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Abstract- Urinary tract infection (UTI) may lead to irreversible changes in renal parenchyma. Early
diagnosis using scintigraphy with technetium-99"-labeled dimercaptosuccinic acid (DMSA) scan and
early treatment may decrease or prevent development of renal parenchymal lesions. The aim of this
study was to assess the occurrence of renal parenchymal lesion in children admitted with a first-time
symptomatic UTI and to evaluate the relation between renal parenchymal damage and severity of
vesicoureteral reflux (VUR). A total of 102 children with first time acute pyelonephritis (APN) were
enrolled in the study. All children studied with DMSA scan and ultrasonography (US). Voiding
cystourethrography (VCUG) was performed in 98 children when urine culture became negative.
Changes on the DMSA scan and US were found in 178 (88%) and 5 (2.4%) out of 203 renal units
during the acute phase, respectively. All abnormal renal units on US showed severe parenchymal
involvement on DMSA. We also found significant correlation between severity of VUR and abnormal
US results on kidneys. Of 40 kidneys with reflux, 38 (95%) were found to have abnormal renal scan.
Among 155 kidneys with non-refluxing ureters 132 (85.2%) revealed parenchymal changes on renal
cortical scintigraphy. Kidneys with moderate to severe reflux were more likely to have severe renal
involvement. We found a high incidence of renal parenchymal changes in children with APN.
Additionally, renal involvement was significantly higher in children with moderate to severe reflux.

When there are high-grade VUR and female gender, the risk of renal parenchymal involvement is

higher.

© 2008 Tehran University of Medical Sciences. All rights reserved.

Acta Medica Iranica 2008; 46(5): 399-404.

Key words: Acute pyelonephritis, dimercaptosuccinic acid scan, vesicoureteral reflux, ultrasonography

INTRODUCTION

The diagnosis of urinary tract infection (UTI) in
children is based on significant bacteriuria. The level
of infection (i.e., whether the infection involves the
kidneys or only the lower urinary tract) is of great
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importance for the choice of treatment and prog-
nosis. The children with renal involvement are at
risk of permanent renal damage, which may lead to
hypertension, proteinuria, hyposthenuria,
complications during pregnancy, and even renal
failure (1). Because the clinical symptoms are
nonspecific, the diagnosis of renal infection needs to
be supported by laboratory data and radiologic
imaging. Renal cortical scintigraphy  with
technetium-99™-labeled  dimercaptosuccinic  acid
(DMSA), although not perfect, appears to be the best
clinically applicable standard of reference for the

diagnosis of acute pyelonephritis (APN) (2-4). It is
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considered the most sensitive technique for the
identification of the renal parenchymal change in
APN, as well as in the detection of scarring. Acute
DMSA renal scan defects persisted as renal scarring
in 36-52% of kidneys (5). Some controversy exists
about the usefulness of acute renal scintigraphy.
Many pediatric nephrologists share the view that the
diagnosis of complicated UTI is based on clinical
and Dbiological data, and that renal cortical
scintigraphy is generally not necessary for the
diagnosis (6, 7). The aim of this prospective study
was to assess the occurrence of renal parenchymal
lesion in children admitted with a first episode of
symptomatic UTI and to assess the relation between
renal parenchymal damage and severity of
vesicoureteral reflux (VUR).

MATERIALS AND METHODS

One hundred-two patients (9 boys, 93 girls) aged 1
month to 12 years (mean 2.85 £ 2.92 years) were
included in the study from November 2005 to March
2007. The study was approved by Ethics Committee
of Tehran University of Medical Sciences and written
informed consent was obtained from parents of all
subjects.

All children admitted to hospital because of high
suspicion of APN, defined as follows: fever, with a
temperature 38.5 C°, erythrocyte sedimentation rate
(ESR) > 20 mm/hr or increased C-reactive protein
(CRP), alterations in the urinary sediment
(leukocyturia, bacteriuria, hematuria) and a positive
urine culture result (growth of single organism with
colony counts equal to or greater than 10° colony-
forming units/ml). Samples were collected as clean-
voided midstream urine. Only those with proven
UTI were included in the study. The patients were
divided into three groups, those under 1 year of age
(n = 34), those between 1 to 5 (n = 51) and children
over 5 years old (n = 17).

