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ABSTRACT 

Seventy six infants and children with febrile urinary tract infection ( UTI) were stud- 
ied aiming at investigating the most reliable i ~ n q i n g  approach for febrile UTI and to 
evaluate the reliability of clinical and laboratory diagnosis of acute pyelonephritis (APN) 
versus intaging diagnosis using renal scan with dirnercaptosuccinic acid labeled with 
technetium 991n (99mTc-DMSA) as stmdard reference. Positive radiological findings 
were documented in 36 out of the 76 studied patients (47.37%). Out of the 76 studiedpa- 
tients APN was confir~ned in 28patienb (36.84%) by 991nTc-DMSA scanning. Renal 111- 
rasonography (US) detected upper urinary tract abnormnlities in 19.74% (15176) 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 co~npared to 99nzTc-DMSA scan for detection of acute renalpa- 
renchy~ml changes was 53.57%, the specifici& was 100% and the accuracy was 76.79%. 
Co~npared to 991nTc-DMSA scan, clinical and laboratory diagnosis of APN had a sensi- 
tivity of 67.85%, specificii 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 Inbora- 
tory observations is insufficient and requires i~naging studies. The three imaging 
~nodalities chosen are co~nplernentary and are needed for establishing a diagnostic ap- 
proach for childhood UTI. The results of this study also e~nphasize the value of 99mTc- 
DMSA scintigraphy in the initial evaluation of febrile UTI. 

INTRODUCTION 

Urinary tract infection (UTI) is one of 7.5% (Crai11 et a1 1990, Hobennan et a1 
the most co~nmon serious bacterial diseas- 1993) . While U'IT in generd cause dis- 
es among infants and young children, with comfort to patients and expense to the 
a reported prevalence between 4.1 % and f':unily, pyelonephritis can damage the 
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kidneys, leading to complications such as 

renal scaring that can lead to chronic by- 

pertension and eventually renal insuffi- 

ciency (IIolland et al 1990, Conway and 

Cohen 1994). 

Early and accurate diagnosis of acute 

pyelonepbritis (AI�N ) among children 

with f&rile lITI is of extreme importance. 

Accurate diagnosis together with prompt 

antibiotic therapy may reduce tbc inci- 

deuce of scaring and complications of 

APN . At the same time if APN could be 

excluded at the onset, tbcrapy could he 

significantly reduced and hospital stay 

could hc minimized ( IIeldrich 1995). 

The differentiation of APN from lower 

I J�fI on the basis of clinical and laboratory 

findings is difficult, especially in children 

(Busch and IIulaud 1984, Winhcrg 1986). 

Different imaging modalities for tbc uri- 

nary tract arc avialablc. Tbrce of these 

modalities ilIY commonly used nowadays 

in tbc diagnosis of I JTI tbcsc arc. renal ul- 

rasonography (US ), micturating cystou- 

rcthrography (MCUG) and renal cortical 

scintigraphy with dimercaptosucciuic acid 

labeled with technetium 09m (99mTc- 

mm). Renal ultrasonography (US) has 

become the examination of the first 

choice. it is non invasive and should he 

able to detect ahnormalities demanding 

surgical correction (Sherwood and Wbi- 

lake 1984, Jcquire et a1 1985). Micturaling 

cystourethro~raphy (MCIJG) is the only 

method to detect vesicouretcral reflux 

(VUR). Rc11al cortical scintigraphy with 

dimercaptosuccinic acid lahelcd with 

tcchnctium 9Om (99mTc-DMSA) has 

been shown to bc more scnsitivc than IV 

urograpby (IV1 I) in visualization of renal 

pnrenchyma and detection of renal scars, 

in addition information on the relative 

function of mc kidneys cm be obtaincd( 

Rickwood et al 1992). 99mTc- DMSA 

scan is now widely used to confirm the 

diagnosis of APN in adults and children 

(JakObS~lIl Ct ill 1902, Connor, 1995). 

