
Quantitative SPECT of 99mTc-DMSAUptake in

Kidneys of Infants with Unilateral Ureteropelvic
Junction Obstruction: Assessment of Structural
and Functional Abnormalities
David Groshar, Moshe Wald, Boaz Moskovitz, Elias Issaq and Ofer Nativ

Departments of Nuclear Medicine and Urology, Bnai Zion Medical Center, Faculty of Medicine, Technion-Israel Institute

of Technology, Haifa, Israel

We evaluated individual renal function using quantitative SPECT
of dimercaptosuccinic acid (DMSA) uptake by the kidneys
(QDMSA) in infants with unilateral ureteropelvic junction (UPJ)
obstruction and compared our findings with infants without
obstruction. Methods: QDMSA was performed on 13 infants
(mean age of 2.8 Â±2.8 mo) with unilateral UPJ obstruction and
on 15 age-matched controls without obstruction. Results: Con
trol kidneys (n = 30) had a volume of 43.5 Â± 8.8 mL, a
percentage injected dose (%ID)/mL 0.62 Â±0.12 and uptake of
26.1% Â±3.9%. Kidneys with UPJ obstruction (n = 13) had a
volume of 61.2 Â±19.3 ml, a %ID/mL of 0.42 Â±0.11 and uptake
of 25.4% Â±8.2%. Contralateral kidneys (n = 13) had a volume of
44.0 Â±11.9 mL, a %ID/mLof 0.57 Â±0.16 and uptake of 24.2% Â±
4.6%. The uptake in obstructed kidneys was similar to that
observed in contralateral and control kidneys (f = -0.77, P =
0.45; / = -0.37, P = 0.71; respectively). UPJ kidneys had a

statistically significant increased volume and decreased %ID/mL,
compared with contralateral kidneys (t = 3.35, P < 0.006 and f =
3.75, P < 0.003, respectively) and control kidneys (f = -4.2, P <
0.001 and r = 4.7, P < 0.001, respectively). There was no
significant difference between contralateral kidneys and control
kidneys regarding volume (f = -0.16, P = 0.87), %ID/mL (t =
0.98, P = 0.33) and uptake (t = -1.41, P = 0.16). Of 13 infants,

11 (85%) showed large kidneys with thinning of the renal cortex.
In 1 infant, there was no difference between the obstructed and
contralateral kidneys regarding volume, %ID/ml_and uptake, and
1 infant showed significant decreased uptake in the UPJ kidney
compared with the contralateral kidney. Conclusion: Although
the overall renal function of the obstructed kidneys remained
unchanged, there was a statistically significant decrease in the
%ID/mL of renal tissue in UPJ kidneys, which may represent
renal dysfunction. Increased functional volume with a thin cortex
may represent a compensatory mechanism of the obstructed
kidney. Such changes may contribute to the understanding of
pathophysiologic mechanisms and may be an early sign of
obstruction in infants with hydronephrosis. Further longitudinal
studies with an extended number of infants and serial measure
ments of kidney volumes and %ID/ml_ are warranted to assess

the significance of QDMSA in the management of infants with
asymptomatic unilateral renal pelvic dilatation.
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' reteropelvic junction (UPJ) obstruction is the most

common cause of hydronephrosis in children (7). Prenatal
sonography detects hydronephrosis in 1.4% of fetuses, and
as many as half of these cases persist postnatally (2).
However, pelvic dilatation may occur without clinically
significant obstruction. The inability to establish or rule out
obstruction has caused controversy in the management of
infants with asymptomatic hydronephrosis (3). A test able to
demonstrate the kidney's response to obstruction will be

useful both for understanding the pathophysiology and for
evaluating renal pelvic dilatation in asymptomatic infants.

Quantitative SPECT of dimercaptosuccinic acid (DMSA)
uptake by the kidneys (QDMSA) is a method to evaluate
individual renal function (4-6). QDMSA is a relatively

simple reproducible technique that is easily standardized and
allows determination of individual and global renal function
(7,8). The aim of this study was to evaluate the renal volume
and individual renal uptake measured by QDMSA in infants
with unilateral UPJ obstruction and compared with infants
with normal kidneys.

