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IMAGING PROCEDURE PLANNING

DESCRIPTION

The following generally relates to imaging procedure planning and finds
particular application to computed tomography (CT). However, it is also amenable to other

medical imaging applications and to non-medical imaging applications.

A computed tomography (CT) scanner generally includes an x-ray tube that
emits radiation that traverses an examination region and a patient supported therein via a
patient support. A detector array detects radiation traversing the examination region and the
patient. The detector array generates a signal indicative of the detected radiation. A
reconstructor reconstructs the signal and generates volumetric image data indicative of the
patient. The volumetric image data can be processed to generate one or more images of the
patient. The one or more images can be displayed on a monitor and/or printed to film.

For planning an imaging procedure for the patient, a pre-scan covering a region
of interest of the patient is first performed. The pre-scan typically involves scanning the
patient with the x-ray tube fixed at angular position while advancing the patient through the
examination region via the patient support. The pre-scan coverage generally is larger than the
anticipated imaging procedure coverage and provides an image showing two-dimensional
contours of the scanned anatomy. From the pre-scan, the operator can identify start and end
scan locations along the z-axis for anatomy of interest. The image procedure is then
performed based on a selected scan protocol and the start and end positions.

Unfortunately, the pre-scan image is a two-dimensional image, while the
anatomy of the patient is three-dimensional. As such, the start and end scan positions for
anatomy of interest may be difficult to identify from the pre-scan image. For example, a
portion of the anatomy of interest may be behind other anatomy or otherwise obstructed such
that the extent of the anatomy of interest is not clear. One solution is to add a margin to the
plan or increase the z-axis coverage in order to ensure the anatomy of interest is scanned.
However, this may lead to irradiating portions of the patient outside of the anatomy of interest

and increasing patient dose.
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Aspects of the present application address the above-referenced matters and

others.

According to one aspect, a method includes generating with a processor a three-
dimensional subject specific model of structure of interest of a subject to be scanned based on
a general three-dimensional model and pre-scan image data acquired by an imaging system
generating with the processor an imaging plan for the subject based on the three-dimensional
subject specific model.

According to another aspect, a system includes a patient specific model
generator that generates a patient specific three-dimensional anatomical model for a patient
based on a general three-dimensional anatomical model and pre-scan image data and a
planning component that generates an imaging plan for imaging the patient based on the
patient specific three-dimensional anatomical model.

According to another aspect, a computer readable storage medium contains
instructions which, when executed by a computer, cause the computer to perform the step of:
planning a radiation therapy treatment based on an estimated applied dose determined from a
patient specific three-dimensional anatomical model generated based on a general three-
dimensional anatomical model and pre-scan image data.

According to another aspect, a computer readable storage medium contains instructions
which, when executed by a computer, cause the computer to perform the step of: tracking a
dose applied to an object or subject for a plurality of imaging procedures based on an
estimated applied dose determined from a patient specific three-dimensional anatomical model
that is generated based on a general three-dimensional anatomical model and pre-scan image
data.

According to another aspect, a computer readable storage medium contains instructions
which, when executed by a computer, cause the computer to perform the step of: planning an
imaging plan based on a patient specific three-dimensional anatomical model generated based

on a general three-dimensional anatomical model and pre-scan image data.
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The invention may take form in various components and arrangements of
components, and in various steps and arrangements of steps. The drawings are only for

purposes of illustrating the preferred embodiments and are not to be construed as limiting the

invention.

FIGURE 1 illustrates an example imaging system.

FIGURE 2 illustrates an example imaging procedure planner.

FIGURE 3 illustrates an example of a simple three-dimensional anatomical
model.

FIGURE 4 illustrates an example of a three-dimensional patient specific
anatomical model.

FIGURE 5 illustrates an example of a complex three-dimensional anatomical
model.

FIGURE 6 illustrates an example method.

FIGURE 7 illustrates an example method.

FIGURE 1 illustrates an imaging system 100 such as a computed tomography
scanner. The imaging system 100 includes a stationary gantry 102 and a rotating gantry 104,
which is rotatably supported by the stationary gantry 102. The rotating gantry 104 is
configured to alternatively rotate around an examination region 106 about a longitudinal or z-
axis 108 or remain stationary with respect to the examination region 106 for scanning.