This study was couductcd aiming at 

assessing the value of tbc three chosen im- 

aging modalities in cstablisbing a diagnos- 

tic approach to childhood fehrilc 177�1, as 

WC11 as IO d~tfXJllilK! the prevalence of 

APN in children with fchrilc lJTI using 

Y~m�l�c-DMS A scan as the rcfcrence diag- 

nostic technique. �I�hc study also aimed al 

evaluating the diagnostic accuracy of clin- 

ical aud laboratory findings used for diag- 

nosis of APN compared to renal DMSA 

SCiUl . 

PATIENTS & METHODS 

One hundred and three infant and cbildrcrr 1. Pcver (body tcmpcrature >38 0 (1) to- 

with fchrilc 1JTI wcrc recruited from the gcther with one or more symptoms of 
pediatric clinics of Ain Shams university I JTI: vomiting, , poor l�ccding, lethr- 
hspitnls. Inclusion crilcria included: gy. irrirahility, malotlorous urine in in- 
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f:ulls, dysuria, frequenccy, enuresis, 
hematuria, abdotninal pain in older 
children. 

2. One ore Inore urine culture of a single 
organis~n >100.000 Collml in a clean- 
catch specimen or >10.000 Coll~nl in a 
catheter specimen. 

Patients were subjected to the following: 
I .  'l'hrough history and clinical examina- 

lion. 
2. Laboratory studies i~icluding: co~nplete 

blood count (CBC) , erythrocyle sedi- 
mentation rate (ESR) cstirnatiori by 
Westergsen method, C-reactive protein 
((XI') determination by ~lcphelome- 

try, urine :u~alysis and culrure for iden- 
tification of the causative orgaiiism, 
thc blood urea nitrogen and serurn 
creatinin were also measured. 

Upper UTI was corisidered if the follow- 
ing criteria were present: 
* Signs and sytnptorns suggestive of up- 

per UTI including fever, vomiting, ab- 
dominal tenderness in infants or renal 
angle tenderness in older children 

* Two of the followi~~g abnonnal labora- 
tory investigations: increased leucocyt- 
ic count higher than normal for age, el- 
evated CRP >10 mg/dl and elevated 
ESR > 25mmlh. 

[,owes UTI was considered if the 
above 3 laboratory criteria were normal. 
Non-classifiable were used if only one la- 
boratory criterion was normal (Sodad ct al 

1975). 

3. Imaging study of the urinary lract in- 
cluded: renal ultrasonography (US ), 
renal cortical scintigraphy with di~ner- 
captosuccinic acid labeled with tech- 
netium 99m (99mTc-DMSA) and 
micturating cystourethrography 
(MCUG). Renal US and 99mTc- 
IIMSA scan were performed in all 
studied cascs within few days of com- 
mencing antibiolic treatment for the 
IJTI, MCUG was done at least one 
month after the treatment of the UTI. 

* Renal lJS was perforrncd without tluid 
restriction using a 5-MHz sector 
phased array scanner (Aloka 2000 and 
Toshiba 270cl). Children were exam- 
ined in the supine position. The kid- 
neys were evaluated for s i x ,  shape, 
echogenicity, hydronephrosis, cortical 
scars, and other structural abnonnali- 
ties. 

* Renal cortical LIMSA scan were ob- 
tained 3 hours afler intravenous iniec- 
tion of an age adjusted 99m 'IT<:- 
IIMSA (minimum dose 20 MBq, max- 
imum dosc 100 MBq). Examination 
was perl'onncd with a reclangular 
gamrna c~unera ( Sophy DSX , Gener- 
al Electric) with a low energy , all - 
purposc collimator coupled to a com- 
puter. Scans were taken i11 the poste- 
roantcrior and right arid left oblique 
views lo visualize the parenchyma, in 
order to detect evidcnces of APN and 
cortical scaring. IN :rdditio~i gcnernl 
evaluarion for renal s i x ,  \liape, 1oc;l- 
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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 
(MCUG) were performed after bladder 

catheterization using iodinated water 
soluble diluted contrast medium. The 
cystograms were evaluated for the 
presence and grade of ref-lux 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 

Sevcnty six infants and cl~ildrcn wilh 
establishqd febrile UTI were included in 
the study. They were 29 infalls (16 rnales 
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 f 2.23 years) (table 
1). The sex distribution did not differ sig- 
nificantly among studied infants (D0.05), 
while in the group of children studied a 
statistically significant sex distribution 
was encountered with a female predilec- 
tion ( p<0.01). 

