
Abstract. The attenuation coefficient value µ used by
different authors for quantitation in planar renal scintig-
raphy varies greatly, from the theoretical value of 0.153
cm–1 (appropriate for scatter-free data) down to 0.099
cm–1 (empirical value assumed to compensate for both
scatter and attenuation). For a 6-cm-deep kidney, such
variations introduce up to 30% differences in absolute
measurement of kidney activity. Using technetium-99m
phantom studies, we determined the µ values that would
yield accurate kidney activity quantitation for different
energy windows corresponding to different amounts of
scatter, and when using different image analysis ap-
proaches similar to those used in renal quantitation. With
the 20% energy window, it was found that the µ value
was strongly dependent on the size of the region of inter-
est (ROI) and on whether background subtraction was
performed: the µ value thus varied from 0.119 cm–1

(loose ROI, no background subtraction) to 0.150 cm–1

(kidney ROI and background subtraction). When using
data from an energy window that could be considered
scatter-free, the µ value became almost independent of
the image analysis scheme. It is concluded that: (1) when
performing background subtraction, which implicitly re-
duces the effect of scatter, the µ value to be used for ac-
curate quantitation is close to the theoretical µ value; (2)
if the acquired data were initially corrected for scatter,
the appropriate µ value would then be the theoretical µ
value, whatever the image analysis scheme.
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Introduction

Absolute quantitation of kidney tracer uptake using pla-
nar scintigraphy requires correction for attenuation due
to kidney depth and subtraction of background activity.
When using the posterior view method, attenuation cor-
rection is performed by multiplying the count density
measured in a kidney region of interest (ROI) by the cor-
rection factor eµd, where d is the distance between the
kidney centre of gravity and the posterior body outline
and µ is an attenuation coefficient. The appropriate µ val-
ue to be used for accurate quantitation is not established.
Some authors use the theoretical narrow-beam value
(0.153 cm–1 in water for technetium-99m photons), ne-
glecting the effect of scatter [1, 2]. Others use a broad-
beam µ value to compensate for scatter [3]: renal 99mTc-
dimercaptosuccinic acid (DMSA) and 99mTc-diethylene
triamine penta-acetic acid (DTPA) studies have thus
been performed with µ values of 0.131 cm–1 [4], 0.122
cm–1 [5], 0.12 cm–1 [6], 0.1 cm–1 [7] and 0.099 cm–1 [8].

Variations in µ value may introduce major inaccura-
cies when estimating kidney activity. For a 6-cm-deep
kidney (average depth in normal-sized adults), the cor-
rection factor eµd is 2.5 for µ = 0.153 cm–1 and 1.81 for µ
= 0.099 cm–1, yielding a difference of up to 30% in mea-
sured renal uptake. When using the conjugate view
method to estimate kidney activity, the correction factor
is eµT/2, where T is the total body thickness. As T/2 is
usually greater than d, this method is even more sensi-
tive to variations in µ [5].

When not correcting for scatter, the empirical µ value
should compensate for both scatter and attenuation, and
the appropriate µ value therefore varies with the amount
of scatter in the data. As ROI delineation and back-
ground subtraction can also affect the scatter content of
the data, these steps, to which little attention has so far
been paid, may also affect the appropriate µ value. The
purpose of this work was to investigate the role of these
image analysis steps and to suggest approaches for im-
proved accuracy.
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Material and methods

A 1-cm-thick 8 cm×5 cm Perspex phantom containing 18.5 MBq
99mTc pertechnetate was used. Acquisitions were performed using
a gamma camera (Helix, Elscint) equipped with a low-energy gen-
eral-purpose collimator.

A 1-min image of the phantom was first acquired with a dis-
tance of 15 cm between the phantom surface and the collimator.
Then, a 10-cm-thick 20 cm×20 cm Perspex container filled with
water was positioned between the phantom and the collimator and
a 1-min image was acquired.

These two acquisitions were performed using five different en-
ergy windows: the conventional 20% window (140 keV±10%) and
four other 20% windows centred on 145, 150, 155 and 160 keV
respectively. The offset windows allowed us to obtain images with
various proportions of scattered photons: the larger the offset, the
lower the proportion of scatter. The window with the largest offset
included almost no scatter.

For each pair of acquisitions performed with and without atten-
uating medium, the µ value was calculated using µ=d–1×ln Co/C,
where d is the water thickness (10 cm), and Co and C are the aver-
age number of counts measured in a given ROI without and with
water attenuation respectively. For measuring Co and C, one of the
following ROIs was used:

– An ROI corresponding to the whole camera field of view
(FOV) (ROI0).

– An 11 cm×8 cm rectangular ROI drawn around the phantom
(ROI1).

– ROI1 from which the average number of counts detected in an
outside rim (“background” ROI2) drawn around ROI1 was sub-
tracted. The rim thickness was 0.88 cm and the distance be-
tween the inner border of the rim and ROI1 was 1.1 cm.

Results

The influence of ROI delineation and background sub-
traction on the µ values for the different energy windows
is shown in Table 1. In the 20% energy window, the
estimated µ values varied between 0.119 cm–1 and 
0.150 cm–1 depending on which data were used for the
calculation, the latter value being obtained for the kidney
phantom ROI combined with background subtraction.

When using offset energy windows, the µ values be-
came less dependent on the image processing steps: the
larger the offset, the smaller the variability in µ values
(Table 1).