Two hundred three kidneys were investigated by
DMSA scan and renal ultrasound within the first
days after admission. Images were obtained by
means of a gamma equipped with a high-resolution
collimator after an intravenous injection of DMSA
scintigraphy, according to a standard schedule (8).
About 3—4 hours after injection with the tracer, one
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posterior, one anterior and two posterior oblique
images of the kidneys were acquired, with the
patient prone below the camera. The fractional left
and right renal activity was calculated for each
kidney. The renal scintigraphic patterns were
independently interpreted by two senior nuclear-
medicine physicians, and the criteria used for the
interpretation of the images did not change during
the period of the investigation. A kidney with regular
shape and a tracer uptake that appeared to be
homogenous was considered as normal. Single or
multiple cortical defects, focal or diffuse photopenic
patterns in one kidney were considered as abnormal
(9, 10). The scan was considered to be abnormal for
an old lesion (scar) when one or more areas of focal
decreased uptake associated with contraction and
loss of volume in the involved cortex were noted
(6).

Patients with previous history of UTI, structural
abnormalities such as neurogenic bladder, posterior
urethral valves, ureteroceles or other congenital
anomalies were excluded from the analysis. A
kidney uptake of 45-55% of the total renal activity
was considered as normal (symmetrical renal split
function). The involvement of each kidney was
visually graded as mild (focal defect in uptake),
moderate (uptake of renal radionuclide of 20-40%)
and severe (shrunken kidney with uptake less than
20%) (11). All scintigrams were independently
assessed by two experienced radiologist who used
standard criteria previously defined by Patel et al.
(12). Renal ultrasound was performed on
computerized sonographic units equipped with 3.5
MHz and 5.0 MHz transducers.

The renal sonograms were interpreted by a
pediatric radiologist without the knowledge of the
findings from DMSA scans. The criteria of renal
abnormality ~ were:  focal or  generalized
hyperechogenicity or hypoechogenicity, increase in
renal size, loss of corticomedullary differentiation,
thickened pelvic wall, irregular outlining of the
kidney and parenchymal reduction. For all patients a
voiding cystourethrography (VCUG) was done early
in the course of the illness, generally within 5-7
days of hospitalization and always before the patient
was discharged from the hospital (13). The
radiographic cystograms were evaluated for the
presence and grade of reflux using the international



grading system (14). Patients were treated for 14
days with an antibiotic chosen according to bacterial
susceptibility tests. No patient was excluded from
the analysis during the hospital stay.

The chi-squared procedure and the Fisher exact
the
significance of the relationships between variables.

test were wused to determine statistical
A P value below 0.05 was considered statistically

significant.
RESULTS

One hundred-two patients (9 boys, 93 girls) aged 1
month—12 years (mean 2.85 + 2.92 years) with a first
documented UTI were included in the study between
November 2005 to March 2007.

The median time between the diagnosis of UTI
and cortical scintigraphy was 1.5 days (range: 1-3
days). Of the 102 children with a first documented
pyelonephritis, 178 out of 203 (87.7%) renal units (1
patient had single kidney) were abnormal on
scintigraphy during the acute phase (28.1% in
children younger than 1 year, 46.3% in those
between 1 to 5 and 13.3% in children older than 5
years). The extent of changes in DMSA scan was
mild in 113/178 kidneys (63.5%), moderate in
40/178 kidneys (22.5%) and severe in 25/178
kidneys (14%). Of the 178 renal units with abnormal
scintigraphy ultrasound findings were abnormal only
All
ultrasonography (US) had

in 5 kidneys. abnormal renal units on
severe parenchymal
involvement on DMSA. US was normal in all renal
units with normal DMSA scintigraphy findings. The
authors also found the correlation between severity
of VUR and abnormal US results on kidneys (P =
0.002, r =0.22).

Topographic analysis of the 178 focal lesions
showed that 49.8% were localized to the upper poles,

12.2% to the middle third, and 38% to the lower

N. Ataei et al.

Table 1. Voiding cystourethrography findings according to
number of patients and renal units

Patients Renal units

Reflux No. % No. %
None 64 65.3 155 79.4
Grade

I-11 10 10.2 19 9.8

111 19 19.4 15 7.7

v-v 5 5.1 6 3.1
Total 98 100 195 100

poles of the kidneys. Ninety eight out of 102
children underwent VCUG. Reflux was documented
in 40/195 kidneys (20.5%). Table 1 shows VCUG
findings according to number of patients and renal
units, respectively.