A) Renal DMSA scan findings: 99mTc- 
DMSA scan revealed APN in 28 out of 
the 76 studied patients (36.84%). They 
wcrcl2 infants and 16 children, ( 11 
males and 17 females). 92.85% (261 
28) of patieuts with positive DMSA 
scan for APN were below the age of 5 
years compared to 64.58% (31148) 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). 

2)  Zinaging results B)Micturating cystourethrograrn findings: 
Urinary abnormalities were detected in vesicoureteral reflux (VUR) was de- 

36 out of the 76 studied patients (47.37%) tected in 18 out of the 76 studied pa- 
by the different radiological techniques tients (23.68%). Eleven out of these18 
used as shown in table ( 2). patients (61.1 1%)) had significant 
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VUR ( 5 with grade 111, 4 with grade 
IV and 2 with grade V). All had posi- 
tive DMSA scar1 for APN. IIydro- 
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 Ltle rest of 
patients 7/18(38.88%).A11 7 patients 
had lninor grades of reflux ( 5 with 
grade I VUR and 2 case with grade I1 
V[JR).Reflux was bilateral in 44.44% 
(8118) and unilateral in 55.56% (101 
18) (table 2). The prevalence of re- 
flux was 22% (1 1/50) in female pa- 
tients and 26.92% (7126)in male pa- 
tients. The difference was statistically 
insignificant P>0.05. The prevalence 
of reflux was 39.28% (11128) in the 
group of patients with positive DMSA 
scan for APN and 14.58% (7148) in the 
group of patients with negalive DMSA 
scan for APN. The difference was sta- 
tistically significant (p<0.01). 

C) Renal ultrasonographic findings: ab- 
normal renal sonograms were detected 
in 15 out of the 76 studied patients 
(19.74%), all of thern had positive 
DMSA scan for APN. Nine out of 
these I 5  patients ( 60%) had bilateral 
hydronephrosis with increased paren- 
chymal echogenicity. All of Ulem had 
VUR as detected by MCUG. .Six out 
of Ihe 15 patients with abnormal renal 
sonograns(.lO%) had focal areas of in- 
creased echogenicity of rcnal paren- 
chyma withou( cliangc in kidney si/e 
(lablc 2). The scnsilivity of rcnal IJS 

compared to 99mTc-DMSA scan in 
detection of renal parenchymal inflarn- 
matory changes was 53.57% (15128) 
while the specificity was 100% (48148) 
and Ule accuracy was 76.79%. 

3. Clinical and laboratory results versus 
991nTc- DMSA scan findings: Initial 
rnaximuln body temperature ranged 
from 38 to 410 C (mean 39.1 + 0.9"C). 
78.57% of patients with positive 
DMSA scan for APN Ilad body tern- 
pcrature 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 lhan 5 days compared to 
39.58% of the negative scan group, Ule 
difference was statistically significant, 
p<0.05. The initial peripheral leuco- 
cyte count ranged from 7.30 to 38.10 

9 9 10 11 ( Inearl value 18.60 + 6.30 10 /I). 
75%of patients with positive DMSA 
\can for APN h:id a rncarl leucocytic 

9 count higher than 18.6 10 11 compared 
to 37.5% of patients wit11 negative 
DMSA scan , the difference was statis- 
tically significant, ~ 4 . 0 1 .  CRP ranged 
from 6 - 88 ~ngldl ( mean 28 + 9.4 mgl 
dl) . 71.43% of paticnts wit11 posilive 
IIMSA scan for APN and 25% of 
DMSA scan negative group had CRP 
> 10 mgldl the difference was statisti- 
cally significant, p<0.01. ESR ranged 
from 1 I - 75 ~nrnlh (mean 38.9 + 7.3) 
85.72% 01 pntlcnrs wilh pohlllve 
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DMSA scan for APN had ESR higher 
than 25 mmlh compared to 22.92% of 
DMSA scan negative group. 'l'he dif- 
ference was statistically significant, 
p<0.01, (table 3). 