A radiation source 110 is supported by and rotates with the rotating gantry 104
around the examination region 106 about a z-axis 108. A collimator 112 collimates the
emitted radiation to produce a generally conical, fan, wedge, or other shaped radiation beam.
A radiation sensitive detector array 114 detects radiation that traverses the examination region
106 and generates a signal indicative thereof.

A reconstructor 116 reconstructs the projection data and generates volumetric
image data indicative of the examination region 106. A patient support 118, such as a couch,
supports the patient for the scan. A general purpose computing system 120 serves as an
operator console. Software resident on the console 120 allows the operator to control the

operation of the system 100.
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The system 100 can be used to perform pre-scans and imaging procedures
based thereon. Examples of pre-scans include scout scan in which the radiation source 110
remains stationary as the patient is advanced via the patient support 118, low-dose helical,
axial (step and shoot) and/or other scan in which a relatively small number of views (e.g., 5 to
50) are acquired each rotation, and/or other pre-scans. Generally, a pre-scan can be used to
facilitate planning or generating a plan for an imaging procedure of an object or subject.

A planner 122 allows a user such as a clinician or radiology technician to plan
the imaging procedure for the object or subject. As described in greater detail below, in one
instance the planner 122 generates a patient specific three-dimensional anatomical model
based on a predetermined general three-dimensional anatomical model and three dimensional
data from a pre-scan, such as a low dose spiral or helical scan. The generated three-
dimensional model provides additional information for planning, relative to a configuration in
which the system 100 does not employ the three-dimensional model.

In one instance, the additional information allows the operator to identify scan
start and stop locations in three dimensions, which may lead to a more accurate z-axis
coverage or field of view (FOV) for particular anatomy of interest. This, in turn, may reduce
patient dose relative to a configuration in which the three dimensional model is not used to
determine the start and stop locations. The generated three-dimensional model can also be
used to estimate patient dose, adjust scan parameters such tube current and/or voltage
modulation, facilitate planning a radiation therapy treatment, and/or to determine other
information.

The illustrated planner 122 is shown separate from the system 100. In this
instance, the planner 122 can be part of a dedicated workstation or general purpose computer
in which a processor executes computer readable instructions stored on computer readable
medium to generate the patient specific three-dimensional anatomical model and/or present a
user interface through which a user can interact to set scan parameters, create the imaging
procedure plan, etc. In another embodiment, the planner 122 can be part of the system 100,
for example, an application executed by a processor of the console 120

FIGURE 2 illustrates an example of the planner 122. The illustrated planner

122 includes a model bank 202 with N three-dimensional anatomical models 204; to 204y,
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(collectively referred to herein as three-dimensional models 204), where N is an integer equal
to or greater than one. One or more of the three-dimensional models 204 may be tailored
towards patient age, gender, race, pathology, and/or other patient related information. The
three-dimensional models 204 also may include a relatively simple three-dimensional model
and/or a relatively complex three-dimensional model.

Briefly turning to FIGURE 3, an example of a simple three-dimensional
anatomical model 300 is illustrated. The three-dimensional model 300 includes a plurality of
compartments representing various anatomical structures of interest. The illustrated three-
dimensional model 300 includes compartments representing a body contour 304, lungs 306,
and a heart 308. In other embodiment, the three-dimensional model 300 includes
compartments representing more, less and/or one or more other anatomical structure.

In FIGURE 3, a compartment is described via a number of parameters. For
example, with one embodiment the parameters are described by three-dimensional coordinates
of vertices, which constitute a triangular surface mesh of the compartment. In another
embodiment, the parameters are described by geometric parameters controlling a shape of the
compartment, such as radius, height, a length, a position, an orientation, etc. of a compartment.
Other approaches are also contemplated herein.

Turning briefly next to FIGURE 4, an example of a more complex three-
dimensional anatomical model 400 is illustrated. This example includes several additional
compartments representing different anatomical structures of interest such as lungs, liver,
heart, rib cage, spine, diaphragm, thorax, etc.

Returning to FIGURE 2, a model selector 206 selects a model 204 from the
model bank 202 based on information such as patient data, user input, a predetermined default
model, and/or other information.

