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Single photon emission computed tomography with Tc-99m-
dimercaptosuccinic acid in patients with upper urinary
tract infection and/or vesicoureteral reflux
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By means of Tc-99m dimercaptosuccinic acid (DMSA) scintigraphy, an established method
for assessing renal cortical damage, we evaluated the pick-up rate for renal defects (scars)
by single photon computed tomography (SPECT) and planar images of 10 normal volunteers,
and 58 patients (70 scintigrams) with upper urinary tract infections, most of whom had
a history of vesicoureteral reflux (VUR). The positive study rate for renal defects depended
on the severity of VUR. The overall positive rates for renal cortical defects obtained by
DMSA SPECT imaging and DMSA planar imaging were 609, and 43 %, respectively, and
the difference between these was significant (p<<0.005). The mean absolute individual renal
uptake (/injected dose) at 2 hours post-injection was decreased in kidneys with defects detected
by SPECT alone. The positive study rate for intravenous urography (IVU) depended on the
grade of VUR and was 159 overall.

DMSA SPECT imaging detects renal cortical defects at greater frequency than previously

achieved.
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INTRODUCTION

Tc-99m dimercaptosuccinic acid (DMSA) has been
established as an excellent renal cortical radioagent
that provides high resolution images of renal anat-
omy as well as individual renal function.1~7 A number
of studies have shown that DMSA scintigraphy is
very effective in detecting renal cortical defects
(scars), particularly in patients with urinary tract in-
fection (UTI) and/or vesicoureteral reflux (VUR).8713
These renal cortical defects have been recognized as
predictors of the intrarenal reflux of infected
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urine.’415 DMSA scintigraphy has therefore been
proposed as the initial method for disclosing and
sizing cortical scars in UTI.13:16 However, most of the
reported analyses pertain to planar imaging.

This paper will compare and discuss the attributes
of DMSA SPECT imaging in the detection of renal
cortical defects.

MATERIALS AND METHODS

Materials

Between August, 1988 and December, 1989 108
DMSA studies (70 combined planar and SPECT
studies and 38 planar alone) were conducted in 95
patients. All the patients had a clinical history of
symptomatic UTI and/or VUR and were investi-
gated by intravenous urography (IVU) and retro-
grade voiding cystourethrography (VCU) by a
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Table 1 Characteristics of the study population

Patients
Normal
Ry T
alone
Population 10 95 58 37
Male/Female 10/0 44/51 2781 17/20
Age average 21 ys 14 ys 10 ys 17 ys
Range 20-23ys 4 ms— 1 ys— 4 ms—
65 ys 48 ys 65 ys
Treatment
Medical — 50 37 i3
Surgical — 45 21 24
UV-neostomy
— 36 18 18
TUR — 6 3 3
Others — 3 0 3
Scintigraphy 10 108 70 38

UV-neostomy: ureterovesical neostomy
TUR: transurethral resection

urologist. Forty-five of the 95 patients had already
received surgical treatment to prevent urinary reflux
and had been followed up over various periods.
Another fifty patients were under medical treatment
with antibiotics and/or anticholinergic agents for
periods varying from a few months to more than
5 years. Clinical symptoms of UTI at the time of the
scintigraphic examinations had subsided in all pa-
tients. The age of the patients ranged from 2 months
to 64 years old (mean 14 yrs, median 7 yrs). In
addition, 10 young adults who were normal volun-

teers were also investigated to assess normal cortical
morphology in a planar and tomographic study.
The characteristics of the study population are shown
in Table 1.

Methods

Children who could not cooperate in the DMSA
study were sedated. No other pre-treatment was
indicated for individuals. Before injection, the sy-
ringe containing Tc-99m labeled DMSA was placed
30 cm from the collimator surface and counted for
10 sec in order to calibrate the device for renal
uptake measurements. The patients were positioned
supine on a bed beneath which the gamma camera
(Toshiba GCA-602A, digital gamma camera) was
located, and it was equipped with a low-energy high-
resolution parallel-hole collimator. An intravenous
bolus injection of 185 MBq of Tc-99m labeled DMSA
for adults (scaled down to a minimum of 26 MBq
for children) was given. Posterior planar images
were obtained at precisely 2 hours after injection at
a preset time of 5 minutes on a 512 by 512 matrix.
Supplemental posterior oblique images were ob-
tained in most patients. SPECT was started after the
completion of the planar study. Each SPECT projec-
tion image was acquired on a 64 by 64 matrix for
20 sec at each of 60 positions over 360 degree
rotation.

For reconstruction of tomograms, contiguous
transaxial section images of every pixel width (5.4 mm
thickness) were made by 3 point pre-smoothing and
using a Shepp and Logan digital filter. Conventional

A

B

Fig. 1 Examples of Tc-99m DMSA scintigrams showing renal cortical defects in a patient
with bilateral VUR (a 14-year-old boy). A: Posterior planar DMSA image, B: Coronal sec-
tion SPECT image. Planar image (A) demonstrates multiple defects in the left kidney and
equivocal decreased uptake in the upper and lower poles of the right kidney. Tomograms (B)
show the presence of multiple defects (black arrows) in both kidneys.
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transaxial and coronal images to the somatome axis
and true coronal images to the visceral axis of the
kidney after correction for renal axis rotation were
generated. The three types of section images were
displayed on a film for evaluation of renal morphol-
ogy. The absolute individual renal uptake of DMSA
per injected dose was calculated from posterior
planar images by complete correction of all factors
such as physical decay of Tc-99m from the time of
injection to image data acquisition, and tissue atten-
uation of gamma energy emanating from Tc-99m
DMSA in the kidney.1?

