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SMALL FIELD OF VIEW DETECTOR HEAD
("SPECT") ATTENUATION CORRECTION
SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The invention claims priority under 35 U.S.C. §119
to provisional application Ser. Nos. 60/548,071 filed Feb. 25,
2004 and 60/613,782 filed Sep. 27, 2004, the disclosures of
which are incorporated herein by reference.

BACKGROUND

[0002] Single Photon Emission Computed Tomography
imaging, also called “SPECT”, attempts to produce a three-
dimensional reconstruction of the intensity of the three-di-
mensional distribution of a photon-emitting element within
the body of the subject being imaged. Typically the emitted
photons are gamma rays emitted from a radiopharmaceutical.
SPECT systems generate such three-dimensional reconstruc-
tions by applying one of several known computerized recon-
struction techniques to multiple projection images acquired
around the subject. Exemplary techniques include filtered
back-projection, ordered subset expectation maximization
(OSEM) and other iterative techniques.

[0003] Photons are emitted into the region outside the sub-
ject being imaged during SPECT. These photons are referred
to herein as “external photons”.

[0004] The mass ofthe subject attenuates the photons emit-
ted within the subject (“internal photons™). Since the external
photons are internal photons not lost to attenuation within the
subject, the external photon intensity may vary from projec-
tion-to-projection.

[0005] If the attenuation properties of the mass along the
path of each internal photon are known, a tomographic recon-
struction technique can use this information to correct pro-
jection images for attenuation of the internal photons. This
procedure is called attenuation correction.

[0006] Transmission computed tomography (“CT”) can be
used to determine the attenuation properties along any inter-
nal photon’s path within the subject. CT typically employs
X-ray or gamma ray photons to produce essentially an attenu-
ation map of the mass of the subject within the volume being
imaged. A transmission attenuation correction map can be
produced in this way.

[0007] Conventional large Field-of-View Anger style
gamma cameras equipped with transmission attenuation cor-
rection often use the emission detectors as transmitted photon
detectors. The photon source for transmission attention cor-
rection is often one or more isotopic gamma ray sources. The
logic used to determine the location and energy of photons
impinging on the external photon detectors in Anger cameras
may limit the maximum count rate of the system, resulting in
density maps with relatively poor precision. The FOV of these
detectors may be as wide as 50 cm. This may enable collec-
tion of the transmission projection with little or no truncation.
Truncation occurs when some portion of the volume being
measured is not completely sampled in the projections.
[0008] Other approaches to transmission attention correc-
tion are known.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG.1 illustrates an embodiment using a small field
of view detector head with a parallel collimator and a planar
or moving line source of transmission photons.
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[0010] FIG. 2 depicts a second embodiment using a small
field of view detector head with fan beam collimator and aline
source or moving point source;

[0011] FIG. 3 illustrates a third embodiment, using two
small field of view detector heads with fan beam collimators
and a line source or moving point source;

[0012] FIG. 4 depicts an embodiment with two small field
of view detector heads with fan beam collimators and a line
source or moving point source.

DETAILED DESCRIPTION

[0013] Indedicated cardiac SPECT imaging systems (such
as upright rotating chair SPECT), the width of the FOV of the
external photon detector(s) is typically smaller than the width
of'the subject in whom some region of interest (e.g., the heart)
is to be imaged. As a result, it has been difficult to acquire a
transmission attenuation map throughout the entire volume
traversed by internal photons along their path to the external
photon detector using a single small field of view detector.
[0014] Using an incomplete (truncated) attenuation map
may lead to artifacts in the attenuation corrected SPECT
image. Such artifacts may increase the probability of incor-
rect diagnosis.

[0015] An embodiment describes a medical imaging
device, e.g. a Single Photon Emission Computed Tomogra-
phy (SPECT) camera with one or more small field of view
photon detector heads, to produce photon-emitting element
density images corrected for attenuation of the internal pho-
tons by the mass distribution within the body of the subject. In
the embodiment, each detector head covers less than the
entire width of the object being imaged. No one head scans
the entire body at any one time.

[0016] The embodiments may use a multi-crystal small
field of view gamma camera detector head, a conventional
Anger style gamma camera detector head or a small field of
view solid-state detector head using CZT or a similar direct
conversion semiconductor material.

[0017] Inan embodiment, the detector head 100 need only
be approximately as wide as one half the width of the subject
110 at the plane of the attenuation map to be measured, e.g.,
cover less than 50% of the area, less than 60% of the area, or
less than 75% of the area. The embodiment describes this as
a half-width detector.

[0018] This embodiment enables a computed tomographic
image to be reconstructed from data collected using a half-
width detector 100. The detector 100 is positioned so that one
edge of the axial FOV is aligned with the axis of rotation. The
subject is rotated, e.g. by 360° relative to the head. This
enables sampling the entire area of the plane to be measured.
[0019] The information from the detector head 100 is sent
to a processor 150 that determines the transmission attenua-
tion information, and also obtains information related to the
emission signal from the radioisotope.

