36
|

© 2007 Schattauer GmbH

Effect of CT-based attenuation correction on
uptake ratios in skeletal SPECT

V. Schulz', I. Nickel', A. Nomayr', A. H. Vija?, C. Hocke', J. Hornegger®, W. Bautz*,

W. Romer', T. Kuwert!

I(linic of Nuclear Medicine, 3Chair of Pattern Recognition, “Institute of Diagnostic Radiology,
University of Erlangen/ Nirberg, Erlangen, Germany
%Siemens Medical Solutions, Molecular Imaging, SPECT Research, Hoffman Estates, USA

Keywords
SPECT/ T, image fusion, hybrid imaging, attenuation cor-
rection, bone scintigraphy

Summary

The aim of this study was to determine the clinical rel-
evance of compensating SPECT data for patient specific at-
tenuation by the use of (T data simultaneously acquired
with SPECT/CT when analyzing the skeletal uptake of poly-
phosphonates (DPD). Furthermore, the influence of misreg-
istration between SPECT and CT data on uptake ratios was
investigated. Methods: Thirty-six data sefs from bone
SPECTs performed on a hybrid SPECT/CT system were refro-
spectively analyzed. Using regions of interest (ROIs), raw
counts were determined in the fifth lumbar vertebral body,
its facet joints, both anterior iliacal spinae, and of the whole
transversal slice. ROI measurements were performed in un-
corrected (NAC) and attenuation-corrected (AC) images.
Furthermore, the ROI measurements were also performed
in AC scans in which SPECT and (T images had been mis-
aligned by 1 cm in one dimension beforehand (ACX, ACY,
ACZ). Results: After AC, DPD uptake ratios differed signifi-
cantly from the NAC values in all regions studied ranging
from 32% for the left facet joint to 39% for the vertebral
body. AC using misaligned pairs of patient data sefs led to
asignificant change of whole-slice uptake ratios whose dif-
ferences ranged from 3,5 to 25%. For ACX, the average
left-to-right ratio of the facet joints was by 8% and for the
superior iliacal spines by 31% lower than the values deter-
mined for the matched images (p <0.05). Conclusions:
AC significantly affects DPD uptake ratios. Furthermore,
misalignment between SPECT and (T may introduce signifi-
cant errors in quantification, potentially also affecting left-
to-right ratios. Therefore, at dlinical evaluation of attenu-
ation-corrected scans special attention should be given to
possible misalignments between SPECT and CT.
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Zusammenfassung

Ziel dieser Studie war es, die klinische Relevanz der
Schwiichungskorrektur von SPECT-Daten im Rahmen der
Skelettszinfigraphie herauszufinden. Fir die Schwi-
chungskorrektur wurden mittels SPECT/CT gewonnene (T-
Daten verwendet. Zusiitzlich wurde der Einfluss einer Ver-
schigbung zwischen SPECT- und CT-Datensatz auf die DPD-
Uptake-Verhdltnisse untersucht. Methoden: Die Daten-
siitze von 36 DPD-SPECTs wurden analysiert, die an einem
SPECT/CT-Hybridsystem erhoben worden waren. Unter Ver-
wendung von ROIs (regions of interest) wurden die Zahlra-
ten im finften Lendenwirbelkdrper, dessen Facettengelen-
ken, den beiden Spinae iliacae ant. sup. und der gesamten
transversalen Schicht bestimmt. Fir die Messungen wurden
die unkorrigierten (NAC) und schwiichungskorrigierten (AC)
Bilder verwendet. AuBerdem erfolgten ROI-Messungen an
schwiichungskorrigierten Datensiitzen, bei denen vor der
Schwichungskorrektur die SPECT- und (T-Daten manuell
um 1 cm gegeneinander in einer Dimension verschoben
worden waren (ACX, ACY, ACZ). Ergebnisse: Die schwi-
chungskorrigierten Uptake-Verhdltnisse von DPD unter-
schieden sich in allen ausgewerteten Regionen signifikant
von den unkorrigierten Werten. Die prozentuale Abwei-
chung reichte von 32% im linken Facettengelenk bis 39%
im Wirbelkorper. Eine Schwiichungskorrektur, die mit ver-
schobenen Datenpaaren durchgefiihrt wurde, fihrte zu ei-
ner signifikanten Anderung der Uptake-Verhdlinisse der
gesamien Schicht im Bereich von 3,5-25%. Fiir ACX war
der durchschnittliche Links/Rechts-Quotient der Facetten-
gelenke um 8% und der der Spinae iliacae ant. sup. um
31% niedriger als die Werte, die fir optimal registrierte
Datensiitze gemessen wurden (p <<0,05). Schlussfolge-
rung: Die Schwichungskorrektur besinflusst DPD-Uptake-
Verhdltnisse in signifikanter Weise. AuBerdem kann eine
Verschiebung zwischen SPECT und (T signifikante Fehler in
der Quantifizierung bewirken und potenziell die Links/
Rechts-Quatienten verdnder. Bei der Klinischen Auswer-
tung von schwdchungskorrigierten Daten sollte deshalb
speziell auf mdgliche Verschigbungen zwischen SPECT und
(T geachtet werden.
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Effekt der (T-basierten
Schwiichungskorrektur auf
den Uptake im Skelett-SPECT

