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Chapter 1

About this manual

This manual describes the user interface and user levelidmsoof Version 1.5 of the Prism Radi-
ation Treatment Planning system. It is both a reference alaand functional specification. It is
not an introduction to how to use Prism for radiation treattr@anning, nor a description of the
software design or internal details. For details about #&gh and implementation of the Prism
software, the reader is referred to a separate implementagport [1].

1.1 What you need to know

Readers of this reference manual should already have a faasikarity with radiation treatment
planning, and the way in which the Prism software helps t@mmgdish this job. To read Chap-
ter 4.1, you should be familiar with the variant of the Unixeogting system you are using, the basic
concepts of the X window system [2], elementary Common Lésm how to install the required
Common Lisp software.

1.2 What this manual includes

Included here are a specification of:

the capabilities of the system,

its inputs and outputs,

the computing environment and configuration, and

the graphical user interface (the control panels).

The information in this report supercedes that containealliprevious reports describing the
Prism system capabilities, functions, and user interface.

11
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Chapter 2

Capabilities, inputs and outputs

2.1

Functional capabilities

The Prism system provides the following capabilities:

Enter, edit, display and store demographics, clinical figdiand other information about
patients,

Display and process stored images, including reconstiusdgittal and coronal images (the
import of images into the Prism system is done using the PE$80OM-3 Server system,
described in another report [3]),

Enter, edit, display and store 3-D patient geometry inclgdnternal structures and locations
of points of interest, based on anatomic data representsiied image studies, or in films
and tracings on paper,

Enter, edit, display and store 3-D treatment plans congjstf collections of radiation sources
including external radiation beams as well as line sourodssaeds (brachytherapy),

Generate and display “digitally reconstructed radiogsdd®RR) or “simulated port films”
from stored image studies and treatment beam parameters,

Prescribe treatments by several different methods, in@uspecifying doses to be delivered
by particular radiation sources to specific anatomic poiatsl specifying the dose to be
(nearly) achieved throughout extended volumes,

Calculate doses at points and/or in 3-D volumes, displagsies isodose contours super-
imposed on anatomy and markers (“landmarks”), and storepated dose distributions for
subsequent display, analysis and comparison, by usingnexigtilities such as the products
of the NCI RTPT project.

Produce hardcopy output presenting the data and/or resfudilt the preceding operations,
in graphic form when appropriate (including images — theeyscan produce hardcopy of
gray scale or color images together with all the color greghf a color PostScript printer is
available),

13
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e Save treatment setup data for subsequent download to cengautirolled accelerators, using
DICOM-RT.

All capabilities can be invoked and operated interactialg workstation.

Capabilities will be provided in different configuratiorns support different applications. For
production clinical work there is a configuration that pa®s a stable collection of operations and
is easy to use. Different configurations will support reskand development.

2.2 Components and products of the planning task

From the clinical user’s point of view there are severalatght components that the user must enter,
acquire or create in the course of the planning task. Eaclponent may be stored in the planning
system between planning sessions and will remain there tedadled as needed until some special
operation is performed to remove it.

Case The identifying information, clinical findings, anatomiatd and points of interest associ-
ated with a patient in a particular treatment position foeaes of treatments. If any of the
anatomic data are derived from images, the case can be alsmated with a particular image
study.

There may be more than one case associated with a patienif @gtomic data derived from
different image studies are used, or if the same patientretwith different clinical findings
after completing one course of treatment). Or there may beraksuccessive but distinct
cases derived from a single image study (e.g. as more cadnerentered).

A case may include as a component a list of one or more plans.

Image study A set of image data (a series of related 2-dimensional imagkscted in a single
imaging session, with the patient in the treatment position

There is never more than one image study associated withea EBsvever, a given patient
may have multiple cases on file, as well as multiple imageasud

Image studies are optional, in the sense that it is possilidectite a case and treatment plans
from which doses can be computed even if there is no imagg steadlable, for example by
entering contours from a digitizer. A single image study rhayassociated with more than
one case, as different subsets of anatomy may be drawn oartieset of images.

Plan A collection of radiation sources associated with a paldicoase, along with a dose calcu-
lation region. A plan usually includes one or more isodoselte Typically there will be
several (or many) plans created for each case.

From the clinical user’s point of view there are several piaid that can be produced, once a
plan has been created:

Chart Text that briefly summarizes a plan, which can be printed amdosed in the patient’s
chart. The chart identifies the patient case and plan, wifltsgnt information to differentiate
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it from all other plans and cases for the same patient. Thet chay contain additional
information about the case. It identifies and describeshallradiation sources, including
beams, line sources and seeds. It shows the total doserddliaeach point from all sources
(including external beams, line sources and seeds), aodt@slose delivered to each point
from each external beam. The chart may contain additiontbrgd information, such as
the coordinates in the patient coordinate system of thetpoirnnterest and line sources and
seeds.

The charts produced by the Prism planning system are deddritsection 2.6.

Plot A line drawing of a view of a plan. A plot can show everythingsdebed in section 2.5, on a
color PostScript printer, and everything except images paraplotter. In addition, the plot
can be produced at any specified magnification (e.g., adaelexactly one-half actual size,
etc.) relative to the patient, not the size on the display.

The plotted output contains additional information, nagant in the view. In the upper left
corner, department ID (see sections 2.6 and 4.2), patienenplan name, plan time stamp
and plot magnification are printed. In the upper right cariee Prism logo and version
number appear. At the bottom is the text describing theipositnd orientation of the pictured
plane, the maximum dose, the grid size, and the isodoseslelrethe case of a beam'’s eye
view the beam name appears below the orientation, and nogeambntours are included.

Dose contours on the plot are color coded as on the view gispldh a few exceptions

(yellow and white on the display are black on the plot). Teedif isodose levels is similarly
color coded to provide a key. The dose level numbers are dawtine isodose lines on
the display or plot. Points of interest that have been sgecHis “invisible” do not appear
on the plot. When points do appear, their labels are as clg®ssible to the actual point
location. Image data, such as CT gray scale data, will apmeplots produced for PostScript
capable printers (this includes printers that are supgdriea PostScript filter such as the
ghostscript program).

Dose distribution The 3-D dose distribution array calculated for a particplan may be written
out to the Prism file system for further analysis and display.

Other items Additional software tools such as those provided by the &badrapy Treatment Plan-
ning Tools Project may produce additional outputs. Theydaseribed in their separate man-
uals.

