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Abstract-A method commonly used for localization of brain regions on positron emission tomographic (PET) 
images is direct visualization and designation of structure on the image itself. This technique, however, is 
limited to portions of the brain having suf&ient differential radionucllde uptake to permit the recognition of 
structure by observers familiar with brain anatomy. Two other methods commonly used instead of direct 
visualization are magnetic resonance imaging (MRI) and stereotactic methods of localization. This report 
compares the accuracy of a MRI method versus a stereotactic method of brain structure localization on PET. 
The three localization methods were analyzed for sixteen different brain regions in 5 different subjects by two 
independent observers. The results were converted to PET pixel size (1 pixel = .127 cm) for comparison. MRI 
localization differed from direct visualization by a mean and standard deviation of -2 f 1 pixels in both the X 
and Y dimensions. Stereotactic localization differed from direct visualization by -2 f 1 pixels in theX dimension 
and by -6*2 pixels in the Y dimension. This larger variation seen with the stereotactic method may be, 
attributed to the questionable assumption of linearity of structure location with respect to size of the inner table 
of the calvarium. 
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INTRODUCTION 

Anatomic localization techniques assist in the analysis 
of functional cerebral image data (l-5). Methods to 
localize brain structure on Positron Emission Tomogra- 
phy (PET) are becoming more important as the applica- 
tions of PET broaden (6, 7). Direct visual identification 
of brain structure on PET images eliminates the added 
time and cost of obtaining anatomic radiographic studies 
which are required for the employment of comparative 
techniques such as MlU or stereotactic methods. Direct 
visualization and identification of brain anatomy on PET 
images is generally conducive for structure identifica- 
tion only when tracer uptake is significantly different 
between adjacent brain tissues, and its utility in PET 
studies with more specfic regional tracer uptake (e.g., 
receptor binding studies) is limited (8). MRl localization 
(9, 10) bestows excellent anatomic resolution, but re- 
quires additional costs and application of methods to 
insure reproducibility of patient orientation and slice 
alignment between scanners. Stereotactic methods (11, 
12) are useful, but one of the more commonly used 
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stereotactic techniques (12) requires the acquisition of a 
lateral skull radiograph and determination of stereotactic 
parameters, as well as the development and utilization 
of computer software. In addition, this stereotactic 
method assumes a linear transformation relationship 
exists between brain structures and the size of the inner 
table of the calvarium, and accurate use assumes sub- 
jects have normal brain anatomy. The use of this method 
cannot correct for normal anatomic variation of brain 
anatomy. 

We undertook a study to test the precision of brain 
structure localization by comparing the relative accuracy 
of these two commonly employed techniques. By using 
150-H20 PET scans we defined 16 unequivocally iden- 
tifiable brain structures and compared their PET scan 
location with accurately aligned MRI scans, and a 
commonly used stereotactic method (12). 

MATERIALS AND METHODS 

The study population consisted of 5 female subjects, 
aged 224, with normal brain structure as determined 
by MRI. Prior to each study each subject signed a 
consent form approved by the human studies review 
board at The University of Michigan. All PET scans 
were performed in the Division of Nuclear Medicine at 
The University of Michigan Medical Center. PET scans 
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were performed on a TCC PC-4600 tomograph having 
in-plane resolution of 10.5 mm full width half maximum 
(FWHM), with axial resolution of 10 mm FWHM, and 
an interslice distance of 11 mm. The pixel dimensions 
(128 x 128), sensitivity, and operating characteristics 
have been previously described (13). Each morning, 
prior to scanning, the PET scanner was calibrated to 
normalize detector response across all detectors. Each 
subject was scanned in a resting state following an 
intravenous injection of approximately 35 mCi of i50- 
H,O blood flow tracer. A six minute dynamic sequence 
of 9 scans (6 X 20 sets; 2 X 60 sets; 1 X 120 set) was 
acquired beginning at the time of injection. Continuous 
blood sampling from the left radial artery permitted 
calculation of the radiotracer input function to brain. A 
weighted integral estimation approach of Alpert et al. 
(14) modified as described by Koeppe et al. (15) was 
used for calculation of cerebral blood flow yielding 
regional values in mL/lOO g-min. Each scan produced 
images from five planes oriented parallel to the canth- 
omeatal line from an inferior level approximately bisect- 
ing the gyrus rectus anterior and the mid-cerebellum 
posterior to a superior level approximately transecting 
the supracallosal portion of the cingulum. 