The organisms isolated from the urine 
cultures of the 76 studied patlents 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 
scar1 for APN had E-coli in their urine cul- 
tures cornpared lo 70.83% of scan nega- 
tive patients .The difference was statisti- 
cally significant, p<0.01, (table 3 ). 

Cli~lical manifestations were rarely 
distinctive in the 29 studied infants, all 
had fever 'and 20 of them ( 68.96%) had 
also vomiting . 991nTc-DMSA scan 
proved the diagnosis of APN in only 
41.38% (12129 )of infants studied. In the 
whole group of studied infants and chil- 
dren vo~niting was present in 67.85% (191 
28) of patients with positive DMSA for 
APN(I2 infants and 7 children) compared 
to 43.75% (21148) of patients with nega- 
tive DMSA study ( 8 infants and 13 
child). The difference was slatistically sig- 
nificant, p<0.05, (table 3) Abdolninal 
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). Sy~nptoms 
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 sc'an for APN. Sensitivity, 
specificity , and accuracy of different 
studied clinical and laboratory parameters 
used Ibr diagnosis of APN were calculat- 
ed in relation to 99mTc-DMSA scan diag- 
nosis a ~ \  a standard reference (table 4 ) . 

LJsing the combined clinical and la- 
boratory criteria for diffreuliation between 
upper UTI (APN) and lower UTI accord- 
ing to the method of Jodal et a1 1975, 
APN was diagnosed in 32 out of the 76 
(42.1 1%) 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, Ulcy were 11 iufants 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 IIMSA scan for APN .Thus 
clinical diagnosis of APN had a sensitivity 
of 67.85% (19/28), specificity of 72.92% 
(35148) 'and accuracy of 70.39% compared 
toO9mTc-DMSA sc'm diagnosis.( table 3). 
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Table (1) Age and sex disuibution among studied patients 

Table (2) Urinary abnomalities detected in 76 infants and children with febrile TJTI. 

Total 

29 (38.16%) 

47 (61.84%) 

76 (100%) 

Age 

4 months-2 years 

>2 - 12 years 

Total 

, 
Imaging technique 

991n Tc-DMSA scar1 

MCUG 

Renal US 

Males 

16 (21.05%) 

10 (13.16%) 

26 (34.21%) 

Females 

13 (17.11%) 

37 (48.68%,) 

50 (65.79%) 

Comments 

* bilateral involvement 
in 0.25% (7128) of pa- 
tients 

* All had positive 
DMSA scar1 for APN 

* 11 patients had 
positive DMSA scan 
for APN (61.11%) 
* 9 patients had 
hydronephrosis 
detected by US. 
* 8 patients l i d  bilat- 
eral VIJK worse gradc 
of rellux was l iwd 
when non-concordant 
(3 patients 
*aIlha~lpositive 
DMSA scar1 for APN. 

** a111 the 9 paticrits 
had VTJR 

Abnormality 

Decreased cortical 
uptake of y9'1nTc-DMSA 
Without corrical loss(= 
positive DMSA scan for 
A PN) 

a) unifocal 
b) mu1 tifocal 
Decreased cortical 
upt'ake of 99'"Tc-DMSA 
with cortical loss 
(= scaring) 

VIJR 
Grade 

I. 
11. 
111. 
IV. 
V. 

Abnormal renal US. 

A) llydronephrosis wiUi 
increased echogenicity. 
B) Increased 
echogenicity witl~out 
change of  kidney size 

NO (%) 
of patients 

"28 (36.84%) 

19 
9 

* 5 (0.066%) 

* 18 (23.68%) 
NO 

5 
2 
5 
4 
2 

*15(19.74%) 

**9 

6 



Table (3) Clinical and laboratory charncleristics of pnlients wilh 
positive (+ve) and negative (-ve) DMSA scan. 

I' > 0.05 = Non significant, 1' < 0.05 = S ignificant, 1' < 0.01 = 1Iighly significant. 