Charts and plots can be produced from a plan quite rapidihesgsystem does not provide any
way to store these. A temporary file is created, and it is qiig¢aea printer or plotter. It is not
automatically deleted. However, subsequent printing doitifpg operations may overwrite the file.
Dose distributions may take an appreciable time to caleplatt nevertheless, in general we do not
expect to store dose distributions because they take ugadanount of disk storage, and there are
design problems in consistently saving and restoring @&€tdose distribution with a plan. A plot
can be produced without having computed a dose distributiomhich case, no isodose curves will
appear on the plot.
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2.3 The shared treatment planning database

A list of patients and the corresponding stored image s, diises and plans constitutes a treatment
planning database. A database can be shared among a grosgrsfso that when any user in the
group stores something in the database, it becomes aesitabther users in the group.

There may be several such databases for different groupseds (e.g. the actual list of patients
for whom clinical planning is done, which is shared by theinhegrists, clinical physicists and
physicians; a list of cases for testing and demonstratidrnishws shared by researchers and software
developers etc.). In general not all databases will be @vailto all users, but some users may have
more than one database available to them.

The Prism system determines where to find each database &oabbes that are set when the
user's Prism session starts up. This is customizable by esahand is further described in section
4.2.

For each patient, there may be several (or many) stored istagess, cases, and plans. Users
may produce charts and plots from any of these at any timgirfiportant that the system maintain
the correct correspondences between these items (e.gh plaits are associated with which cases,
etc.) and that users can easily tell which stored plans) (etcrespond to a particular chart or plot.
These problems are solved in the following way:

Each chart, plot and stored dose distribution is associattda single plan. Therefore, each
chart and plot are clearly labelled with the patient idecaifion (name and unique identifier created
by the system), and a unique plan identification. The unicatept case identification is a time
stamp assigned by the system and updated each time thetgatsendata are changed in any sig-
nificant way (see page 90). Similarly, the plan identificatie also a time stamp assigned by the
system and updated each time the plan is changed in any sagnifvay (see page 102). Users may
include other information in the plan to help identify itde.descriptive text), but the time stamp
can always be used to distinguish one plan from another @iarjar) one. In particular, users can
retrieve the stored plan that was used to produce a partichéat or plot, if in fact the plan and its
case were stored in either the checkpoint database or stiateohse.

Each plan is in turn associated with a single case, and f@gpss single image study. The
system stores these correspondences internally in the/$ilera and in working memory. Selecting
a plan is only possible through prior selection of the cqroegling case. To derive anatomic data
for a case (i.e., organ, tumor and target contours), a usgseiact any of a patient’s image studies,
and to create a plan, a user may select any of a patient’s.cases

2.4 Dose computation

This section describes what can be computed by the dose tatiopuprogram. The algorithms
and physics are described in another report [4].

2.4.1 Types of radiation sources

The system can compute doses from external beams compopédtohs, neutrons, or electrons,
as well as from radioactive line sources or seeds.
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For external beams, both fixed fields and arc treatments ggogied. An arc treatment is
simulated by computing a series of closely spaced fixed fietdeffect performing a stepwise
numerical integration over gantry angle. Arc therapy cdjpabncludes all external beam types,
photon, neutron and electron.

The following types of collimation systems are supportadbimth photon and neutron beams:

e Symmetric rectangular fields created by standard collinsato

e Asymmetric rectangular fields created by variable-jawigw@tors, as long as no collimator
jaw crosses over the central axis (“over-centering”).

e Irregular fields created by multileaf collimators (MLC)clading over-centered leaves that
cross over the central axis.

Any number of shielding blocks may be combined with either sgmmetric or asymmetric
rectangular types of photon fields, but not with MLC fields.

The electron beam dose computation model supports redtanglectron fields created with
applicator cones that are provided by the accelerator raatwrer, andvith blocking formed by
metal cutouts.

Any of these fields may be oriented using any available thyerapchine motions, including
collimator rotation and couch rotation. In other words,dgeimay be arbitrarily oblique. Any field
(including obligue fields) may be an arc (or moving) field. Apge of field may be combined with
any other type in a plan. For photons and neutrons, the issicaray be outside the patient, i.e.,
treatment setups at “extended SSD” are supported, but titeataxis of the bearmust intersect
the patient volume somewhere. Setups where a beam cenisgrajects past the patient without
intersecting it areot supported.

Note that if there is no skin outline or the skin (or “externahtours”) is not assigned a density,
the Prism dose computation will fail, and the user’s sessiagy be aborted unexpectedly.

There is no theoretical upper limit to the number of field€l{iding arcs) that may be included
in a plan. In particular, it is possible in principle to moaelnformal therapy plans that include
scores of fields. Available system resources (virtual arygiohl memory, cpu speed) may, however,
introduce practical limits at run time.

The following types of brachytherapy sources are suppdniéte Prism system:

e point sources (seeds)

e (uniform) line sources

A variety of isotopes and activity levels may be modelledebjering the appropriate specifi-
cations in the Prism source catalog. Chapter 15 descrileefmdility for entering a source into the
Prism source catalog.

Source locations in the patient may be entered into thesytam orthogonal films, using the
digitizer or the workstation keyboard.

Any number of line sources or seeds may be included in a ptahal these radiation source
types (external beam, line source and seed) may be combibichaly in a plan.
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2.4.2 What the system produces

On demand, the system will compute the doses to some setrasgoom all the radiation sources
in any plan created by the user for the current case (comgisti anatomy and other data). It is
possible to create multiple plans for a given case. This &rileed in more detail in following

sections. Two options are provided regarding the colleatiopoints at which doses are calculated:

1. the (small) set of (arbitrarily located) points of interen the plan, and,

2. the 3-D array of points in a rectangular volume.

The first option is fast and is provided to support rapid itéve optimization of plans. The
system calculates the dose to each of the points of intexpbtidy, rather than interpolating them
from doses calculated on a regular grid. This improves aoyuand makes it possible for doses to
be calculated at points that lie outside any pre-defineditalion grid.

The second option calculates 3-D dose distributions. Theiledion grid may be located any-
where in the patient volume and its length in the X, Y and Zdaioms can be varied independently
(e.g. itis a “rectangular prism” of any width, length, andgig). The user can specify the resolution
(distance between grid points) by selecting one of thresdstta grid spacings. The same spacing
is used in each direction. The grid is always oriented palrtdl the patient coordinate system; it is
never oblique or “tilted”.

The computation creates a separate dose array (or listpiotspof interest) for each radiation
source (e.g field). In the case where the only change in a @arbien to the strength or weight
of one or more sources, the Prism system computes the newdbsbution by simply scaling the
previously computed arrays and summing them together to fonew combined dose array. This
permits a plan to be “renormalized” or “differently weigtitevery rapidly.

On demand, the system can save a computed dose distributidiia for subsequent processing
or analysis. This is a temporary storage, not archival ftarleetrieval. The data in this temporary
file can be used by external software tools such as those freRTPT project.

