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INTRODUCTION

#mTc-DMSA renal scan gives not only anatomic
images but also quantitative informations about
renal function. Renal *™T¢-DMSA uptake has been
shown to correlate well with the effective renal
plasma flow (ERPF), glomerular filtration rate
(GFR) and creatinine clearance®.

The absolute renal DMSA uptake of children is
expected different from that of adults because renal
function differs among age groups. To evaluate the
renal function using absolute renal DMSA uptake,
the age of children at the time of DMSA scan should
be considered.

We measured the absolute renal DMSA uptake of
each kidney in young control patients and investigat-
ed the scan findings and absolute renal DMSA up-
take of children with vesicoureteral reflux (VUR).

METHODS
1. Patient Population

Sixty five children were chosen as disease control
group (male 39, female 26, mean age+S.D., 4.7+4.1
years old) who had no evidence of VUR, obstruction
and acute urinary tract infection, no cortical defect
in DMSA scan and normal serum creatinine level.
Fifty five children (male 33, female 22, mean age+S.
D., 4941 years old) who had VUR proven by
radiologic voiding cystourethrography were includ-
ed in this study, retrospectively. Twenty nine chil-
dren had bilateral reflux and twenty six had unilat-

eral reflux.

2. #*"Tc-DMSA Renal Scan and Absolute
DMSA Uptake

For measurement of the absolute renal DMSA
uptake, we placed the syringe filled with #*™Tc-
DMSA 30cm in front of gamma camera (Lem*,
Siemens) and counted the radioactivity using com-
puter (MicroDelta, CDA. 64 X 64 matrix, word mode)
(preinjected dose) for 1 minutes. After injection, we
counted the remained radioactivity in the syringe by
the same manner (postinjected dose). DMSA scans
were performed three hours after the intravenous
injection of 18.5—111 MBq(0.5—3.0 mCi) of *™Tc-
DMSA. Images were acquired in the posterior, both
posterior oblique projections, with the children laid
prone and anterior projection with supine position
for 500,000 counts using same camera with high-
resolution collimator. We used the posterior planar
images for renal DMSA uptake. Regions of iﬁterest
were applied on each kidney and radioactivity in
each kidney was counted. The C-shaped background
region was placed laterally around each kidney and
its radioactivity was counted for background correc-
tion. The renal depth was determined by using a
calculation formula based on weight and height that
was proposed by Tonnesen?. The absolute DMSA
uptake of each kidney was expressd as % 1D (injected
dose=preinjected dose—postinjected dose) after
subtrating the background activity and correcting
for kidney depth and **™Tc decay by time.

Absolute **™"Tc-DMSA renal uptake

_ (renal activity—background activity) o
- e ** - e~ *(preID-postID) x1000%)

1 0.153(linear attenuation coefficient, cm™?)

x: depth of kidney (cm) t: time interval (hour)
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A: 0.693/T,(T,: physical half-life of **™Tc)

We also used the DMSA uptake ratio (absolute
DMSA uptake of patient/mean uptake of age-
matched control) because the expected normal abso-
lute uptake were not same among different age
groups.

RESULTS

The changes of DMSA uptake of each kidney in
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Fig. 1. The DMSA uptake of each kidney in control
group.
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control group is shown in Fig. 1. The DMSA uptake
of children before 3 months old was 14.5%+3,1%
ID(mean*S.E.), then increased with the children’s
age and reached plateau which was adult level® at
about 1-1.5 years old (21.9x2, 0%1D).

Table 1. The Relation Between the Grade of VUR and
the Number of Defects in the Patients with Bi-
lateral VUR

Grade of No. of Defects 221“11:
VUR 1 2 Multi-  acted
ple

| 1 0 1 0 2 0

11 9 0 1 0 0 1

11 5 6 3 2 0 1

v 4 2 4 5 2 1

\% 0 0 1 0 4 2

Table 2. The Relation Between the Grade of VUR and
the Number of Defects in the Patients with Uni-
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lateral VUR
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1 2
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0 23 2 0 0 0 0
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Fig. 2. The relation between renal DMSA uptake ratio and the grade

of VUR.
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The relation between the grade of VUR and the
number of cortical defect is shown in Table 1, 2. In
general, the more severe the grade of VUR, the more
the number of cortical defect(s). But there were some
exceptional cases. Two among 25 kidneys (8%)
which had no demonstrable VUR showed cortical
defect. 27 of 84 kidneys (32.1%) which had VUR,
13 of 62 kidneys (21%) which has
VUR of grade 3 or more showed no cortical defect.

among these

Fig. 2 shows the relation between renal DMSA
uptake ratio and the grade of VUR. As the grade of
VUR was severe, the renal DMSA uptake ratio was
decreased, especially in the kidney which had cor-
tical defect (s).