A patient specific model generator 208 generates a three-dimensional patient
specific anatomical model based on the selected model 204 and pre-scan image data such as
image data from a low-dose scan with a limited number of views in each revolution, such as
less than fifty (50) views.

In one instance, the patient specific model generator 208 employs an iterative

algorithm, which fits the selected model 204 to the pre-scan image data to generate the patient
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specific model 204. A non-limiting example of a suitable algorithm is shown in EQUATION
1:

EQUATION 1:
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wherein I is an objective function, p3 (M ) represents a forward projection of model M onto

the k™ detector element, k = 1,..., D of projection view number j, and j=1,..., N. EQUATION 1
is used to determine a difference between the selected model and the pre-scan image data and
is iteratively used to determine the difference until a residual between the selected model and
the pre-scan image data is minimized or a predetermined threshold is satisfied.

With EQUATION 1, model surfaces and constant mean absorption coefficients
inside the model compartments are reconstructed. As such, a very low number of projections
can be used for this algorithm. In this example, the projections have an equal angular
distribution and a full coverage of the object of interest along the rotation axis. In another
embodiment, projections do not have equal angular distribution and/or full coverage of the
object of interest along the rotation axis.

In another embodiment, the objective function is minimized with a gradient
descent algorithm with respect to the vertex-coordinates of a surface mesh model. In yet
another embodiment, the parameters to be optimized are given as shape parameters like radius,
length, position, orientation of geometric bodies (sphere, cylinder, ellipsoid). In still other
embodiments, other approaches are employed.

Another suitable technique for generating the three-dimensional patient specific
anatomical model is described in international patent application serial number
PCT/IB2008/0955348, filed December 16, 2008, and entitled “ITERATIVE
RECONSTRUCTION OF POLYHEDRAL OBJECTS FROM FEW PROJECTIONS,” the

entirety of which is incorporated herein by reference.
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Briefly turning to FIGURE 5, an example three-dimensional patient specific
anatomical model 500 is illustrated. The illustrated patient specific anatomical model 500 is
generated based on the three-dimensional anatomical model 300 (FIGURE 3) and the pre-scan
image data. Note that the compartment shapes in the patient specific anatomical model 500
are not the same as the compartment shapes in the three-dimensional anatomical model 300.

The patient specific anatomical model 500 can be stored in local memory
and/or remote memory such as in a remote database or archival system like a Picture
Archiving and Communication System (PACS), a Radiology Information System (RIS), a
Hospital Information System (HIS), and/or data repository. The stored information can be
used for follow up studies, examinations with different modalities, further processing, and/or
otherwise. For example, the patient specific anatomical model 500 can be used for image
registration between different imaging modalities.

With reference to FIGURES 2 and 5, a planning component 210 facilitates
planning the imaging procedure. In the illustrated embodiment, this includes utilizing the
three-dimensional patient specific anatomical model 500 to determine a suitable scan coverage
or a field of view (FOV) for scanning the anatomical tissue of interest. In one instance, the
FOV is identified by presenting the three-dimensional patient specific anatomical model 500
via a display, monitor or the like and receiving input indicative of the desired FOV.

By way of example, in one non-limiting instance the three-dimensional patient
specific anatomical model 500 is displayed on a display and a user identifies through a mouse,
a keypad, and/or other input device a scan start location and a scan end location (FOV) based
on the three-dimensional patient specific anatomical model 500. In this instance, the user can
translate and/or rotate the three-dimensional patient specific anatomical model 500 to identify
the start and stop locations. Similar to the three-dimensional patient specific anatomical
model 500, the FOV can be stored in local and/or remote memory.

In another instance, the FOV is identified by a FOV determiner 212. In the
illustrated embodiment, the FOV determiner 212 determines a center of mass of a user or
otherwise identified compartment corresponding to an anatomical region of interest in the
patient specific anatomical model 500 and defines the FOV about the center of mass. For a

surface mesh based model, this can be achieved by computing the center of mass of the
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vertices belonging to the compartment of interest. For a geometric based model, various
compartments of interests can be extracted from model parameters such as position,
orientation, length, radius, etc.