[0020] An orienting part moves either the patient or the
head. In the embodiment, the movement is relative to the axis
140 EGA rotation around the axis. The movement may be a
movement of the body 110 around the axis. Alternatively, the
movement may be a rotation of the detector head and/or
transmission source around that axis.

[0021] At each of a plurality of different positions, for
example each of a plurality of rotated positions, the transmis-
sion attenuation information is collected. A view of the entire
object from all directions can therefore be obtained using a
half width detector head.
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[0022] Computation of the attenuation map in this embodi-
ment may be performed using the Fast Fourier Back Projec-
tion method, abbreviated FFBP. Another computational tech-
nique employs the so called “potato peeler” perspective or
variable sinogram method described articles by E. Y. Sidky
and X. Pan, including “Mathematical Formulation of the
Potato Peeler Prospective,” IEEE 2002, in one or more pat-
ents, including Pan, U.S. Pat. No. 6,324,242 entitled Fast
Reconstruction with Uniform Noise Properties in Half-Scan
Tomography. Other computational approaches such as fil-
tered back projection and OSEM may be applicable to the
required image optimization.

[0023] FIG. 1 illustrates detector head 100 illustrated to
have a parallel collimator 150. The transmission source 120
may be either a collimated planar source or a line source that
travels across the field of view of the detector head 100, e.g.,
a gamma camera. The subject 110 is also shown with objects
of interest 130, along axis of rotation 140.

[0024] In other embodiments, the collimator 150 can be
either a fan beam or half fan beam type, e.g., line focus
collimators that transmit incident photons diverging in the
horizontal plane, but parallel in the vertical plane. The trans-
mission source 120 can be either a line source (collimated or
un-collimated) positioned at the detector collimator’s focal
line or a collimated point source that travels along the focal
line of the detector collimator. FIG. 2 illustrates the second
embodiment using a fan beam collimator 160 as part of detec-
tor 200.

[0025] In both the configurations of FIG. 1 and FIG. 2 the
detectors are illustrated in positions for half-width transmis-
sion attention correction. For SPECT, the same small field of
view—detectors 100 would typically be positioned (or the
subject positioned, or a combination of both) so that the organ
of'interest 130 will be centered on or near the axis of rotation
140, thereby allowing the organ of interest 130 to stay within
the field of view during multiple emission projection acqui-
sitions.

[0026] In a third embodiment, two or more small field of
view detectors 300,310 with fan beam collimators 360, 361
are positioned together to form a substantially continuous
transmitted photon, transmission attention correction detec-
tor whose combined width spans or substantially spans the
width of the subject 110 whose transmission attention correc-
tion acquisition will be performed. FIG. 3 illustrates the
arrangement of two such detector heads 300 and 310. The
heads 300, 310 and transmission source 120 may rotate
around the subject 110, or the subject 110 may rotate in front
of the detectors 300, 310 and source 120.

[0027] FIG. 3 shows how the focal lines of the fan beam
collimators 360, 361 attached to the detectors 300,310 are
positioned to focus on transmission source 320. This source
may be either a line source (collimated or un-collimated) or a
collimated point source that travels along the focal lines of the
detector collimators 360,361. Placing the transmission
source 320 in such a position increases the efficiency of the
collimator to the activity of the transmission source while
maintaining the same efficiency for any diffuse activity ema-
nating from the subject as a result of the radiopharmaceutical
injected to enable collection of the SPECT image. Accord-
ingly, the positioning of the collimators 360, 361 and the
transmission source 120 improves the signal-to-noise ratio
(SNR) of the transmission source 120 relative to the injected
dose.
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[0028] FIG. 3 also illustrates that various regions of the
subject 110 undergoing transmission attention correction
imaging may not be sampled, including an inner unsampled
region 170 and an outer unsampled region 180. The size of the
inner unsampled region 170 is a function of the space between
the multiple detectors 100 and the number of heads. FIG. 3
illustrates that how a two head embodiment will form a disk
shaped inner region 170. If three or more heads are used, the
inner region 170 will be a ring. Increasing the separation
between the heads 100 correspondingly increases the volume
of'the inner unsampled region 170 but reduces the volume of
the outer unsampled region 180. However, the outer
unsampled volume 180 decreases much faster than the inner
unsampled volume increases.

[0029] One embodiment increases the inner unsampled
volume to take benefit of a larger reduction of the outer
unsampled volume. Smaller unsampled (truncated) volumes
will typically be associated with more accurate attenuation
maps. The concept of not sampling some of the inner region
s0 as to maximize the sampling of the outer region is an
important feature of this disclosure. The line defining the
edge of the outer unsampled volume 180 should point to the
region outside the lungs as shown.