MATERIALS AND METHODS

Patient Population
MmTc-DMSA quantitative SPECT study of the kidneys was

performed on 13 infants (10 males, 3 females; mean age 2.8 Â±2.8
mo, range 3 wk-10 mo). All infants had moderate to severe

unilateral hydronephrosis on sonography, a diuretic renogram
showing an obstructive curve pattern on the kidney with hydrone
phrosis and a nonobstructive curve pattern on the contralateral
kidney. None had vesicoureteral reflux on voiding cystouretero-

gram; thus, all were considered as having unilateral UPJ obstruc
tion. Fifteen age-matched infants (11 females, 4 males; mean age

QDMSA IN UPJ OBSTRUCTIONâ€¢Groshar et al. lili



3.1 Â±2.1 mo, range 3 wk-10 mo) served as a control group.

QDMSA was performed as part of the workup in children with
previous urinary tract infection and no hydronephrosis or structural
abnormalities of the urinary tract on sonography. All infants had
normal values of serum creatinine, blood urea nitrogen and
urinalysis.

Quantitative SPECT
QDMSA was measured using the same method as in previous

studies (7-9). The infant was injected with 27.8-55.5 MBq
(0.750-1.5 mCi) "Tc-DMSA, and SPECT was performed after

4-6 h. In brief, studies were performed with a rotating gamma
camera and an all-purpose, low-energy collimator. Data acquisition
lasted 20 min and required 120 projections (3Â°apart), and the entire

study accumulated 3-5 X IO5counts. Raw data were reconstructed

by filtered backprojection with a Hann filter (cutoff point 0.5
cycle/cm). After reconstruction, each image was sectioned at
1-pixel (0.68-cm) intervals in the transaxial, coronal and sagittal

planes using a 64 X 64 byte matrix. Kidney volumes and
radioactive concentration measurements were calculated on the
reconstruction data with the threshold method (70).

Threshold is the most used method for organ or tumor segmenta
tion in SPECT studies (11,12). The threshold selection depends on
the level of the surrounding activity and the organ size (11,12). The
high target-to-nontarget ratio of DMSA in the kidney and kidney

size (>30 mL) makes this method suitable for QDMSA (70,77). A
threshold value of 43% was found to be optimal for "mTc after

performing a series of phantom measurements with known vol
umes and concentrations (4,10). The method does not deny that
tissue attenuation is present but assumes that cancellation of
attenuation effects occurs. Consideration of the theoretic role of
attenuation and the inability to correct for it has led us to use the
empirical threshold method and to demonstrate its usefulness and
reliability by extensive phantom studies and by the only meaning
ful gold standardâ€”the in vivo/in vitro correlation (70).

The operator chooses the slice to define the kidney and draw a
region of interest (ROI) around the organ. For volume measure
ments (mL), the number of pixels in all sections multiplied by the
slice thickness is summed. For concentration measurements, the
threshold value is subtracted from all pixels in the ROI in all slices.
All the nonzero pixels that have higher counts than the threshold
value are used to calculate the concentration. Counts per voxel are
converted into concentration units (nCi/mL) using the regression
line obtained previously by phantom measurements (70). The
percentage of injected dose per mi 11iliter of renal tissue (%ID/mL)
is calculated using this value corrected for radioactivity decay.
Kidney uptake is then obtained by multiplying kidney volume
(mL) and %ID/mL (4).

Statistical Methods
Values are expressed by their mean Â±1 SD (95% confidence

intervals for the mean). The paired Student t test was used to
compare left versus right kidneys in controls and to compare
obstructed versus contralateral normal kidneys in infants with UPJ
obstruction. Unpaired Student t test was performed for comparison
between age-matched groups.

RESULTS

The results of the QDMSA study are presented in Table 1.
In the control group, there was no statistically significant

TABLE 1
QDMSA Data in Unilateral UPJ Obstruction

Quantitative SPECT

Obstructed (n = 13) Contralateral (n = 13)

Patientno.12345678910111213MeanAge2

mo1
mo3
mo5
mo6
mo1
mo3
wk4
mo3wk1

mo10
mo3.5
wk3.5

wkÂ±SDControl

subjects(nMeanÂ±SDVol(mL)8667446586434754439774484261.219.3=30)43.58.8%ID/mL0.420.370.470.480.220.660.430.380.460.450.370.580.290.420.110.620.12Uptake36.124.520.731.218.928.420.120.519.543.527.427.912.225.48.226.13.9Vol(mL)3943376563323745333363394144.011.9%ID/mL0.640.570.470.490.410.830.510.440.670.960.430.560.490.570.16Uptake25.024.817.431.826.226.619.019.822.832.227.121.820.124.24.6