The degree of reflux was mild (grades I and II) in

19/40 kidneys (47.5%), moderate (grade III) in 15/40
kidneys (37.5%) and severe (grades IV and V) in
6/40 kidneys (15%). As shown in Table 2, the
frequency of renal parenchymal abnormalities in the
presence of VUR and in non-refluxing renal units
was similar (85.2% vs 95%, P > 0.05). Kidneys with
moderate to severe reflux were more likely to have
severe renal involvement (P = 0.001). Girls were
more prone to developing APN than boys (P =
0.04).
Parenchymal abnormalities on scintigraphy were
associated with mild reflux in 18/40 (45%)
and moderate to severe reflux in 32/40(80%)
of  renal units, respectively (P < 0.001, r =
0.23).

DISCUSSION

UTI is common in children. About 1-2% of boys and
3-7% of girls experience at least one episode of UTI
before the age of 11 years (15, 16).

Table 2. DMSA scintigraphy and voiding cystourethrography findings*

Normal DMSA Abnormal DMSA Total
Renal units No. % No. % No. %
Without reflux 23 14.8 132 85.2 155 100
With reflux 2 5 38 95 40 100
Total 25 170 195
Abbreviations: DMSA, dimercaptosuccinic acid.

*P>0.05.
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The ultimate goal of treatment for pyelonephritis
in children is prevention or reducing the morbidity
and long-term clinical sequelac of renal scarring,
including arterial hypertension, hyposthenuria,
proteinuria and chronic renal failure (17-20).
Experimental investigations have shown that
inflammation has an important role in the
pathogenesis of renal damage in pyelonephritis,
which  involves the local infiltration of
polymorphonuclear leukocyte and the extracellular
release of cytotoxic metabolites (21-23). DMSA
scintigraphy is currently considered the imaging
agent of choice for estimating the presence and
extension of acute parenchymal changes as well as
the development of permanent renal scarring. It has
been compared with histopathologic findings, and
there has been 97% agreement between them (24).
DMSA uptake reflects renal tubular cell function and
is therefore affected by both intrarenal blood flow
and proximal tubular cell membrane transport (25).
It is well known that DMSA scintigraphy reflects the
function of proximal tubular cells and the intrarenal
blood flow (25, 26); consequently, an infection
limited to the papilla and the medulla may not be
clarified on a DMSA renal scan. This study revealed
a high frequency of acute inflammatory changes on
DMSA scan in 87.6% of renal units, although the
clinical and biological criteria were compatible with
APN. This is similar to the findings reported by
others (27-30).

These data emphasize the fact that children with
first-time febrile UTI are at risk for acute
inflammatory renal parenchymal damage. VUR is a
known risk factor for renal scarring. It has been
found in up to 88% of children with DMSA scans
during febrile UTI (6, 13, 27). In our experience,
VUR was found in 38/40 kidneys (95%) with
evidence of pyelonephritis on DMSA scan. VUR
was absent also in 132/155 kidneys (85.2%) with
renal parenchymal involvement, which emphasizes
that abnormalities at DMSA scan commonly occur
in the absence of reflux (13, 31, 32)

Our findings agree with the observations of other
investigators. In the study of Biggi et al. (6) VUR
was present in 27% of the renal units with evidence
of acute pyelonephritis on DMSA renal scan and
absent in 47%. Majd found VUR in 37% of children
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with evidence of acute pyelonephritis on DMSA
(13).

In the study of Benador et al., VUR was present
in 39% and absent in 61% of children with evidence
of acute pyelonephritis (33). Thus, our results
confirm that a high percentage of febrile UTI, as
documented by acute DMSA renal scan, can occur
without the presence of a VUR.

In this series the incidence of abnormal findings
on DMSA was significantly higher in children with
moderate to severe reflux. These results are in
accordance with the high percentage renal
abnormalities that recently reported by Preda et al.
(34).

Camacho et al. found that children with abnormal
DMSA have a higher frequency of VUR than
children with normal DMSA (48% vs 12%) (35). In
or previous report reflux was present in 28.5% of
normal kidneys without any abnormality (32). In
present study of 25 renal unit with normal DMSA
only 2 (8%) had VUR (grade I or II) and of 170 renal
unit with abnormal DMSA 40 (23.5%) had VUR.
Our results show lower frequency of VUR in
children with normal DMSA than reported by our
group and others (6, 13, 32, 35). These data
emphasize the fact that children with normal renal
scintigraphy during acute UTI have a low risk of
renal damage. However, the incidence of the
abnormal findings was significantly higher when the
grade of VUR was higher. In 80% of renal units with
abnormal DMSA scans the grade of reflux was
moderate to severe. Girls were more prone to
developing APN than boys. This finding was in
agree with results as reported by Zaki et al. (36).

