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Coregistration of images from a single subject, acquired by different
modalities, is important in clinical diagnosis, surgery and therapy
planning.The purpose of this study was to evaluate, using a physical
torso phantom, a novel, fully automated method for three-dimen

sional image registration of CT and SPECT, using radionuclide
transmission (RNT) attenuation maps. Methods: We obtained
CT scans and SPECT scans paired with RNT maps of an anthropo
morphic cardiac phantom. RNT attenuation maps were acquired
using an uncollimated 99mTc-filledflood source. RNT and SPECT

scans were acquired in the same spatial orientation (usual
clinical practice in nonuniform attenuation correction). In addition,
CT attenuation maps (CTMAPs) for 99mTcSPECT were gener

ated from CT by linear energy scaling. RNT maps were regis
tered to CT and CTMAPs by iterative simplex minimization of
count difference and uniformity index (sum of RNT map intensity
variances corresponding to each intensity level in the CT vol
ume). In each iteration, three shifts and three angles were adjusted.
To register SPECT to CT, we applied the RNT transformation
parameters to SPECT. Results: RNT maps could be registered to
CT and CTMAP images using both criteria. The average three-
dimensional distance between landmark and automated registra
tion was 2.5 Â±1.2 mm for count difference and 3.3 Â±1.3 mm for
uniformity index. The three-dimensional reproducibility errors
were 1.2 Â±0.7 mm for count difference, 2.1 Â±0.5 mm for
uniformity index and 2.3 Â±1.0 mm for manual marker registra
tion. The minimization of uniformity index was robust when up to
50% CT or RNT sliceswere missing and was not affectedsignificantly
(<2 mm) by realistic variation in CT values (Â±12Hounsfield units).
Conclusion: In additionto typical use in nonuniformattenuation
correction, RNT maps can be used for fully automated three-
dimensional registration of SPECT to CT. Such registration is not
affected by features and quality of SPECT images and avoids
difficulties associated with fiducial markers. Our method can be
applied to SPECT-CT registration of various organs, such as brain,
heart, lungs, breastsand abdomen, includingoncological scans.
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'orrelative registration of images obtained from a single

subject using different modalities (e.g., SPECT and CT or
SPECT and MRI) is increasingly useful in both research and
patient care (/). Accurate mapping of data between different
imaging modalities into common data coordinates may be
required for clinical diagnosis, surgery or therapy planning,
and detection of anatomic or functional changes from
previous scans. Accurate anatomic localization of abnormali
ties in functional SPECT (or PET) images is critical, yet the
images may have few anatomic landmarks or may differ
substantially from anatomic CT or MR images.

Although most of the published articles on multimodality
image registration have been mainly devoted to brain imaging
(2-5), a few multimodality image fusions have been reported in
other anatomic regions, such as chest, abdomen and pelvis (6-8).

A large number of the proposed image registration algorithms
use external markers or a combination of external markers and
anatomic landmarks. Use of such markers or stereotactic frames
can complicate acquisition protocols and may not be clinically
feasible. In addition, external markers can be used for the brain
but not for the thoraco-abdominal region, because variable

displacement of the skin relative to internal organs adversely
affects image registration (6). Most automatic approaches are
specific to a particular type of SPECT scan, and no single method
works well on all image dataseis (/). For the thorax and
abdomen, in particular, there is a great need for robust automatic
image registration methods, but few have been proposed (6).