he functional imaging modality
I single-photon emission computed
tomography (SPECT) allows the vi-
sualization and measurement of molecular
processes in vivo. However, it suffers from
low spatial resolution when compared to
X-ray computed tomography (CT) or mag-
netic resonance imaging (MRI). Therefore,
foci of tracer uptake may be difficult to lo-
calize using these techniques, leading to a
deterioration of their diagnostic accuracy.
One way to improve diagnostic accuracy
of SPECT is to register images from this mo-
dality to those from CT and MRI. This may
be performed using software registration on
data sets acquired on stand-alone devices. A
multitude of studies have proven this ap-
proach to be of clinical value (6-8, 13, 18, 20,
22, 31, 32). A shortcoming of software-
based image fusion is its anatomical inaccur-
acy which has been described to range be-
tween about 0.5 to 2 cm, depending on the
modalities matched, the approach used, and
the localization of the lesions studied (10,
22, 23). In addition to inaccuracies inherent
to the process of registration, movements of
the patient between both examinations and
their different positioning on the different
scanner beds account for the misalignment
of image pairs registered post hoc (22).
Hardware-based image registration has
become possible by the development of hy-
brid systems integrating detectors from dif-
ferent modalities within one gantry. This ap-
proach was first realized for PET/CT (38)
and has been met with great acceptance in
the field (2). With these systems, the ana-
tomical inaccuracies of image fusion are ex-
pected to be much reduced compared to
software-based post hoc image fusion, al-
though inaccuracies in the thorax due to re-
spiratory movements still prevail (5, 21, 22).
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Seven years ago, a hybrid system com-
bining a dual-headed SPECT camera with a
non-diagnostic computerized tomographi-
cal scanner (CT) has been introduced (1, 24,
35, 37). Several studies evidence its clinical
value (29, 30, 33). Especially for bone
scintigraphy, Horger et al. (16) recently
demonstrated that the use of this type of
camera improves diagnostic specificity
with regard to differentiating benign from
malignant lesions to the bone. Nevertheless,
a shortcoming of these systems is the li-
mited resolution of their CT component, po-
tentially obviating the detection of small be-
nign or neoplastic lesions.

In 2005, a spiral-CT scanner offering to-
date diagnostic performance of CT and a
SPECT camera were integrated within the
same gantry. Evidence reporting the clinical
performance of SPECT/spiral-CT is still
scarce. However, it has, in particular, been
shown that SPECT/spiral-CT considerably
improves the diagnostic accuracy of radio-
nuclide bone scanning in staging tumour pa-
tients (27, 39).