Table 2 shows the percent variations in absolute kid-
ney uptake estimated for various µ values when using the
correction factor eµd (posterior view method) for kidney
depths encompassing the range of realistic values, from
young children to obese adults.

When considering only relative quantitation of kidney
uptake (ratio of right to left kidney uptake), the choice of
µ value does not affect the result when the two kidneys
are at the same depth. It does slightly affect the result if
the two kidneys are at different depths: when using a
value µ’ instead of µ, the uptake ratio is multiplied by a
factor exp[(µ’–µ)∆] when the difference in kidney depths
is ∆. For example, if a kidney is 2 cm deeper than the
other, which was the case in 13% of a population of pa-
tients [2], a relative uptake of 50:50 (ratio=1) with
µ=0.153 cm–1 would be 47:53 (ratio=0.89) for a µ value
of 0.1 cm–1.

Table 1. Influence of ROI delineation and background subtraction on the µ value: results for five different energy windows

Energy window Sensitivity loss µ value using counts from Change in µ due to
relative to 140 keV±10% image processing

ROI0 ROI1 ROI1 and
ROI2

140 keV±10% 0% 0.119 0.138 0.150 26%
(126–154 keV)

145 keV±10% 4% 0.125 0.140 0.150 20%
(130–159 keV)a

150 keV±10% 16% 0.135 0.145 0.152 13%
(135–165 keV)

155 keV±10% 43% 0.143 0.149 0.153 7%
(139–170 keV)

160 keV±10% 77% 0.149 0.153 0.154 3%
(144–176 keV)

ROI0, Whole camera field of view;   ROI1, kidney phantom ROI;
ROI1 and ROI2, kidney phantom ROI combined with background
subtraction

a The lower energy limit for this window (130 keV) is close to that
(129 keV) of a centred narrow window 140 keV±7.5% which is
often used on recent cameras
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Discussion

Absolute quantitation of tracer activity in a single kidney
provides information regarding kidney function which is
more useful than a simple comparison of the right and
left kidney counts [9, 10]. To measure kidney activity,
most nuclear physicians use manufacturer software.
These programs include a correction factor for attenua-
tion correction, using either the narrow-beam µ value for
water (0.153 cm–1) or one of the broad-beam µ values
found in the renal quantitation literature, which vary
from 0.099 cm–1 to 0.131 cm–1 [4–8]. We showed that
for the posterior view method, variations in the µ value
introduce large differences in estimated kidney uptake
(Table 2). The conjugate view method and single-photon
emission tomography studies are even more sensitive to
variations in µ [5]. These results could explain in part
why reported values for absolute renal uptake of DMSA
in normal adults (right + left kidney) vary so widely
among authors (e.g. 54% of injected DMSA activity [9],
41.7% [4] and 32% [11]).

An effective broad-beam µ value should match the
scatter content of the image, which depends on the ac-
quisition parameters. We demonstrated that the data
analysis method used to measure kidney uptake should
also be taken into account because it affects the scatter
content of the data. Using the whole FOV to estimate µ
(ROI0) includes many scattered events, and hence results
in a large underestimation of attenuation. Using a small-
er ROI to estimate µ (ROI1) excludes some scattered
photons and thus causes a smaller underestimation. Fi-
nally, as there was no background activity in the experi-
mental set-up, background subtraction removed scatter.
Indeed, assuming that the average scatter content per
pixel did not vary rapidly with location, subtracting the
average counts in ROI2 from the average counts in ROI1
was approximately equivalent to subtracting scatter from
ROI1. The resulting µ value was therefore close to the
narrow-beam value. Note that discussion of the µ value
here and in other studies [4–8] concerns the variation in
its estimation under variable measurement conditions

with a gamma camera and not the attenuation coefficient
itself.

The 10-cm water attenuation that we used exceeds the
mean kidney depth in adults for a posterior view but is
less than the average depth from an anterior view used in
the conjugate-view method. Varying the thickness of the
attenuating medium (results not shown) mainly affected
the µ estimate when using ROI0 (whole camera FOV).
For example, for a 14-cm-thick attenuating medium the
µ value was 0.115 cm–1 for ROI0 and 0.149 cm–1 when
using ROI1 and background subtraction.

Findings from this work suggest that if 99mTc-DMSA
renal activity is estimated using background subtraction,
most of the scatter will be removed by the subtraction,
implying that the narrow-beam µ value should then be
used. Combining background subtraction and use of the
narrow-beam µ value could help reduce the variability of
99mTc-DMSA uptake measurements in different nuclear
medicine units. Whether these findings could also be ap-
plied to studies involving other renal tracers such as mer-
captoacetyltriglycine and DTPA, for which the ratio of
kidney activity to that of neigbouring tissues is lower,
needs further investigation.

An even better approach to avoid choosing an empiri-
cal µ value would be to correct the data for scatter. So
doing, the narrow beam µ value could then be applied
whatever the image analysis protocol: we demonstrated
that for data that could be considered scatter-free, the ap-
propriate µ value became almost independent of the data
analysis method (Table 1). Although we used offset win-
dows to obtain scatter-free data, use of such windows is
not recommended because of the sensitivity loss and po-
tential uniformity artefacts it can cause. However, many
scatter correction methods are available [12] and their
value for improving renal quantitation should be investi-
gated. Absolute quantitation might also benefit from
measurement of patient real tissue attenuation properties
using transmission acquisition devices.
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