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Abstract

The aim of this study was to determine the incidence of abnormal dimercaptosuccinic acid-Tc-99m
(°?™Tc-DMSA) renal scintigraphy findings in children with culture proved urinary tract infection
(UTI) with or without vesicoureteral reflux (VUR). °™Tc-DMSA renal scintigraphy was performed in
343 children with culture documented UTI (247 girls and 96 boys) aged from three months to 14
years (middle age of 4.82 years). The children studied were all those submitted for renal scintiscan to
the Institute of Nuclear Medicine, Military Medical Academy, Belgrade, during a five-year period
(2000-2004). Micturating cystoureterography (MCU) performed in all patients before 2™ Tc-DMSA
scan, revealed VUR in 213 children, while in 130 children VUR was not detected by MCU. In 15 of
the 213 children the grade of VUR was [, in 88 it was II, in 57 it was IIl, in 33 it was IV and 20 chil-
dren had grade V of VUR. Findings of *°™Tc-DMSA renal scintigraphy were classified as: normal,
equivocal and abnormal. Statistical analysis was performed using the c? test. Abnormal findings
were detected in 38% (131/343), normal in 51% (174/343) and equivocal findings in 11% (38/343)
of our patients. In children with UTI and VUR the incidence of abnormal findings was 53%
(112/213), of normal 37% (80,/213) and of equivocal findings 10% (21,/213). In children with UTI
without VUR the incidence of abnormal findings was 15% (19/130), of normal findings 72%
(94/130), and of equivocal findings 13% (17/130). The incidence of abnormal findings was signifi-
cantly higher in children with UTI and VUR than in those with UTI without VUR (P<0.001). In chil-
dren with VUR grades I, II, III, IV and V abnormal findings were 33%, 32%, 60%, 79% and 95% re-
spectively. The incidence of abnormal findings was higher in children with VUR grades IV and V,
than in grade I and Il (P<0.001). Our results suggest that °*™Tc-DMSA renal scintigraphy in children
can discriminate between grade I-Il and IV-V of VUR and also that in children with UTI and VUR ab-
normal findings in the scintiscan were more than three times higher than in children with UTI alone.
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Introduction

may appear as cystitis, and/or pyelitis or pyelonephritis. Clinical presentation of

UTI may be nonspecific and vary depending on the age of the child and the level of
infection [2,3]. The diagnosis of acute pyelonephritis is made on the basis of the classical
sings and symptoms of fever and flank pain or tenderness associated with pyuria and posi-
tive urine culture. However, diagnosis based on these parameters is often difficult in
neonates and infants [4]. The ultimate goal of care of children with UTI is to prevent pro-
gressive renal damage with its consequences such as hypertension, complications of preg-
nancy and end stage renal disease [5,6]. Recurrent infections, multifocal /unifocal renal
scarring and vesicoureteral reflux (VUR) may also appear and are risk factors for the devel-
opment of renal damage [7,8]. VUR usually manifested by infection may be detected only
in the advanced stages of the disease when hypertension and / or chronic renal failure are
already present [9]. The most important consequence of VUR is reflux nephropathy and re-
nal scarring which occurs in 25% of the children and younger adults with chronic renal fail-
ure [10]. Therefore, it is important to early diagnose and identify those patients who are at
risk for having progressive renal damage.

Several imaging techniques have been used to evaluate the extent of parenchyma in-
volvement by acute infection. Renal ultrasonography (US) is a noninvasive technique, high-
ly reliable for the detection of hydronephrosis, congenital abnormalities, renal abscesses
etc, however, it has a low sensitivity for the detection of acute UTI as compared with 2™ Tc-
DMSA scan, underestimating the number and the extent of pyelonephritic lesions in the re-
nal cortex [11-14]. Intravenous urography (IVU) also has a low sensitivity for the diagnosis of
acute UTI. IVU was reported to be normal in 75% of adult patients with uncomplicated acute
pyelonephritis [11,15,16]. Although computed tomography (CT) is a sensitive method, it is

U rinary tract infection (UTI) is one of the most common diseases in childhood [1]. UTI
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not used routinely for the initial evaluation and follow up of
children with UTI[17]. The role of magnetic resonance imag-
ing in the diagnosis of acute pyelonephritis is yet to be deter-
mined [18]. Nuclear medicine techniques have been used over
the years to evaluate renal function. Nephro-urologic ra-
dionuclide studies such as radionuclide cystography, renal
99mTc-DMSA scintigraphy, MAG3 renal diuresis-scintigraphy
and ?°™Tc-DTPA renal diuresis-scintigraphy, are able to de-
tect vesicoureteral reflux and reflux nephropathy [19].

Since the mid-1980s, various studies have demonstrated
99mT . DMSA renal scintigraphy to be significantly more sensi-
tive than IVU and US in the detection both acute pyelonephri-
tis and renal scarring [20-22]. Also, *MTc-DMSA renal scintig-
raphy can be considered the technique of choice for the detec-
tion of renal complications six months after acute UTI [23].