SPECT/CT systems with a common pa-
tient bed allow for SPECT and CT acquisi-
tions without the patient having to move and
thus limiting misalignment between the two
data sets caused by differences in patient po-
sitioning. The average registration inaccur-
acy using integrated SPECT/CT systems in
the lower lumbar spine has been shown to be
in the range of 1-1.5 mm and thus well below
pixel width in the majority of cases (23).

CT data can also be used to compensate
for attenuation in SPECT as previously
shown (26). In this process, the Hounsfield
units are converted to linear attenuation co-
efficients at the emission energy of the iso-
tope used. A pixel-by-pixel conversion is
used, where a patient specific effective CT
transmission energy is estimated from the
CT data, and then converted to linear attenu-
ation coefficients. The resulting attenu-
ation-corrected data are expected to give a
more accurate image of the distribution of
radioactivity within the patient’s body. In a
previous study, we showed that CT-based at-
tenuation correction homogenizes the
SPECT image of a cylindrical phantom fil-
led with ''"In and also the visualization of
the liver in patients examined using '''In-
octreotide (26).

As yet, no data on the effect of CT-based
attenuation correction of uptake ratios of
#mTc-polyphosphonates (DPD) have been
published. Therefore, the aim of this study
was to analyze the effect of CT-based at-
tenuation correction on these variables de-
termined in bone SPECT. Furthermore, we
sought to determine the effect of misalign-
ments between SPECT and CT on these
variables.

Patients, material, methods

Patients

A set of 36 patients was selected for this

study, from patients examined by skeletal

SPECT/spiral-CT involving the lower lum-

bar spine between March and August 2005.

It consisted of 23 women and 13 men, mean

age was 66 years. All patients had been

examined for clinical reasons. The indi-

cations were

@ breast cancer in 17 cases,

e arthrosis in four cases,

e intestinal cancer in three cases,

e prostate and bladder cancer in two cases,

e lung and prostate cancer in one case

each,

lung and bladder cancer in one case,

e osteolytic tumour, lymphoma, granulo-
ma in one case each,

e spondylodiscitis, slipped disc, sacrum
fracture, lower back pain in one case
each.

Data acquisition and reconstruction

Three hours after intravenous injection of
7-10 MBg/kg body weight *™Tc-diphos-
phonate planar whole body scintigraphies
were performed using a dual-headed
gamma-camera (e-cam; Siemens Medical
Solutions, Erlangen). SPECT/spiral-CT
was performed 3-4 hours after tracer injec-
tion using hybrid SPECT/CT (Symbia T2,
Siemens Medical Solutions, Erlangen).
The SPECT was performed with a field
of view from the ischiadic tuber to Th12/L1.
The field of view of the CT was limited to
the pelvis including L4/L5 in all cases. As
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reported previously, the details of data ac-
quisition and reconstruction were the fol-
lowing:

For SPECT, counts from the 15% energy
windows at 140 keV were acquired into a
128 x 128 matrix leading to a pixel size of
4.8 x 4.8 mm. A total of 64 frames, each of a
duration of 30 s, were acquired over 360°.
The camera heads were equipped with high-
resolution low-energy parallel-hole colli-
mators (LEHR) (27).

The scan parameters for the CT were the
following: 130 kV; reference dose 20 mAs
with real-time tube current modulation
(CARE Dose4D), Siemens Medical Sol-
utions, Erlangen, Germany) to minimize pa-
tient dose; rotation time 0.8 s; collimation
2 x 2.5 mm. Image reconstruction resulted
in images with a slice thickness of 3 mm
using a 1.5 mm reconstruction increment.
Both the SPECT and the CT scans were per-
formed consecutively with the patient lying
stable in a supine position with elevated
arms.