One theory for VUR as a cause of pyelonephritis
concerns the elective localization of scars in the
polar regions of the kidney (37, 38). In the present
study, the frequency of acute renal changes was
higher in upper and lower poles of the kidneys,
whether there was a reflux or not. In contrast to
findings by Biggi et al. (39), these data are in
accordance with the high percentage of polar
abnormalities that found in our previous study and
others (33, 40).

US was abnormal in 5 renal units compared
with 170 with abnormal DMSA findings, while no
positive US examination was found in patients with



normal DMSA. This confirms that US examination
is not an adequate diagnostic method (41, 42). In
conclusion, we found a high incidence of renal
parenchymal changes in children with APN.
Additionally, renal involvement was significantly
higher in children with moderate to severe reflux.
When there are high-grade VUR and female gender,
the risk of renal parenchymal involvement is higher.

Conflict of interests
We have no competing interests.

REFERENCES

1. Jacobson SH, Ekl6f O, Eriksson CG, Lins LE, Tidgren
B, Winberg J. Development of hypertension and
uraemia after pyelonephritis in childhood: 27 year
follow up. BMJ. 1989 Sep 16;299(6701):703-706.

2. Parkhouse HF, Godley ML, Cooper J, Risdon RA,
Ransley PG. Renal imaging with 99Tcm-labelled
DMSA in the detection of acute pyelonephritis: an
experimental study in the pig. Nucl Med Commun.
1989 Jan;10(1):63-70.

3. Rushton HG, Majd M, Chandra R, Yim D. Evaluation
of 99mtechnetium-dimercapto-succinic acid renal scans
in experimental acute pyelonephritis in piglets. J Urol.
1988 Nov;140(5 Pt 2):1169-1174.

4. Pohl HG, Rushton HG, Park JS, Chandra R, Majd M.
Adjunctive oral corticosteroids reduce renal scarring:
the piglet model of reflux and acute experimental
pyelonephritis. J Urol. 1999 Sep;162(3 Pt 1):815-820.

5. Bailey RR. End-stage reflux nephropathy. Nephron.
1981;27(6):302-306.

6. Biggi A, Dardanelli L, Cussino P, Pomero G, Noello C,
Sernia O, Spada A, Camuzzini G. Prognostic value of
the acute DMSA scan in children with first urinary tract
infection. Pediatr Nephrol. 2001 Oct;16(10):800-804.

7. Goldraich NP, Ramos OL, Goldraich IH. Urography
versus DMSA scan in children with vesicoureteric
reflux. Pediatr Nephrol. 1989 Jan;3(1):1-5.

8. Piepsz A, Hahn K, Roca I, Ciofetta G, Toth G, Gordon
I, Kolinska J, Gwidlet J. A radiopharmaceuticals
schedule for imaging in paediatrics. Paediatric Task
Group European Association Nuclear Medicine. Eur J
Nucl Med. 1990;17(3-4):127-129.

9. Jakobsson B, Berg U, Svensson L. Renal scarring after
acute pyelonephritis. Arch Dis Child. 1994 Feb; 70(2):
111-115.

N. Ataei et al.

10. Marra G, Barbieri G, Dell'Agnola CA, Caccamo ML,
Castellani MR, Assael BM. Congenital renal damage
associated with primary vesicoureteral reflux detected
prenatally in male infants. J Pediatr. 1994 May;124(5
Pt 1):726-730.

11. Polito C, La Manna A, Rambaldi PF, Nappi B, Mansi
L, Di Toro R. High incidence of a generally small
kidney and primary vesicoureteral reflux. J Urol. 2000
Aug;164(2):479-482.

12. Patel K, Charron M, Hoberman A, Brown ML, Rogers
KD. Intra- and interobserver variability in
interpretation of DMSA scans using a set of
standardized criteria. Pediatr Radiol. 1993;23(7):506-
509.

13. Majd M, Rushton HG, Jantausch B, Wiedermann BL.
Relationship among vesicoureteral reflux, P-fimbriated
Escherichia coli, and acute pyelonephritis in children
with febrile urinary tract infection. J Pediatr. 1991
Oct;119(4):578-585.