QDMSA = quantitative SPECT of dimercaptosuccinic acid uptake;
UPJ = ureteropelvic junction; vol = volume; %ID/mL = percentage of
injected dose per milliliter; uptake = kidney uptake (%).

difference between right and left kidneys concerning the
volume, %ID/mL and uptake; thus, they were grouped
together. Control kidneys (n = 30) had a volume of 43.5 Â±
8.8 mL (CI = 40.2^6.8 mL), a %ID/mL of 0.62 Â±0.12
(CI = 0.57-0.66) and an uptake of 26.1% Â±3.9% (CI =
24.7%-27.6%). Kidneys with UPJ obstruction (n = 13) had
a volume of 61.2 Â± 19.3 mL (CI = 49.5-72.9 mL), a
%ID/mL of 0.42 Â±0.11 (CI = 0.36-0.49) and an uptake of
25.4% Â±8.2% (CI = 20.4%-30.4%). Contralateral kidneys
(n = 13) had a volume of 44.0 Â±11.9 mL (CI = 36.8-51.2
mL), a %ID/mL of 0.57 Â±0.16 (CI = 0.47-0.67) and an
uptake of 24.2% Â±4.6% (CI = 21.4%-27.0%).

The uptake in obstructed kidneys was similar to that
observed in contralateral and control kidneys (t = â€”0.77,
P = 0.45, t = -0.37, P = 0.71, respectively). UPJ kidneys

had a statistically significant increased volume and de
creased %ID/mL, compared with contralateral kidneys (/ =
3.35, P < 0.006 and t = 3.75, P < 0.003, respectively) and
control kidneys (t = -4.2, P < 0.001 and r = 4.7, P <

0.001, respectively). There was no statistically significant
difference between contralateral kidneys and control kid
neys regarding volume (t = -0.16, P = 0.87), %ID/mL (t =
0.98, P = 0.33) and uptake (t = -1.41, P = 0.16).

DISCUSSION

The use of maternal sonography, which easily detects fetal
hydronephrosis, has increased the cases of asymptomatic
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infants with this condition. The management of these
patients after birth remains controversial. The question lies
not in whether obstruction requires surgery but in distinguish
ing obstructive from nonobstructive renal pelvic dilation
(1,13).

The best definition of a clinically significant obstruction is
one that may cause renal function impairment, increases the
risk of urinary tract infection and causes symptoms (stone
formation, hypertension, pain or hematuria) (1). Currently,
there is no gold standard technique to assess obstruction or
predict an obstructive condition in asymptomatic infants
with renal pelvic dilatation. The single factor that may have
a continuous relationship to obstruction is renal function (7).
It has been shown that elevated renal pelvic pressure due to
obstruction results in renal dysfunction and renal cellular
injury, leading to irreversible renal damage over time (14).
There is a need for a method that is able to provide objective
information on renal changes related to UPJ obstruction
before irreversible damage occurs.

To evaluate the clinical significance of obstruction,
Whitaker introduced the pressure-flow study in 1973(15,16).
This is an invasive test that measures the response of the
renal pelvis to distention (measured by pressure) produced
by an unphysiologically constant high flow rate of fluids.
However, not all obstructions are constant, and the pressures
observed during the study may never occur at other times,
especially if the renal pelvis is dilated or highly compliant.
This test is invasive and cumbersome and has not gained
general acceptance as a routine method to evaluate obstruc
tion.

The more simple diuretic renogram study involves the
injection of a radiopharmaceutical, mainly diethylenetri-
amine pentaacetic acid or mercaptoacetyltriglycine, and the
monitoring of its diuretic augmented passage through the
upper urinary tract to obtain a time-activity curve. Different
patterns of this washout curve can be obtained and the time
to half drainage measured (1,17-19). Unfortunately, these
measurements and curve patterns are affected by several
technical factors, such as hydration status, individual re
sponse to furosemide, bladder drainage, size and compliance
of the collecting system. In addition, they do not define the
presence or absence of partial urinary obstruction (1,20-23).