This article presents a fully automated method for register
ing three-dimensional CT and SPECT images, using radionu

clide transmission (RNT) attenuation maps. This method is
not specific to a particular type of SPECT scan and does not
require external markers. RNT attenuation maps, in the same
spatial orientation as SPECT, can now be acquired routinely
with instrumentation for nonuniform attenuation correc
tion (used mainly for cardiac SPECT imaging). This study in
dicates that, in addition to nonuniform attenuation correc
tion, RNT attenuation maps can be applied to register SPECT
images to CT using automatic registration methods. This
article presents preliminary results with an anthropomorphic
cardiac phantom only, but transmission attenuation maps
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X-ray CT SPECT + radionuclide
transmission map (RNT)

FIGURE 1. Method for automatic
SPECT-CT registration for anthropomor
phic cardiac phantom using radionuclide
transmission (RNT) attenuation maps. RNT
attenuation maps were acquired in same
orientation as SPECT (usual clinical prac
tice in non-uniform attenuation correction).
RNT maps were registered to CT using
automatic three-dimensional voxel-based
registration. Transformation parameters ob
tained were applied to SPECT.

can potentially be applied to automatic multimodality image
registration for SPECT scans of the brain, heart, lungs, breasts
and abdomen, including oncological scans.

MATERIALS AND METHODS

Image Acquisition
We obtained CT and SPECT scans paired with RNT attenuation

maps of an anthropomorphic cardiac phantom with lung, cardiac
and spine inserts (Data Spectrum Corporation, Hillsborough. NC).
CT images were acquired on a Hi-speed CT scanner (General

Electric, Milwaukee, WI). using a peak voltage of 120 kV, 512 X
512 matrix, pixel size 0.94 mm/pixel and contiguous slices with
slice thickness of 5 mm.

For SPECT acquisition, 660 mCi (24,420 MBq) WmTc were

placed in the myocardial insert. No background activity was placed
in the phantom. SPECT acquisition was performed using a single-head

Genesys gamma camera (ADAC, Milpitas, CA). The following acquisi
tion parameters were used: 128 X 128 matrix, 120 stops over 360Â°,15 s

per stop and pixel size of 4.73 mm. After SPECT acquisition, radioactiv
ity in the phantom was allowed to decay over 48 h. RNT images in the
same orientation as SPECT were then obtained with an uncollimated
""'Te flood source and the collimated single-head Genesys gamma
camera. The flood source was filled with 20 mCi (740 MBq) 1)9mTcand

taped to the counterbalance of the gamma camera, opposite the head.
The acquisition parameters were 128 X 128 matrix, 120 stops over
360Â°,15 s per stop and pixel size of 4.73 mm.

Image Preprocessing
RNT maps were registered to both original CT images in

Hounsrield units and to CT attenuation maps (CTMAPs) correspond
ing to 140 keV. To convert CT images to attenuation maps for 140
keV, the linear attenuation coefficient of water (ju,r) corresponding
to the effective energy of the CT scanner (Ecr) was calculated. By
experimentally measuring the half-value layer for water at 120
kVp, /jfr was found to be 0.165 crrr '.

CT images were converted to attenuation maps corresponding to
the photon energy of 140 keV by linearly scaling with the ratio of
/jir to the known narrow beam linear attenuation coefficient of
water at 140 keV (0.153 crrr1) (linear energy translation [9], The

images were then rebinned from 512 X 512 to 128 X 128 matrix.
The measured RNT projections were converted to integrals of

linear attenuation coefficients (10):

p.(x, y, t) = [\n(N,,)(x, v, t)/RNT(x, y, /))]/*â€ž, Eq. 1

where /V0(.v,y, t) = blank scan projection value at position x,y and
projection angle t; RNT(x, y, t) = transmission projection value at

position x,y and projection angle t, and x,> = pixel size in

centimeters.
These projections were reconstructed by filtered backprojection

with ramp filter and filtered by a three-dimensional postreconstruc-

tion Butterworth filter. A frequency cutoff of 0.41 cycles/cm and
order 5 was used. Because of scatter, the linear attenuation
coefficients thus obtained do not correspond to narrow-beam

attenuation coefficients. The mean counts corresponding to water in
the phantom were determined by region-of-interest (ROI) analysis.

The RNT images were then scaled by a factor such that the mean
counts corresponding to water were equal to the narrow-beam
linear attenuation coefficient for water at 140 keV (0.153 cm" ').