[0030] FIG. 4 illustrates how these same small field of view
detectors 300, 310 would be repositioned for SPECT imaging
the organ of interest 130.

[0031] The small field of view detector heads 100 may be
equipped with either a conventional single or multi-crystal
scintillator. In such heads, the photodetectors are typically
arrays of photodiodes constructed in semiconductor materials
such as silicon—Si—or conventional or position sensitive
photomultiplier tubes—PMTs or PSPMTs, respectively.
These photodetectors are not capable of direct external pho-
ton—to electron conversion. Instead, they detect ultraviolet,
visible or near infrared photons emitted from the scintillator
crystals in response to detection of an external photon.
[0032] Alternatively, the photodetectors of the small field
of'view detector heads may be arrays of wide bandgap, direct
detection semiconductors such as cadmium zinc telluride—
CZT—that are capable of direct gamma-ray photon-to-elec-
tron conversion. Such materials may have a higher gamma-
ray photon-to-electron conversion efficiency than a
scintillator-photodiode configuration.

[0033] Camera heads using multi-crystal scintillators and
arrays of conventional semiconductor photodiodes, PMTs or
one or more PSPMTs; or arrays of direct conversion semi-
conductor elements are called multiple detection element
detectors. The independence of the detection elements of
multi-element detectors may enable higher detection rates
without pulse pile-up or paralysis. An embodiment may use
one or more multi-crystal scintillators, conventional photo-
diodes, PMTs or PSPMTs, or head(s) equipped with an array
of direct conversion semiconductor detector elements for
both transmission attention correction and SPECT acquisi-
tion.

[0034] Another embodiment uses a modification of the
“sparse readout” method disclosed in Lingren et al., U.S. Pat.
No. 5,847,396, entitled Semiconductor Gamma-Ray Camera
and Medical Imaging System to improve, perhaps signifi-
cantly, the counting rate of a multi-element detector head(s).
Such a readout system recognizes a detection element as
having detected a valid signal suitable for processing when
the magnitude of the signal detected in that element during a
given readout cycle exceeds a preset level. In response, a flag
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is set, directing the readout system to “read” the signal mag-
nitude associated with the flagged element during that read-
out cycle, enabling the image processing system to include
the valid signal in the data to be processed. The sparse readout
approach works well for detection systems where the datarate
is low, e.g., the typical situation in nuclear medicine SPECT
imaging. As noted earlier, however, placing the transmission
attention correction transmission source 110 at the focal line
of a fan beam collimator 160 increases the efficiency of the
detector 100 for the transmission attention correction photon
source. This may result in counting rates high enough to
saturate a sparse readout system.

[0035] The sparse readout may be operated in two distinct
modes to resolve such count rate issues. A first normal oper-
ating mode has been described above.

[0036] A second mode operates by manipulating the preset
threshold level for flag setting to an optimal value for the
detection of the photons emitted by the transmission source.
The system identifies detection of a valid transmission photon
by a particular detection element by the presence of a flag at
the corresponding location. In this mode, the readout system
counts only flags set for detection elements that have detected
a transmission photon. The system ignores any additional
information, such as the photon energy of the detected signal.
Counting only flags may decrease the total data rate and
therefore may significantly increase the maximum count rate
capability of the readout system.

[0037] Themode of operation ofthe readout system may be
determined by whether SPECT data or transmission data are
being collected. The preset level may be set to reject Compton
scattering of photons emitted by the transmission source 110.
Additionally, if the transmission source photon energy is
higher than that of the emission source photons used for the
SPECT imaging, the readout may reject all photons emitted
by the SPECT source (radiopharmaceutical).

[0038] The second readout mode for transmission attention
correction is applicable to physical configurations and image
processing methods of the embodiments described and as
depicted in FIGS. 1 through 4.

[0039] Although cardiac SPECT imaging of ahumanis one
application of the configurations described herein, these and
additional novel configurations, signal collection and signal
processing may be used to acquire transmission data to enable
transmission attention correction on any nuclear image
acquired from a human, an animal, or other subject. In addi-
tion, the embodiments disclosed and other embodiments
according to this disclosure may be used with camera heads
not considered small field of view. Furthermore, although this
document uses an isotopic transmission source as an
example, a suitably selected x-ray tube or other radiation
source may be used as a source of transmission photons.

[0040] Although only a few embodiments have been dis-
closed in detail above, other modifications are possible, and
this disclosure is intended to cover all such modifications, and
most particularly, any modification which might be predict-
able to a person having ordinary skill in the art. For example,
while the above has described determining the attenuation
map using CT and obtaining the actual imaging using radiop-
harmaceuticals, it should be understood that other forms can
be used. An important feature is that same detector head
receive both the information for the attenuation map and the
actual SPECT organ(s) scan, in order to avoid resolution
reduction by patient movement. Also, cone beam collimators
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and point sources could be substituted for and used in place of
the other collimators and sources described above.