SPECT and CT data were transferred to
the e.soft processing workstation. Raw
SPECT data were reconstructed into trans-
axial slices using the e.soft reconstruction
software. Reconstruction was performed it-
eratively by using the ordered subsets ex-
pectation maximization (OSEM 3D) tech-
nique with 4 iterations and 8 subsets, allow-
ing for isotropic spatial resolution of the re-
constructed images (28). Images were post-
smoothed with a 3D spatial Gaussian filter
(FWHM 8.40 mm).

For attenuation correction, the CT data
sets were integrated into the process of re-
construction. These data were closely
matched to the SPECT data due to hard-
ware-based image fusion. In addition, an
automated rigid software fusion provided by
the manufacturer (image registration activ-
ity; e.soft 5.0) was performed to further
minimize registration error, if possible.(23).
All data pairs were visually checked for mis-
alignment. Deviations of more than 5 mm
were not detected. When assessing effects
of misalignment, the optimally registered
data pairs were interactively misaligned by
1 cm in each of the three dimensions using
the image registration activity of e.soft 5.0.

Attenuation correction was automated
using the activities implemented in the e.soft
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Fig. 1  Effeds of attenuation correction in a transversal SPECT scan in a representative patient (NAC: no attenuation cor-
rection; AC: attenuation-corrected SPECT scan using an aligned CT data set; ACX: attenuation corrected SPECT using a CT data
set misaligned by 1 cm in X-direction; ACY: attenuation corrected SPECT using a CT data set misaligned by 1 cm in Y-direction;
ACZ: attenuation corrected SPECT using a CT data set misaligned by 1 cm in Z-direction). Arrow indicates marked changes in
visualization of tracer uptake.
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Fig. 2 DPD uptake ratios in several regions-of-interest determined in 36 patients

RSAIS (LSAIS): right (left) superior anterior iliac spine; bars: standard errors of the mean

a) OJ: data from attenuation-corrected scans (AC); M: data from uncorrected images (NAC); *p <0.01

b) O3J: data from attenuation-corrected and optimally aligned data sets (AC); M: data from pairs of SPECT and CT misaligned
by 1 em in X-direction (ACX); M: data from image pairs misaligned by 1 cm in Y-direction (ACY); *: data from image pairs
misaligned by 1 cm in Z-direction (ACZ); *p <0.02
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software (attenuation map activity, tomo re-
construction activity). The attenuation cor-
rection method used in our study includes
the attenuation in the forward as well as
backward projections (bilinear attenuation
correction) of the implemented OSEM 3D
reconstruction. Therefore, this bilinear at-
tenuation correction is not a multiplicative
correction. Scatter correction was indirectly
considered by utilizing a broad beam model
in the reconstruction, where attenuation
values are reduced by some factor compared
to the theoretical ones. Generally, this factor
depends on the energy of the tracer and the
acquisition window width. In our studies, the
default factor for ®™Tc given by the manu-
facturer was 0.7632. The attenuation-cor-
rected and the non-corrected data were re-
constructed with identical parameters. The
above-described process resulted in five
SPECT data sets for each patient (NAC, AC,
ACX, ACY, ACZ).

A transversal slice transecting the body
of the fifth lumbar vertebra was chosen for
further analysis. This slice included the an-
terior superior iliac spinae in all cases. Ir-
regular regions of interest (ROIs) covering
the vertebral body, its facet joints, and the
superior anterior iliac spines were defined
on the optimally fused CT and then trans-
ferred to the SPECT images using the e.soft
volumetric analysis activity. In the SPECT
images which were reconstructed by the use
of a misaligned CT, the positioning of the
ROIs was identical to that on the original,
optimally fused data sets, since the position
of the SPECT dataset with regard to the op-
timally matched CT was not changed by the
attenuation correction performed with the
misaligned CT.

For the vertebral body, the facet joints,
and the spinae, the average uptake in the
ROI was used; these values were divided by
the total counts within the slice as reference.

