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Summary

Tc-99m DMSA scintigraphy is the imaging modality of
choice for the detection of renal cortical scarring and renal
parenchymal status. The present study was designed to com-
pare radionuclide cortical imaging with IVU and USG for the
detection of postpyelonephritic cortical scars and to define the
indications of DMSA in the pediatric nephrology field and to
enhance the clinicians' interest in the renal cortical scintigra-
phy. In the present study, we performed Tc-99m DMSA cortical
scan on 25 children (49 kidneys) with recurrent urinaiy tract
infections who were at risk for renal scarring. Intravenous
urography and ultrasonography were also performed on 15
patients. Their age ranged from 4 months to 16years (mean:
8.1+4.4 years). Renal scarring was detected in 24 of 49 kid-
neys. DMSA cortical scanning and IVU/USG were in concor-
dance in the normal kidneys. DMSA cortical scanning detect-
ed more scars than IVU and USG. We conclude that DMSA
scanning is the most valid modality in the evaluation of kidneys
at riskfor scarring in children.
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Ozet

Tc-99m DMSA sintigrafisi renal kortikal skar saptan-
masinda ve renal parankimin incelenmesinde secgilecek goriin-
tilleme yontemidir. Bu  ¢alismada postpyelonefritik  kortikal
skorlarin  saptanmasinda  radyoniiklid  kortikal ~gériintiilemenin
TVU ve USG ile karsilastiriimasinin yanisira pediatrik nefrolo-
Jji alaminda DMSA'min  endikasyonlarini  daha iyi belirleyerek
klinisyenlerin renal kortikal sintigrajive olan ilgilerinin art-
twrtlmast amaglandi. Bu ¢alismada renal skar agisindan risk al-
tinda olan tekrarlayan idrar yolu enfeksiyonlu 25 ¢ocuga (49
bobrek) Tc-99m DMSA kortikal sintigrafi uygulandi. 15 has-
taya intravendz iirografi (IVU) ve ultrasonografi (USG) uygu-
landi. Hastalarin yaglart 4 ay ile 16 yil arasindaydr (ortalama:
8.1+4.4 yil). 49 bobregin 24%inde renal skar saptandi. Skar
agisindan  risk altinda olan  bébreklerin — degerlendirilmesinde
DMSA  sintigrafisinin  en  gegerli yontem oldugu sonucuna
varildi.

Anahtar Kelimeler: Tc-99m DMSA,
Uriner sistem enfeksiyonu,
intravenéz urografi, ultrasonografi
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Urinary tract infections in children may be
symptomatic or asymptomatic. Symptomatic uri-
nary tract infections may be confined to the bladder
(cystitis) or renal parenchyma (pyelonephritis).

Technetium 99m (Tc-99m) dimercaptosuccinic
acid (DMSA) scintigraphy is the imaging modality
of choice for the detection of acute pyelonephritis
and chronic renal scarring in children. DMSA is a
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radiopharmaceutical that localizes in the proximal
tubular cells in the renal cortex, that provides an
image of functional renal parenchyma (that allows
visualization of functioning renal parenchyma) (1).
DMSA is actively accumulated by the renal proxi-
mal tubules following two pathways:

* peritubular uptake
« filtration plus reabsorption

Its integrity is dependant upon several parame-
ters combining intact intrarenal blood flow and in-
tact enzyme function (2). Any pathological process
that alters either or both of these parameters may
result in focal or diffuse areas of diminished up-
take. DM S A offers a unique opportunity to study
the progression of renal damage and functional loss
from the initial insult of acute pyelonephritis to the
subsequent development of irreversible renal scar-
ring.

Clinical reports in the 1980's indicated that re-
nal cortical scintigraphy was more useful than in-
travenous urography (IVU) or ultrasonography
(USG) in confirming the diagnosis of acute
pyelonephritis (3-5).

Intravenous urography has been the traditional
modality to evaluate renal parenchymal scarring.
However, recent studies comparing the diagnostic
capability ofrenal cortical scintigraphy with DM -
SA to that ofthe IV U have demonstrated a greater
sensitivity with radionuclide imaging, especially in
younger children (6,7). USG has been evaluated as
one of the imaging tecniques for differentiating
acute pyelonephritis from lower urinary tract infec-
tion (UTI). Although US G is a useful technique for
initial assessment of upper urinary tracts and
anatomical definition, it is a relatively insensitive
test for the detection of acute inflammatory
changes of renal cortex. The present study has two
aims: one ofthem is to compare radionuclide corti-
cal imaging with IVU and USG for the detection of
postpyelonephritic cortical scars and the other one
is to define the indications of DM S A in the pedi-
atric nephrology field and to enhance the clinicians'
interest in the renal cortical scintigraphy.

Materials and Methods

Sixteen female and 9 male children (mean age:
8.1+4.4 years; range from 4 months to 16 years)
were included. They all experienced urinary tract
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infection more than once. For follow up, they were
imaged again at least 3 months after acute infec-
tion. Tc-99m DM S A, IVU and/or USG were per-
formed within the same week.

A dose of2 MBq/kg (with a minimum dose of
20 MBq) Tc-99m DM S A was administered intra-
venously. Four and 24 hours later anterior, posteri-
or and posterior oblique planar images were ob-
tained with a gamma camera (GE Starcam, XR/T)
in 256 x 256 matrix using an acqusition time of 5
minutes for each individual image. DM S A images
of 49 kidneys were evaluated visually by two inde-
pendent observers. Presence of areas with dimin-
ished focal cortical uptake was accepted as cortical
scarring. The set of criteria for the normal appear-
ance of Tc-99m D M S A planar images as developed
by "International Radionuclides in Nephrology"
was used to minimize false positive results (8).
IVU, USG and DM S A scanning were evaluated by
correlating wih each other.