SPECT images were corrected for scatter using a dual-energy

window subtraction technique (//). The scatter fraction used was

FIGURE 2. RegisteredCT and SPECT imagesof anthropomor
phic cardiac phantom (three-dimensional volume rendering).
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0.5. CTMAPs were registered to the SPECT images by automatic
volume registration, using RNT maps. Scatter-corrected SPECT

projections were reconstructed with an ordered subsets expectation
maximization (OSEM) algorithm (12) with attenuation correction,
using the registered CTMAP. For the OSEM reconstruction, 15
subsets were used, with 8 projections in each subset and 4
iterations.

Automatic Volume Registration
Figure 1 shows the SPECT-CT image registration technique.

The steps for automatic SPECT-CT registration are as follows:

1. SPECT and RNT maps acquired in same orientation (usual
clinical practice in non-uniform attenuation correction.

2. Register RNT maps to CT using automated three-dimen
sional voxel-based registration.

3. Apply RNT transformation parameters to SPECT.

All image registrations were made using multimodality software
on a Pentium Pro 200 MHz workstation (Hermes; Nuclear Diagnos
tics, Stockholm, Sweden) (13). All automatic image registrations
were three-dimensional volume registrations and were performed

in two steps. First, an approximate image alignment was made
using a technique based on principal-axes transformation (14).

Then a simplex minimization algorithm (15) was applied to the
initial principal-axes transformed image by independently adjust

ing six transformation parameters: X shift, Y shift, Z shift, XY tilt,
XZ tilt and YZ tilt. Because the pixel sizes were known, scaling in
X, Y and Z was constrained for all registrations.

We registered each set of images twice, using simplex minimiza
tion of two convergence criteria: count difference (16) and
uniformity index. Count difference is defined as the sum of the
differences between the voxel values of the volumes to be
registered. Uniformity index, similar to the criterion used by
Woods et al. (3), is defined as the sum of the voxel variances on the
RNT image corresponding to each voxel intensity for the CT
image. Our method differs from the method used by Woods et al.
(3) in the minimization technique, because we used simplex
minimization (15). The result of each image registration was
visually assessed simultaneously on all image slices in different
orientations. Two visual presentation techniques were used to
verify registered image accuracy: a roving window display tech
nique and overlay of the registered image and the image to which it
is to be registered (16).

Experiments
To evaluate this registration technique, we performed the

following sets of experiments.
Comparison of Automatic Volume Registration with Manual

Landmark-Based Registration Method. Automated volume registra

tion using count difference and uniformity index criteria were
compared to the commonly used method of registration using
markers.

A set of nine landmarks was selected on the anthropomorphic
cardiac phantom. Eight were plastic screws at various positions.
The remaining landmark was the end of the spine insert. RNT
images were registered to CTMAPs using these landmarks. The
registered RNT images were then misaligned six times using
various combinations of shifts and rotations; the angles were
changed from -6Â° to 6Â°and the shifts between -8 and 8 pixels
(â€”30 to 30 mm). These were realistic misalignments. The mis
aligned images were re-registered using landmarks.

RNT images were registered to CTMAPs using simplex minimi
zation of count difference. The registered RNT images were
misaligned six times using the same combinations of position and
tilt parameters as for landmark registration. The angles were
changed from â€”6Â°to 6Â°and the shifts between -8 and 8 pixels

(â€”30 to 30 mm). Each set of images was re-registered using

simplex minimization of count difference.
RNT images were registered to CTMAP using simplex minimi

zation of uniformity index. The registered RNT images were
misaligned six times using the same combinations of position and
tilt parameters as for landmark registration. The angles were
changed from -6Â° to 6Â°and the shifts between -8 and 8 pixels

(â€”30 to 30 mm). Each set of images was re-registered using

simplex minimization of uniformity index.
In total, 18 registrations were performed, 6 for each method. For

each misalignment test, the same shifts and rotation parameters
were used.

