory

parameters used for clinical diagnosis of APN

criteria

Parameter Sensitivity Specificity Accuracy
* Tiax > 39.1°C 78.57% (22/28) 58.33% (28/48) 68.45%
WBC count > 18.60 T5% (21/28) 62.50% (30/48) 6R.75%

x 10971
CRP > 10 mg/dl 71.43 (20/28) 75% (36/48) 73.22%
ESR > 25 mm/h 85.72% (24/28) 77.10% (37/48) 81.40%
Vomiting 67.85 (19/28) 56.25% (27/48) 62.05%
Renal / abdominal 75% (12/16) 54.84% (17/31) 64.62%
tenderness

Combined Jodal 07.85% (19/28) 72.92% (35/48) 70.93%
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Fig (1) A male child 1.5 years old presented with febrile UTI, Renal US shoWing bilateral hydroneph-
rosis more in the left (B) than the right (A), with diffuse increased echogenicity of the renal
parenchyma. Posterior view on DMSA scan (C ) reveals a band of perfusion defect in the
wniddle part of the left kidney and in the lower part of the right kidney (arrow heads). MCUG
(D) confirms the presence of VUR grade V,more sever on the left side.
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Fig (2) A case of febrile UTI , Posterior view on DMSA scan at diagnosis reveals scar in the lateral
aspect of the left kidney (arrow head) and impaired uptake in the lower half of the right kid-
ney
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DISCUSSION

Bacterial infections of the urinary tract
are a significant causc of illness in infants
and children, ranking sccond in frequency
only to bacterial infection of the respirato-
ry tract ( (Stickler 1979, Hoberman et al
1993). Despite the frequency with which
UTT is diagnosed, treatment results, as de-
termined by recurrence rates are poor (
Heldrich 1995).Physicians may share re-
sponsibility for this through delayed diag-
nosis and inadequate evaluation, treatment
and follow up. Prompt, accurate diagnosis
followed by a through evatuation of the
patient should result in better management
and fewer recurrences, relapses or compli-
cations (Vickers et al 1991).

Of great concern to physicians who
care for children are that the incidence of
UTT is highest in the first several years of
life and that the initial infection is usually
pyclonephritis( Jodal 1987, Roberts ct al
1990). The results of this work confirm
the previous statement, 92.85% of paticnts
with positive DMSA scan for APN werc
below the age of § years.

In this work the three chosen imaging
modalities were able to direct the diagnos-
tic approach of febrile UTI. Thirty six out
of the 76 studied patients (47.37%) had
abnormal radiological findings. In this
study 99mTc-DMSA scan was used as the
standard reference for diagnosing APN.
99mTc-DMSA scan proved to be the most
sensitive examination for detection and
localization of acutc inflammatory chang-

¢s of APN (Rosenberg et al 1992). Rush-
ton ¢t al 1988 evaluated the reliability and
accuracy of 99mTc-DMSA scan for de-
tection of experimental APN in piglets by
comparing scan results with strict histo-
pathological criteria. They found 99m Tc-
DMSA cortical scan to be highly reliable
in detection and localization of acute in-
flammatory changes of APN, with a sensi-
tivity of 91% and 100% specificity, fur-
thermore the only undetected lesions were
grossly inapparcnt microscopic clusters of
inflammatory cells involving less than 1%
of renal parenchyma. Accordingly
99mTc-DMSA scan was used in  this
study as the standard reference for diag-
nosing APN. A positive DMSA scan for
APN was documented in 28 out of the 76
studied patients with febrile UTI
(36.48%). Compared to 99mTc-DMSA
scan renal US was {found to be less accu-
ratc in detection of renal parenchymal in-
flammatory changes of APN. The sensi-
tivity of renal US was modest ( 53.57%),
while the specificity was (100%). This
high specificity signifies that abnormal ul-
trasonographic results always merit fur-
ther investigations. These results are in
agreement with the studies done by Glee-
son and Gordon 1991, who found that
99mTc-DMSA scan was more superior
than renal US in detecting upper renal de-
fects.

The results of this work also confirm
that MCUG is the only reliable technique
{or detection for VUR. Qut of the 76 stud-
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ied patients VUR was detected in 18 pa-
tients (23.68%). Seven (38.88%) of these
patients had only VUR without any other
abnormalities detected by 99mTe-DMSA
scan or renal US. All the 7 patients had
mild grades of reflux (5 grade I and 2 with
grade II). Several studies have document-
ed that looking for VUR is of little value
if there is no renal cortical; defect, scars or
impairment of renal function (Verber ct al
1988, Jakobson 1992 et al, Rosenberg et
al 1992) . All the 11 patients with signifi-
cant reflux had positive DMSA scan for
APN and 9 of them had also hydronephro-
sis detected by renal US. Thus combina-
tion of renal US and 99mTc-DMSA scan
identified all patients with significant re-
flux. These results suggest that not all
young children presenting with UTI re-
quire MCUG . Renal US and carly
99mTc-DMSA scan studies could be used
as a reliable noninvasive screening o de-
termine which children need to perform
MCUG. However, in patients with nega-
tive ultrasongraphic and DMSA scan stud-
ies repeated UTI is an indication for
MCUG.

The results of this work emphasize the
role played by VUR and E-Coli infection
in the pathogenesis of APN. The preva-
lence of VUR was significantly higher
(39.28%) in patients with positive DMSA
scan compared to those with negative
DMSA scan (14.58%%) ,( p<0.01). .

92.85% of patients with positive DMSA
scan for APN had E-coli in their urine cul-
ture compared to 70.83% of scan negative
patients .the difference was statistically
significant,( p<0.01).These results are in
agreement with work done by several au-
thors (Lerner et al 1987, Isracl et al 1987
and Hoberman ¢t al 1994),

The results of this work show that dif-
ferentiating upper from lower UTI based
solely on clinical and laboratory findings
is insufficient. Acute pyelonephritis was
correctly picked up by the combined clin-
ical and laboratory criteria in only
67.85% of patients with positive DMSA
scan for APN, also 56.25% of patients
who could not be classified clinically us-
ing these criteria proved to have APN
by DMSA scan . Thus, the sensitivity of
the clinical diagnosis of APN using these
criteria compared to DMSA scan diagno-
sis was 67.85% ,the specificity was
72.92% and accuracy was 70.93%.

IN conclusion: the dilfrentiation be-
tween upper and lower UTI based on clin-
ical and laboratory findings is inaccurate.
The (hree imaging modalities chosen in
this study are complementary and are
nceded in establishing a diagnostic ap-
proach for childhood UTIL. The results of
this study also emphasize the value of
99mTc-DMSA scintigraphy in the initial
evaluation of febrile UTL
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