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Abstract

An atlas-guided attenuation correction method was recently proposed for 3D brain positron emission tomography (PET) imaging eliminating
the need for acquisition of a patient-specific measured transmission scan. The algorithm was validated through comparison to transmission-based
attenuation correction (gold standard) using voxelwise statistical parametric mapping (SPM) analysis of clinical data. In contrast to brain ‘activation’
studies for which SPM is primarily developed, brain PET research studies often involve absolute quantification. In the preliminary validation study
published earlier, there is no validation as to how such quantification can be affected by the two methods as the assessment was carried out by
an SPM group analysis alone. It is quite important to demonstrate how the proposed method performs individually, particularly for diagnostic
applications or individual quantification. In this study, we assess the quantitative accuracy of this method in clinical setting using automated volume
of interest (VOI)-based analysis by means of the commercially available BRASS software.

There is a very good correlation (R?> =0.91) between the atlas-guided and measured transmission-guided attenuation correction techniques and
the regression line agreed well with the line of identity (slope =0.96) for the grouped analysis of patient data. The mean relative difference between
the two methods for all VOIs across the whole population is 2.3% whereas the maximum difference is less than 7%. No proof of statistically
significant differences could be verified for all regions. These encouraging results provide further confidence in the adequacy of the proposed

approach demonstrating its performance particularly for research studies or diagnostic applications involving quantification.

© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The specific role of positron emission tomography (PET)
imaging in the expansion of our understanding of the patho-
physiological mechanisms of neurological and psychiatric
diseases and in the clinical management of patients is steadily
progressing [1-3]. During the last two decades, non-invasive
three-dimensional (3D) molecular mapping of brain function
with PET has improved markedly through the development of
dedicated instrumentation and the synthesis of new radiophar-
maceuticals [4]. Quantification of brain function using PET is
promising and remains an active research topic [5]. PET offers
the possibility of truly quantitative (physiological) measure-
ments of tracer concentration in vivo. However, there are several
issues that must be considered in order to fully realize this
potential [6]. Itis well accepted that photon attenuation in tissues
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is the primary physical degrading factor limiting both visual
qualitative interpretation and quantitative analysis capabilities
of reconstructed PET images [7,8]. Measured transmission-
based attenuation correction in cerebral 3D PET imaging is the
most commonly used procedure both in clinical and research
settings since it is expected to yield the best attenuation map as
a result of matched energy and spatial resolution [9]. However,
motion-induced misalignment between transmission and emis-
sion scans can result in erroneous estimation of regional tissue
activity concentrations [10]. It is recognized that misregistration
of PET and transmission images can be minimized through post-
injection transmission scanning protocols; however, spillover
of emission data into the transmission energy window remains
a major problem of this technique. The most commonly used
approach to eliminate or reduce this source of errors and arte-
facts estimates the emission contamination of the post-injection
scan using a short transmission “mock” scan performed after
tracer administration, which again increases the acquisition
time and patient motion is still present. Likewise, the high cost
of combined PET/CT units and the potential introduction of
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artefacts in case of misregistration of PET and CT images, errors
in the calibration procedures [11], contribution of X-ray scatter
in CT images and administration of oral or intravenous contrast
medium [12], and the presence of metallic dental implants [13]
or EEG electrodes for epilepsy patients when using CT-based
attenuation correction, thus biasing quantitative PET estimates
and disturbing the visual interpretation of PET images are
major limitations for brain imaging dedicated facilities.