All kidneys were classified by the grade of urinary
reflux based on the findings at VCU. The grading
of VUR was made by the degree of contrast material
reflux into the lower and upper urinary tract accord-
ing to the Dwoskin-Perlmutter classification.!8 It was
found that in patients who had already received
ureteral reconstruction and postsurgical medical
treatment the grade of VUR wvaried at different
follow-up examinations. Only the maximum reflux
grade was employed for classification of the indi-
vidual kidney. IVUs and DMSA scintigrams closest
in time, performed within one month, were compared
for cortical anatomical identification. The signs of
scarring on the IVU were calyceal clubbing and
deformity in association with parenchymal thinning.
A wedge-shaped or band-like decreased uptake in
renal parenchyma on the planar DMSA image and
decreased uptake across the renal parenchyma on
SPECT DMSA images were criteria of cortical
defects by scintigraphy (Fig. 1). Normal anatomical
decreased uptake that was revealed between Bertin’s
columns on SPECT was excluded from abnormal
findings. These findings were retrospectively reviewed
and used in the statistical analysis.

Statistical methods

Chi-square test was used to determine if a significant
difference in the number of renal cortical defects
existed between the SPECT imaging, planar imaging
and IVU. There was a normal distribution of ab-
solute individual DMSA uptake within each group,
and therefore Student’s t-test was applied to judge
significance.

RESULTS

Planar versus SPECT

The positive study rate for renal cortical defects was
compared in planar and SPECT images in the 20
kidneys of 10 normal volunteers and 134 kidneys in
70 scintigrams of 58 patients. In volunteers, planar
images were all normal and all except one were
normal by SPECT. The one abnormal left kidney
showed decreased uptake in the upper pole. He did
not have a clinical history of pyelonephritis or
hypertension; no further investigation was con-
ducted. In patients, the positive rate of DMSA
scintigraphy for renal defects was enhanced by
adding SPECT images in all groups: no VUR, 239,
planar and 509, SPECT; grade I, 359 planar and
509% SPECT; grade Ila, 28% planar and 50%
SPECT; grade IIb, 559% planar and 739 SPECT;
grade I1I, 649 planar and 719, SPECT; grade 1V,
859 planar and 1009, SPECT. The greatest per-
centage of improvement detected by SPECT was in
mild grades of reflux (Table 2). SPECT missed a
small cortical defect in only one kidney, and this
was picked up on the planar image in the lower
margin of the left kidney in an infant. Overall, the
positive study rate for SPECT DMSA imaging was
619, compared to 439 by planar imaging, which is
statistically significant (p<0.005).

Table 2 Comparison of positive study rate for the detection of renal
cortical defects by planar and SPECT imagings

Grading of VUR

.. . N al
S jgraphic V?’gf‘%rs No VUR Ila 1Ib I v
=200 1=22) (=260 (1=36) (=22) (n=14) (n—14)
Planar (+) —_ 239 359, 259 559 64, 86,
SPECT (+) (5) &) 9 12) &) (12)
Planar (—) 5% 27% 159 229 18%; 7% 149,
SPECT (+) (N (6) “4) 8) C)) 1) 2)
Planar (+) — — 3% — — _
SPECT (—) )
Total 59, 509, 50, 0% 73 1% 100%
45) (11) (18) (16) (10) (14)

The numbers in parenthesis indicate the number of kidneys.
The positive study rate for planar imaging in patients is 43 % (57/134).
The positive study rate for SPECT imaging in patients is 609, (81/134).
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The absolute individual renal uptake in patients
is plotted in Fig. 2. The mean absolute individual
renal uptake (4-SD) in the kidneys with no defects,
with defects detected by both planar and SPECT
imaging and with defects detected by SPECT alone
were 0.20440.081 (n=46), 0.167+0.061 (n=46) and
0.18540.048 (n=23), respectively. The first two
mean values were statistically significant (p<<0.005),
whereas the last two mean values were not. On the
other hand, the uptake in normal volunteers was
0.1814-0.025.

NS

T a<0.005 NS
1 i

4

0.354

034 °

Absolate Uptake of DMSA

No lla
|

1l
b 1V
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I Itb IV
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No lla 1l
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Grade of VUR

Planar (—)
SPECT (+)
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SPECT (+)

Planar (—)
SPECT (—)

Fig. 2 The individual absolute renal uptake of Tc-99m-
DMSA in the kidney with or without defects on planar
and/or SPECT scintigraphy.