2.5 Graphic displays

In this section we describe the graphics that may be disglayethe workstation. In order to
describe and implement these, we have chosen some coerdipstem conventions. Chapter 3
specifies the Prism system conventions for the patient aweted system and the other coordinate
systems, for the anatomy, beams and views, and transfamsatietween them. The conventions
used in Prism for gantry angle, couch angle and collimatgteaare also specified there.

The relation between the Prism machine settings and thalattachine settings for various
machines is described in detail in Appendix A.

The system displays these kinds of objects:

1. Anatomic structures
2. Tumor volumes

3. Target volumes
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4. Points of interest, including labelling text
5. Beams (including blocks and wedges)
6. Line sources and seeds

7. Dose calculation regions

8. Dose distributions

9. CT or other image studies

Itis possible for the user to have these objects displaysdvaral kinds of views on the display
screen as well as plotted on a hardcopy device. The systerdpsathese kinds of views:

1. Transverse views

2. Sagittal views

3. Coronal views

4. Beam’s-eye views (only for plans in which one or more exdébeams is present)
5. Oblique views (only for brachytherapy sources)

6. Room views, showing solid model visualization of orgamg ether objects (work in progress,
not fully functional, and not described yet in the followisgctions)

Each kind of view (except the room view) is described in gredetail in the following sections.
The way in which these views are created is described inmet8, the plan panel. The view control
panel is described in section 16. In addition, the manuainediunctions provide temporary views
of the data for use in the editing operation.

2.5.1 Transverse, coronal and sagittal views

The transverse, coronal and sagittal views are treatediasiyniEach view, except the room view,
is characterized by @iewing plane which is specified by the plane’, Y, or X coordinate in the
patient coordinate system for transverse, coronal andtakgjews, respectively.

The patient is modeled in theeatmentposition. The patient coordinate system is really associ-
ated with the couch, and does not invert if the patient is @mather than supine.

The transverse view is oriented in the conventional wayrkmgverse CT studies, with theY”
axis pointed up and the- X axis pointed to the viewer’s right. Thus this view shows thess
section as seen looking toward the gantry from the end ofdbetc

The coronal view is oriented with the Z axis pointed up and the- X axis pointed to the
viewer’s right, so a coronal view of a supine patient’'s hesadriented as in a conventional portrait,
viewed from front to back. If the patient is prone, the viewr@m back to front, i.e., the view is
looking down on the couch from above.
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The sagittal view is oriented with theZ axis pointed to the right and theY” axis pointed up,
S0 a sagittal view is oriented as if the viewer were seeingpimsipatient from the patient’s right,
with the head towards the viewer’s left. If the patient ism@pthe view still shows the head towards
the viewer’s left, as seen from the patient’s left.

Views are initially scaled and positioned so that the castaeppear appropriately centered and
sized, but this is only approximate. The goal is to have tha&ertds sufficiently fill, but do not
exceed, the available display area and roughly the samerdrabsurrounding blank space appears
on the right as on the left, and on the top as on the bottom. i$liene automatically by the view
creation process, but the algorithm is simple and may nadydwreate the best presentation. Once
displayed, views may be manually rescaled and also “panfied,’the origin may be moved).

Objects are depicted as follows:

Contours Contours that lie in or near the viewing plane are drawn anectied line segments.
In this context, “near” means within some small distana®, i fraction of a millimeter, to
accomodate round-off errors in determining or specifyitame positions.

Contours that are not parallel to the viewing plane but thigrsect it are indicated by markers
at each point of intersection.

All the contours of an anatomic object are the same color ithalviews, but contours corre-
sponding to different objects may be of different colorgjuning “invisible”.

Points Points of interest that lie within 0.01 mm of the plane of ti@ware indicated by a marker
centered on the point, optionally accompanied by the painler.

Beams Each beam is depicted by showing the intersection of the ljgamal, as defined by the
collimating system, with the view plane, as described in jblhe beam central axis is in
the view plane, diverging fanlines are drawn; an obliqudamgular beam appears as an
elongated lozenge, etc. Electron beams are also depictih@ isame way, using the portal
defined by the cutout plate and the collimating cone.

Blocks Blocks are depicted using a method similar to that of beartafgorindividual blocks may
be shown in different colors than their beams and differesrhfeach other.

Isocenter The beam central axis and isocenter are displayed in the salmeas the beam portal,
as follows: the intersection of the beam central axis andithg plane is shown as a +, unless
the beam central axis is coplanar with the view plane (withibil mm). In the latter case,
the isocenter is shown as a diamond shape, and the censahayibe shown as a line with
centimeter tick marks on it. If neither the + nor the diamosideen, the beam central axis
does not intersect the view plane.

Wedges A wedge, if present, is drawn in the same color as the beanalpand is pictured to
make it easy to identify the direction of the wedge gradigie shapeandorientationof the
pictured wedge is determined by the direction of the wedgdignt. This gradient is defined
by a vector in the collimator coordinate system that poiatgard the toe of the wedge and
always lies on one of the four collimator coordinate systesa-z, —z, +y, —y (which
one depends on the wedge rotation angle). The wedge shag¢ersnithed by projecting
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this vector into the view plane (using the usual 3D transtirom techniques). The wedge
is shown as an isosceles triangle with one angle at the gomtend) of the projected vector
and its unequal side at the heel end of the projected vectue. [dngth of this heel side is
chosen so the triangle appears long and sharply pointed tileewedge gradient vector is
parallel to the view plane. As the angle between the wedgiigvector and the view plane
increases, the triangle will appear shorter. Tdwation of the pictured wedge is determined
by projecting the beam’s central axis ray (starting at tremnibeource) into the viewing plane.
If the projected location of the beam source lies outsidevibeing window, the wedge is
pictured on the ray just inside the window border. If the pob¢d location of the beam source
lies inside the window, the wedge is pictured at that locaftbe beam source).

Dose Calculation RegionThe rectangular prism enclosing the calculation grid magrsect the
view plane, determining a rectangle. The corners of thisaregle are indicated by “angle
brackets”. The length of the vertical and horizontal legthelse angle brackets are equal to
the grid spacing in those directions (according to the ciirgeale of the view).

Dose Distribution Dose distributions may be shown as isodose contours. Cantouresponding
to different dose levels may be different colors. These nuionally be displayed if a dose
array corresponding to the current plan, and intersectingptane of the view, is available. It
is not necessary that the grid points of the the dose arraxéetly on the view plane; if two
dose array planes lie on either side of the view plane, theddsthe view plane are deter-
mined by linear interpolation. Each dose contour displagddbelled by the corresponding
dose value, and by the color, with a color/dose key on the pdarel. The dose shown is the
total dose for the specified monitor units from each beamolf gdjust the monitor units so
that a specified point receives a dose of 100.0, then the ssoldwels effectively represent
percent of dose to that point. Other methods for visuatiratif dose distributions may be
provided as experimentation demonstrates their feayilaifid usefulness.