Results

The distribution of positive and negative find-
ings in three modalities is shown in Figure 1.
Regarding Tc-99m DMSA as the gold standard
modality; the evaluation of the sensitivity and
specificity of IVU and USG compared to DMSA is
shown in Table 1. USG,IVU and Tc-99mDMS A
examinations ofa 8 year old male patient are shown
in Figure 2 A, 2B and 2C, respectively.

Discussion

Tc-99m DMSA is an excellent renal cortical
imaging agent. About 60% of the administered
dose is tightly bound to the proximal tubular cells
and only a small amount is slowly excreted in the
urine. DMSA allows visualization of renal
parenchyma without interference from retained
tracer in the collecting systems (9). Renal cortical
abnormalities, demonstrated by DM SA radionu-

Table 1. The sensitivity and specificity of [V U and
USG compared to DMSA

Gold standard: Tc-99m DMSA

IVU USG
Sensitivity (%) 85 75
Specificity (%) 100 100

T Klin J Med Res 2000, 18
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Figure 1. The distribution of positive and negative findings inIVU-USG-DMSA.

[Values in parenthesis () indicate the number of kidneys examined with the mentioned technique]

*/;/ the follow up of these 24 kidneys after at least three months, no change in the scintigraphic appearances were detected, thus

indicating renal scarring.

**The negative findings in ultrasonographic examination were present in 4 kidneys which were later studied with 1 VU examination.
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Figure 2A. Ultrasonographic examination of a 8 year old male
patient: normal.

elide studies, represent areas of proximal tubular
dysfunction and scars. It has been shown in the pig
model that DMSA abnormalities detected in the
presence of an experimentally induced urinary tract
infection correspond to acute pyelonephritic foci
(10,11).
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Figure 2B. The intravenous urographic examination of the
same patient: normal.

Acute pyelonephritis is a major cause of mor-
bidity in children with UTI and can result in irre-
versible renal cortical scarring. Well recognized
late sequelae of pyelonephritic scarring include hy-
pertension, proteinuria and chronic renal failure
(12,13). Clinical and experimental studies have
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Figure 2C. Tc-99m DMS A scintigraphic examination of the
same patient: a defect in the upper pole of the left kidney (ar-
TOW)

demonstrated that renal scarring can be prevented
or diminished by early diagnosis and aggressive
treatment of acute (14,15).
Therefore, accurate diagnosis of acute pyelonephri-
tis has significant clinical relevance. DM SA renal
scintigraphy is a valid tool for confirming the diag-
nosis of acute pyelonephritis and for identifying
kidneys at risk for subsequent cortical scarring and
also offers a unique opportunity to study the pro-
gression of renal damage and functional loss from
the time of the initial insult until the development
of renal scarring. Furthermore, differential renal
function can be objectively deteraiined. Acute
pyelonephritis may resolve completely and the scan
may return to normal within three months or it may
become into permanent damage or scar formation.
In order to increase the specificity, Tc-99m DM S A
follow up scans are recommended to differentiate
ischemia due acute infection from permanent renal

pyelonephritis

scarring.

The IV U has been the traditional modality for
evaluation of renal parenchymal scarring, but how-
ever it is not a sensitive detector of acute
pyelonephritis (16). Furthermore, it has been stated
that pyelographic evidence of new renal scarring
may take up to 2 years to develop after urinary tract
infection (17). Pyelographic evidence ofrenal scar-
ring reflects an architectural change caused by con-
traction of the damaged cortex and continued
growth ofthe surrounding normal cortex, which re-
quires time. Studies on sensitivity are generally
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based on comparison with other techniques, mainly
IVU and USG. In children with urinary tract infec-
tion, there is much evidence that DMSA scintigra-
phy is more sensitive than the two other techniques
in acute lesions (18-21) and in chronic lesions
(18,19,22). Compared with IVU, visualization of
the kidneys with DM S A scintigraphy is not ham-
pered in children by overlying bowel gas,'stool or
bony abnormalties. Contrast induced reactions are
avoided and the radiation dose to the reproductive
organs is significantly less than with on IV U.

Sonography has a low sensitivity for the detec-
tion of acute inflammatory changes of renal cortex.
Therefore, it is not the optimal imaging technique
for the diagnosis of acute pyelonephritis. However,
sonography is very useful in characterizing the de-
fects seen on the DM S A cortical scan and in de-
tecting obstructive uropathies that may be associat-
ed with UTI. Scintigraphic abnormalities are not
specific. In case of acute urinary tract infection, re-
gional defects can be due to acute infection but al-
so to any other underlying disease such as renal ab-
scess, hydronephrosis, cysts, or complicated duplex
kidney. It is mandantory, therefore, to combine
scintigraphy with US G allowing differentiation be-
tween these situations.

The importance of the timing of therapy has
been reported in animal studies in which early an-
tibiotic treatment prevented or diminished subse-
quent renal scarring (15). Therapeutic delay has
been associated with an increased frequency of re-
nal scarring in clinical reports (14,23,24). Accurate
diagnosis of acute pyelonephritis in children is es-
sential since early treatment is crucial to prevent re-
nal scarring (14,23,24).

The results of our study confirm that DMSA
examinations detects a significantly higher number
of renal cortical abnormalities than detected on
USG and/or IVU. We conclude that Tc-99m DMSA
scanning is a sensitive modality compared to IVU
and USG in the evaluation and the follow up of'the
kidneys at risk for scarring in children. There
should definitely be no concern regarding the effi-
ciency of DM S A in the pediatric nephrology de-
partments and clinicians should enhance their inter-
est in referring pediatric patients for DM S A scinti-
graphic examinations.

T Klin J Med Res 2000. 18
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