Three-Dimensional Difference from Marker Registration. For

each of the six misalignment tests, the shifts and angles for each
image registration method (landmark, automated volume registra
tion using count difference and uniformity index) differ slightly
from one another. For count difference and uniformity index,
differences in all six transformation parameters from marker
registration were calculated. Three-dimensional difference from
marker registration was defined as the three-dimensional distance

in millimeters corresponding to these differences in the six
transformation parameters. The method used to calculate the
three-dimensional distance is described in equations 2-5.

For each misalignment test, three-dimensional difference from

marker registration for count difference and uniformity index was
calculated for five anatomic markers at different positions in the
phantom. The average three-dimensional differences from marker

registration were calculated for count difference and uniformity
index.

Three-Dimensional Registration Reproducibility Error. For land

mark registration, count difference and uniformity index, we
assessed registration reproducibility in the following way. For each
misalignment test, the transformation parameters obtained after
re-registration differ very slightly from the shifts and tilts used to
misalign the RNT images. Three-dimensional registration reproduc
ibility error was defined as the three-dimensional distance in

millimeters corresponding to these small residual errors in all six
transformation parameters (17). The method used to calculate the
three-dimensional distance corresponding to the errors in the six
transformation parameters is described in equations 2-5.

For each of the 18 misalignment tests corresponding to the three
registration methods, three-dimensional registration reproducibil

ity error was calculated for five anatomic markers at different
positions in the phantom. For each registration method, the average
three-dimensional registration reproducibility errors were calcu

lated.
Three-Dimensional Distance Calculation. For each anatomic

marker point P, at position (x, v, ;), by introducing a fourth
coordinate w, homogeneous coordinates (x>,, yh, ih, w) can be
defined. The conversion between Cartesian (x, y, z) and homoge
neous coordinates is given by:

Eq.2
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For example, for the point P, the homogeneous coordinates are:

xh = x, yh = >',z/, = z, w = 1. Eq. 3

Because of the errors in shifts and angles, the point P can be
transformed into another point P' with Cartesian coordinates (x'',
y, z') and homogeneous coordinates (x/,1, y/,', z/,', w'). This

transformation is given by a 4 X 4 transformation matrix:

r2! '22 '23

0001

Eq. 4

where the matrix elements rÂ¡,to rjj are the rotational components,
derived from the errors in the XY, XZ and YZ angles (18); and the
/,, i,, and t: elements correspond to the errors in X, Y and Z shifts
(translation). The three-dimensional distance in millimeters corre

sponding to this transformation, r, is simply:

- x)2 + Eq. 5

RNT-CT Registration Reproducibility. RNT images were regis

tered to the original CT images (in Hounsfield units) using simplex
minimization of count difference and uniformity index. For each
convergence criterion, the registered RNT images were misaligned
using six different combinations of position and tilt parameters.
The angles were changed from â€”6Â°to 6Â°and the shifts between â€”8

and 8 pixels (-30 to 30 mm). Each set of images was then

re-registered using automatic volume registration. As in RNT-
CTMAP registration, for each convergence criterion, three-

dimensional registration reproducibility errors for five anatomic
markers were evaluated, and the average three-dimensional regis

tration reproducibility error was calculated.
Effect of Missing Slices on RNT-CT Registration. To assess the

effect of missing slices on RNT-CT registration, six pairs of CT and

RNT images were created by removing slices from the top and
bottom. The percentage of slices missing varied from 9% to 53%. If
an upper limit >54% is used, the heart becomes truncated in the z
(interslice) direction, which is not desirable. The truncated images
were registered using simplex minimization of uniformity index.

Because of the missing slices, the transformation parameters
differ from the transformation parameters corresponding to the
untruncated data. We defined three-dimensional registration error
as the three-dimensional distance in millimeters corresponding to

these differences in the transformation parameters. For each
registration, three-dimensional registration errors for five anatomic
markers were evaluated, and the average three-dimensional regis

tration error was calculated.
Effect of Variability in CT Voxel Values on RNT-CT Registration.