Table (4) Sensitivity, specificity and accuracy of studied clinical a~lld laboratory 
parruneters used for cli~lical diagnosis of APN 

Cl~irr;tcteristics 
(No 8: %) 

sex (M/F) 

Age < 5 ys 

,l,z,x > 39.1-C 
Fever > 5 days 

Vomiting 
Renal / abdomirlal 

tendenless 

WBC count > 18.60 

10911 
CRP > 10 mg/dl 

ESR > 25 ~nml/h 

Positive B-Coli 

urine culture 

ESR > 25 mm/h 

56.25%) (27148) 
Renal / atbdominal 

Colnbined JodJ 

I I I I I 

DhlSA -ve 
No = 48 

15/33 (45.45%) 

31/48 (64.58%) 

20148 (4 1.66%) 

19/48 (39.58%) 

21/48 (43.75%) 
1413 1 (45.16%,) 

18/38 (37.50%) 

12/48 (25%) 

11/38 (22.92%) 

34/48 (70.83%) 

IIMSA +ve 
No = 28 

11/17 (64.70%) 
26/28 (92.85%) 

22/28 (78.57%) 

24/28 (85.7 1 %) 

19/28 (67.85%) 
12/16 (75%) 

21/28 (75%) 

20128 (7 1.43 5%) 

24/28 (85.72%) 

26/28 (92.85%) 

Significance 

P > 0.05 

P < 0.01 

P < 0.01 

P < 0.01 

P < 0.05 
1' < 0.05 

P < 0.01 

P < 0.01 

I' < 0.01 

P < 0.01 
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Pig (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 
Widdle 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 unpaired uptake in the lower halrof the right kid- 
ney 



DISCUSSION 

Bacterial infections of tlic urinary tlxct 
are a sigaific:uit causc of illness in inkults 
aid children, nlnking second in li-cquency 
only to bacterial inkction of tlic rcspiralo- 
ry tract ( (Stickler 1979, 1Iobcnn:ui el a1 
1903). 1)cspite the frequency will1 which 
lJTI is diagnosed, trcatlncnt rcsulls, as de- 
termined by recurrerice rales are poor ( 

I Ieldricl~ 1995).Physicians may sliarc re- 
sponsibility for Chis through delayed diag- 
nosis and inadequate evaluation, treatrncnt 
auld follow up. Prornpl, accurate diagnosis 
Sollowed by a through evaluation of the 
patient sliould result in better maulagelncnt 
iu~d fewer rccuncnces, relapses or co~npli- 
cations (Vickers et al 1991). 

Of great concern lo pl~ysicia~~s w110 
care for children arc that the incidence of 
UTI is highest in the first several years of 
life and that the initial infection is usually 
pyclonephritis( Jodal 1987, Iiobcrts el ;tl 
1990). 'I'he results of this work confirm 
the previous statement, 92.85% of patients 
with positive IlMSA scan for AI'N wcrc 
below the age of 5 years. 

In U~is work the Ihree chosco imaging 
mcxlalities were able lo direct ihc diagnos- 
tic approach of febrile IJTI. Thirty six out 
of tlie 76 studied patients (47.37%)) had 
abnormal radiological findings. In this 
study 991nTc-DMSA scm was used as the 
standard reference for diagno\ing AI'N. 
99m'Tc-DMSA scan provcd to bc tlic Inost 
sensitive exaunination for deteclion and 
locali/at~on of acutc inl'1;unmatory c11:uig- 