CT Studies These objects must be handled differently in the three viénvsach case, the display
of image data is at the user's option. In a transverse viewT antage whose thickness
includes the viewing plane may be displayed. A coronal vievitee other hand may render
a reformatted image created by selecting and replicatipgogpiate horizontal raster lines
from each transverse (axial) image in the study, while atisdgiew perform the same type
of reconstruction on appropriate vertical lines of pixet transverse images.

Line sources Line sources are depicted in all views except beam’s eyesyiauether in the plane
or not, projected to the view plane, with dashed textureciatitig the part of the line that is
behind the viewing plane. They are optionally labeled by bera. (When displaying line
sources, if we use the dashed line style to indicate “betiadiew plane” we need to be sure
the ends are solid, not an invisible part of the dashed line.)

SeedsSeeds are also depicted in all views except beam’s eye vighether in the plane or not,
projected to the view plane, as plus signs if in front of theayias minus signs if behind the
view, and as small circles if within 1 mm of the view plane. &eemay optionally be labeled
with their numbers to the upper right of the symbol.
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2.5.2 Beam’s eye views

These views are drawn to show the anatomy and other infasmas seen from a viewpoint at the
virtual source point of a particular beam in a plan. The vidanp is the plane through the beam'’s
isocenter and orthogonal to the beam central axis. The Iseaye’ view is always oriented so that
the view top is towards the machine gantry (i.e., the axisaoftey rotation is a vertical line in the
view, and the direction towards the machine is “up”).

The central axis of the beam for which this is the beam’s eg@/ s initially in the exact center
of the beam’s eye view. Initially, the view is drawn at suctcals that all patient anatomy appears
in the view. If the couch rotation is zero, the patient’s Zsaisi pointed straight down on the display
(e.g. the patient is oriented head-up). When the couchemtdihe view point remains fixed, and
the anatomy changes its projected appearance. When tlmatolt rotates, if the collimator is a
rectangular collimator, the outline of the collimator anddks move, not the patient anatomy.

This is sufficient to determine the transformation from tearn and patient coordinate systems
to the view and screen coordinate systems.

Objects in beam’s eye views are depicted as follows:

Contours Contours are drawn as wireframe “hoops” in proper perspeciColors of each organ
are the same as in the other views.

Points All points of interest are projected in proper perspectteghe isocenter plane, with num-
bers.

Beams All beams appear in the view; each field and any blocks are ma@portal outlines that
represent the intersection of the beam with the view plara. efectron beams the cutout
outline is shown and it rotates as the collimator angle isngbd. If the collimator is a
multileaf collimator, the portal outline is shown, and itedmot rotate as the collimator angle
is changed. The multileaf collimator actual leaf positionay optionally be shown. They
will rotate as the collimator angle is changed.

Colors for beams, blocks, and wedges, are the same as insgoissnal views.

Isocenter A crosshair appears at the point where the beam central @xisg beam for which the
beam’s eye view is drawn) intersects the view plane (thisegarojection of the isocenter, or
the actual isocenter for the plane at position 0.0). Theester and central axis of each of
the other beams are depicted as in the cross sectional views.

Wedges The wedge (if present) is drawn as a narrow isosceles teanih its sharp angle pointed
toward the wedge toe. If the wedge orientation angle is 0 Or tti wedge picture is centered
on the collimator—zx axis near the view border (and points parallel to the collonay or —y
axis, respectively). If the wedge orientation angle is 924, the wedge picture is centered
on the collimator+y axis near the view border.

Dose distributions Dose calculation regions and dose distributions do notappe
CT Studies A digitally reconstructed radiograph from CT or other imalg¢a may appear.

Line sources and seedd.ine sources and seeds dot appear in a beam’s eye view.
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2.5.3 Presentation

A view occupies a single window on the display, so it may be edpVpopped to the top” or
manipulated by any of the standard operations provided dwihdow manager. Several views (in
the corresponding windows) may be visible at the same tinllevidws are “active” views, that is,

if an object in the plan is updated, all views showing thatobpre updated to reflect the change.
Further, views provide some interactive input, e.g., tlealor bars that control the view positions
for other views, and the dose calculation grid, whose cermay be “dragged” with the mouse and
on-screen pointer.

Any view that is visible can accept input. For details on wkiatds of input are possible in
views, see section 16, which describes the view panel. Tiat ifocus is controlled by the X
window manager, according to the particular window managerse on the computer, and each
user’s choice of X window manager configuration. This is raitmlled by the Prism system.

2.6 Contents of chart printout

Prism produces a PostScript file suitable for printing on BogtScript capable printer (or one for
which a PostScript preprocessor suchghsstscript is available). If a PostScript previewer
such agyhostview or gv is available, the chart file may be previewed on the worl@tagcreen.

On every page of the chart, the left margin is large enoughdte punching and binding. The
top margin is large enough for stapling. Each section desdrbelow begins on a new page.

2.6.1 Title page and combined doses section

The top of the first page has a title section. On the left sideta@p lines of text identification,
usually the department name and institution name. In themupght, the Prism logo appears, with
the Prism system version humber. On the right side, theviilig text appears below the Prism
logo:

APPROVED BY:

ATTENDING: DATE
RESIDENT: DATE
PHYSICIST: DATE
THERAPIST: DATE
BILLED:

Next on the first page, arat the top of every following pagés printed the patient name, case
ID (timestamp), patient ID, hospital ID, plan name (poss#ibbreviated), plan time stamp, and the
page number in sequence, as in “page 2 of 5”. This will makagyeo reassemble the chart in case
it gets jumbled in the printer hopper.
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Next on the first page is the contents of the comments attribtithe case, then the teRiS:
followed by the dosimetrist's name. This is followed by tharpcomments.

Next there is a list of organ names and densities for all aghat were used as inhomogeneity
information in the dose calculation (external beam only).

If selected by the Prism user in the chart dialog box and ihpdoses for all beams were
computed, a list of points with the combined doses appeadth,tatal dose only, followed by the
X,y,z coords for each point. The information is left justifiand the space on the right is available
for users to add small drawings and handwritten notes. azTardy coordinates are given to one
decimal place. The coordinate of each point listed is given to three decimatgda This makes
it easier to find the:-plane of a particular point in the easel or point editorgcsithese planes may
initially be defined to three decimal places.

2.6.2 External beam setup and dosimetry

This section is designed to help therapists set up treagmeitincludes both machine settings
and dosimetry information, unlike the previous version déif in which these were in separate
sections.

This part is arranged as a table with the beams in up to foticeécolumns. If there are more
than four beams, this section is repeated as necessargadthsucceeding group of four (or fewer)
beams put on a new page.

At the top of each column the beam name is printed as thres 6hd0 characters each, as
entered in the beam panel.