The aim of this study was to determine the incidence of ab-
normal *°™Tc-DMSA renal scintigraphy findings in children
with UTI and to evaluate the difference between UTI with or
without VUR.

Patients and methods

99mTc-DMSA renal scintigraphy was performed in 343 chil-
dren (247 girls and 96 boys) with UTI, aged three months to
14 years (middle age 4.82 years). The mean age was 5.27
years for the female, and 3.66 years for the male patients. All
children had urine cultures with more than 10° bacteria (E.col-
li in more than 80% of the patients). Micturating cys-
toureterography (MCU) was also performed mostly one
month prior to the 2™ Tc-DMSA scan, revealing VUR in 213
patients (bilateral VUR in 75 and unilateral VUR in 138 pa-
tients). In the remaining 130 patients VUR was excluded.
VUR was graded after the MCU findings, following the rec-
ommendations of the International Reflux Study in Children
[24]. Fifteen children presented VUR grade I, 88 children
grade I, 57 children grade III, 33 children grade IV, and 20
children presented VUR grade V.

99mTc-DMSA renal scintigraphy was performed using a
recommended standard procedure [25,26]. The patients were
injected by a 2™ Tc-DMSA dose of 2 MBq / kg BW (minimum
dose 20 MBq). Two to three hours after injection static images
were taken in the supine, posterior, left and right posterior
oblique and in the anterior views, using a gamma camera
(Gamma Diagnost Tomo-Philips, Netherlands) equipped with
computer PDP 11/34. For each projection 300,000 counts
were acquired in 128x128 matrix size.

99mTc-DMSA scans were interpreted under the following
criteria: renal position, size, shape, indentation of renal contour
as well as the uniformity of the tracer uptake (focal and diffuse
lesions). Relative tracer uptake in the entire kidney scan was giv-
en as the percent of tracer uptake in both kidneys, and was cal-
culated as the mean value of uptake in the anterior and poste-
rior projections, corrected for background activity. Scinti-
graphic findings were classified as normal, abnormal and equiv-
ocal. The criteria of normality included: regular kidney outlines
and shape, no enlargement of kidneys or volume loss, absence

of focal cortical defects and a relative left-to right renal cortical

uptake (RU) within the normal range (45%-55%). The abnor-
mal findings were defined as showing a solitary cortical defect;
multiple focal defects involving one or both kidneys; diffuse re-
duced uptake with renal volume loss and significant reduction in
the function (more than 10% difference in RU between the two
kidneys). The equivocal findings showed slightly reduced dit-
fusely inhomogenous tracer uptake with no cortical defects.

Che square test was used for statistical analysis between
the group of children with UTI and VUR and the group with
UTI without VUR, and between the groups of children with
different grade of VUR, considering the P value of less than
0.01 statistically significant.

Results

Out of 343 patients, 2™ Tc-DMSA scintigraphy showed ab-
normal scintigraphic findings in 38% of the patients, normal
findings were obtained in 51% of the patients and equivocal
findings in 11% (Table 1).

In the group of children with UTI and VUR the incidence
of abnormal findings was 53%, the incidence of normal find-
ings was 37% and equivocal findings 10%. In children with
VUR grades I, II, III, IV and V abnormal findings were 33%,
32%, 60%, 79% and 95% respectively (Table 2). In children
with UTI in whom the presence of VUR was excluded, inci-
dence of abnormal findings was 15 %, normal findings were
obtained in 72% and equivocal findings in 13% (Table 3).

Table 1. P"Tc-DMSA scintigraphy in 343 children with UTI

99mT¢-DMSA findings No of patients

Normal 174
Equivocal 38
Abnormal 131

Total 343

Table 2. 7" Tc-DMSA scintigraphy according to the grades

of VUR

VUR Normal Equivocal = Abnormal Total
Grade | 10 0 5 15
Grade Il 45 15 28 88
Grade Il 19 4 34 57
Grade IV 6 1 26 33
Grade V 0 1 19 20
Total 80 21 112 213

Table 3. " Tc-DMSA scintigraphy in children with UTI
without VUR

99mT¢-DMSA findings No of patients

Normal 94
Equivocal 17
Abnormal 19

Total 130
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The incidence of abnormal ?°™Tc-DMSA findings in chil-
dren with UTI and VUR was significantly higher than in the
group of children with UTI without VUR (P<0.001), also sig-
nificantly higher in children with VUR grades IV and V than in
children with VUR grade I and Il (P<0.001).

The function of one kidney was assessed by relative tracer
uptake. In the group of children with UTI without VUR, more
than 10% difference of RU between two kidneys was shown
only in 7% (10/130). In 138 patients with UTI and unilateral
VUR, percent of RU decreased according to the severity of
VUR, thus giving pathological value of RU in 24% of pa-
tients with VUR grade 1 — 11 (19/78) and more than 80%
(49/60) in patients with higher grade of VUR (III, IV and V).