The need of acquiring an additional transmission scan com-
plicates the scanner design and is a restrictive factor since it
represents a substantial increase in the overall acquisition time,
thus decreasing patient comfort and scanner throughput. In most
protocols used in clinical PET facilities, the transmission scan-
ning time accounts for over 30% of the total acquisition time. The
search for reduction of acquisition time in brain PET scanning
protocols spurred the development of transmissionless algo-
rithms for derivation of the non-uniform attenuation map, thus
eliminating the need for acquisition of a measured transmission
scan [14-17]. More recently, we investigated the implemen-
tation and applicability of atlas-guided attenuation correction
[18]. Twelve cerebral clinical studies were used for evalua-
tion of the developed attenuation correction technique as com-
pared to the standard pre-injection measured transmission-based
method used in clinical routine (gold standard). The subjective
qualitative assessment showed no significant visual differences
between atlas-guided and transmission-based attenuation cor-
rection methods. However, the quantitative voxel-based analysis
using statistical parametric mapping (SPM2) [19] comparing
atlas-guided to transmission-based attenuation corrections sug-
gested that regional brain metabolic activity increases signifi-
cantly bilaterally in the superior frontal and precentral gyri, in
addition to the left middle temporal gyrus and the left frontal
lobe. Conversely, activity decreases in the corpus callosum in
the left parasagittal region.

It was hypothesized that the overall diagnostic accuracy
may not be too influenced by application of either of the two
correction methods for certain diseases such as dementia of
Alzheimer’s type (DAT), but regional quantitative accuracy is
most likely affected. If regional discrepancies are not anatomi-
cally consistent (i.e., differences in regional attenuation between
atlas estimates and actual individual brains), the SPM group val-
idation alone is not sufficient to depict effects and limitations of
the proposed attenuation correction method. It is quite important
to demonstrate how the proposed method performs individually,
particularly for diagnostic applications or individual quantifica-
tion. In this paper, we further assess the quantitative accuracy of
this method in clinical setting using volume of interest (VOIs)-
based analysis by means of the commercially available BRASS
program for automatic fitting and quantification of functional
brain images [20].

2. Materials and methods
2.1. Atlas-guided attenuation correction

The proposed algorithm derives a patient-specific attenuation
map by anatomic standardization through non-linear warping of

a stereotactic transmission template obtained by averaging 11
scans of normal subjects [18]. This transmission template is
coregistered to a specially designed tracer-specific '*F-[FDG]
emission template constructed by scanning 17 normal subjects
in resting condition during tracer uptake in a dark room [21]. The
emission template is first coregistered and spatially normalized
to preliminary PET images of subjects corrected for scatter and
attenuation using an approximate method since this has been
shown to improve registration accuracy. The preliminary 3D
PET reconstructions relied on calculated attenuation correction,
which was performed by approximating the outline of the head
on each transverse slice using a manually drawn slice-dependent
ellipse assuming uniform attenuation (u = 0.096 cm™") for brain
tissues. The main drawbacks of this technique are the time
required to draw each ROI, operator dependence of the results
and bias caused by the fact that the head is not perfectly elliptical,
nor does it have uniform density. The resulting transformation
matrices are recorded and re-applied to the transmission tem-
plate. The attenuation of the rigid bed made of carbon fibre was
neglected but could be readily incorporated in the algorithm
by addition of a good statistics bed image after adjustments to
account for different bed elevations [22]. The derived attenuation
map is then forward projected to generate attenuation correction
factors to be used for correcting the subjects’ PET data. Fig. 1
shows a diagram describing the general principles of the method
and main steps required to generate a patient-specific attenuation
map.

2.2. PET data acquisition and reconstruction

The study population consisted of nine women in the early
stage of dementia of Alzheimer’s type. Their age ranged from 68
to 81 years (mean £ S.D.=75.44 £ 5.0). The nine subjects were
drawn randomly from a large pool of DAT patients participating
in a study focusing on the neurofunctional effects of donepezil,
a cholinesterase inhibitor, which is a medication used in the
treatment of mild to moderate dementia of Alzheimer’s type.
This study was approved by the ethical committee of Geneva
University Hospital and the Swiss Federal radiation protection
authorities. All patients gave their written informed consent for
participation in the study protocol.