The MRI images were acquired using the Diasonics 
MT/S superconducting system operating at 0.35 Tesla. 
The operating characteristics of this imager have been 
previously described in detail (16). Quality control of 
the MR scanner was performed prior to imaging using a 
distortion test phantom constructed of 60 parallel square 
rods constructed of Plexiglas surrounded by a solution of 
manganese chloride (17). The average anisotrophy over 
a large body size was approximately 2 to 3% (18). 
Images of contiguous 10 mm axial sections were ob- 
tained in all patients utilizing pulse sequences of repeti- 
tion time 0.5, 1 .O set, and echo delay times of 28, 56 m 
sec. Images were reconstructed using two-dimensional 
Fourier transformation of a 256 X 256 element matrix 
grid. Voxel sizes were 1.7 x 1.7 X 5.0 mm. The T, 
weighted images were used for comparison with PET 
because of the greater grey to white matter anatomic 
distinction. The third of five MR planes was positioned 
through the center of the third of five PET planes using 
laser localization along the identical line used during 
PET scanning. Registration of image planes was per- 
formed after careful laser beam alignment of external 
reproducible landmarks (OM line + 1.0 cm) defined as 
the center plane with two adjacent planes above and 
below this reference line. Since the PET interslice AZ = 
11.0 mm and the MRI interslice AZ = 10.0 mm this 
method limited axial r&registration between MRI and 
PET slices to 1.5 mm at the extreme (first and fifth) 
planes. Patient motion during each scan was limited to 2 
mm, as confirmed by checking the laser line position 

before and after the scan with respect to the bony lateral 
canthus and the external auditory meatus which have 
been shown to be reproducible external landmarks for 
positioning (10). All MR images were compared with 
PET images after scaling the MRI pixel size to match 
the PET pixel size. This was performed by measuring 
the maximum longitudinal (Y) and horizontal (X) size 
of the brain (in pixels) on the MR and PET image. A 
common origin (0,O) was defined at the lower left of the 
PET image, and the MR image. The MR image was 
scaled such that the most anterior and right side of the 
brain had the same coordinates as the corresponding 
PET image. Each structure coordinate location (X, Y) 
was displayed on the image consol after a curser was 
placed over the center of the structure. This procedure 
was performed separately for each of the 5 sections on 
all subjects. No attempt was made to use external 
fiduciary markers or other more sophisticated matching 
techniques (4, 10) since the intent of this study was to 
compare the more widely utilized and commonly em- 
ployed localization methods. 

The stereotactic method was performed after obtain- 
ing a lateral skull X-ray, determining the locations of the 
anterior commissure, posterior commissure (AC-PC), 
and glabella-inion (GI) lines. The other stereotactic 
parameters necessary to perform the translation between 
the stereotactic coordinate system and the PET coordi- 
nate system were entered into a program which localized 
each of the 16 structures (12). 

Sixteen brain regions on each patient were identified 
both by MRI and the stereotactic technique, and the 
coordinates were compared with the coordinate values 
obtained by direct visualization of definitely identifiable 
structures on the 150-H.z0 PET images (regions selected 
by two physicians with knowledge of gross brain anat- 
omy). Differences (in pixels) were determined for MRI 
and stereotaxis compared with PET to determine the 
relative accuracy of each method to identify brain 
structure. Regions which could be unequivocally identi- 
fied using all three methods were: the carotid arteries at 
the level of the carotid siphon bilaterally, cavernous 
sinuses bilaterally, center of brain stem at the level of 
the top of the petrous pyramids, center of the primary 
visual cortex, heads of the right and left caudate nuclei, 
and position at edge of brain on the MR scan identified 
by extension of a horizontal line passing through each 
respective structure, genue of the internal capsule bilat- 
erally, and right and left thalami and position at edge of 
brain on the MR scan identified by extension of a 
horizontal line passing through each respective struc- 
ture. The location of pixel and plane position on the 
PET images of the 16 regions was performed without 
reference to the MRI scan. The transverse PET coordi- 
nates were defined by pixel location (X,Y) for each of 
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Table 1. Average difference between coordinate position localized by PET, MRI, and the stereotactic method for X, 
Y, and Z for the 5 subjects (difference f SEM). AMRI = [PET location - MRI location], and A Stereo = [PET 

location - Stereotactic location]. Please see Fig. 1 legend for structure abbreviations. 
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the structures. The location of structure in the Z dimen- 
sion was determined to the nearest plane on which it 
appeared on PET or MRI since the inherent interslice 
distance did not allow more accurate placement. The 
stereotactic coordinates were given in planes and frac- 
tions of planes, and therefore structure location (in the Z 
dimension) was placed in the nearest plane to permit 
comparison with PET and MRI. Z coordinate values 
were converted to pixel location values for comparison 
purposes. 