Below the beam name, the setup information appears. Thp sgtumation should be correct
for the particular machine specified, in the machine-speciiordinate system, not the Prism uni-
versal coordinate system. Therefore, to set up the plameathient correctly, it should only be
necessary to enter the numbers from the chart into the machimsole.

This requires Prism to perform the scaling for each machingam on every type of machine
available. The scaling conventions for University of Wasgfton machines are in Appendix A.

Linear dimensions (SSD, Collimator X etc.) are in cm, to eeamm (one digit after decimal
point). Angles are in degrees (rounded to nearest integer).

These items are appropriate for photon, electron and nebams; for electron beams, a few
items are different from photons and neutrons, as notedvbelo

Beam namee.g.,left lateral ,
Machine e.g.,SL20A-6MV-MLC,
Particle e.g.,PHOTONS

Energy for photons, a nominal energy (from the machine specifindtie), e.g.,6MV, for electrons
the actual energy selected, e). MeV, for neutrons a string from the machine file,

Monitor units/fraction The monitor units per fraction, rounded to the nearest whateber. No
decimal point nor decimal digits should appear.

Number of fractions
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SSD Source-to-skin distance (computed by Prism)MIES if the central axis does not intersect
the patient volume.

Wedge The text description string naming the selected wedgdlaore if no wedge.

Wedge Rotation an angle (degrees) specifying the wedge orientation, dowpto the convention
of the machine manufacturer, Hione if no wedge is selected. See Appendix A for guidance
on assigning wedge rotations. Even with a wedge, an angksapbere only if the particular
machine provides this capability, otherwise this is blank.

Collimators Not only are the scaling conventions different on the mashitbut the number and
types of items, and eveamamingconventions are also different. So really the row label$, no
just the numbers, will depend on the machine. And if thereasathan one kind of machine
in a plan, well .... For example, Varian has “Upper Set” andwier Set”, while Elekta has
X1, X2, Y1, Y2. See Appendix A.

The following two entries suggest a layout convention. Ttia row labels should differ.
For electron beams, the X and Y numbers are the samediménal size of the applicator
cone.

Collimator X Ifindependent jaws, two numbers. If leaf collimator, als@ humbers, giving
widest opening on each side. This information is useful atdimulator and when
making port films. See Appendix A for guidance in choosingahhpair of collimators
is the X pair.

Collimator Y Same format as for Collimator X.

Gantry Gantry angle in degrees (for arcs this is the nominal “stantjle.)
Arc size Fixed when no arc (the usual case), or a number of degrees.

Collimator Rotation the collimator angle setting according to the machine masiufer's con-
vention (see Appendix A).

Couch Rotation The scaling conventions for this differ even among the Varigachines! See
Appendix A.

Blocks Blocks or None or Leaf . AlwaysLeaf for leaf collimated fields.

Table linear motions are always relative to the table honsgtipa, but can be used as offsets
from an initial patient setup with the alignment lasers. yrage also useful for the dosimetrists. So,
these are ifPrismcoordinates, not machine specific coordinates.

Table height
Table lateral

Table longitudinal
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Start Angle For arcs, this is the initial gantry angle, repeated heragalwith the following, for
convenience.

Stop Angle Computed and printed assumiogpckwiserotation. This means it could be a lower
value than the start angle on some machines.

Arc size Repeated from above.
MU per degree The value for asinglefraction is computed and printed.

Depth of isocenter Calculated from SSD and SABXTEND(f isocenter is not within patient, and
blank if the central axis misses the patient.

Collimator X For rectangular jaw collimators, the width of the openinghi& X direction. For leaf
collimated fields, the width in the X direction of the the shasi rectangle that encloses the
portal (that is also parallel to the collimator X and Y axes).

Collimator Y Same format as Collimator X.

Equivalent Square Computed, only for photons and neutrons. In cm, to nearest(engi2.4 .
For rectangular fields, this is the value ©f from the dose computation methods technical
report [4], section 2.3.1. For leaf collimated fields, thighe value ofw, from [4], section
2.4.1. If the beam’s central axis misses the patient, thid iseblank.

Output Factor (ROF) Computed, only for photons and neutrons. Thi®{w.) for rectangular
collimated fields and,(w,) for leaf collimated fields. Given to three decimal pointg.e.
0.917 . If the beam’s central axis misses the patient, this fieldaak

TPR atIso TPR at depth of isocenter, accounts for missing block scattmmputed, only for
photons and neutrons, as described in [4], it is the tBymn equation 2.1. For rectangular
collimated fields, it is described in section 2.3 of [4] and l=af collimated fields, it is de-
scribed in section 2.4 of [4]. Given to 3 decimal points, @3.28 . If the isocenter is outside
the patient, this quantity cannot be computed, and insE4@ENDs printed. If the beam’s
central axis misses the patient, this field is blank.

Tray factor None if no blocks, which means it has value 1.0. Given to threerdatpoints, e.g.
0.974 .

Attenuation factor The number put in by the dosimetrist as part of the beam spatidh for this
beam (see also Chapter 5).

2.6.3 Dose per treatment by field and total dose by field

The dose per treatment by field includes a column listing tietp of interest by name and number,
and a column for each treatment beam, with the beam name retie dine corresponding to each
point, the dose to that point from that beam. The page accatasdip to four beams. If there are
more points than fit on the page, the list is continued withstime beams on additional pages as
required. If there are more than four beams, additional pageprinted, until all beams are printed.
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The column headings appear on every page.

The total dose by field pages are in the same format, excejpbnhihe first page an additional
column appears, after the point names but before any be&imsjrg) the total dose to each point
from all beams. Although this information also appears @nfifst page of the chart, it is repeated
here for convenience.

2.6.4 Line sources

For linear sources, there are two additional sections othast printout, “LINEAR SOURCES”
and “TOTAL DOSE BY SOURCE”". This includes source endpoinbrcinates, both raw (original
input, e.g., from orthogonal films) and the reduced threeedisional space coordinates.

2.6.5 Seeds

For seeds there is only one additional section, “SEED INF@RMN” listing the characteristics
of the seeds, and no section listing dose per seed. Thi®seal$o includes raw and reduced
coordinates for each seed.

2.6.6 Miscellaneous

At the end of the printout there is a bitmap (halftone) poéaihe dosimetrist.

2.7 Other chart printouts

There are three other chart printouts, a special page fos&tings for treatment machines with
multileaf collimators (MLC), a special page of informati@ssociated with the transfer of treat-
ment setup information to the UW Clinical Neutron Therapgt®yn (Neutron chart), and a special
page of information associated with the transfer of treatrsetup informaiton to the Elekta linear
accelerators using the DICOM-RT facility.