Discussion

99mTcDMSA static renal scintigraphy was initially used as a
morphologic imaging tool (Fig. 1). Although ?°™Tc-DMSA
scanning can be useful in assessing congenital abnormalities or
space occupying lesions, its major indication at present is the di-
agnosis of urinary tract infection (Fig. 2 and 3) [27-29]. The
pathophysiological mechanisms of decreased uptake of 2™ Tc-
DMSA in acute pyelonephritis are multifactorial [30]. Cortical
uptake of 2°™Tc-DMSA is related to renal blood flow and distal
tubular cell membrane fraction [31]. Pathological processes al-
tering these parameters may result in focal or diffuse decreased
uptake of 2°™Tc-DMSA. Experimental studies in animals
demonstrated that interstitial damage due to ischemia and/or
release of toxic enzymes and production of super oxides, re-
duces tubular uptake of *°™Tc-DMSA and produces abnormal-
ities seen on 2™ Tc-DMSA scintigraphy [32,33]. Ischaemia oc-
curs early in the inflammatory response to acute pyelonephritis
and precedes tubular cell dysfunction. Therefore the 29™Tc-
DMSA scan probably becomes positive early in the course of
diseases, before any significant tissue damage has occurred.
There have been various studies reporting data for chil-
dren with UTI who had undergone both MCU and °™Tc-
DMSA renal scintigraphy [34-40]. Caione et al. (2004) de-
tected renal damage in 188/282 kidneys with VUR (67%)
and in 18/112 (16%) contralateral nonrefluxing kidneys [34].
Camacho et al. (2004) reported 26% abnormal °™Tc-DMSA
scans performed in 152 children during acute UTI [35]. In
our previous study the incidence of abnormal “®Tc-DMSA

Figure 1. A normal DMSA study

grade I/ 1ll

Figure 2. A %™Tc-DMSA scan in a patient with
multiple cortical scars caused by bilateral reflux

scans was 10% (8/82) in the group of children with UTI
alone, and 49% (43/88) in the group of children with UTI
and VUR [36]. The heterogeneity of published results is evi-
dent and dependent on the type of patients included in the
study, the retrospective or prospective character of the study,
the time elapsing between acute infection and **™Tc-DMSA
renal scan, the antibiotic treatment etc.

In the present study 38% of the children studied presented
with abnormal findings, slightly fewer than those reported by
other studies [34,36-40]. There may be several reasons for
this such as that antibiotic treatment started before the *°™Tc-
DMSA scanning, UTI could be limited to the collecting system
which is rarely detectable by the 2°™Tc-DMSA study etc.

VUR is one of the most frequent risk factors for the devel-
opment of renal damage. In our group of patients 213 chil-
dren demonstrated VUR of various grades. Our results, show-
ing that abnormal ®°™Tc-DMSA findings were obtained in a
significantly higher percentage in children with UTI and VUR
(53%) as compared with children with UTI without VUR (15%)
and also that a significantly high percentage of abnormal find-
ings was found in patients with VUR grades IV and V, as com-
pared to grade  and II, are concordant with other studies show-
ing that 80%-90% of patients with UTI and VUR of high grade
presented an abnormal ™ Tc-DMSA renal scan [41,42). Renal
damage is more likely in patients with severe than with mild or
moderate grade of reflux [41-44]. Hasson et al (2004) suggest-
ed that 2°™Tc-DMSA scintigraphy in infants with UTI may re-
place MCU as a first line investigation, and proposed a strategy
to perform MCU only in patients with renal lesions [43]. Al-
though, if VUR is present, a higher percentage of abnormal
99mT¢-DMSA renal findings is expected, abnormal findings de-
tected in patients without VUR suggest that renal damage may
occur even in the absence of VUR. Urinary tract infection is of-
ten caused by Escherichia coli, as was found in our study
[45,46]. Bacterial adherence to uroepithelial cells related to the
presence of filamentous structures which specifically bind to
the glycolipid receptors located on the surface of cells, has been
described. [46] According to other studies, the incidence of re-
nal damage in children after the first UTI without VUR is 12%
and rises to 25% with recurrent UTI. In our group of patients
15% of children with recurrent UTI without VUR presented
abnormal °™Tc-DMSA renal findings.

Figure 3. A %™Tc-DMSA scan in a patient with
VUR grade V, posterior view, showing reduced
uptake in the lower part of the smaller left kidney
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In conclusion: Our results confirmed the importance of
99mT e DMSA renal scintigraphy in the assessment of UTI in
children with or without VUR. 2°™Tc-DMSA studies may sug-
gest the type of treatment in these children or modify the fur-
ther strategy such as the indication for a MCU. Well-controlled,
prospective studies are needed.
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