Each of the three methods of localization were vali- 
dated by the two independent observers who localized 
each of the 16 structures using each method. The 
observers were instructed to place the cursor at the point 
of highest (or lowest) tracer uptake in each region of 
interest on the PET images, or identify what appeared to 
be the corresponding geometric center of the region on 
the MRI and stereotactic atlas sections. 

MRI localization was performed by localizing each 
structure on the MR image (independent of the PET 
image) and comparing the MRI to PET pixel coordinates 
with those obtained by direct visualization of the PET 
image. Stereotactic 1ocalizal:ion was tested by localizing 
each structure from the anatomic atlas (19) and compar- 
ing the results of PET pixel coordinates obtained using 
the stereotactic method. This was also performed inde- 
pendently of the PET or MRI image. 

Comparison of the accuracy of the MRI method 
versus the stereotactic method was performed by sub- 
tracting the location for the X, Y, and Z coordinate for 
all 16 structures for each patient from the location found 
on the PET image. A total difference Ar = (x5i=, 
(AX~+AY~+AZ~)1’2 /5) (since all structures were ob- 
served once in each of the 5 subjects) was then calcu- 
lated to represent the 3 dimensional spatial distance 
from the PET coordinate. 

To verify proper utilization of the stereotactic method 

at our institution, replication of the validation of this 
method was performed in an identical manner as pre- 
sented by other investigators (12) by localization of the 
right and left cavernous sinuses. The cavernous sinuses 
are visualized as regions of decreased tracer uptake on 
the 6 minute sequence 150-H,O PET scan since the 
average venous activity will drop below brain tissue 
activity after approximately one minute. This will result 
in the region being identified as having lower counts 
compared to surrounding brain tissue (15). 

RESULTS 

To validate the accurate employment of the stereotac- 
tic method at our institution, the identical structures 
(right and left cavernous sinuses) found by other inves- 
tigators were localized. The right cavernous sinus had 
mean stereotactic localization coordinates of X = .83 + 
.18cm, Y = 1.22 + .47cmandZ = -2.0 + .32cm, 
and likewise the localization of the left cavernous sinus 
had mean stereotactic coordinates of X = - .79 + .19 
cm, Y = 1.32 + .47 cm, andZ = -2.10 ? 3.7 cm. 
All values were within one standard deviation of the 
values found by other investigators using the stereotactic 
method (12). Inter-observer agreement on structure co- 
ordinates identified on PET and MRI agreed for all 16 
regions between the two independent observers in the X 
and Y dimensions to within 1 pixel and to the same plane 
in the Z dimension for all structures localized. 

Table 1 gives the results of comparing PET to MRI 
and PET to the stereotactic method for each dimension 
X, Y, and Z. Figure 1 shows the comparison between the 
stereotactic method and MRI in localizing the 16 struc- 
tures identified on the PET image. Structures best 
localized were: the genue of the internal capsule, the 
primary visual cortex, and the heads of the caudate 
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Fig. 1. Graphically shown is the comparison between the MRI 
and the stereotactic method of localization for the sixteen 
structures identified on the PET scan. The difference in 
agreement between the two methods is given by Ar, as 
previously defined. The MRI method of localization yielded a 
difference, on average, of 2 pixels, while the stereotactic 
method yielded a difference as large as 6 pixels. Data are 
expressed as differences + SEM. Abbreviations: RG = ge- 
nue at right internal capsule, LG = genue of left internal 
capsule, PVC = primary visual cortex, LC = left caudate, 
RC = right caudate, LCBE = brain edge adjacent to left 
caudate, RCBE = brain edge adjacent to right caudate, LCS 
= left cavernous sinus, RCS = right cavernous sinus, LT = 
left thalamus, LTBE = brain edge adjacent to left thalamus, 
RTBE = brain edge adjacent to right thalamus, RT ‘= right 
thalamus, BS = brain stem, LCA = left carotid artery 

siphon, RCA = right carotid artery siphon. 

nucleus. For these structures agreement was within 
approximately 2 pixels (1 pixel = 0.127 cm). However, 
for the thalami, brain stem, and carotid artery siphon, 
agreement was less accurate for the stereotactic method 
as compared to the MRI method. Figure 2 exemplifies 
our findings in three representative structures: head of 
the left caudate nucleus, right internal carotid artery 
siphon, and brain stem. There is relatively good location 
of the head of the left caudate nucleus for both the MRI 
and stereotactic method as compared to the visualized 
structure on the PET image; however, it is noted that 
identification on MRI agrees better than the stereotactic 
method for the right internal carotid artery siphon and 
brain stem. 