14. Lebowitz RL, Olbing H, Parkkulainen KV, Smellie
JM, Tamminen-Mdobius TE. International system of
radiographic  grading of vesicoureteric  reflux.
International Reflux Study in Children. Pediatr Radiol.
1985;15(2):105-109.

15. Uhari M, Nuutinen M. Epidemiology of symptomatic
infections of the urinary tract in children. BMJ. 1988
Aug 13;297(6646):450-452.

16. Winberg J, Andersen HJ, Bergstrom T, Jacobsson B,
Larson H, Lincoln K. Epidemiology of symptomatic
urinary tract infection in childhood. Acta Paediatr
Scand Suppl. 1974;(252):1-20.

17. Wanner C, Liischer T, Groth H, Hauri D, Burger HR,
Greminger P, Kuhlmann U, Siegenthaler W, Vetter W.
Unilateral parenchymatous kidney disease and
hypertension: results of nephrectomy and medical
treatment. Nephron. 1985;41(3):250-257.

18. Gill DG, Mendes de Costa B, Cameron JS, Joseph
MC, Ogg CS, Chantler C. Analysis of 100 children
with severe and persistent hypertension. Arch Dis
Child. 1976 Dec;51(12):951-956.

19. Still JL, Cottom D. Severe hypertension in childhood.
Arch Dis Child. 1967 Feb;42(221):34-39.

20. Steinhardt GF. Reflux nephropathy. J Urol. 1985
Nov;134(5):855-859.

21. Glauser MP, Meylan P, Bille J. The inflammatory
response and tissue damage. The example of renal scars
following acute renal infection. Pediatr Nephrol. 1987
Oct;1(4):615-622.

Acta Medica Iranica, Vol. 46, No. 5 (2008) 403


http://www.ncbi.nlm.nih.gov/pubmed/2508881?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/2508881?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/2508881?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/2537481?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/2537481?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/2537481?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/2846898?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/2846898?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/2846898?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/10458387?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/10458387?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/10458387?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/7266718?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/11605786?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/11605786?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/11605786?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/2562013?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/2562013?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/2562013?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/2279492?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/2279492?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/2279492?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8129430?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8129430?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8176559?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8176559?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8176559?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/10893627?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/10893627?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8309749?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8309749?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8309749?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/1681043?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/1681043?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/1681043?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/3975102?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/3975102?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/3975102?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/3139139?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/3139139?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/4618418?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/4618418?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/3903527?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/3903527?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/3903527?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/1015848?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/1015848?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/6019466?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/3903214?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/3153342?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/3153342?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/3153342?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum

DMSA renal scan for acute pyelonephritis

22. Monga M, Roberts JA. The possible role of granulocyte
elastase in renal damage from acute pyelonephritis.
Pediatr Nephrol. 1995 Oct;9(5):583-586.

23. Meylan PR, Markert M, Bille J, Glauser MP.
Relationship between neutrophil-mediated oxidative
injury during acute experimental pyelonephritis and
chronic renal scarring. Infect Immun. 1989 Jul;
57(7):2196-2202.

24. Sfakianakis GN, Sfakianaki ED. Nuclear medicine in
pediatric urology and nephrology. J Nucl Med. 1988
Jul;29(7):1287-300.

25. de Lange MJ, Piers DA, Kosterink JG, van Luijk WH,
Meijer S, de Zeeuw D, van der Hem GK.
Renal  handling of technetium-99m DMSA:
evidence for glomerular filtration and peritubular
uptake. J Nucl Med. 1989 Jul;30(7):1219-
1223.

26. Risdon RA, Godley ML, Parkhouse HF, Gordon I,
Ransley PG. Renal pathology and the 99mTc-DMSA
image during the evolution of the early pyelonephritic
scar: an experimental study. J Urol. 1994 Mar; 151(3):
767-773.

27. Stokland E, Hellstrom M, Jacobsson B, Jodal U, Sixt
R. Renal damage one year after first urinary tract
infection: role of dimercaptosuccinic acid scintigraphy.
J Pediatr. 1996 Dec;129(6):815-820.

28. Vanderfaeillie A, Flamen P, Wilikens A, Desprechins
B, Piepsz A. Technetium-99m-dimercaptosuccinic acid
renal scintigraphy in children over 5 years. Pediatr
Nephrol. 1998 May;12(4):295-297.