2.7.1 Leaf collimator settings

For each leaf collimated field, a page can be printed that stadvthe leaf settings in a convenient
format for the machine. This chart is a separate printoutdbatains all leaf settings, along with
other identifying information to associate the chart witliméque patient, case, plan, and beam.

2.7.2 Neutron charts

The contents of the Neutron chart are described in Chaptewhigh describes the neutron beam
data transfer panel.

IWell, still not in this version, but soon. . .
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Chapter 3

Coordinate conventions in Prism

The coordinate system definitions used by Prism largelyeagiith those discussed in [5]. Unless
otherwise specified, the scale is in centimeters and antralasformation rotations in the positive
direction are counterclockwise as seen from the positivs, dgoking toward the origin of the
coordinate system. The units for all angular coordinatedagrees.

Prism makes use of the following coordinate systemnsatment room spa¢eyantry space
collimator spacecouch spacgpatient spaceview plane spageandscreen spaceObjects with a
spatial or visual extent are defined in one of these coorelisydgtems, and their coordinates may be
transformed between systems for the purposes of graptpagis

3.1 Patient space

The axes of the patient space are parallel to those of thehcgp@ce. The origin of this space
is defined by a clinician or dosimetrist only when enteringadaom a digitizer. When data are
entered from CT images, the origin is already defined by th& idethe image files. When a patient
is scanned we have a convention for determining the patréginon the image, described here.

Image data for Prism are stored in sets of files, with a filetferibnformation about the images in
a set and separate files for the binary image data, one filegd. Images from CT or MR studies
are organized into “image sets”. An image set is assignedddmtimber similarly to the case “id”
number, i.e., itis relative to a given patient, and assediatith a given patient. Each image within
the set is assigned an image ID, which should be the “sliceoeuihrirom the CT scanner file.

It is also important that therigin  attribute of each image be set according to a fixed con-
vention so that the relation between the patient coordisidem and the image pixels is known to
users of Prism. Our convention for this is that the patieaceporigin of a 2-D CT image is deter-
mined by information from the DICOM data transmission frdm CT scanner. Usually the origin
is at the center of the image, corresponding to the inteaseof the laser positioning lights on the
scanner. The patient space location of the (0,0) pixel irethee computed from the image size
specified in the image file from the scanner. This conventidiollowed so that external markings
on the patient or a patient positioning device can accyraggroduce the positioning of the patient
in the treatment machine room. Prism sets the “table positibthe patient origin, so the treatment
machine couch motions represent absolute displacememistifiis initial position.
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The geometric data describing the patient's anatomy anttélaément regions are defined in a
patient coordinate system, with user-specified origin, i& acreasing toward the patient’s feet, X
axis increasing toward the patient’s left side and Y axiseasing toward the front of the patient
(see figure 3.1).

Figure 3.1: The patient coordinate system

The patient coordinate system is related to the externahliestment couch coordinate system
by computing or specifying the location of the beam isoceintéhe patient coordinate system when
the patient is on the couch and the couch is at its “home” joositn the Prism system, the couch is
at home position when all three couch linear motion settargsat 0.0 (couch height, couch lateral
position, couch longitudinal position). The conventiordisn the Prism system is that under this
condition, the beam isocenter is at the patient coordingttes origin. See page 107 for further
explanation.
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3.2 Couch space

The origin of this space is the treatment machine isoceiitiee.y-axis points directly up, and the
zr-axis andz-axis are rotated from their counterparts in the treatmeatrr space by a turntable
anglet. See figure 3.2.

Figure 3.2: The couch coordinate space

3.3 Treatment room space

The origin of this space is at the treatment machine isocentez-axis points to the right when the
viewer faces the treatment machine gantry protractorythis points directly up, and theaxis is
the axis of gantry rotation and points directly away from th@chine. See figure 3.3.

3.4 Gantry space

The origin of this space is at the treatment machine isoceffitee z-axis points to the right when
facing the treatment machine, theaxis is the axis of gantry rotation and points directly todvene
machine, and the-axis points directly toward the beam source. The gantrgesmobtained from
the treatment room space by rotating0 degrees about the-axis and then rotating by the gantry
angleg around the new-axis. See figure 3.4.
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Machine

Z Couch

Figure 3.3: The treatment room coordinate space (in thisigche couch is at “home” position,
with couch angle.0

3.5 Collimator space

The origin of this space is the treatment machine isocefiitez.z-axis andy-axis are rotated from
their counterparts in the gantry space by the collimatoleangand thez-axis points toward the
beam source (the apparent source of the radiation beamjigBes3.5.

3.6 View space

Prism includes the concept of a view space, a single plamms<ectional view of the patient.
Three kinds of cross-sectional views are provided by thenPgystem: transverse, sagittal and
coronal views. These are planes that are normal to the papETez-axis, x-axis andy-axis,
respectively. Associated with a view plane is a two-dimenai coordinate system, and a scalar
value determining which plane in patient space corresptmdise view plane. The origin in the
view plane is the intersection with the plane of a line nortoahe plane and through the patient
origin.

3.7 Screen space

In order to generate graphic displays of Prism objects shiowthe various kinds of views, an

additional coordinate system, screen space, is needesispace is a two-dimensional space which
represents the window on the display console. The origihisfdpace is in the upper left corner of
the screen. The-axis points to the right and thg-axis points down. Furthermore, the scale is in
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Figure 3.4: The gantry coordinate space

pixels, rather than centimeters. Screen space can be démre view space by inverting theaxis
and re-scaling (described below). See figure 3.6.

The natural coordinate system for describing beams isncattir space. Most other graphical
objects, like anatomy, tumors, and points (referred towels contour or point based), are defined
in patient space. The coordinates of these structures nausahsformed to view space (and then
to screen space) for the appropriate view being displayed.

For cross-sectional views the patient space origin isailhiticentered in the view; in a beam’s
eye view, the origin is initially set so that the isocentettw corresponding beam is at the center of
the view window.

When an image is drawn into a view, the location of the pasgate origin in the view must be
reset by Prism to match the image data.

3.8 Plot space

The plot space is a cross section or projection of coordinfaten patient space and is scaled from
life size according to the selected plot magnification.
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Figure 3.5: The collimator coordinate space

Figure 3.6: The screen coordinate space



Chapter 4

User environment and customization

4.1 Equipment requirements and setup

This section describes the equipment requirements, soewispdetails on setting up specialized
equipment, and instructions for building an executablsrRiimage using Allegro Common Lisp.