To assess the effect of variability of CT voxel values on RNT-CT

registration, 12 CT images were generated by varying the original
CT voxel values in steps of 2 Hounsfield units (realistic variations).
The resulting CT and RNT images were registered using simplex
minimization of uniformity index.

Because of the variation in CT voxel values, the transformation
parameters differ from those corresponding to the original CT data.
We defined three-dimensional registration error as the three-

dimensional distance in millimeters corresponding to these differ
ences in the transformation parameters. For each registration,

three-dimensional registration errors for five anatomic markers

were evaluated, and the average registration error calculated.
For all experiments, the result of each image registration was

visually assessed simultaneously on all image slices in different
orientations using roving window display and image overlay
techniques.

RESULTS

Figure 1 shows our automatic SPECT-CT registration

technique using RNT attenuation maps. Figure 2 shows
volume-rendered CT and SPECT images registered by this

technique.

Comparison of Automatic Volume Registration with
Manual Landmark-Based Image Registration

Figure 3 shows transverse slices of unregistered SPECT
images overlaid on CT images. Figure 4 shows transverse
slices of landmark-registered SPECT images overlaid on CT

images. Figure 5 shows transverse slices of SPECT images,
registered using count difference, overlaid on CT images.
Figure 6 shows transverse slices of SPECT images, regis
tered using uniformity index, overlaid on CT images. From
visual assessment, CTMAP and RNT images could be
registered successfully using automatic volume registration
with count difference and uniformity index as well as
manual landmark-based image registration.

For automatic volume registration using count difference,
the average number of iterations was 96; each iteration took
about 3.7 s. Therefore the total calculation time for each
registration was about 6.0 min. For uniformity index, the
average number of iterations was 94; each iteration took
about 2.7 s. Therefore the total calculation time for each
registration was about 4.0 min. For manual landmark-based

registration, the typical time to register the images was about
10 min; most of this time was spent in manually identifying
and marking the landmarks. Both CTMAP and RNT images
were in 128 X 128 matrix.

For the three image registration methods (landmark-based

image registration and automatic volume registration with
count difference and with uniformity index), there were small
differences in the transformation parameters for each mis
alignment test. These small differences could not be detected
visually (Figs. 4-6). Table 1 shows three-dimensional differ

ence from marker registration for automatic volume registra
tion with count difference and uniformity index.

The results of the assessment of registration reproducibil
ity for manual landmark-based registration, automatic vol

ume registration using count difference and uniformity
index are shown in Tables 2 and 3. Table 2 shows the error in
transformation parameters and Table 3 the three-dimen

sional registration reproducibility error. Table 3 shows that
the registration reproducibility of the automatic and manual
image registration methods are comparable. All three values
are within 1 SD of one another.

Tables 1 and 3 show that the three-dimensional differ

ences from marker registration for both count difference and
uniformity index are less than 3.5 mm and within 1 SD of
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FIGURE 3. Transverse slices of unregisteredSPECT images
overlaid on CT images.

reproducibility error for marker registration (2.3 Â±1.0 mm).
For the cardiac phantom, therefore, automatic volume
registration with count difference and uniformity index is
comparable to manual landmark-based registration.

RNT-CT Registration Reproducibility

RNT images could be successfully registered to CT
images (in Hounsfield units) using count difference and
uniformity index. For RNT-CT registration using count

difference, the average number of iterations was 120, and the
time per iteration was 3.9 s. The total time per registration

FIGURE 5. Transverse slices of SPECT images, registered
using count difference, overlaid on CT images.

was therefore 7.8 min. For uniformity index, the average
number of iterations was 96; each iteration took about 2.7 s.
Therefore the total time for each registration was about 4.3
min. The matrix sizes for RNT and CT images were 128 X
128 and 512 X 512, respectively. For RNT-CT registration
using simplex minimization of count difference, the three-

dimensional registration reproducibility error was 1.0 Â±

FIGURE 4. Transverse slices of landmark-registeredSPECT
images overlaid on CT images.

