
Introduction:

The aim of this study is to develop and evaluate a fast and reliable method
for automatic delineation of Volumes of Interest (VOI) in HMPAO SPET
images, without the guidance of a high resolution structural image. As a
basis multiple sets of template HMPAO SPET images at which VOIs have
been delineated is used. By transferring more than one VOI set to "new
subject space" the influence of variation in identified transformation
parameters between "template" and "new subject" space is reduced.

The availability of such a method allows for objective extraction of VOI data
in daily routine practice, improves quantification and the reporting, and
finally, enable comparisons of extracted VOI values to a database of
normal subject values.

Methods:

The basic steps in the proposed method are:

•Ten template VOI sets each with 35 VOI’s have automatically been
delineated on high resolution MR images co-registered to HMPAO SPET
scans [Svarer, 2005]
•Transformation parameters from template HMPAO space to new subject
HMPAO space are estimated [Kjems, 1999; Woods, 2003]
•The VOIs defined in template HMPAO space can be transferred to the
new subjects space using the estimated transformation parameters
•A probability voxel map for each VOI is generated and thresholded, and
from this a VOI set in subject space is generated
•This VOI set is then used for extraction of mean VOI values from the
SPET image

Illustration of the proposed method for automatic VOI delineation:

Using this approach a template VOI set can automatically be delineated in
a “new subject” space. An example of this is shown in the following figure
(left panel). At the right panel an MR images for the same subject has been
aligned to the HMPAO image so the achieved precision of the new VOI set
can be demonstrated.

Dividing the ten templates into two randomly chosen groups (one for
training and one for testing, five in each) and selecting from one to five
templates from the training set group and all five from the test set group.
VOI sets are then generated and the voxel overlap between the two sets
are calculated. This was repeated ten times. The following figure shows a
“learning-curve” for generation of VOI sets:

This curve clearly demonstrates that the more template VOI sets that are
used for generation of the “new subject” VOI set the higher is the overlap

Conclusion:
• It is possible automatically and reliably to generate VOI’s on HMPAO

images, without a structural MR image
• The method assists in an objective assessment of SPET rCBF images
• This approach allows for a rapid and observer independent region

delineation in subjects with both normal and abnormal rCBF
• The method is feasible for a clinical setup

Cautions:
• A visual inspection of the images and their VOI’s is recommended
• The method needs to be tested in patients with even more severe rCBF

abnormalities
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Discussion:
The learning curve clearly shows that a higher overlap is achieved, more
reproducible VOI’s is generated, using as many VOI sets as possible. The
curve also demonstrates that a kind of “plateau” is reached when 4-5 VOI
template sets are included.
The tables below shows the overlap between the VOI sets generated using
the HMPAO templates and a set of MR templates as described in [Svarer,
2005]. The VOI sets have been transferred to 5 healthy subjects and 5
subjects with abnormal rCBF.

It is demonstrated that the overlap which can be achieved using MR and
HMPAO templates are very comparable. Looking at the overlap between the
MR and HMPAO VOI sets there is a small decrease in overlap. From this it is
concluded that the two sets are not optimizing the VOI sets at exactly the
same features in image space. This could though also be because of
misalignment between MR and SPET images.

Applying the VOIs to HMPAO rCBF images:

The reason for developing the method was to have a robust, automatic and
objective method for extracting VOI mean values from flow images in a
clinical daily setup. This is tested by applying the method to a number of
subjects HMPAO images where MR images are available and then using the
two VOI sets to extract mean VOI values. This is shown in the figure for one
of the subjects with abnormal rCBF

It is clearly demonstrated that a high correlation exist between the extracted
HMPAO values using either of the two VOI sets.

Using the method for comparison to a normal databas e:

A database of normal HMPAO VOI values has been created:
•Thirty-six healthy subjects (age 40-76 years) investigated with HMPAO
SPET
•Each subject’s scan was exposed to automatic VOI delineation using the
original 10 HMPAO templates
•These 36 “normal” values for each VOI are used for creation of a database
•Each VOI value is corrected by linear de-trending for age effects
•The cerebellum extracted value is used for creating of a normalized HMPAO
flow image

Five subjects with abnormal rCBF
MRI based HMPAO

MRI based 87.0% 74.1%
HMPAO 73.0% 86.2%

Five subjects with normal rCBF
MRI based HMPAO

MRI based 86.3% 75.3%
HMPAO 75.7% 87.2%

Extracted HMPAO SPET counts 
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Example 1:Visual evaluation by medical doctor:
•Biparietemporal hypoperfusion, mostly in left side
•Lesser degree of left sided frontal hypoperfusion

  VOI p   VOI p VOI p

 cb 0.15  L_cb 0.16 * L_parc 0.00
 orbfrc 0.52  R_cb 0.16 * R_parc 0.01
* medinffc 0.04 * L_orbfrc 0.01 * L_medinftempc 0.02
 antcin 0.76  R_orbfrc 0.07  R_medinftempc 0.32
 th 0.13 * L_medinffc 0.00 * L_supfc 0.01
 ins 0.07 * R_medinffc 0.03 * R_supfc 0.02
* cau 0.01  L_antcin 0.07 * L_occ 0.01
* put 0.05  R_antcin 0.10 * R_occ 0.01
* suptempc 0.02  L_th 0.43  midbrain 0.75
 parc 0.14  R_th 0.39 * L_senmotc 0.00
 medinftempc 0.06 * L_ins 0.00  R_senmotc 0.07
 supfc 0.25  R_ins 0.17  L_postcin 0.60
 occ 0.47  L_cau 0.35  R_postcin 0.63
 senmotc 0.08  R_cau 0.08  L_entorhin 0.95
 postcin 0.81  L_put 0.47  R_entorhin 0.48
 entorhin 0.65  R_put 0.43  L_hippocampus 0.83
 hippocampus 0.10 * L_suptempc 0.00 * R_hippocampus 0.01
(* p< 0.05)  R_suptempc 0.14 (* p< 0.05)

Side differences Comparison to normal database

Using a t-test side differences and changes compared to
the normal database are found and reported