Phantom study

For the phantom study, a cylindrical phan-
tom (PTW acc IEC 61675-1) with rod in-
serts filled with " Tc was used. The radio-
activity concentrations for the two fillable
rods were 167 and 333 kBg/ml, respectively.
The large volume of the cylindrical phan-



tom was left empty. SPECT acquisition was
performed using a 128 X 128 matrix and 64
views for a 360° rotation. 50 kcts/view were
collected. The data was corrected for attenu-
ation and scatter within an iterative OSEM
3D reconstruction. A circular ROI was de-
fined in the rod filled with the lower radio-
activity concentration. ROI measurements
were performed in non-attenuation cor-
rected (NAC) and attenuation-corrected
(AC) images as well as AC scans in which
SPECT and CT images had been misaligned
by 1 cm and 2 cm in one dimension before-
hand (ACX, ACY, ACZ) similar to the pro-
cedure in the patients' data sets.

Furthermore, linear ROIs were drawn on
ten central slices with and without attenu-
ation correction and misalignment to allow
for the display of line profiles.

Data analysis

The significance of differences in relative
uptake values was tested using the non-
parametric Wilcoxon-test. The level of sig-
nificance was set at p <0.05. Bonferroni’s
correction was used in the case of multiple
comparisons. All data are given as mean
value + standard error of the mean unless
otherwise specified.

Results

Figure 1 provides representative images for
one of the patients studied, illustrating the
effects of attenuation correction and the ar-
tefacts produced by the misalignment be-
tween the CT and SPECT image data sets.
The efficiency of the CT-based attenuation
correction applied herein is demonstrated in
Figure 1. In contrast to the uncorrected
image, a more homogeneous tracer distribu-
tion is visible after attenuation correction.
Uptake ratios are increased in the central re-
gions and decreased in the iliac spines,
which are situated in the periphery.
Whole-slice ratios of DPD uptake deter-
mined on attenuation-corrected images dif-
fered significantly from the values deter-
mined in uncorrected images in all regions
investigated (Fig. 2a); the mean percentage
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differences ranged from 32% for the left
facet joint to 39% for the vertebral body.
Attenuation correction using misaligned
pairs of patient data sets led to significant
differences in whole-slice ratios when com-
pared to attenuation-corrected images from
well-aligned SPECT and CT: For misalign-
ment in X-direction four of five, in Y-direc-
tion three of five, and in Z-direction one of
five regions had either significantly lower
(n =4) or higher (n = 4) relative DPD up-
take. The differences in uptake ratios be-
tween aligned and misaligned data sets
ranged from 3.5 to 25% (Fig. 2b).
Left-to-right ratios were not affected by
more than 5% by AC (Fig. 3a). Misalign-

ment in Y- and Z-direction did not lead to
significant differences in left-to-right ratios.
However, misalignment of the datasets in
X-direction produced left-to-right ratios
significantly different from those from the
perfectly matched data pairs (Fig. 3b). The
difference was 8% for the facet joints and
31% for the superior iliacal spines.

Figure 4 demonstrates that, in the phan-
tom study, CT misalignment by 1 cm and 2
cm in X- or Y-direction led to significant
changes in count rate on the attenuation-cor-
rected SPECT images, whereas misalign-
ments in Z-direction did not produce any
differences in this variable.
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Fig. 4
Deviation in counts (%) 20,0
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W 0cm;(d: Tem; x
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Fig. 5 Transversal SPECT images of a phantom filled with *™Tc

a) without (NAC) and b) with attenuation correction (AC); ¢) a CT misalignment by 1 em in X-direction (ACX): improved
homogeneity of tracer distribution after attenuation correction and inhomogeneity by using a misaligned CT for attenuation
correction (curves: profiles from left to right for the rod filled with the lower radioactivity concentration in NAC, AC, and ACX)

In contrast to the uncorrected image, a
homogeneous tracer distribution is recon-
structed when performing CT-based attenu-
ation correction (Fig. 5). In the images mis-
aligned by 1 cm in each direction, recon-
struction led to considerable inhomogeneity
in tracer distribution. This visual impression
is confirmed by the horizontal profiles
crossing the homogeneously filled cylindri-
cal phantom (Fig. 5).
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Discussion

Clinical impact and relevance

The accuracy of SPECT in visualization and
quantification of tissue tracer distribution is
significantly affected by artefacts caused by
photon attenuation. It was expected that CT-
based attenuation correction led to signifi-
cant changes of whole-slice ratios of DPD

uptake in several regions of the pelvis and
lower spine in our group of patients.