The computer on which Prism runs must provide a Common LI$BdBware system which
includes programming support compliant with the X Windowsteyn [2] at the level of the X
protocol. Prism uses the CLX package [7], the Common LISHEibaof the X window system
protocol, analogous to Xlib for C programs, for graphics atiter user interface features. A set of
OpenGL or equivalent librarie$ifGL andlibGLU ) is also required. Silicon Graphics OpenGL
is known to work as is Mesa-3.4 on HP-UX 10.20 and Red Hat Linxx 8 and 9. The display on
which the Prism user interface appears must provide an Xseapable of creating and managing a
large number of windows and pixmaps. Several X server impfegations for MS-Windows systems
appear to work, each with some limitations.

The current version of Prism only works with Allegro Commaap, from Franz, Inc., Berkeley,
CA. Version 6.2 or later is required.

The display environment must also provide a reasonableawindanager such as/m, Motif,
KDE or Gnome. It is also possible to display Prism windows oMlacintosh or MS/Windows
computer, with the use of a suitable X server and the nativelaww manager of either of those
systems. However, no Prism code depends on the choice obwinadanager, and Prism does
not use any graphical user interface libraries other thenGbmmon LISP binding of X (CLX)
and OpenGL through GLX. These decisions are all aimed atwicly portability across different
workstation environments.

It is possible to run the Prism program on one computer arajison another, or display on
an X terminal. The computer used for display must be runnim¢X @erver capable of accepting
connections via TCP/IP and the computer running Prism n¥edgent support, i.e., it does not
need to be running an X server, but only the TCP/IP and othéwvare to allow the Prism client
to make a connection to the remote display. In this respewmPworks exactly like any other
ordinary X application program and it uses the UNDXSPLAY environment variable to determine
the location of the display. Note that the Prism X connectiannot be tunneled through assh
connection, because of a CLX bug that does not allow theajsplmber to be non-zero. We hope
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to fix this in a future release.

The hardware (including graphics) capabilities requirgdttie Prism radiotherapy planning
system are simple. The graphic display must be at least 8dbip (24 bits is preferred), and
provide up to 256 gray levels as well as a variety of colorse Phism code does not depend on
CPU architecture (RISC or not, 32 bit or 64 bit), and most modeorkstations are adequate in
terms of CPU performance. Prism runs adequately on a 233 Mid#uPn with Red Hat Linux 7.

A minimum of 64 megabytes (MB) of memory is required, but imgel, the more memory, the
higher the performance, particularly when using large Cagmstudies (Prism can handle unlimited
numbers of CT images in a study, and 100 to 200 is typical). shldiy of 1024 by 768 pixels is
useable but not desirable. A display of 1280 by 1024 pixaslejuate. The Prism software uses all
three buttons on the standard mouse supported by the X wisgsiem. If you have a two button
mouse, configure your X server to emulate the middle buttomdiging down the two buttons
simultaneously.

The Prism software uses the default screen and root windpthdeisual and pixmap formats,
as well as the default colormap. If other programs are rupiiat have already allocated many
color entries in the default colormap, Prism will not run.this case, it is necessary to terminate
the other program(s) to free up the colormap space, theart&sism. With a 24 bit display, this is
rarely a problem.

Prism prints charts on any printer that supports PostStaye 2, including indirect support
using a conversion program likghostscript , through standard printer queues, so no special
setup is required except to set up the printers and printegiaccording to the system in use, and put
the print queue names in the appropriate global configuratzmiable as described in Section 4.2.
Similarly, the plotted output is sent through a printer gueuthe plotter. Plotters using PostScript,
such as the Tektronix Phaser 790, can print color plot datgray scale images. Plotters that do
HP-GL can be used for plots without images. The only requinets are that the printer queue
should be set up toot print a “banner” page or otherwise modify the stream of datiagto the
plotter.

Digitizer input is through a serial port, configured to whatedigitizer is available, as long as
the serial port can be read from by a non privileged prograime fame of the serial port device
must be provided in a configuration file, as described in 8ecti2. The digitizer in use at the
University of Washington is the SAC model GP-9. Others camded, if they provide an output
format that is similar to the GP-9. The digitizer softwar@ests a large digitizing area with menu
boxes defined at the bottom (closest to the user), with fixeedsions.

There is no other special hardware for Prism.

The Prism software consists of a collection of Common Ligge® files. The files include the
SLIK user interface kit [8], a set of four files called the Ryiys system, two files implementing
a rule-interpreter [9], and the Prism files themselves. ®ater an executable Prism assuming you
have all the source files, take the following steps:

1. If they are not already available, install a Common Lispiremment with CLX and CLOS
preloaded, compliant with the documents cited above. At Wéiise Allegro Common Lisp,
a product from Franz, Inc., Berkeley, California. The piahae for installing this software is
vendor specific.
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2.

10.

11.

unpack the Prism tar file into a convenient local direct@tyis should create several subdirec-
tories corresponding to the subsystems of Prism andybeemdefs directory, containing
the subsystem definitions.

. Make sure you have an X11R6 compliant X server, and the taio @penGL or equivalent

libraries, libGL.so  andlibGLU.so . (In some systems the extension may.$le ) You
may have to modify the filgl-support.cl to define the correct locations for the Xlib
and GL libraries.

. A number of site-specific global constants may be custedin the local computing envi-

ronment, as discussed in Section 4.2.

. If the location of theprism.config file is different from the default (see section 4.2.2),

you must edit therism-globals.cl file, modifying the form:
(defvar  *config-directory *
"lradonc/prism/* "The directory of the prism.config file" )

This form specifies the directory that Prism will look in todithe prism.config file.
Redefine the form to specify the directory where yptism.config file will be located.
Unlike the other variables, the value otonfig-directory * cannot be overridden in
the prism.config file itself.

. If the local Common Lisp environment expects source fitelsave a suffix other tham!

rename all the files in the source directory to have the apjatepsuffix. Make sure your
Common Lisp system is defined in or consistent with the defdnlthedefsystem.cl

file. This software package is documented in a companiort@eapt) file,defsystem.ps
available from the same source as the Prism source files.

. Invoke Lisp in the directory in which you unpacked the Rrtar file. The command to invoke

Lisp is specific to the local computing environment. At UW, use Allegro Common Lisp,
and the command to invoke lisp adisp8 , which runs the version with 8 bit character set
and ANSI style conversion to upper case of inputdad .

. Type(load "config") to the Lisp prompt, which loads the defsystem module and de-

fines the location of the system definition files.

. Type(mk:load-system :prism) to the Lisp prompt to load the system. It may take a

few minutes to load all the source files.

Type(mk:compile-system :prism) to the Lisp prompt to compile the system. It
may take several minutes for the system to compile.

Save the compiled system to a dumped Lisp image, in a mauoch that the system will
evaluate th@r:prism-top-level form when the executable Lisp image is invoked from
the operating system prompt. The command to do this is:
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(pr:dump-prism-image)

12. Exit Lisp. The Allegro Common Lisp command to exi{éxit)  or:exit

13. Place the lisp image you created into tredonc/prism/ directory, where you should
also have th@rism.config file.

Prism may be run by defining a shell command almism, as follows:
alias prism "alisp8 -1 /radonc/prism/prism.dx|"

Running Prism requires a proper license from Franz, Inc.adswl requires that the Allegro CL
installation remain on the computer, as the program dependites from the Allegro CL installed
environment.