The method used in clinical routine in our department for
attenuation correction is based on the acquisition of an additional
pre-injection transmission scan (10min) using '¥’Cs single-
photon sources. A thermoplastic face mask was used to limit
head motion and for accurate repositioning of patients for the
emission scan as they are removed from the bed following the TX
scan. PET data acquisition (25 min) started 30 min after intra-
venous injection of approximately 222 MBq of '®F-[FDG] on
the ECAT ART continuously rotating partial-ring positron tomo-
graph (Siemens/CTI, Knoxville, TN) operated in fully 3D mode.
This scanner is capable of acquiring both pre- and post-injection
transmission scans. The advantages and drawbacks of each tech-
nique are well understood, the former being preferred owing to
the absence of contamination of transmission images by emis-
sion photons, which can lead to gross underestimation of tissue
attenuation [8].
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Fig. 1. Illustration of the principle of atlas-guided derivation of the attenuation map. (A) Preliminary PET reconstruction obtained using calculated attenuation
correction. (B) '®F-[FDG] emission and transmission templates used in this study. (C) Emission template is spatially normalized to preliminary PET reconstruction.

(D) Application of same transformation to transmission template.

Images were reconstructed using analytic 3DRP reprojec-
tion algorithm [23] with a maximum acceptance angle corre-
sponding to 17 rings and a span of 7. The default parameters
used in clinical routine were applied (Ramp filter, cut-off fre-
quency 0.35 cycles/pixel). The reconstructed images consist of
47 slices with 128 x 128 resolution and a voxel size set to
1.72mm x 1.72 mm x 3.4 mm.

Scatter correction was performed using a model-based scat-
ter correction algorithm which combines both the emission scan
and attenuation map together with the physics of Compton scat-
tering to estimate the scatter distribution [24]. The atlas-guided
attenuation correction matrix is calculated by forward projec-
tion at appropriate angles of the resulting attenuation map.
The generated attenuation correction factors are then used to
correct the emission data. Therefore, the atlas-guided attenu-
ation map served for both scatter and attenuation correction
purposes.

2.3. Quantitative image analysis using BRASS

The images reconstructed with measured attenuation correc-
tion served as gold standard for assessment of the newly devel-
oped atlas-guided attenuation compensation. Reconstructed
PET images using both attenuation correction methods were
analysed using the BRASS commercial automated functional
brain analysis software (Hermes BRASS software, Nuclear Diag-
nostics AB, Sweden). Briefly, BRASS fits and compares patient
images to 3D reference templates created from images of healthy
subjects. The transmission and atlas-guided reconstructed PET
images were registered individually to the BRASS template
for quantitative analysis. The '8F-[FDG] template used in this
work was built by averaging 12 PET images of normal subjects
acquired on an ECAT EXACT HR* PET scanner (Siemens/CTI,
Knoxville, TN) in a fasting state with eyes open, ears plugged,
and in a moderately lit environment. Fig. 2 illustrates transverse,

coronal and sagittal views of the 3D anatomically standard-
ised brain template and the region map consisting of a total
of 63 regions defined on this template for automated VOI quan-
tification [20]. The cost or optimization function used during
automatic fitting to determine the similarity of the coregis-
tered image to the template is based on normalized mutual
information criterion which is similar to mutual information
but is usually more robust and efficient in finding the cor-
rect fitting transform. The algorithmic implementation is based
upon work by Studholme et al. [25]. Testing indicated that
this was a better method than count difference or robust least
squares, particularly when lesions are present in the brain study
[20]. A comparison of some of these methods can be found
elsewhere [26].

The correlation between mean activity concentration esti-
mates obtained when using the two attenuation correction meth-
ods was checked on a VOI by VOI basis and using pooled VOI
analysis. The means, standard errors and standard deviations
of activity concentration estimates from clinical PET images
reconstructed using both protocols were compared. The rela-
tive difference was used as a figure of merit for comparative
assessment both within subject and as group consisting of a
homogenous population. It is defined as:

percent difference
__ VOI(Atlas-guided) — VOI(TX-guided)
- VOI(TX-guided)

x 100%

Statistical analysis was performed VOI by VOI using
repeated ANOVA to assess the significance of the differences
between mean activity concentration estimates in patient studies
when using the atlas-guided as compared to the transmission-
guided reconstructions (significant P value <0.05). It should be
noted that failure to prove statistically significant differences is
not sufficient to confirm that the results are statistically identical.
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Fig. 2. Transverse, coronal and sagittal views (left to right) of the 3D anatomically standardized brain template (A) and the region map (B) consisting of 63 VOI
regions in total defined on this template for automated VOI quantification (Hermes BRASS software, Nuclear Diagnostics AB, Sweden).