cs of AI'N (Roscnbcrg ct a1 1992). Rush- 
ton er al 1988 cv:tluatctl the reliability arid 
accuracy of 091n'l'c-IIMS A scan for de- 
tection of experimental APN in piglets by 
comparing scan results with swict Yiisto- 
pathological criteri:~. 'l'hcy l'ound 99111 Tc- 
DMSA cortical scan to be highly reliable 
in detection and locali7ation of acute in- 
Ilamrnatory changes of AI'N, with a sensi- 
tivity of 91% aid 100%, specificity, fur- 
tliennore the only undetected lesions were 
grossly ~ I ~ ~ L ~ ~ ; u c I I L  ~nicros~opic clusters of 
inflmnmatory cells involving less Ihan 1% 
of renal parenchyma. Accordingly 
99ml'c-I>MSA scan was used in this 
study as the sl:uldarcl reference for diag- 
nosing Al'N. A positive DMSA scan fbr 
AI'N wa\ docu~nentcd in 28 out of Lhe 76 
studied patients with febrile IJ'I'I 
(36.48%). Compared to 99mTc-DMSA 
scan renal IJS was Sound to be less accu- 
rate in dctection of renal parenchymal in- 
Ilarnmatory changes of APN. I'he sensi- 
tivity of rcnal (IS was  nodes st ( 53.57%), 
while tlie spccificity was (100%). This 
high spccificity signifies that abnonnal ul- 
trasonograpliic results always merit fur- 
ther investigations. These resulls arc in 
agrcelncnt will1 the studies dolie by Glee- 
son and Gordon 1991, who found that 
991n'I'c-1lMSA scan was more superior 
Lll:ul rcrial US in detecting upper renal de- 
fects. 

'The results of this work also confinn 
that MCLIG is the only reliable technique 
Sor dctcction for VlJK. Out oI'll1c 76 stud- 
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ied patients VUR was detected in 18 pa- 
tients (23.68%). Seven (38.88%) of Lhese 
patients had only VUR without any other 
abnormalities detected by 99mTc-IIMSA 
scan or renal US. All the 7 patients had 
mild grades of rcflux (5 grade I and 2 wilh 
grade 11). Several studies have document- 
ed that looking for VUIZ is of little value 
if there is no renal cortical: defect, scars or 
impairment of renal function (Vcrber et a1 
1988, Jakobson 1992 el al, 1Zoscnberg e( 
a1 1992) . All the I I patients with signit'i- 
cant reflux had positive DMSA scan for 
APN aid 9 of them had also hydronephro- 
sis detected by renal US. Thus co~nblna- 
tion of renal US a ~ d  99mrTc-DMSA scan 
identified all patients with significant re- 
flux. These results suggest that 1101 all 
young cl~ildren presenting with UTl rc- 
quire MCUG . Renal US arid early 
99mTc-DMSA scan studies could be used 
as a reliable noninvasive screening to de- 
termine which children need to perform 
MCUG. I-lowever, in patients with ncga- 
tive ultrasongraphic and DMSA sca~i stud- 
ies repeated U'TI is an indication for 
MCUG. 

The results of this work c1npl1asijr.e the 
role played by VlJR and E-Coli infection 
in the pathogenesis of AI'N. The preva- 
lence of VIJR was signit'icanlly higher 
(39.28%) in patients with positive DMSA 
scan comp,ued to those with negative 
DMSA scan (14.58%%) ,( p<0.01). . 

92.85% of patients with positive DMSA 
scan for AI'N had E-coli in heir urine cul- 
ture compxed to 70.83% of scan negative 
patients .the difference was statistically 
signific:uit,( p<0.0l).Thesc results aue in 
agreement with work done by several au- 
thors (1,erncr et al 1087, Israel et a1 1987 
and IIoberman el a1 1994). 

'I'lie rcsults of this work show that dif- 
ferentiating uppcr from lower UTI based 
solely on clinical and laboratory Kindings 
is insufficienL. Acute pyeloncphritis was 
correctly picked up by the combined clin- 
ical and laboratory criteria in only 
67.85% of patients with positive DMSA 
scan for AI'N, also 56.25% of patients 
who could not be classil'icd clinically us- 
ing these criteria proved lo have APN 
by DMSA scan . Thus, the sensitivity of 
the clinical diagnosis of APN using these 
criteria compued to DMSA scan diagno- 
sis was 67.85% ,the specit'icily was 
72.92%) aid accuracy was 70.93%. 

IN  conclusion: the diffrcntiation be- 
tween uppcr and lower Ll'TI based on clin- 
ical and laboralory findings is inaccurate. 
'I'hc three imaging modalities chosen in 
this study are complementary arid are 
nceded in establishing a diagriostic ap- 
proach for childhood UTI. 'l'he results of 
this study also emphasize the value of 
99mTc-DMSA scintigraphy in the initial 
evaluation of febrile UTI. 
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