Intravenous urogram versus planar Tc-99m DMSA
image

We also compared the positive study rate of DMSA
planar imaging with IVU. The positive study rate
for renal scars on 1VU depended on the grade of
VUR and increased proportionately with the reflux
grade. The lowest positive rate was 0% (0/35) in the
group with no VUR and the highest was 44 9 (8/18)
in the group with grade IV reflux. The overall posi-
tive rate of the IVU for scarred kidneys was 159
(27/176). In contrast, planar DMSA scintigraphy
showed higher positive rates in every group with
reflux than the IVU. The positive study rate of planar
DMSA imaging was almost the same in groups with
no VUR, and grades I and Ila. It ranged from 20%,
to 29%. In groups with advanced reflux grades I1b,
HI and IV, cortical defects were more frequently
disclosed, varying from 599% to 77%. The overall
positive study rate of planar DMSA scintigraphy
was 419 (74/181) which was significantly greater
than the IVU (p<0.001). These results are detailed
in Table 3.

DISCUSSION

Of the three diagnostic methods under study, viz.,
Tc-99m DMSA SPECT imaging, Tc-99m DMSA
planar imaging and IVU, the first yielded the highest
positive study rate in the detection of renal cortical
defects. The positive study rate of 439, for renal
cortical defects by planar DMSA scintigrams was
similar to the previous series (24-51%),8:12.13 but
our overall figure of 159 for the IVU is lower than
any other reported series (32-37 %). This may be due
to differences in the severity of VUR in the study
population. Although the IVU did show the lowest
positive study rate in the detection of renal scars, it
still serves as a baseline study to evaluate anatomical
details of the calyces and ureters. The addition of
SPECT enhanced overall detection of the cortical
defects from 439, in planar imaging to 609 by
SPECT. There have been no previously reported
studies which compared the attributes of DMSA
SPECT imaging to planar for the detection of renal

Table 3 Comparison of positive study rate for the detection of renal cortical defects
by intravenous urography (IVU) and planar DMSA imaging

Grading of VUR

Methods
No VUR I IIb 111 v Overall
VU 0% 7% 129 18% 33% 449 15%
(0/35) (2/28) (5/43) (6/34) (6/18) (8/18) (27/176)
Planar DMSA 209 29% 239% 59% 67% 77% 419
(7/35) (8/28) (10/44) (20/34) (12/18) (17/22) (74/181)

The numbers in parenthesis indicate the number of kidneys.
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Fig. 3 Tc-99m DMSA SPECT images in a normal volunteer. SPECT image shows stripes
of increased (corresponding to the Bertin’s columns) and decreased (corresponding to the
pyramids) uptake in the renal cortex, paticularly in the mid-portion of the kidney.

cortical defects in patients with UTI and/or VUR.
The renal parenchymal defects demonstrated by
DMSA scintigraphy, however, are not pathogno-
monic for renal scars. They are observed in many
renal diseases which induce loss of functioning mass
such cysts, tumors, infarction, etc. In addition, we
must keep in mind that false positive defects resulting
from the application of SPECT are not negligible.
The renal axis rotation and intra-parenchymal re-
gional distribution of functioning nephrons in the
Bertin’s columns and the pyramids, revealing stripes
of increased and decreased uptake (Fig. 3), also may
produce false positive results. Cortical defects, there-
fore, must be interpreted in the clinical and anatom-
ical contexts.2™4 In the clinical study, it is difficult to
calculate the true sensitivity and specificity of Tc-99m
DMSA scintigraphy for renal cortical scars, because
there are few correlations with pathological speci-
mens, the gold standard. The results of an experi-
mental study using piglets1%:20 also indicate that there
was no false positive in planar DMSA scintigraphy,
although small infection scars tended to be missed
by planar imaging. The two reports seem to clearly
indicate the clinical usefulness of DMSA SPECT
imaging in the detection of infection scars, because
the application of SPECT might improve anatomical
resolution for such small defects in infected kidney.
Although DMSA scintigraphy may have limita-
tions in tissue characterization of the parenchymal
defects and SPECT imaging may produce some false
positive results, the scarred kidneys that were detected
only by DMSA SPECT tended to have decreased
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renal uptake. This suggests that the scarred kidneys
disclosed only by SPECT have some loss of func-
tioning mass, but it is not statistically significant, and
is due to small defects which are overshadowed by
radioactivity in and around the kidney. The clinical
significance of these cortical defects which are
detected only by SPECT and do not result in sig-
nificant loss of cortical function remain to be deter-
mined in a further study. Calculation of the absolute
individual DMSA uptake is helpful for quantitative
estimation of the functioning mass of the kidney.

The renal defects demonstrated by DMSA scin-
tigraphy clearly indicate recent and/or past upper
urinary tract infection. DMSA scintigraphy is there-
fore proposed as a new highly reliable standard for
the investigation of renal scarring in young children
with UTIs.2! The only limitations to DMSA SPECT
are the somewhat longer imaging time compared to
planar, and the necessity of using sedation in younger
children, but it is more sensitive than either IVU or
DMSA planar imaging. The clinical facility of DMSA
SPECT imaging in younger children should be
further discussed and established in the therapy and
longitudinal follow-up of these patients.
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