DISCUSSION 

Structure identification is critical for interpretation of 
PET images, and the accuracy of the method of ana- 
tomic localization is becoming increasingly important 
with higher resolution PET scanners. In this investiga- 

Fig. 2. Examples of the accuracy of direct visualization, MRI, 
and stereotaxis respectively for 3 representative structures (left 
caudate - TOP, right carotid artery siphon - MIDDLE, and 
brain stem - BOTTOM). The fist column of images depicts 
the cursor location as determined by the independent observers 
on the PET image via direct visualization. The following 
images show that there is more accurate localization using 
MRI identification of these 3 structures (second column) as 
compared to stereotactic localization of these 3 structures 

(third column). 

tion three commonly employed localization methods 
were investigated. The PET image was selected as the 
reference standard since it contains the structure for 
desired identification. No correction for partial volume 
effects, or slight anatomic misregistration between MRI 
and PET was used, since these methodologies are not 
generally available. Of the three methods of structure 
localization presented, good correlation was observed 
for all structures using MRI identification, however, a 
greater variation in A r values was observed using the 
stereotactic method of localization compared with MRI 
for structures closer to the base of the brain. The results 
demonstrate that the use of commonly available MRI 
localization techniques (requiring only reproducible head 
positioning using laser alignment) are more accurate 
than the stereotactic method. Presumable the employ- 
ment of MRI registration (4) or coordinated transforma- 
tion techniques (10) would result in greater accuracy in 
MRI localization. However, further investigations em- 
ploying these more sophisticated MRI localization meth- 
ods will be necessary to verify this. The X coordinate 
agreed best for both methods, however this is expected 
since the stereotactic method uses the PET image to 
determine the lateral (X dimension) of brain width. 
Errors in the stereotactic method may be related to the 
assumption that brain structures translate in a linear 
manner as calvarial sizes differ. It is of note 
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that the greatest inaccuracy in the stereotactic method 
occurred along the Y dimension (an in-plane coordinate 
which was reliably measured in our study). This sug- 
gests that the error in the stereotactic method may be 
associated with the high. prevalence of variance in 
longitudinal cranial dimensions in the normal population 
(20) and nonlinear movement of brain structures in this 
dimension. 

The MRI method of localization, in contrast, is 
patient-specific, allowing for individual anatomic varia- 
tion between patients; and therefore is free of error in 
measurements from a skull radiograph. In addition, it 
makes no assumptions as to the linearity of the differ- 
ences in locations of brain structure with respect to the 
geometry of the calvarium. However, one potential 
source of inaccuracy of comparing MRI with PET is the 
assumption that the highest (or lowest) region of tracer 
uptake on 150-H,O PET corresponds to the center of the 
corresponding structure of the Ml31 or the stereotactic 
atlas section. In conclusion, we found that anatomic 
localization of brain structure using a commonly em- 
ployed MRI method, is more accurate than the stereo- 
tactic method. Our results suggest that the use of MRI 
methods after correction for partial volume effects, 
magnetic field inhomogeneity (21), anatomic slice and 
position mis-registration (4), and coordinated system 
alignment correction (10) should provide a method for 
more accurate localization of structure on PET images. 

SUMMARY 

The objective of this investigation was to compare 
three commonly used methods for localization of struc- 
ture on functional positron emission tomography (PET) 
images: namely, direct visual identification of structure 
on the PET image compared with magnetic resonance 
imaging (MRI) and a stereotactic technique. Two inde- 
pendent observers were employed to define structure 
and to verify that inter-observer variability was minimal. 
MRI more accurately and consistently identified struc- 
tures as compared to the stcreotactic method, regardless 
of their location in the brain. The n coordinate agreed 
best for both methods, however this was expected since 
the stereotactic method uses the PET image to determine 
the lateral (X dimension) of brain width. It is of note that 
the greatest inaccuracy of the stereotactic method oc- 
curred along the y dimension (an in plane coordinate 
which was reliably measured in our study). This sup- 
ports the notion that errors in the stereotactic method 
may be associated with the high prevalence of variance 
in longitudinal cranial dimensions in the normal popula- 
tion and the non-linear motion of brain structures in this 

dimension. The MRI method of localization, in contrast, 
is patient-specific, allowing for individual anatomic 
variation between patients; and therefore is free of 
error in measurements from a skull radiograph. In 
addition, it makes no linearity assumption regarding 
differences in locations of brain structure with respect to 
the geometry of the calvarium as does the stereotactic 
method. In conclusion, we found that anatomic localiza- 
tion of brain structure employing MRI is more accurate 
than the stereotactic method. 
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