Fig. 3 shows renal DMSA uptake ratio pattern in
children with unilateral VUR. In thé left column
which represents the uptake ratio of kidney which
has no cortical defect, the uptake ratio pattern of
normal and diseased kidney is not so different. But in
the kidney which has cortical defect (s), as shown in
the right column, the uptake ratio of diseased kidney
is likely to be below 1.0 and that of normal
(contralateral) kidney is usually above 1.0. There is
a trend that the lesser the uptake ratio of diseased
kidney, the greater that of normal (contralateral)
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Fig. 3. Renal DMSA uptake ratio pattern in children
with unilateral VUR.
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kidney.

The uptake ratio in children with bilateral VUR is
shown in fig. 4. The more seriously injured kidney,
that has more cortical defects, is shown in the left
column. The uptake ratio of more injured kidney is
lesser than that of contralateral kidney. Usually, the
lesser the uptake ratio of one kidney, the greater that
of contralateral kidney.

DISCUSSION

Technetium-99m DMSA is an excellent renal cor-
tical imaging agent that provides high resolution
images of renal anatomy as well as individual
function*~®. Many studies have shown that renal
cortical scintigraphy is more sensitive than IVP and
renal sonography in the detection of renal paren-
chymal injury®~'?. Also, the relative uptake of
*mTc.DMSA by the kidneys has been shown to
correlate closely with relative renal function™'*!4,
The renal function of infant matures and reaches
adult level at about 1~2 years old. In our study, the
renal DMSA uptake increased with children’s age
after birth and reached plateau at about 1~ 1.5 years
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Fig. 4. Renal DMSA uptake ratio pattern in children
with bilateral VUR.

— 330 —



—of AT 9 1041

old. It represents that the renal DMSA uptake corre-
lates with renal function and was different among
age groups especially early childhood. Also, our data
showed that affected kidneys with defects or reflux
could compensate the partner kidney with more
ailments. For follow-up study in children with cor-
tical defect(s), using the simple left-to-right ratio(R/
L ratio) is not accurate because of the various fac-
tors such as increasing DMSA uptake along the
growing age, the variable degree of compensation
and functional recovery. Therefore the age of
patients should be considered to evaluate the renal
function by renal DMSA uptake, especially in young
children. So we measured the DMSA uptake ratio,
that is the ratio of the absolute renal DMSA uptake
of patient to mean uptake of age-matched control to
compare the DMSA uptake pattern in children with
VUR.

There is many contradictory reports about the
relation between the degree of VUR aﬂd number of
cortical defects. One study have reported that the
positive detection rate for renal defects depended on
the severity of VUR!?, Some other studies have
reported that changes in the appearance of defects
were independent of the presence or degree of reflux
at presentation and symptomatic recurrence of
infection'® and new scarring in kidneys without
reflux was as common as in those with reflux'®. Our
study also shows that the number of cortical defects
is partly dependent on the degree of VUR but 32% of
kidney with VUR had no cortical defect and 8% of
kidney without VUR had cortical defect. These
findings suggest that some other factors such as the
children’s age, disease duration and reponse to ther-
apy should be considered.

The role of vesicoureteral reflux in the path-
ogenesis of renal scarring is controversial. The com-
mon assumption was that vesicoureteral reflux is a
prerequisite for renal scarring'”'®. In our study there
is 2 kidneys (8%) which has cortical defect in the
absence of VUR. We also noted that the kidney has
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cortical defect(s) not always in proportionate to the
severity of VUR. 13 amoﬁg 62 kidneys (219%) which
had VUR grade 3 or more had no cortical defect.
Recent reports have demonstrated the role of bacte-
rial virulence and other host defense factors besides
vesicoureteral reflux in the pathogenesis of renal
scarring'®2®?, Other studies report that acute
pyelonephritis in the absence of reflux is more com-
mon than previously thought, and that acquired
renal scarring following urinary tract infection also
occurs in the absence of demonstrable vesicoureteral
reflux is more common than previously thought, and
that acquired renal scarring following urinary tract
infection also occurs in the absence of demonstrable
vesicoureteral reflux*?®, Subsequent progressive
renal scarring can be successfully prevented by
keeping the patients free of infection.

In conclusion, because the severity of VUR does
not always tell the degree of renal injury, we should
evaluate the renal injury using renal DMSA scan and
its absolute uptake. And we should consider the
patient’s age to evaluate the renal function using
renal DMSA uptake, especially in young children.
The relation between the degree of VUR and sever-

ity of renal injury may be followed by further study.
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