3. Results

Fig. 3 shows an example of original patient’s PET images
and the '8F-[FDG] template in stereotactic coordinates together
with the result of normalizing the template to these images.
Note that the template matches quite well the patient’s PET
data. Typical patient brain non-uniform attenuation maps and
corresponding PET images acquired on the ECAT ART cam-
era and reconstructed with measured transmission as well as
atlas-guided attenuation correction are shown in Fig. 4. The
qualitative subjective assessment performed by expert physi-
cians showed no significant visual differences between atlas-
guided and transmission-based reconstruction methods [18].
Fig. 5 illustrates the means, standard errors as well as standard
deviations of the relative differences between the two correc-
tion methods resulting from the quantitative analysis for the 63
VOlIs, for each of the nine patients studied. The maximum dif-
ference within subject is less than 8%. Fig. 6 shows a linear
regression plot illustrating correlation between the two attenua-
tion correction algorithms for both a single patient and grouped
analysis comprising the nine patients involved in the study. The
line connecting the data points represents the result of a linear
regression analysis. There is a very good correlation (R* =0.91)
between the atlas-guided and measured transmission-guided
attenuation correction techniques and the regression line agreed
well with the line of identity (slope =0.96) for the grouped anal-
ysis. A slight dispersion of data points around the regression
line can be observed and the general trend as shown by the
regression line is that the coefficients of variations are simi-
lar. However, atlas-guided attenuation correction leads to higher
overall estimates than measured attenuation correction. This
would appear to result from a difference between the attenu-

ation coefficient values in both methods and thus the attenua-
tion correction factors applied. According to these results, the
attenuation coefficients derived from the template obtained by
positron-emitting °8Ga/*®Ge rod sources appear to be slightly
higher overall than estimates obtained from actual measured data
using single-photon '37Cs point sources. Moreover, our analysis
suggests that the intercept in the regression line is significantly
different from zero. Ideally, it would have been desirable to
generate a new '>/Cs-based TX atlas on the same PET scan-
ner used to assess the performance of the proposed method.
However, restrictions imposed by ethical committees and dif-
ficulties of recruitment of healthy volunteers complicated the
procedure.

The statistical comparison between activity concentration
estimates when using the two attenuation correction techniques
is summarized in Table 1. Correlation for all VOIs and all
patients was found to be high. The percent differences between
the two attenuation correction techniques are minor and no
proof of statistically significant differences (“the two distribu-
tions are not the same”) could be verified for all regions. Fig. 7
shows the relative difference between absolute activity concen-
tration estimates for clinical brain 3D reconstructions using
attenuation correction guided by measured transmission and
3D reconstructions guided by standardized transmission tem-
plate. It can be seen that the mean absolute relative difference
between the two methods for all VOIs across the whole pop-
ulation (differences of the population means) is 2.3% whereas
the maximum difference is less than 7%. These results seem
to suggest a 10% anterior—posterior gradient for a grouped
data analysis performed by grouping the VOIs into regions by
spatial location (i.e., medial/lateral, anterior/posterior, superior/
inferior).
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Fig. 3. Tllustration of the accuracy of the spatial normalization procedure showing the preliminary reconstructions of '$F-[FDG] patient PET images (A), the
I8F_[FDG] template in stereotactic space (B) and the resulting images of the emission template normalized to patient’s PET images (C).
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Fig. 4. Filtered backprojection reconstructions of clinical 3D brain PET images presented in different planes together with a corresponding slice of the attenuation
map comparing measured (A) and atlas-guided (B) attenuation correction techniques.
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Table 1
Summary of statistical assessment using repeated ANOVA analysis for comparing activity concentration estimates obtained from clinical brain PET reconstructions
guided by measured transmission with atlas-guided reconstructions

Volume of interest ANOVA significance Paired sample correlation Paired sample significance
R Cerebellum 0.550 0.947 <0.001
L Cerebellum 0.529 0.948 <0.001
R G. frontalis superior 0.040 0.939 <0.001
L G. frontalis superior 0.034 0.966 <0.001
R G. frontalis medius 0.101 0.921 <0.001
L G. frontalis medius 0.020 0.974 <0.001
R G. frontalis inferior 0.746 0.918 <0.001
L G. frontalis inferior 0.427 0.975 <0.001
R G. front. sup. pars med. 0.134 0.957 <0.001
L G. front. sup. pars med. 0.132 0.973 <0.001
R G. precentralis 0.677 0914 <0.001
L G. precentralis 0.588 0.961 <0.001
R Lobulus paracentralis 0.156 0.968 <0.001
L Lobulus paracentralis 0.393 0.962 <0.001
R G. rectus 0.676 0.890 <0.001
L G. rectus 0.521 0.933 <0.001
R G. orbitalis 0.822 0.890 <0.001
L G. orbitalis 0.920 0.964 <0.001
R G. temporalis superior 0.534 0.947 <0.001
L G. temporalis superior 0.195 0.968 <0.001
R G. temporalis medius 0.858 0.933 <0.001
L G. temporalis medius 0.360 0.963 <0.001
R G. temporalis inferior 0.883 0.906 <0.001
L G. temporalis inferior 0.190 0.965 <0.001
R G. postcentralis 0.568 0.918 <0.001
L G. postcentralis 0.275 0.965 <0.001
R Lobulus par. inf. 0.613 0.901 <0.001
L Lobulus par. inf. 0.799 0.973 <0.001
R G. supramarginalis 0.587 0.908 <0.001
L G. supramarginalis 0.724 0.968 <0.001
R G. angularis 0.746 0.915 <0.001
L G. angularis 0.924 0.962 <0.001
R Lobulus par. sup. 0.576 0.934 <0.001
L Lobulus par. sup. 0.363 0.957 <0.001
R G. occipitalis sup. 0.947 0.927 <0.001
L G. occipitalis sup. 0.488 0.953 <0.001
R G. occipitalis medius 0.712 0.908 <0.001
L G. occipitalis medius 0.251 0.961 <0.001
R G. occipitalis inf. 0.609 0.952 <0.001
L G. occipitalis inf. 0.418 0.969 <0.001
R Cuneus 0.636 0.944 <0.001
L Cuneus 0.471 0.960 <0.001
R Precuneus 0.719 0.943 <0.001
L Precuneus 0.878 0.956 <0.001
R Uncus 0.410 0.919 <0.001
L Uncus 0.873 0.938 <0.001
R Hippocampus 0.112 0.949 <0.001
L Hippocampus 0.161 0.963 <0.001
R G. occipitotemp. lat. 0.728 0.920 <0.001
L G. occipitotemp. lat. 0.124 0.968 <0.001
R G. occipitotemp. med. 0.473 0.941 <0.001
L G. occipitotemp. med. 0.249 0.956 <0.001
R G. cinguli 0.653 0.973 <0.001
L G. cinguli 0.630 0.978 <0.001
R Thalamus 0.071 0.956 <0.001
L Thalamus 0.046 0.971 <0.001
R Putamen 0.639 0.945 <0.001
L Putamen 0.478 0.971 <0.001
R Caput nuclei caudati 0.759 0.973 <0.001
L Caput nuclei caudati 0.079 0.990 <0.001
Brain stem 0.058 0.949 <0.001
R Insula 0.160 0.956 <0.001

L Insula 0.176 0.978 <0.001
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Fig. 5. Box & Whisker plots showing relative differences between reconstruc-
tions obtained by performing attenuation correction guided by measured trans-
mission and normalized standardized template. Means, standard errors as well
as standard deviations are calculated for each of the nine patients studied.
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Fig. 6. Correlation plots between clinical 3D brain scans reconstructed using
attenuation correction guided by measured transmission (abscissa) and 3D
reconstructions guided by normalized standardized template (ordinate). Sixty-
three data points for a single patient (a) and 567 data points representing mean
values of the 63 VOISs resulting from the analysis of the nine patients studied are
shown (b) together with best fit equations and correlation coefficients.

4. Discussion

Quantitative PET imaging of the brain continue to play an
important role in the development of a common basis and lan-
guage for neurology, psychiatry and psychology [2,3].

Despite the progress made in quantitative imaging, physical
factors still degrade the actual image and thus the true activity

obtained by PET measurements in functional brain imaging [6].
Therefore, it is not surprising that to improve brain mapping, it
is imperative to investigate the impact of correction techniques
for physical degradation factors such as attenuation, scatter and
resolution loss or partial volume effect. Several methods have
been devised to correct for attenuation in neurological PET
studies that do no require an always noisy transmission scan
[14-18]. It is worth emphasizing that despite the worthwhile
research that has been performed in this area, there is no clear
evidence that current commercial products allow applicability of
these techniques in a clinical environment [7]. It should be high-
lighted that the efforts of the authors are focussed towards the
development of quantitative imaging techniques for a “transmis-
sionless” prototype based on a novel and innovative design of a
high-resolution Compton-enhanced 3D brain PET camera. This
concept leads to an image reconstruction, which is free of any
parallax error and provides a uniform spatial and energy resolu-
tion over the whole sensitive volume [27,28]. In this regard, most
brain dedicated PET scanners would benefit from the proposed
technique. Likewise, the method is appealing as an alternative
to CT-based attenuation correction on combined PET/CT scan-
ners in the presence of artefacts of any nature (metals, contrast
medium, ..., etc.) and when radiation dose reduction to the
subjects is sought (e.g., research protocols involving healthy vol-
unteers). The technique might also be of interest for application
on new dual-modality PET/MRI systems where the determina-
tion of the attenuation map from the MR image is still an open
problem owing to the fact that the MR intensities are not directly
related to the attenuation coefficients [16].

Like other image processing algorithms, the accuracy of PET
attenuation correction algorithms must be validated and their
limit tested before being applied to clinical or research data.
This includes the assessment of the accuracy of the algorithms
and their sensitivity towards methodological considerations.
The accuracy of attenuation correction has been validated by
simulated and experimental phantom studies, animal studies,
biopsy samples taken after imaging was performed in addition
to assessments involving clinical and healthy subject investiga-
tions [8]. It should be pointed out that the majority of proposed
methods reported in the literature have been applied primar-
ily to computer-simulated images and simplified experimental
arrangements [7]. This has been extended more recently to
objective assessment of image quality using receiver operat-
ing characteristics (ROC) analysis based on human or com-
puter observers [29], evaluation of the influence of reconstruc-
tion techniques on tracer kinetic parameter estimation [30] and
voxel-based analysis in functional brain imaging using statistical
parametric mapping [10,31]. Some solutions to the problem of
attenuation effects for instance are less suitable for routine appli-
cations in patients than they are in phantom simulations. The
accuracy reached in phantom studies is unlikely to be reached
in clinical investigations. The true clinical feasibility of these
methods has yet to be fully investigated.

Evaluation and clinical validation of image correction and
reconstruction algorithms is inherently difficult and sometimes
unconvincing. There is a clear need for guidelines to evaluate
quantitative techniques and other image processing issues in
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Fig. 7. Relative difference between absolute activity concentration estimates for clinical brain 3D reconstructions using attenuation correction guided by measured
transmission and 3D reconstructions guided by normalized standardized template. For better visibility, only the right labels of the VOIs are shown except the insula

where the left label is shown.

PET. Voxel-based or VOI-based analysis of PET algorithmic
designs is intrinsically based on a large number of variables
which all affect the final result to a greater or lesser extent. Acqui-
sition and reconstruction options rely on isotope, acquisition
time/injected activity, randoms, scatter and attenuation correc-
tion, reconstruction algorithm, pre- and/or post-filtering, ...,
etc. Subsequent analysis is done after (intra-individual) coregis-
tration, anatomical standardization (spatial normalization) and
smoothing. Therefore, itis clear that a multi-parameter optimiza-
tion procedure is necessary to determine the optimal conditions
for measuring defects or activations [32]. The clinical relevance
of small but systematic differences (<8%) between the two atten-
uation correction methods is hard to predict and will depend on
the diagnostic paradigm followed by clinicians to interpret brain
PET data. Current procedures for interpreting clinical data in
many PET facilities are still based on mere visual assessment. It
has been shown that different attenuation correction techniques
have little effect on subjective visual interpretation of brain PET
images [17]. An in-depth discussion of relevant issues including
the effect of abnormal anatomy and/or uptake in patients as well
as the relevance of building tracer-specific templates especially
for PET radioligands to allow application of the proposed algo-
rithm for children and other tracers are given in [18]. For the
former, the use of cost-function masking to exclude abnormal
anatomy or uptake is envisaged to avoid biasing the transforma-
tions computed by the normalization procedure.

Nowadays, manual ROI analyses are no longer of much clin-
ical interest since a long time is required to draw accurately the
ROIs needed to cover an entire brain and the operator-dependent

variability is large compared to inter-individual physiological
variability. The artificial boundaries from the ROI or VOI region
map and the relatively large search volumes constitute a known
inherent disadvantage of VOI techniques in the sense that they
imply a preconception about the topography of the functional
deficits and that the size of the VOI imposes a spatially smooth-
ing effect [33]. Smaller focal defects can be observed by the
voxel-based techniques and a brain region can be reported as
abnormal even when only part of the underlying VOI was hypop-
erfused (dilution effect). Additional tools for subject-to-group
statistical comparisons should be available with automatic VOI-
based analysis tools and these should take into account the
special problems of correction for multiple comparisons [34,35].
However, if sufficient variance from the VOI measurements
is included, the overall performance of automated stereotactic
VOI-based analysis can be similar to that of the voxel-based
analysis for the same discrimination task. In some studies, VOI-
based analysis performed poorly at low false-positive fraction
and was less tolerant to noise than the voxel-based analysis [36].
Another study found that under clinical conditions (in traumatic
brain injury and cognitive impairment), classification of brain
SPECT studies can greatly be aided by anatomic standardiza-
tion techniques and that under the investigated circumstances,
SPM was found to have a lower sensitivity than VOI or voxel-
wise region-growing techniques, at low false-positive fractions,
in contrast to the former study [37]. Given the considerations
mentioned above, it was felt pertinent to complement the voxel-
based analysis performed previously by the VOI-based analysis
to provide a comprehensive assessment of the potential of the
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proposed attenuation correction technique. Among the commer-
cial packages, BRASS is specifically oriented towards routine
clinical brain SPECT and PET applications, and allows voxel-
wise comparison of individual studies by means of statistical
intensity differences, compared to a mean and standard devia-
tion image from a control group, based upon region-growing of
deviating voxels.

5. Conclusion

A recently developed new atlas-guided non-uniform attenua-
tion correction method for 3D brain PET imaging was assessed
quantitatively using clinical studies and automated functional
brain analysis software as an adjunct to the voxel-based analysis
performed previously. The algorithm is unsupervised and shows
a comparable image quality with significant reduction in over-
all patient scanning time duration and radiation absorbed dose.
These encouraging results provide further confidence in the ade-
quacy of the proposed method demonstrating its performance
particularly for diagnostic applications involving quantification.
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