Radionuclide differential renal function is also used to
evaluate hydronephrosis. A differential renal function below
30%-40% or deterioration of the relative function over time
has been advocated to indicate the need for surgical correc
tion of unilateral UPJ obstruction. However, this technique
is dependent on the background selection, giving inaccurate
results especially in children younger than 1y with hydrone
phrosis (24,25). Furthermore, several studies have shown
that differential renal function for assessing obstruction has
no prognostic value in neonatal hydronephrosis (1,16,17-
19,25-27).

Morphologic abnormalities demonstrated on excretory
urography, CT and sonography are usually late findings
secondary to sequelae of obstruction and neither specifically

fr
FIGURE 1. Planar posterior
view of patient 11 shows large
left kidney due to UPJ obstruc
tion.

define obstruction nor predict the risk for progressive renal
deterioration (28,29).

Renal cortical scintigraphy using WraTc-DMSAhas been
used for detecting renal cortical defects (30-33). Functional
imaging of the proximal renal tubular mass is obtained and is
dependent on the renal blood flow and proximal tubular cell
membrane transport function (32,34). The quantitation of
"mTc-DMSA uptake in each kidney separately provides a
practical index of renal function (4-6,34). Planar and
SPECT techniques have been used for measurement of the
percentage uptake of injected radioactivity of "mTc-DMSA
by the kidneys (4-6,34,35).

In this study, QDMSA was performed in 13 infants with
unilateral hydronephrosis as a result of UPJ obstruction and
compared with 15 age-matched infants without obstruction.
Unlike reflux nephropathy (7,8), obstructed kidneys showed
a large cortical volume and total uptake similar to the
contralateral normal kidneys. For that reason no contralat-
eral adaptive changes occurred. Of 13 infants, 11 (85%)
showed large kidneys with thinning of the renal cortex (Figs.
1 and 2). In 1 patient (patient 4), there was no difference in
the volume, %ID/mL and uptake between the obstructed and
contralateral kidneys (Fig. 3). Only 1 patient (patient 13)
showed significant decreased uptake in the UPJ kidney
compared with the contralateral one (Fig. 4), indicating
impairment of renal function. These findings are in agree
ment with the work of Peters et al. (36,37), who found in a
fetal ovine model study that hydronephrosis due to partial
obstruction produced ipsilateral large kidneys with thin but
structurally intact cortex (37).

B* > â€¢>t i f?
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FIGURE 2. Planar posteriorview (A) and SPECT coronalview
(B) of patient 10 show large left kidney with thin cortex due to UPJ
obstruction.
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FIGURE 3. Planar posteriorview (A) and SPECT coronalview
(B) of patient 4 with right UPJ obstruction show no differences
between kidneys.

UPJ obstruction can be characterized as a restriction to
urine flow resulting in an elevated renal pelvic pressure,
which, if left untreated, will cause progressive renal function
deterioration (1,3). Elevated renal pelvic pressure has been
shown to induce an increase in renal tubular pressure, a
decrease in renal blood flow, a decrease in glomerular
filtration rate and renal tubular dysfunction (14). However,
the renal pelvic pressure does not stay continuously elevated
and varies with other compensatory changes (75). Thus,
functional impairment in UPJ obstructed kidneys is gradual,
prolonged and not promptly recognized.

In this study, there was a statistically significant decrease
in the %ID/mL of renal tissue in UPJ kidneys compared with
contralateral normal kidneys and to control kidneys. This
may represent renal dysfunction caused by elevated renal
pelvic pressure. However, there was no significant loss of
the individual renal function measured by the kidney uptake
of DMSA that remained similar to the contralateral kidneys
and to control kidneys. This was due to an increase in the
functional renal volume.

CONCLUSION

This study recognizes the ability of QDMSA in detecting
structural and functional changes in kidneys with UPJ
obstruction. Although the overall renal function of the
obstructed kidneys remained unchanged, the increased func
tional volume with a thin cortex may represent a compensa
tory mechanism of the obstructed kidney. Such changes may
contribute to the understanding of pathophysiologic mecha
nisms and may be an early sign of obstruction in infants with
hydronephrosis.

FIGURE 4. Planar posterior
view of patient 13 with right
UPJ obstruction and decreased
uptake of "mTc-DMSA.

We believe this study raises new issues in the application
of QDMSA in infants with pelvic dilatation. Further longitu
dinal studies with an extended number of infants and serial
measurements of kidney volumes and %ID/mL are war
ranted to assess the significance of QDMSA in the manage
ment of infants with asymptomatic unilateral renal pelvic
dilatation.
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