A dose estimator 216 estimates an applied dose of the individual compartments
of the model and/or an aggregate dose of the compartments based on the FOV, the three-
dimensional patient specific anatomical model 500, and/or a simulation based on the model
500. Similar to the patient specific anatomical model 500 and the FOV, the estimated dose
can be stored in local and/or remote memory. The stored dose information can be used to
track overall total patient dose, with follow-up exams, in connection with radiation therapy
planning, etc. For example, a radiation therapy treatment plan can be generated based on the
estimated applied dose.

A scan parameter determiner 214 determines various scan parameters based on
the FOV, the estimated dose and/or the three-dimensional patient specific anatomical model
500. Examples of such parameters include, but are not limited to, a tube current modulation, a
tube voltage modulation, scanning pitch, and/or one or more other scan parameters. The scan
parameter determiner 214 can determine one or more of the scan parameters automatically or
based on user input and/or interaction.

In one instance, a view-dependent dose modulation can be derived from the
three-dimensional patient specific anatomical model 500 by optimizing the tube’s voltage and
current. For example, projection directions with large and small attenuation can be identified
from the model 500 and the appropriate tube settings can be view and patient specific. As
such, both under and overflow of the detector signal can be avoided and the dose per view can
be adjusted to yield a maximum image quality at minimum applied overall dose.

FIGURE 6 illustrates an example method.

At 602, a pre-scan of a region of interest of an object or subject is performed.
As described herein, the pre-scan can be a helical, an axial, etc. scan with relatively low dose
and a small number of views for each rotation.

At 604, a general three-dimensional model is identified for the patient. As
described herein, the selected model may be tailored towards the age, gender, race, and/or

other characteristic of the patient.
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At 606, a patient specific three-dimensional model is generated based on the
selected general three-dimensional model and the data from the pre-scan. As described herein,
this may include fitting the general three-dimensional patient model to the patient anatomy of
the pre-scan using an adaptive algorithm that adapts the general three-dimensional model to
the patient anatomy.

At 608, an imaging plan is generated based on the three-dimensional patient
specific model. This includes determining a scan field of view (FOV) based on the three-
dimensional patient specific model.

In another embodiment, act 602 is omitted, and the pre-scan data is obtained
from another system, a data repository, etc.

FIGURE 7 illustrates another example method.

At 702, an imaging plan is generated based on the three-dimensional patient
specific model, which is generated based on a general three-dimensional anatomical model
and pre-scan image data, as described in connection with FIGURE 6.

At 704, an applied dose to the structure of the object or subject is estimated
based the three-dimensional patient specific anatomical model 500 and/or a simulation based
thereon.

At 706, the estimated applied dose is used to adjust one or more parameters of
the imaging plan. As described herein, suitable parameters include, but are not limited to, a
tube current modulation, a tube voltage modulation, a scanning pitch, etc.

The above may be implemented by way of computer readable instructions,
which, when executed by a computer processor(s), causes the processor(s) to carry out the acts
described herein. In such a case, the instructions are stored in a computer readable storage
medium such as memory associated with and/or otherwise accessible to the relevant computer.

The invention has been described with reference to the preferred embodiments.
Modifications and alterations may occur to others upon reading and understanding the
preceding detailed description. It is intended that the invention be constructed as including all
such modifications and alterations insofar as they come within the scope of the appended

claims or the equivalents thereof.
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CLAIMS

What is claimed is:

1. A method, comprising:

generating with a processor (122) a three-dimensional subject specific model of
structure of interest of a subject to be scanned based on a general three-dimensional model and
pre-scan image data acquired by an imaging system (100); and

generating with the processor (122) an imaging plan for the subject based on the three-

dimensional subject specific model.

2. The method of claim 2, wherein the pre-scan includes less than fifty views for a
rotation.
3. The method of any of claims 1 to 2, wherein generating the three-dimensional subject

specific model, further comprising: fitting the general model to the pre-scan image data.

4. The method of claim 3, further comprising:
employing an iterative algorithm to fit the general model to the pre-scan image data,
wherein the iterative algorithm minimizes a residual between the selected model and the pre-

scan image data.