29. Stokland E, Hellstrom M, Jacobsson B, Jodal U,
Lundgren P, Sixt R. Early 99mTc dimercaptosuccinic
acid (DMSA) scintigraphy in symptomatic first-time
urinary tract infection. Acta Paediatr. 1996 Apr;
85(4):430-436.

30. Ajdinovi¢ B, Jaukovi¢ L, Krsti¢ Z, Dopuda M.
Technetium-99m-dimercaptosuccinic acid renal
scintigraphy in children with urinary tract infections.
Hell J Nucl Med. 2006 Jan-Apr;9(1):27-30.

31. Ditchfield MR, De Campo JF, Cook DJ, Nolan TM,
Powell HR, Sloane R, Grimwood K, Cahill S.
Vesicoureteral reflux: an accurate predictor of acute
pyelonephritis in childhood urinary tract infection?
Radiology. 1994 Feb;190(2):413-415.

404 Acta Medica Iranica, Vol. 46, No. 5 (2008)

32. Ataei N, Madani A, Habibi R, Khorasani M.
Evaluation of acute pyelonephritis with DMSA scans in
children presenting after the age of 5 years.Pediatr
Nephrol. 2005 Oct;20(10):1439-1444.

33. Benador D, Benador N, Slosman DO, Nusslé¢ D,
Mermillod B, Girardin E. Cortical scintigraphy in the
evaluation of renal parenchymal changes in children
with pyelonephritis. J Pediatr. 1994 Jan;124(1):17-20.

34. Preda I, Jodal U, Sixt R, Stokland E, Hansson S.
Normal dimercaptosuccinic acid scintigraphy makes
voiding cystourethrography unnecessary after urinary tract
infection. J Pediatr. 2007 Dec;151(6):581-4, 584.¢1.

35. Camacho V, Estorch M, Fraga G, Mena E, Fuertes J,
Hernandez MA, Flotats A, Carri6 1. DMSA study
performed during febrile urinary tract infection: a
predictor of patient outcome? Eur J Nucl Med Mol
Imaging. 2004 Jun;31(6):862-866.

36. Zaki M, Badawi M, Al Mutari G, Ramadan D, Adul
Rahman M. Acute pyelonephritis and renal scarring in
Kuwaiti children: a follow-up study using 99mTc
DMSA renal scintigraphy. Pediatr Nephrol. 2005
Aug;20(8):1116-1119.

37. Rolleston GL, Maling TM, Hodson CJ. Intrarenal
reflux and the scarred kidney. Arch Dis Child. 1974
Jul;49(7):531-539.

38. Rose JS, Glassberg KI, Waterhouse K. Intrarenal
reflux and its relationship to renal scarring. J Urol.
1975 Mar;113(3):400-403.

39. Biggi A, Dardanelli L, Pomero G, Cussino P, Noello
C, Sernia O, Spada A, Camuzzini G. Acute renal cortical
scintigraphy in children with a first urinary tract
infection. Pediatr Nephrol. 2001 Sep;16(9):733-738.

40. Ataei N, Madani A, Esfahani ST, Kejbafzadeh A,
Ghaderi O, Jalili S, Sharafi B. Screening for
vesicoureteral reflux and renal scars in siblings of
children with known reflux. Pediatr Nephrol. 2004
Oct;19(10):1127-1131.

41. Noe HN. The current status of screening for
vesicoureteral reflux. Pediatr Nephrol. 1995 Oct;
9(5):638-641.

42. Blane CE, DiPietro MA, Zerin JM, Sedman AB,
Bloom DA. Renal sonography is not a reliable
screening examination for vesicoureteral reflux. J Urol.
1993 Aug;150(2 Pt 2):752-755.


http://www.ncbi.nlm.nih.gov/pubmed/2543635?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/2543635?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/2543635?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/3292724?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/3292724?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/2544699?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/2544699?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/2544699?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8309003?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8309003?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8309003?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8969722?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8969722?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/9655361?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/9655361?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8740300?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8740300?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8740300?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16617390?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16617390?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8284391?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8284391?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16082551?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/16082551?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8283371?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8283371?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8283371?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18035134?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18035134?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/18035134?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/14758509?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/14758509?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/14758509?ordinalpos=2&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15973531?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15973531?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15973531?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/4852544?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/4852544?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/1117509?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/1117509?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15309597?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15309597?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/15309597?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8580031?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8580031?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8326640?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum
http://www.ncbi.nlm.nih.gov/pubmed/8326640?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum

