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Description

[0001] The present application relates to the three-di-
mensional imaging arts. It finds particular application in
three-dimensional computed tomography imaging, and
is described with particular reference thereto. However,
the following will find application in other imaging modal-
ities, such as positron emission tomography (PET), sin-
gle-photon emission computed tomography (SPECT),
and so forth.
[0002] Computed tomography imaging is used for nu-
merous applications which call for precise positional reg-
istry. For example, computed tomography imaging is
sometimes used to image malignant tumors and sur-
rounding tissue and organs, with the images used in plan-
ning radiotherapy treatment sessions. The computed to-
mography image features should be registered with the
geometry of the radiotherapy apparatus to make such
planning effective. In interventional imaging, computed
tomography imaging is used to guide insertion of a cath-
eter, biopsy needle, or other interventional instrument.
As yet another example, in multi-modal imaging the com-
puted tomography images are spatially registered with
images acquired by one or more other modalities, such
as magnetic resonance imaging, positron emission tom-
ography, or so forth.
[0003] When imaging features in the thoracic region or
elsewhere, the spatial registration or alignment of com-
puted tomography images preferably takes into account
respiratory motion. It is known to do so by measuring
abdominal movement concurrently with the tomographic
imaging. In some approaches, optical markers are dis-
posed on the patient, and the motion of these optical
markers is monitored by a video camera or other optical
sensor. The respiratory cycle is then derived from the
observed motion of the optical markers. Reconstructed
slice images are then sorted, binned, or otherwise organ-
ized based on respiratory phase to enable accounting
for respiratory motion.
[0004] Such approaches have certain difficulties, how-
ever. For example, it is necessary to synchronize, sep-
arately record and store the respiratory and imaging data.
The separate respiratory monitoring and imaging data-
sets must then be correlated based on time stamps or
the like. Any error in the time correlation between these
two datasets, such as a time offset error between the
respiratory monitoring and imaging datasets, can pro-
duce substantial systematic error in the respiratory phase
binning of the image slices. Additionally, the respiratory
monitoring requires a dedicated CCD camera, strain
gauge, magnetic beacon, or other dedicated respiratory
sensor positioned closely adjacent the imaging region.
Optical and mechanical (e.g., strain gauge) sensors in-
hibit patient access and add bulk to the imaging system,
while magnetic-based sensors are incompatible with im-
agers such as magnetic resonance scanners. Further,
the cameras or other dedicated sensors should be rec-
alibrated periodically to correct miscalibration and sys-

tematic error. Still further, for proper operation a direct
line-of-sight between the optical markers and the camera
must be maintained throughout the imaging acquisition
period. To accommodate a variety of patient sizes and
shapes while maintaining unobstructed lines-of-sight, re-
dundant cameras and extra bulk may be needed. Further,
the use of other equipment is encumbered by the need
to maintain unobstructed lines-of-sight.
[0005] The invention is defined in claim 1, further em-
bodiments are defined in the dependent claims. Docu-
ment US4,860,331 discloses a device according to the
preamble of claim 1.
[0006] In accordance with one aspect, a respiratory
marker is disclosed. A detectable portion is arranged to
intersect images acquired at different positions along a
scanner axis of an imaging scanner and is detectable as
a marker feature in images acquired by the imaging scan-
ner at different times and at different positions along the
scanner axis.
[0007] Also an apparatus is disclosed for organizing
images acquired by an imaging scanner at different times
and at different positions along a scanner axis. A respi-
ratory marker includes an elongated detectable portion
that is operatively coupled with respiration of an imaging
subject such that the elongated detectable portion moves
with the respiration. The elongated detectable portion is
arranged to intersect the images acquired at different
times and at different positions along the scanner axis
and is detectable as a marker feature in the images. A
marker position finder is configured to determine posi-
tions of the marker features in the images.
[0008] Also a method is disclosed for organizing imag-
es acquired at different times with a respiratory marker
arranged to be detectable as a marker feature in the ac-
quired images. A position of the marker feature in a se-
lected acquired image is determined. A respiration phase
is assigned for the selected acquired image based on
the determined position of the marker feature. The de-
termining and assigning operations are repeated to as-
sign respiration phases to the images acquired at differ-
ent times.
[0009] A digital medium is disclosed storing processor-
executable instructions for performing the method as set
forth in the preceding paragraph.
[0010] One advantage is that respiratory monitoring
data is embedded directly with the imaging data, avoiding
the need to store and temporally synchronize separate
respiratory monitoring and imaging data sets.
[0011] Another advantage is that, by embedding the
respiratory monitoring data with the imaging data, syn-
chronization is automatically achieved and time offset
errors between the respiratory monitoring data and the
imaging data are avoided.
[0012] Another advantage is that respiratory monitor-
ing data is acquired directly by the imaging system with-
out the use of additional sensing equipment.
[0013] Another advantage is that no optical sensor line-
of-sight or other geometrical constraint is imposed on
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positioning of the patient in the imaging system.
[0014] Still further advantages of the present invention
will be appreciated to those of ordinary skill in the art
upon reading and understand the following detailed de-
scription.
[0015] The drawings are only for purposes of illustrat-
ing the disclosed examples and are not to be construed
as limiting the invention.

FIGURE 1 diagrammatically shows a computed to-
mography imaging system including respiratory
monitoring.
FIGURE 2 shows a perspective view of the respira-
tory marker used in the system of FIGURE 1.
FIGURE 3 shows a perspective view of another ex-
ample respiratory marker.
FIGURE 4 shows a perspective view of another ex-
ample respiratory marker.
FIGURE 5 shows a perspective view of another ex-
ample respiratory marker disposed with an imaging
subject.
FIGURE 6 shows a perspective view of another ex-
ample respiratory marker disposed with an imaging
subject on a subject support.
FIGURE 7 diagrammatically shows a slice image at
a selected position along the scanner axis and at a
first respiratory phase close to full exhalation.
FIGURE 8 diagrammatically shows a slice image at
the same position along the scanner axis as in FIG-
URE 7, but at a second respiratory phase close to
full inhalation.

[0016] With reference to FIGURE 1, a computed tom-
ography (CT) scanner 10 includes a stationary housing
12 defining an imaging region 14, and a subject support
16 that supports a medical patient, animal, or other im-
aging subject 18 that respires in accordance with a res-
piration cycle or undergoes other cyclic motion. The
housing 12 includes components suitable for performing
transmission x-ray tomography projection data acquisi-
tion for imaging a slice, slab, or other region. Some suit-
able components may include, for example, an x-ray tube
and an x-ray detector array mounted on opposite sides
of the imaging region 14 on an rotating gantry disposed
in the housing 12 (x-ray tube, detector array, and rotating
gantry not shown but contained in the housing 12). The
illustrated scanner 10 is a diagrammatic representation
of a Brilliance™ CT scanner (available from Koninklijke
Philips Electronics N.V., Eindhoven, the Netherlands);
however, substantially any type of CT scanner can be
used, as well as other types of imaging scanners such
as positron emission tomography (PET) scanners, sin-
gle-photon emission computed tomography (SPECT)
scanners, magnetic resonance imaging (MRI) scanners,
and so forth. The scanner 10 scans the imaging subject
18 by relatively moving the subject and the imaging re-
gion 14 along a scanner axis 20. In the illustrated scanner
10, this is accomplished by keeping the housing 12 and

imaging region 14 stationary and translating a support
table 22 on which the subject 18 rests along the scanner
axis 20 through the imaging region 14. However, it is also
contemplated to keep the imaging subject stationary and
to translate an operative portion of the scanner; for ex-
ample, the Skylight™ nuclear camera (not shown; avail-
able from Koninklijke Philips Electronics N.V., Eindhov-
en, the Netherlands) employs detector heads on robotic
arms that can translate along the scanner axis relative
to a stationary patient to scan the patient along the scan-
ner axis.
[0017] The scanning can be done in various ways. In
a multi-slice approach, the imaging subject 18 remains
stationary respective to the imaging region 14 during ac-
quisition of projection data corresponding to a slice, slab
formed of a set of adjacent slices, or other imaging region.
After acquisition of data for the two-dimensional or thin
three-dimensional slice is complete, the imaging subject
18 is then advanced a selected distance or step along
the scanner axis 20 so that another slice that is adjacent
to, partially overlapping, or spaced apart from, the previ-
ous slice or slab is positioned in the imaging region 14.
Imaging data for this new slice are acquired, and the sub-
ject 18 is again advanced a selected distance or step,
and so forth, so as to acquire imaging data for a plurality
of slices along the scanner axis 20.
[0018] In a continuous approach, the subject 18 is con-
tinuously advanced along the scanner axis 20 as projec-
tion data is acquired. For the illustrated computed tom-
ography scanner 10, this typically results in a helical orbit
of the x-ray source and x-ray detector array about the
imaging subject 18; hence, this approach is sometimes
called "helical CT". For some other imaging modalities,
such as PET, the detectors do not rotate. The acquired
imaging data is suitably binned into sets of data each
acquired over a short time interval that are suitable for
reconstruction into an image of a slice, slab, or other re-
gion.
[0019] As another example, in the case of magnetic
resonance imaging, both the scanner imaging compo-
nents and the imaging subject are typically stationary,
and images are acquired at different positions along a
scanner axis by applying suitable slice-, slab-, or other
region-selective magnetic field gradients. In some mag-
netic resonance scanners, the patient is disposed in a
cylindrical bore defined by the housing, and magnetic
resonance images are acquired as two-dimensional or
thin three-dimensional slices transverse to and spaced-
apart along a scanner axis that is coincident with the axis
of the cylindrical bore. In some cases, the spaced-apart
slices or slabs may be partially overlapping. In closed-
bore systems, the bore is typically closed except for open-
ings at one or (more typically) both ends. In open-bore
systems, the cylindrical bore additionally includes a lon-
gitudinal opening that provides a less claustrophobic pa-
tient setting and facilitates more convenient access to
the patient by medical personnel.
[0020] With returning reference to the computed tom-
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ography example of FIGURE 1, regardless of whether
scanning is done in a step-wise (e.g., multi-slice) or con-
tinuous (e.g., helical) manner, the imaging scanner 10 is
suitably controlled by a scanner controller 24 that re-
ceives scan parameters, recipes, or other user selection
inputs via a user interface 26. In the illustrated embodi-
ment, the user interface 26 is also used to display images
generated by the imaging scanner 10, and in some em-
bodiments the user interface 26 is further used for diag-
nostic image analyses. In other embodiments, a separate
graphical user interface is provided for image viewing
and optional analysis. In some embodiments, the imag-
ing scanner 10 includes scanner-mounted controls 28
that substitute for controls of the user interface 26, or that
duplicate controls of the user interface 26, or that provide
additional or alternative controls for operating the imag-
ing scanner 10.
[0021] With continuing reference to FIGURE 1, the ac-
quired imaging data, such as projection data in the illus-
trated example of computed tomography, are stored in
an imaging data memory 30. A reconstruction processor
32 reconstructs images from imaging data acquired by
the imaging scanner 10 at different times and at different
positions along the scanner axis 20 to produce a set of
images acquired by the imaging scanner 10 at different
times and at different positions along a scanner axis 20.
The reconstructed image acquired at different times and
at different positions along a scanner axis 20 are suitably
stored in a memory 34. It is to be appreciated that the
memories 30, 34 may be electrical memory (e.g., RAM
memory, FLASH memory, or so forth), magnetic memory
(e.g., a hard disk), optical memory (e.g., an optical disk),
or another volatile or non-volatile memory.
[0022] In the illustrated case of a computed tomogra-
phy scanner 10, the reconstructed images acquired by
the imaging scanner 10 at different times and at different
positions along a scanner axis 20 are typically two-di-
mensional slice images, or thin three-dimensional slice
images having some finite thickness or number of voxels
along the dimension of the scanner axis 20. For example,
the illustrated Brilliance™ CT scanner is available with
detector arrays suitable for simultaneously imaging six
slices (e.g., each image slab consists of six slices, or
equivalently has a thickness of six voxels, in the multi-
slice imaging mode), ten slices, sixteen slices, or so forth.
Each image is acquired over a relatively short period of
time relative to the period of the respiratory cycle of the
imaging subject 18, and is hence acquired at about a
single respiratory phase. In a high-speed computed to-
mography scanner, the rotating gantry may rotate at 300
rpm or faster, enabling acquisition of imaging data for
many slices per minute. On the other hand, the imaging
data from which are reconstructed the slice images ac-
quired at different positions along the scanner axis 20
are acquired at substantially different times, and hence
generally have different corresponding respiratory phas-
es. For example, the plurality of slice or slab images may
comprise a CINE or 4D-CT dataset spanning a substan-

tial portion of a respiratory cycle, or spanning a whole
respiratory cycle, or spanning a plurality of respiratory
cycles.
[0023] With continuing reference to FIGURE 1, in order
to assign a respiration phase (or respiratory phase) to
each acquired image, a respiratory marker 40 including
an elongated detectable portion 42 is arranged to inter-
sect the images of slices or other regions acquired at
different times and at different positions along the scan-
ner axis. At least the detectable portion 42 of the respi-
ratory marker 40 is detectable (for example, visible, or
leaving a characteristic spatially localized image repre-
sentation or artifact, or so forth) as a marker feature in
the images. For the illustrated example of computed to-
mography, detectability of the elongated detectable por-
tion 42 is suitably achieved by including in the elongated
detectable portion 42 a material that is at least partially
opaque or absorbent to the x-rays or other radiation used
in the computed tomography imaging. For example, if
the elongated detectable portion 42 is made of wood,
plastic, or high-density foam, then it will be visible in slice
or slab images acquired by computed tomography scan-
ners employing an x-ray radiation source. On the other
hand, a more dense material such as metal is generally
less suitable, since a metal marker will tend to produce
shadowing, streaking, or other artifacts in the recon-
structed images slices or slabs. For computed tomogra-
phy a material having x-ray absorbance about the same
as that of water or human tissue is advantageous. In mag-
netic resonance imaging scanners, a material which is
resonant at a frequency at or near the magnetic reso-
nance frequency is advantageous. For SPECT and PET,
the elongated detectable portion may include a radioac-
tive substance to provide detectability respective to the
radiation detectors. For example, the elongated detect-
able portion for SPECT or PET may include a hollow tube
containing a liquid that includes the radioactive sub-
stance. The radioactive substance may be the same as
or different from the radiopharmaceutical used for the
SPECT or PET imaging. It is to be appreciated that be-
cause the elongated detectable portion 42 is elongated
and extends through the images at different positions
along the scanner axis 20, a corresponding marker fea-
ture will be detectable in each acquired image. The res-
piratory marker 40 is further operatively coupled with res-
piration of the imaging subject 18 such that the elongated
detectable portion 42 moves with the respiration.
[0024] With continuing reference to FIGURE 1 and with
further reference to FIGURE 2, the respiratory marker 40
includes the elongated detectable portion 42, which rests
on top of the chest, torso, abdomen, or other portion of
the imaging subject 18 so that it falls and rises with the
inhalation and exhalation portions of the respiration cy-
cle, respectively. The operative coupling of the respira-
tory marker 40 with the imaging subject 18 is achieved
by having the elongated detectable portion 42 rest on,
and be supported by, the imaging subject 18. Although
not shown, the operative coupling may be enhanced by
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including straps, adhesive, or another connecting mech-
anism that helps secure the elongated detectable portion
42.
[0025] With reference to FIGURE 3 a respiratory mark-
er 140 resembles the respiratory marker 40, but further
includes a spacer portion 144 that is disposed between
the elongated detectable portion 40 and the imaging sub-
ject 18. The spacer portion can have a relatively lower
or no visibility in the slice or slab images compared with
the elongated detectable portion 40. For example, the
spacer portion 144 may be made of a foam material that
has relatively low visibility in computed tomography im-
ages. A non-magnetic and electrically non-conductive
spacer material is suitable for use in a magnetic reso-
nance imaging scanner, as such a material typically has
little or no visibility in the acquired magnetic resonance
images. The spacer portion 144 provides separation be-
tween the elongated detectable portion 40 and the im-
aging subject 18 that helps in delineating the marker fea-
ture corresponding to the elongated detectable portion
40 in the slice or slab images. In this example the oper-
ative coupling of the respiratory marker 140 with the im-
aging subject 18 is achieved via the spacer portion 144
that operatively couples the elongated detectable portion
42 with the imaging subject 18. Although not shown, the
operative coupling may be enhanced by including straps,
adhesive, or another connecting mechanism that helps
secure the spacer portion 144 to the subject 18. Moreo-
ver, the elongated detectable portion 40 may be adhered,
bolted, fused to, embedded in, or otherwise fastened to
the spacer portion 144. For example, the elongated de-
tectable portion 40 may be embedded within an envelope
or jacket of spacer foam.
[0026] With reference to FIGURE 4, a respiratory
marker 240 resembles the respiratory marker 140, but
further includes spacer portions 244, 245 that are spaced
apart along the elongated detectable portion 40 and have
contours 246, 247 configured to generally conform with
the contacted portion of the imaging subject 18. In this
example the operative coupling of the respiratory marker
240 with the imaging subject 18 is achieved via the spacer
portions 244, 245 and the contours 246, 247 that oper-
atively couple the elongated detectable portion 42 with
the imaging subject 18. Although not shown, the opera-
tive coupling may be enhanced by including straps, ad-
hesive, or another connecting mechanism that helps se-
cure the spacer portions 244, 245 to the subject 18. More-
over, the elongated detectable portion 40 may be ad-
hered, bolted, fused to, embedded in, or otherwise fas-
tened to the spacer portions 244, 245. The elongated
detectable portion 40 can be slidably received in one or
both of the spacer portions 244, 245.
[0027] The respiratory markers 40, 140, 240 include
the elongated detectable portion 42, which is typically
substantially rigid respective to the forces applied to the
marker by the respiring patient, so that at least the elon-
gated detectable portion 42 remains substantially stiff as
it moves in correlation with respiration of the patient 18.

Some non-rigidity may be acceptable, such as bowing
of the elongated detectable portion during certain periods
of the respiratory cycle. It is also contemplated to use a
non-rigid (i.e., highly flexible) marker such as an elongat-
ed cloth of a detectable material that drapes over the
patient 18 and moves with the respiration. However, with
a highly flexible marker the correlation between move-
ment of the imaged marker feature and the respiratory
phase may be more complex, and can be expected to
vary with position along the scanner axis 20.
[0028] With reference to FIGURE 5, a respiratory
marker 340 resembles the respiratory marker 40, but has
the elongated detectable portion 42 replaced by a plu-
rality of detectable portions 342 that are spaced apart
along the scanner axis 20 and move independently re-
sponsive to the respiration of the imaging subject 18. The
detectable portions 342 may rest directly on the imaging
subject 18 as shown in FIGURE 5, or may include suitable
spacers which may or may not be contoured. The plurality
of detectable portions 342 may, for example, include a
plurality of elements, pellets, beads, chain elements, a
liquid compartments in a contoured tube, or so forth.
[0029] With reference to FIGURE 6, a respiratory
marker 440 has a substantially more complex arrange-
ment. In the example of FIGURE 6, a modified elongated
detectable portion 442 is not straight, but rather has some
curvature that optionally conforms with a curvature of the
subject 18. A pivotal connection 444 of an end of the
elongated detectable portion 442 is secured to the table
22 of the subject support 16 that supports the imaging
subject 18. A subject connection 446 is spaced apart
from the pivotal connection 444, and operatively con-
nects the elongated detectable portion 442 with the im-
aging subject 18 such that the elongated detectable por-
tion 442 pivots (motion indicated by double-headed arrow
448) about the pivotal connection 444 responsive to the
respiration of the imaging subject 18. In the example il-
lustrated in FIGURE 6, the subject connection 446 is a
rest arm or stand that rests on the chest, torso, abdomen,
or other portion of the imaging subject 18. Although not
shown, the subject connection 446 may be enhanced by
including straps, adhesive, or another connecting mech-
anism that helps secure the subject connection 446 to
the subject 18.
[0030] With returning reference to FIGURE 1, the res-
piratory marker 40 (or equivalently, one of the example
alternative respiratory markers 140, 240, 340, 440) is
used to correlate motion or position of the marker 40 with
respiratory cycle of the subject 18 to derive the respiration
phase or respiratory phase of the subject at the time each
image (e.g., each two-dimensional or thin three-dimen-
sional slice image in the case of the illustrated computed
tomography scanner 10) was acquired. A marker seg-
menter 52 processes each image to delineate the marker
feature in the image. For example, the segmenter 52 may
employ a seeded region-growing algorithm carried out
on the images to separate the voxels of the marker fea-
ture from voxels imaging the subject 18 or background
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(e.g., air or other ambient, the table 22, or so forth). The
seed is identified in an image manually, for example by
pointing and clicking with a mouse in a video display of
the image slab or slice shown on the user interface 26,
or automatically based for example on expected intensi-
ties of voxels of the marker feature. The seeded region-
growing algorithm proceeds to aggregate voxels within
a selected Hounsfield range within which voxels of the
marker feature are expected to lie. The result may be,
for example, a binary image in which voxels of the delin-
eated marker feature have value "1" while voxels outside
of the segmented marker feature have value "0". It is to
be appreciated that, for a two-dimensional slice image
or a thin three-dimensional slice image having a small
thickness along the direction of the scanner axis, the
marker feature is typically a circle, ellipse, or other cross-
sectional shape corresponding to the cross-section of
the elongated detectable portion 42 of the respiratory
marker 40 in the slice image. Having an expected shape
and size of the marker feature can expedite the segmen-
tation process and assist in automatically delineating the
marker feature.
[0031] In examples in which a spacer 144, 244, 245
(see FIGURES 3 and 4) is used to space the respiratory
marker apart from the patent, this spacing is expected to
promote accuracy and speed of the segmentation proc-
ess. It will be appreciated that these advantages of using
the spacer are applicable as well to examples disclosed
in which the detectable portion is not elongated, such as
may suitably be the case for use in conjunction with a
flat-panel x-ray imager or other imager that does not ac-
quire a plurality of images at different times along an elon-
gated scanning axis. Such examples retain the advan-
tage of having the respiratory marker feature integrated
with the images (as opposed to having separate image
and time indexing datasets), and if the spacer is used,
also retain the advantage of having the marker feature
spaced apart from the respiring patient in the image so
as to facilitate fast and accurate marker feature segmen-
tation.
[0032] Once the delineated marker feature is generat-
ed by the segmenter 52, a centroid locator 54 locates a
centroid of the delineated marker feature. In the case of
slice images substantially transversely intersected by an
elongated detectable portion having a generally elliptical
cross-section, the centroid or other characteristic center
point of the delineated marker feature is suitably estimat-
ed using an ellipse-fitting algorithm such as that disclosed
in Fitzgibbon et al., IEEE Pami 21(5): 476-480 (1999).
Other algorithms for finding a centroid or other statistical
(e.g., average) position of the delineated marker feature
can be used. Algorithms that assume a circular cross-
section, rather than an elliptical cross-section, can be
used, but will typically be less accurate. If the elongated
detectable portion 42 has a non-circular and non-elliptical
cross-section, such as a square cross-section, then a
suitable centroid-finding algorithm for the particular ex-
pected cross-sectional shape can be used. Instead of

operating on a binary segmented image, the segmenter
52 can produce a grey scale delineated marker feature
representation, and values of the voxels of the delineated
marker feature representation can be used as weights
for the ellipse-fitting or other centroid-finding algorithm.
For example, voxels with a grey scale values relatively
closer to the most likely grey scale value may be assigned
a higher weight, so as to generally improve the accuracy
and robustness of the centroid estimation. The output of
the centroid locator 54 for each image is one or more
marker feature coordinate values, which are stored in a
marker feature coordinates memory 56 along with an in-
dex of the image position along the scanner axis 20 and
the time (such as an average time) of acquisition of the
image. As with the memories 30, 34, the memory 56 can
be an electronic, magnetic, optical, or other type of mem-
ory.
[0033] A retrospective image sorter 60 is configured to
sort the slice or slab images by respiratory phase based
on the determined marker feature positions stored in the
memory 56. Each slice or slab image is annotated with
a position along the scanner axis 20, an acquisition time
stamp (e.g., an average time of acquisition time stamp),
and a centroid position of the marker feature. This infor-
mation is used to employ a standard retrospective phase-
or amplitude-based sorting algorithm, for example as giv-
en in Pan et al., MedPhys 31(2):333-340 (2004). The
correlation of marker feature position or trajectory in the
slice or slab image along at least one dimension with
respiratory phase may include adjustment for position
along the scanner axis, so as to account for different
marker feature trajectories at different points along the
scanner axis 20. For example, in the case of the respi-
ratory marker 340 of FIGURE 5, the trajectory of marker
features associated with each of the independently mov-
ing detectable portions 342 is in general different. Simi-
larly, in the case of the respiratory marker 440 of FIGURE
6, the trajectories of marker features for slice or slab im-
ages located relatively further away from the pivotal con-
nection 444 will generally have larger amplitudes than
the trajectories of marker features for slice or slab images
located relatively closer to the pivotal connection 444.
Once sorted by respiratory phase, slice or slab images
having substantially the same assigned respiratory
phase are optionally combined to form a volume image
representation of said respiratory phase, or spatially co-
incident slice or slab images having different assigned
respiratory phases can be combined to form a temporally
varying respiration sequence, or so forth.
[0034] With reference to FIGURES 7 and 8, example
slice images are diagrammatically shown. FIGURE 7 di-
agrammatically shows a slice image acquired at a posi-
tion denoted zo along the scanner axis 20 (denoted for
this example as the z-axis) and at a respiratory phase
denoted φa. FIGURE 8 diagrammatically shows a slice
image acquired at the same position zo along the scanner
axis 20, but at a different respiratory phase denoted φb.
The slice images have a spatial reference position x0 in
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the x-direction. For respiratory phase φa (FIGURE 7), the
marker feature has a centroid 542a at a position xa re-
spective to the reference position x0. For respiratory
phase φb (FIGURE 8), the marker feature has a centroid
542b at a position xb respective to the reference position
x0, where xb is generally different from xa. It will be seen
that the position xa corresponds to the imaging subject
18 having a contracted chest, and corresponds to a point
near full exhalation. Similarly, the position xb corresponds
to the imaging subject 18 having an expanded chest, and
corresponds to a point near full inhalation. In general, a
trajectory of positions between full exhalation (xa) and
full inhalation (xb) are expected, and the sorter 60 can
assign a respiratory phase to each image based on the
position of the centroid relative to its extremes of move-
ment along the x-direction. Although not shown, the tra-
jectory or motion of the centroid may be more complex,
for example including motion components in both the x-
and y-directions, and such complex trajectories or mo-
tions are suitably accounted for in correlating motion with
respiratory phase. The reference position x0 may be des-
ignated respective to the scanner image coordinates sys-
tem, or may be designated respective to a fixed-position
feature in the image such as the position of the support
table 22.
[0035] By incorporating the elongated detectable por-
tion 42, 342, 442 into the respiratory marker 40, 140, 240,
340, 440, the respiration is readily tracked as the imaging
progresses along the scanner axis 20, since each slice
image along the scanner axis 20 will be generally trans-
verse to and intersected by the elongated detectable por-
tion 42, 342, 442. In contrast, a non-elongated marker
such as a button or slug marker will be detectable in only
one or a few slice images proximate to the button or slug
marker. In the arrangement of FIGURE 1, the imaging
scanner 10 is a computed tomography scanner, and the
imaging subject 18 is a human imaging subject arranged
such that the slice images are axial slice images. How-
ever, the imaging scanner can be a PET, SPECT, or other
type of imaging scanner, and the respiring imaging sub-
ject can be a human or animal imaging subject. It is to
be understood that the slice or slab images are generally
transverse to the elongated detectable portion 42, 342,
442, but need not be precisely perpendicular to the elon-
gated detectable portion 42, 342, 442. For example,
some imaging scanners can be arranged in a tilted ge-
ometry. The Brilliance™ CT scanner, for example, can
have the housing 12 (and hence the imaging slices or
slabs) tilted respective to the scanner axis 20. Addition-
ally or alternatively, the elongated detectable portion 42,
342, 442 may be tilted or canted respective to the scanner
axis 20. For example, the detectable portions 342 of the
respiratory marker 340 are not mutually collinear, and
the modified elongated detectable portion 442 of the res-
piratory marker 440 is not straight, but rather has some
curvature. Such deviations from a precisely perpendicu-
lar arrangement between the slice or slab images and
the elongated detectable portion 42, 342, 442 are ac-

ceptable as long as the elongated detectable portion 42,
342, 442 is sufficiently transverse to the slice or slab
images so that the elongated detectable portion 42, 342,
442 pass through the plurality of slice or slab images so
as to provide a marker feature in each slice or slab image.
[0036] The components 52, 54, 60 for analyzing the
marker features in the images, and for correlating the
marker features with respiratory phase, can be physically
implemented in various ways. A storage medium such
as a magnetic disk, an optical disk, random access mem-
ory (RAM), network server storage, or so forth can store
instructions that when executed by a processor imple-
ment the components 52, 54, 60 that perform the method
for organizing images acquired by the imaging scanner
10 at different times and positions along the scanner axis
20 with the elongated respiratory marker 40, 140, 240,
340, 440 arranged to intersect the images and being de-
tectable as a marker feature in the images. Such a stor-
age medium can be integrated with storage media con-
taining instructions to implement the scanner controller
24, or to implement image display, or so forth, or the
same storage medium may store both the respiratory
sorting process instructions and instructions to control
the scanner, display images, or so forth. The components
52, 54, 60 for analyzing the marker features in the images
can be implemented as a stand-alone post-processing
system that receives and organizes images previously
acquired with the elongated respiratory marker 40, 140,
240, 340, 440 installed. In such a post-processing ar-
rangement, the imaging scanner is modified in that the
respiratory marker 40, 140, 240, 340, 440 is installed or
loaded with the patient 18, which makes retrofitting ex-
isting imaging scanners straightforward. When the anal-
ysis components 52, 54, 60 are included in the retrofit,
the modification of the existing imaging system is con-
templated to additionally include a suitable software up-
grade adding the analysis components 52, 54, 60.
[0037] The images in memory 34 can be organized as
4D images (for example, with three spatial coordinates
such as Cartesian x, y, z coordinates, and a time coor-
dinate t). This provides a full 3D image for each phase
and facilitates CINE image displays of individual slices,
volumes, surface renderings, and so forth. Correspond-
ing images in different respiratory phases can be sub-
tracted, combined, transformed into a common phase,
or so forth.
[0038] The invention has been described with refer-
ence to the disclosed examples. Modifications and alter-
ations may occur to others upon reading and understand-
ing the preceding detailed description.

Claims

1. A respiratory marker (40, 140, 240, 340, 440) char-
acterized in that it comprises:

a detectable portion (42, 342, 442) arranged to
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intersect images acquired at different positions
along a scanner axis (20) of an imaging scanner
(10) and being detectable as a marker feature
in images acquired by the imaging scanner at
different times and at different positions along
the scanner axis, wherein the detectable portion
(442) is elongated, and characterised by the
respiratory marker (440) further including:

a pivotal connection (444) of an end of the
elongated detectable portion (442) adapted
to be secured to an imaging subject support
(22) for supporting the imaging subject (18);
and
a subject connection (446) spaced apart
from the pivotal connection, the subject con-
nection adapted operatively to connect the
elongated detectable portion with the imag-
ing subject such that the elongated detect-
able portion pivots, when in operation,
about the pivotal connection responsive to
respiration of the imaging subject.

2. The respiratory marker (140, 240) as set forth in
claim 1, further including:

a spacer portion (144, 244, 245) adapted to
space the detectable portion (42, 342) from the
imaging subject (18).

3. The respiratory marker (140, 240) as set forth in
claim 2, wherein the spacer portion (144, 244, 245)
is adapted to have a a relatively lower or no visibility
in the images compared with the detectable portion
(42).

4. The respiratory marker (140, 240) as set forth in
claim 1, further including one of:

an elongated spacer portion (144) adapted to
space the elongated detectable portion (42,
342) from the imaging subject (18), and
a plurality of spacer portions (244, 245) that are
spaced-apart or distributed along the elongated
detectable portion (42) and that are adapted to
space the elongated detectable portion (42,
342) from the imaging subject (18).

5. The respiratory marker (40, 140, 240, 340, 440) as
set forth in claim 1,
wherein the elongated detectable portion (42, 342,
442) is made of a material including one or more of
wood, plastic, high-density foam, water, and a radi-
oactive substance.

6. The respiratory marker (40) as set forth in claim 1,
wherein the elongated detectable portion includes
an elongated rod (42).

Patentansprüche

1. Atemmarker (40, 140, 240, 340, 440), dadurch ge-
kennzeichnet, dass dieser umfasst:

einen detektierbaren Abschnitt (42, 342, 442),
der so vorgesehen ist, dass er an verschiedenen
Positionen entlang einer Scannerachse (20) ei-
nes Imaging-Scanners (10) erfasste Bilder teilt
und als ein Markermerkmal in Bildern detektier-
bar ist, die von dem Imaging-Scanner zu ver-
schiedenen Zeitpunkten und an verschiedenen
Stellen entlang der Scannerachse erfasst wer-
den, wobei der detektierbare Abschnitt (442)
länglich ist, dadurch gekennzeichnet, dass
der Atemmarker (440) weiterhin enthält:

eine Schwenkverbindung (444) eines En-
des des länglichen detektierbaren Ab-
schnitts (442), die so ausgeführt ist, dass
sie an einem die abzubildende Person (18)
tragenden Auflagetisch (22) befestigt ist;
sowie
eine von der Schwenkverbindung beab-
standete Personenverbindung (446), wobei
die Personenverbindung so ausgeführt ist,
dass sie den länglichen detektierbaren Ab-
schnitt mit der abzubildenden Person so be-
triebsbereit verbindet, dass der längliche
detektierbare Abschnitt bei Betrieb in Reak-
tion auf die Atmung der abzubildenden Per-
son um die Schwenkverbindung schwenkt.