5. The method of any of claims 1 to 4, further comprising:

displaying the three-dimensional subject specific model;

accepting a user input indicative of a change to the plan, wherein the change is based
on the three-dimensional subject specific model; and

updating the plan based on the user input.

6. The method of any of claims 1 to 5, further comprising: determining a scan field of

view for the imaging plan based on the three-dimensional subject specific model.
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1. The method of any of claims 1 to 6, further comprising: estimating an applied dose for
the subject to be scanned using the imaging plan based on the three-dimensional subject

specific model.

8. The method of any of claims 1 to 7, further comprising: determining at least one of a

tube current or voltage modulation based on the three-dimensional subject specific model.

9. The method of any of claims 1 to 8, wherein the general three-dimensional model is
defined by a plurality of compartment described by three-dimensional coordinates of vertices

that constitute a triangular surface mesh of the compartments.

10. The method of any of claims 1 to 8, wherein the general three-dimensional model is
defined by a plurality of compartments described by geometric parameters controlling a shape

of the compartments.

11. A system, comprising:

a patient specific model generator (208) that generates a patient specific three-
dimensional anatomical model for a patient based on a general three-dimensional anatomical
model and pre-scan image data; and

a planning component (210) that generates an imaging plan for imaging the patient

based on the patient specific three-dimensional anatomical model.

12. The system of claim 12, wherein the pre-scan is a low dose helical or axial three-

dimensional scan.
13. The system of any of claims 11 to 12, wherein the patient specific model generator

(208) generates the patient specific three-dimensional anatomical model by fitting the general

model to the pre-scan image data.

-11 -
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14. The system of any of claims 11 to 13, further comprising a field of view determiner
(212) that determines a scan field of view for the imaging plan based on the patient specific

three-dimensional anatomical model.

15. The system of any of claims 11 to 14, further comprising a dose estimator (216) that
estimates an applied dose for the imaging procedure based on the patient specific three-

dimensional anatomical model.

16. The system of claim 15, further comprising a scan parameter determiner (214) that
determines at least one of a tube current or voltage modulation based on the patient specific

three-dimensional anatomical model and the estimated applied dose.

17. The system of any of claims 11 to 16, wherein the general three-dimensional

anatomical model is defined by mesh or geometric parameters.

18. A computer readable storage medium containing instructions which, when executed by
a computer, cause the computer to perform the step of:

planning a radiation therapy treatment based on an estimated applied dose determined
from a patient specific three-dimensional anatomical model generated based on a general

three-dimensional anatomical model and pre-scan image data.

19. A computer readable storage medium containing instructions which, when executed by
a computer, cause the computer to perform the step of:

tracking a dose applied to an object or subject for a plurality of imaging procedures
based on an estimated applied dose determined from a patient specific three-dimensional
anatomical model that is generated based on a general three-dimensional anatomical model

and pre-scan image data.

20. A computer readable storage medium containing instructions which, when executed by

a computer, cause the computer to perform the step of:

-12 -
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generating an imaging plan based on a patient specific three-dimensional anatomical
model generated based on a general three-dimensional anatomical model and pre-scan image

data.

21. The computer readable storage medium of claim 20, further containing instructions
which, when executed by the computer, cause the computer to perform the steps of:
accepting an input indicative of a change to the imaging plan; and

updating the plan to reflect the change.

22. The computer readable storage medium of claim 21, wherein the change relates to at

least one of a scan field of view, a tube current, a tube voltage, or a scan pitch.

-13-
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1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. I:I As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-6, 8-14, 17, 20-22

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of).
inventions in this international application, as follows:

1. claims: 1-6, 8-14, 17, 20-22

planning of a medical imaging procedure using a specific
model of a structure of interest which is fitted to pre-scan
data.

2. claims: 7, 15, 16, 18, 19

Dose estimation for medical imaging and/or radiation
therapy.




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2010/052125
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2005004446 Al 06-01-2005 WO 2005004065 Al . 13-01-2005
WO 2004080309 A2 23-09-2004 CN 1758876 A 12-04-2006
EP 1603461 A2 14-12-2005
JP 2006519646 T 31-08-2006
US 2006198499 Al

07-09-2006

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - wo-search-report
	Page 21 - wo-search-report
	Page 22 - wo-search-report
	Page 23 - wo-search-report