[0041] Also, only those claims which use the words “means
for” are intended to be interpreted under 35 USC 112, sixth
paragraph. Moreover, no limitations from the specification
are intended to be read into any claims, unless those limita-
tions are expressly included in the claims.

What is claimed is:

1. A method, comprising:

obtaining first and second detector heads, each of which
receives imaging information a portion of a total area of
interest to be imaged for medical purposes; and adjust-
ing an orientation of said first and second detector heads
to minimize an unimaged area outside an extent of said
first and second detector heads, by increasing an unim-
aged area between the first and second detector heads.

2. A method as in claim 1, wherein said unimaged area
outside the extent includes a position just outside lungs of the
body being imaged.

3. A method as in claim 2, wherein said moving the position
relationship comprises moving the patient.

4. A method, comprising:

aligning first and second small field of view detector heads,
such that each of said detector heads receives imaging
information from less than half of a portion of a total area
of interest to be imaged for medical purposes; and

adjusting an orientation of said first and second detector
heads to maximize a sampling of the outer region rela-
tive to the inner region to minimally truncate the area.

5. A method as in claim 4, further comprising moving a
position relationship between the detector heads and the area
to be imaged.

6. A method as in claim 4, wherein said adjusting com-
prises minimizing a size of an outer unsampled area relative
to an inner unsampled area.

7. A method as in claim 6 wherein said outer unsampled
area includes only an area outside and adjacent lungs of a
body.

8. A medical imaging system, comprising:

a first small width field of view detector, having an imaging
area which spans less than a complete area of a subject
being imaged;

a first collimator, associated with said small with field of
view detector, and focused on a medical transmission
source;

a second small width field of view detector, having a sec-
ond imaging area that spans different areas in said first
area, and also spans less than a complete area of the
subject being imaged; and

a second collimator pointed in a different orientation than
said first collimator, and pointing towards said medical
transmission source.

9. A system as in claim 8, further comprising an orienting
part, which changes an orientation of said small field of view
detectors.

10. A system as in claim 9, wherein said orienting part
changes said small field of view detectors between a first
emission position which points at the transmission source,
and a second transmission position which points at an emis-
sion source within the body being imaged.

11. A system as in claim 9, wherein said first emission
position points at a body organ being imaged.

12. A system as in claim 11, wherein said body organ being
image is a lung.
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13. A system as in claim 8, wherein said small field of view
detector heads include scintillators of arrays formed of pho-
todiodes.

14. A system as in claim 8, wherein said small field of view
detector heads include wide band gap direct detection semi-
conductors that are capable of direct gamma ray to photon
electron conversions.

15. A system as in claim 8 wherein the medical transmis-
sion source is a line source.

16. A system as in claim 8 wherein the medical transmis-
sion source is a line source.

17. A system as in claim 8 wherein the medical transmis-
sion source is a radiopharmaceutical.

18. A system as in claim 8 wherein said imaging is spec
imaging.

19. A method, comprising:

in a first mode, using two small field of view detectors to

sample less than an entire width of a body; and

in a second mode, using said two small field of view detec-

tors to sample a larger area of the body.

20. A method as in claim 19, wherein said first mode
focuses said detectors on an organ of interest to the exclusion
of other parts of the body.

21. A method as in claim 20, wherein said first mode
maximizes a sampling area of an outer region of the body
relative to an inner region of the body.

22. A method as in claim 21, wherein said first mode
maximizes imaging at an area around the lungs.

23. A system for detecting emissions from an object within
a body comprising:

atransmission source, which produces an output transmis-

sion along a path through the body;
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a first detector head, which detects information from the
transmission source, said first detector head being sized
to detect said transmission information from a maxi-
mum portion of 90% or less of said body at any given
time, said first detector head oriented to detect informa-
tion from an area defining its imaging area, and wherein
said first detector head is oriented such that said area has
a center and said center is spaced from a central portion
of said object;

an orienting part which includes a first position that orients
said body, said transmission source and said detector
head in a plurality of different orientations by rotating
one of said body or said transmission source and detec-
tor, and such that a center most portion of said imaging
area of said first detector head is offset from said axis of
rotation, and includes a second position that orients said
first detector head to detect emissions from the object,
and such that the center most portion of said imaging
area of said first detector head is centered on the object
while the first orienting part orients said body in a plu-
rality of different orientations by rotating one of said
body or said detector around said object; and

a processor, that forms a transmission attenuation correc-
tion map from said output transmission, and uses said
transmission attenuation map to correct the information
received from said emission signal, said first detector
head and said processor producing output information
indicative of less than all of said body, after said plurality
of orientations of said orienting part, where said proces-
sor computes said transmission attenuation correction
map of said body that is centered at said object.
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