As to now, various methods of attenu-
ation correction have been proposed (9, 15,
40). These may be subdivided into those
with and those without transmission
measurements. The former capitalize on the
individual measurement of attenuation
maps. The latter calculate tissue attenuation
coefficients on the basis of an assumption of
their distribution in the body segment exam-
ined, using various methods to determine
the body outline. Most of these approaches
have been developed to enable the attenu-
ation-correction of SPECT studies of the
brain or the heart.

In the brain, it is generally assumed that
the attenuation coefficients are homogene-
ously distributed within this organ. There-
fore, calculating attenuation coefficients
using, e.g., the method introduced by Chang,
is usually considered to be sufficient for
clinical purposes (36). However, Stodilka et
al.(34) have shown that the assumption of a
homogeneous distribution of attenuation co-
efficients in the skull may lead to significant
errors in the relative quantification of cer-
ebral activity since this does not take non-
uniformities in the attenuating effects of
bone, scalp, the head-holder, and brain tissue
into account. In their paper, errors of
measurement ranged from 18 to 37% when
Chang's attenuation correction was applied.

In SPECT studies of myocardial per-
fusion, attenuation artefacts do not only lead
to errors in the quantification of tissue radio-
activity concentration, but also to a reduc-
tion of diagnostic accuracy (19). Since the
thorax contains tissues of variable attenu-
ation, attenuation correction of myocardial
scintigrams has to rely on individually
measured data of attenuation. Various ap-
proaches for the determination of these at-
tenuation maps have been proposed, mostly
based on radionuclide transmission scan-
ning. However, it has been repeatedly shown
that the methods of attenuation correction
using radionuclide transmission scanning
can introduce artefacts that may be difficult
to identify (4). A major problem inherent to
these approaches is the low activity of the
radioactive sources used leading either to
long acquisition times or to attenuation maps
with poor quality due to low counting rates.



This problem may be overcome when CT
data registered to SPECT are employed for
attenuation correction. Recently, Fricke and
coworkers (11) have applied this method to
SPECT images of myocardial perfusion and
have compared its accuracy against to that
of cardiac perfusion PET. They showed that
the concordance between SPECT and PET
studies of myocardial perfusion was im-
proved after CT-based attenuation correc-
tion of SPECT.

We used a fast diagnostic capable CT for
the attenuation-correction of our SPECT
images. With this approach, whole-slice ra-
tios of DPD uptake determined on attenu-
ation-corrected images differed signifi-
cantly from the values determined in uncor-
rected images in all regions investigated.
The mean percentage differences ranged
from 32% for the left facet joint to 40% for
the vertebral body.

Evidence on the effect of attenuation cor-
rection on the visualization and quantifi-
cation of the uptake of the radiolabeled
polyphosphonates by the skeleton is scarce.
Case and colleagues (3) compared three
methods of correcting SPECT images of the
cervical spine for attenuation artefacts.
These were Chang's attenuation correction
based on the interactive determination of the
body outline either from the *™T¢ emission
photopeak data (ChangAC) or from
emission data based on the downscatter of
the *™Tc¢ photons (ScatterAC) as well as at-
tenuation correction based on a trans-
mission measurement using a line source
(TransAC). The latter two methods led to a
significant improvement in the estimated
cervical spine uptake, compared with either
non-corrected scans or ChangAC. In the
five patients studied by these authors, up-
take ratios between midcervical and upper
thoracic ROIs were corrected by approxi-
mately 40% by TransAC and ScatterAC,
which is in the range of our data.