FIGURE 6. Transverse slices of SPECT images, registered
using uniformity index, overlaid on CT images.
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TABLE 1
Three-Dimensional Difference from Marker Registration

for Automatic Volume Registration with Count
Difference and Uniformity Index

Three-dimensional
difference from marker

registration (mm)

Count difference
Uniformity index

2.5 Â±1.2
3.3 Â±1.3

Valuesare mean Â±SD.

0.6 mm. For uniformity index, the three-dimensional regis

tration reproducibility error was 2.0 Â±0.3 mm.

Effect of Missing Slices on RNT-CT Registration

From visual assessment, for each pair of truncated
RNT-CT images, automatic volume registration using unifor

mity index was found to register the images successfully.
Figure 7 shows the effect of missing slices on RNT-CT

registration. Figure 7 shows that the registration error
remained relatively stable and at less than 5 mm for up to
54% of slices missing from both volumes. If more than 54%
of slices were missing from the volumes, the heart became
truncated in the interslice direction.

Effect of Variability in CT Voxel Values on RNT-CT

Registration
From visual assessment, for each CT image with altered

CT voxel values, automatic volume registration using unifor
mity index was found to be successful. Figure 8 shows the
effect of variation in CT voxel values on RNT-CT registra

tion. For differences in CT voxel values of Â±12Hounsfield
units in Figure 8, the registration error is less than 2 mm.
These errors are comparable to the three-dimensional regis
tration reproducibility error for RNT-CT image registration

(2.0 mm).

TABLE 2
Registration Reproducibility for Manual Landmark-Based

Registration, Automatic Volume Registration Using
Count Difference and Uniformity Index:

Error in Transformation Parameters

Transformation
parametersX

shift (mm)
Y shift (mm)
Z shift (mm)
XY tilt (degrees)
XZ tilt (degrees)
YZ tilt (degrees)Count

difference
(n =6)0.4

Â±0.1
0.4 Â±0.3
0.2 Â±0.3
0.3 Â±0.2
0.1 Â±0.1
0.7 Â±0.3Uniformity

index
(n =6)0.4

Â±0.2
0.3 Â±0.3
1.7 Â±0.3
0.5 Â±0.3
0.2 Â±0.1
0.2 Â±0.1Manual

landmark-based
registration

(n =6)1.3

Â±0.8
1.5 Â±0.9
0.2 Â±0.2
0.2 Â±0.2
0.2 Â±0.1
0.2 Â±0.1

TABLE 3
Three-Dimensional Registration Reproducibility Error for

Automatic Volume Registration Using Count Difference
and Uniformity Index and Manual Landmark-Based Registration

Image registration method

Three-dimensional
registration

reproducibility
error (mm)

Count difference
Uniformity index
Manual landmark-basedmethod

1.1 Â±0.6
2.1 Â±0.5
2.3 Â±1.0

Valuesare mean Â±SD.

DISCUSSION

Comparison of Automatic Volume Registration with
Manual Landmark-Based Image Registration

From our results, automatic volume registration using
count difference and uniformity index are comparable to
manual landmark-based image registration. The three-

dimensional registration reproducibility error for all three
registration methods is comparable, and the three-dimen

sional differences from marker registration for both count
difference and uniformity index are less than 3.5 mm. The
average times required to register the images using both
count difference and uniformity index are less than those
using landmark registration. Automatic volume registration

ÃŽ..

II

3-D registration error versus slices musing

20 30

% slices missing

Valuesare mean Â±SD.

FIGURE 7. Plot of three-dimensional registrationerror (mm)
versus slices missing. Slices were removed from top and bottom
for both RNT and CT images.
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FIGURE 8. Plot of three-dimensionalreg
istration error versus change in CT voxel
values.