2. Atemmarker (140, 240) nach Anspruch 1, der wei-
terhin enthält:

ein Abstandsteil (144, 244, 245), das so ausge-
führt ist, dass es den detektierbaren Abschnitt
(42, 342) von der abzubildenden Person (18)
trennt.

3. Atemmarker (140, 240) nach Anspruch 2, wobei das
Abstandsteil (144, 244, 245) so ausgeführt ist, dass
es im Vergleich zu dem detektierbaren Abschnitt (42)
eine relativ geringe oder keine Sichtbarkeit in den
Bildern aufweist.

4. Atemmarker (140, 240) nach Anspruch 1, der wei-
terhin eines der folgenden enthält:

ein längliches Abstandsteil (144), das so aus-
geführt ist, dass es den länglichen detektierba-
ren Abschnitt (42, 342) von der abzubildenden
Person (18) trennt, sowie
mehrere Abstandsteile (244, 245), die entlang
dem länglichen detektierbaren Abschnitt (42)
beabstandet oder verteilt sind und so ausgeführt
sind, dass sie den länglichen detektierbaren Ab-
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schnitt (42, 342) von der abzubildenden Person
(18) trennen.

5. Atemmarker (40, 140, 240, 340, 440) nach Anspruch
1, wobei der längliche detektierbare Abschnitt (42,
342, 442) aus einem Material besteht, das eines oder
mehrere der folgenden enthält: Holz, Kunststoff,
Schaumstoff mit hoher Dichte, Wasser sowie eine
radioaktive Substanz.

6. Atemmarker (40) nach Anspruch 1, wobei der läng-
liche detektierbare Abschnitt einen länglichen Stab
(42) enthält.

Revendications

1. Marqueur respiratoire (40, 140, 240, 340, 440) ca-
ractérisé en ce qu’il comprend :

une portion détectable (42, 342, 442) agencée
pour intersecter des images acquises à des po-
sitions différentes le long d’un axe de scanneur
(20) d’un scanneur d’imagerie (10) et étant dé-
tectable sous forme de caractéristique de mar-
queur dans des images acquises par le scan-
neur d’imagerie à des instants différents et à des
positions différentes le long de l’axe de scan-
neur, dans lequel la portion détectable (442) est
allongée, et caractérisé en ce que le marqueur
respiratoire (440) inclut en outre :

un raccord pivotant (444) d’une extrémité
de la portion détectable allongée (442),
adapté to être fixé à un support de sujet
d’imagerie (22) pour supporter le sujet
d’imagerie (18) ; et
un raccord de sujet (446) espacé du raccord
pivotant, le raccord de sujet étant adapté
fonctionnellement pour raccorder la portion
détectable allongée au sujet d’imagerie de
sorte que la portion détectable allongée pi-
vote, en fonctionnement, autour du raccord
pivotant en réponse à la respiration du sujet
d’imagerie.

2. Marqueur respiratoire (140, 240) selon la revendica-
tion 1, incluant en outre :

une portion entretoise (144, 244, 245) adaptée
pour espacer la portion détectable (42, 342) du
sujet d’imagerie (18).

3. Marqueur respiratoire (140, 240) selon la revendica-
tion 2, dans lequel la portion entretoise (144, 244,
245) est adaptée pour présenter une visibilité relati-
vement faible, voire ne présenter aucune visibilité,
dans les images par rapport à la portion détectable

(42).

4. Marqueur respiratoire (140, 240) selon la revendica-
tion 1, incluant en outre une parmi :

une portion entretoise allongée (144) adaptée
pour espacer la portion détectable allongée (42,
342) du sujet d’imagerie (18), et
une pluralité de portions entretoises (244, 245)
qui sont espacées les unes des autres ou dis-
tribuées le long de la portion détectable allongée
(42) et qui sont adaptées pour espacer la portion
détectable allongée (42, 342) du sujet d’image-
rie (18).

5. Marqueur respiratoire (40, 140, 240, 340, 440) selon
la revendication 1, dans lequel la portion détectable
allongée (42, 342, 442) est faite d’un matériau in-
cluant un ou plusieurs parmi du bois, du plastique,
de la mousse haute densité, de l’eau, et une subs-
tance radioactive.

6. Marqueur respiratoire (40) selon la revendication 1,
dans lequel la portion détectable allongée inclut une
tige allongée (42).
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