The uptake values reported herein are re-
ferred to DPD uptake of the whole transver-
sal slice studied. This explains why relative
uptake in the more superficially located re-
gions, e.g., the iliac crest, decreased after at-
tenuation correction, whereas relative up-
take values in the vertebral body increased.
This finding is in agreement with data we
previously reported for relative uptake in

metastases of neuroendocrine tumours
studied with '"'In-octreotide-SPECT (26).
In that study, the change in relative uptake
caused by attenuation correction correlated
significantly with the distance of the lesions
from the surface of the body.

Effects of misalignment

Differences in the position of the patient
caused by, e.g., patient movements between
the acquisition of the SPECT and CT data,
may lead to a misalignment between the im-
ages engendered by these two examinations.
This may, in particular, be true when separ-
ately acquired image data sets are registered
using software dedicated to image fusion
(10). The average anatomical accuracy of
hardware-based image fusion using a
SPECT/ spiral-CT camera has been re-
ported to be excellent in the lower spine
(23). The occurrence of misalignment can,
however, not be excluded in individual pa-
tients.

SPECT/CT misalignment may lead to er-
rors in attenuation correction since emission
voxels may be assigned a false attenuation
coefficient voxel (4). In myocardial SPECT,
misalignment between emission and trans-
mission data by 7 mm, corresponding to the
width of one pixel, was shown to produce a
15% change in relative regional activity
(19). These results were recently reproduced
for CT-based attenuation correction (12).

In our data, misalignment of the SPECT
and CT data by 1 cm led to significant
changes of DPD uptake ratios between 3.5
and 25%, corresponding in magnitude to
those reported for myocardial SPECT. Of
particular concern is that also left-to-right
ratios were significantly influenced by mis-
alignment since the assessment of symmetry
in DPD uptake is one important criterion for
interpreting bone-SPECT. As demonstrated
for myocardial SPECT, misalignment be-
tween skeletal SPECT and CT data used for
attenuation correction could therefore also
lead to errors in clinical diagnoses. There-
fore, the accuracy of SPECT/CT coregis-
tration needs to be verified for every patient
when attenuation-corrected SPECT scans
are to be used for diagnostic purposes, even
when using hybrid SPECT/CT devices.
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In theory, a more realistic visualisation
of the distribution of the tracer within the
body of the patient should also be accompa-
nied by an increase in diagnostic accuracy.
In bone scanning, this technique would be
expected to be fruitful when the activity of
different foci of DPD accumulation in the
spine has to be compared, e.g., in a patient
with back pain to identify the culprit lesion
(3, 25). Nevertheless, for bone-SPECT, this
assumption has as yet not been systemati-
cally investigated in a larger patient group.

The outcome of the phantom study re-
ported here demonstrates the efficiency of
CT-based attenuation correction to correct
for inhomogeneities in the visualization of
tracer distribution caused by attenuation ar-
tefacts. It also qualitatively confirms the ef-
fect of misregistration between CT and
SPECT data on count rates measured on at-
tenuation-corrected SPECT images. How-
ever, our data do not lend themselves to
prove that CT-based attenuation correction
of SPECT data enables quantification of the
concentration of radioactivity within the
body of patients in absolute terms. For this
purpose, the DPD uptake ratios measured
would have had to be compared against the
real tissue values. Clearly, a more carefully
planned phantom study would be needed to
fully explore the potential of CT-based at-
tenuation correction in this regard.

Conclusion

e Attenuation correction affects DPD up-
take ratios significantly.

e Misalignment between SPECT and CT
introduces significant errors in quantifi-
cation, also affecting left-to-right ratios.

Clinical evaluation of attenuation-corrected
scans should therefore be performed care-
fully; in particular, special attention should
be given to possible misalignments between
SPECT and CT.
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