3-D registration error versus change in CT voxelvalues!ÃŽ

'af115-4-3-21
I'â€¢' ' HTi * i 1II-14

-12 -10 -8 -6 -4 -2 0 2 4 6 8 10 1214Change

in CT voxel values (HU)

requires no operator intervention and avoids difficulties
associated with fiducial markers.

RNT-CT Registration

The results indicate that RNT maps can be successfully
registered to CT images (in Hounsfield units) using simplex
minimization of count difference and uniformity index. This
is the first known application of both algorithms to co-

registration of RNT attenuation maps and CT images. Count
difference has been previously applied for registering patient
images from the same modality (16,19). Woods' algorithm,

however, is a more general algorithm and has been applied
successfully for registering images from different modalities
(e.g., for MR-PET images [3] and MR-SPECT images of the
brain [17]). Because Woods' algorithm was validated for

MRI-PET registration, we can speculate that for registering

RNT maps to MR images, uniformity index may perform
better than count difference. We found that uniformity index
also provides better convergence than count difference.

Application of Our Method and Future Work

For most SPECT scans, there are no automated algorithms
that can be applied for multimodality image registration;
instead, external markers, or a combination of external
markers and anatomic landmarks, must be used. Use of
external markers or stereotactic frames is often not clinically
feasible. For SPECT imaging in the thorax and abdomen,
even external markers are not appropriate, because variable
displacement of the markers from internal organs affects
image registration (6).

In this article, we described a method for automated
SPECT-CT image registration using RNT attenuation maps.

Although we acquired RNT attenuation maps sequentially
using an uncollimated flood source, for most current gamma
cameras RNT attenuation maps can be acquired simulta
neously with SPECT. Therefore, acquiring the RNT maps
does not increase patient imaging time significantly. The
method is clinically feasible and can be implemented easily.

Because the registration method is not affected by features
and quality of SPECT images, it can potentially be applied
for automatic multimodality registration for SPECT scans of
the brain, heart, lungs, breasts and abdomen.

Our method potentially could be applicable to SPECT-CT

registration of oncological scans, in which accurate ana
tomic localization of the tumor can aid clinical diagnosis and
treatment. As mentioned earlier, even external markers are
not appropriate for oncological scans in the thorax and
abdomen, because of variable displacement of external
markers from internal organs.

Our method also has the potential to be applied to SPECT
imaging using newer agents targeting specific brain func
tions, for example, dopamine D2-receptor imaging using
I2;(l-labeled Pharmaceuticals (20,21). Because these images

lack any anatomic information, accurate anatomic localiza
tion of the SPECT images is critical. We are currently
investigating the application of this technique to patient
data.

In addition to multimodality image registration for a
single subject, transmission attenuation maps can also be
used for intersubject registration of SPECT images, which is
useful for comparing serial SPECT scans and for quantita
tive SPECT analysis. A common technique for quantifying
cardiac and brain SPECT images is to compare each SPECT
scan, on a voxel-by-voxel basis, to a database of normal
patient studies (16,17,19). To perform voxel-by-voxel com

parisons, it must be possible to accurately map patient
images to common data coordinates. In a previous study
(22), we used RNT images to register SPECT images of an
anthropomorphic cardiac phantom simulating different pa
tient situations. Because anatomic RNT images are not
influenced by abnormal physiology, they are more suitable
for intersubject and intrasubject registration than SPECT
images. Transmission attenuation maps have been used for
intersubject registration of cardiac PET images (23,24).
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CONCLUSION

We have described an automated, clinically feasible
method for SPECT-CT image registration using RNT attenu

ation maps. Such registration is not affected by features and
quality of SPECT images and avoids difficulties associated
with fiducial markers. The technique described in this
preliminary phantom study can potentially be extended to
SPECT imaging of the brain, lungs, heart, breasts and
abdomen, including oncological scans.
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