The Prism data directories must also be set up. There sheultrbain data directory, and
several subdirectories, one for case data, one for image aatl one for measured beam data. In
addition, each user who wishes to have the work-in-progiestsire should have a local directory
where he/she can store temporary plans, work in progresscdse directory starts out with a blank
file called patient.index and another calledase.index . These files need to be created
initially by hand.

(add comments on directory protections, ownership, gramolsuser private groups)

4.2 User and site customization

A system-wide customization file allows some Prism pararadte be tailored to the site config-
uration without changing any code. Each Prism user may ase h customization file setting
additional Prism parameters that can take values accotdirgch user’s individual preference.
These are described in the following sections.

4.2.1 The. pri snr c user customization file

The .prismrc  file, in the user’'s home directory, contains text that seisnfPglobal variables to
values other than their defaults, so that each user may thése settings to their own environment
or preferences. The global variables are all ingiem package in the Common Lisp package sys-
tem, so the file must begin wiitin-package :prism) which makes that package the current
one while the file is read in.

Case database:the pathname for the directory containing the Prism cade\as. Variable name:
* patient-database *

Image database:the pathname for the directory containing the Prism imadabdese. Variable
name:* image-database *

Checkpoint database: the pathname for the directory containing the local chetkpdatabase.
Variable namerx local-database *
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Therapy machine database:the pathname for the directory containing the machine dataet
used in this Prism session. Variable namtherapy-machine-database *

Machine index directory: the pathname for the directory containing the machine irfiles that
specify the actual machine data file names correspondirigetgeneric machine names in the
Prism plans. Variable namemachine-index-directory *

Structure set directory: the pathname for the directory containing the Prism orgamsprs and
targets written by the Prism DICOM server from structures geceived e.g. from a CT
simulator. Variable name: structure-database *

Plotter file: the pathname of a file in which to store a plot before it is it Variable name:
* plotter-file *

Chartfile: the pathname of a file in which to store a chart before it istpdn Variable name:
* chart-file *

Dose grid coarse granularity: a single-float, indicating the dimensions of a voxel in a seatose
grid, in cm. Variable namex coarse-grid-size *

Dose grid medium granularity: a single-float, indicating the dimensions of a voxel in a medi
dose grid, in cm. Variable namemedium-grid-size *

Dose grid fine granularity: a single-float, indicating the dimensions of a voxel in a fineedgrid,
in cm. Variable namex fine-grid-size *

Minimum dose grid size: the minimum allowable size, in centimeters, of the lengtigtiy or
depth of the dose grid. Variable hameamninimum-grid-size *

Ruler default color: symbol in the SLIK package, to specify the color in which ther should
appear initially in a contour editor, point editor or viewanable namex ruler-color *

Easel drawing region size: this is an unquoted symbol, eith@edium orlarge , specifying how
big the drawing region in the Easel should be, correspondésgectively to 512 and 768.
If you put any other number or symbol in, the results are utiptable. Variable name:
*easel-size  *

Neutron setup file: this is a string specifying the full pathname of the file to team neutron ther-
apy system setup data. Variable namaeutron-setup-file *

Neutron chart file: this is a string specifying the full pathname of the file to e¥hthe neutron
chart information is written. Variable nameneutron-chart-file *

MLC chart file: this is a string specifying the full pathname of the file to @fhimultileaf collima-
tor setup information is written. Variable namemlc-chart-file *

The format of this file is a series of Common Lisp expressi&ach expression issetf form,
to change the value of the variable to the desired one.
An example.prismrc  file is as follows:
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(in-package :prism)

(setf = patient-database * "/prismdata/cases/") ; case database
(setf  *image-database = "/prismdata/images/") ; image database
(setf  *local-database * "“[prismlocal/") ; checkpoint database
(setf  *therapy-machine-database *
"/prismdata/beamdata/") ; machine data
(setf  *machine-index-directory *
"/prismdata/beamdata/") ; machine filenames
(setf = structure-database * ; temporary storage
"/prismdata/structures/") ; for structure sets
(setf  =*plotter-file * ""[plot.plt") ; plotter file
(setf  *chart-file * “"chart.dat") ; chart file
(setf  =*ruler-color * 'sl:green) ; default ruler color
(setf  *coarse-grid-size * 2.0) ; coarse dose grid size
(setf  *medium-grid-size * 1.0) ; medium dose grid size
(setf  =*fine-grid-size * 0.5) ; fine dose grid size
(setf  *minimum-grid-size * 4.0) ; minimum dose grid size
(setf  *easel-size * medium) ; easel drawing region
(setf  *neutron-setup-file * ""/neutron.dat") ; neutron setup file
(setf  *neutron-chart-file * ""/neutron.cht”) ; neutron chart file
(setf  *mlc-chart-file * ""/mlc.cht") ; mlc chart file

4.2.2 Theprism confi g system configuration file

In addition to the user modifiable global variables, thei@sgcond set of global parameters that are
system-wide, and should be set by a Prism system admioistr@hey are the same for all users,
but are specific to the computer system on which Prism is md,ase contained in a file called
prism.config . This file is assumed to be in a directory nanfetionc/prism and if it is
not, one of the Prism source code modules will need to be @thn{See section 4.1.) Any of
the user-specific configuration parameters can also be #aisifile, to provide system-wide user
defaults in the absence of user-specific parameter values.

Spooler command: the command string to spool a chart or plotter file, as knowthieysystem’s
print spooler. Variable name:spooler-command *

Plotter destinations: an association list of pairs, where each pair consists ofrd gueue name
and a symbol specifying the type of the plotter device fot firint queue. Variable name:
* plotters =

Chart printer destinations: a list of strings, each of which is the name of a print queu®kpg to
a printer capable of printing PostScript, either directiffoough a filter such as Ghostscript.
One of these should be the stringile only , which provides the option of writing a
file but not printing it on a printer. The file will be written ithe user’s current directory
and the file name will be as specified by thehart-file * parameter. Variable name:
* postscript-printers *

Hardcopy header: a list of two strings, constituting the text header to appmamll charts and
plots. Variable name: hardcopy-header =
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Digitizer device names: an association list agfhostname, devicenampairs, indicating the device
file name for the digitizer interface corresponding to eagimguter on which Prism is run.
Eachhostnameanddevicenamés a string. Variable name:digitizer-devices *

Following is an example of grism.config file:

(in-package :prism)
(setf  *spooler-command * "lp -c -d") ; chart & plot spool cmd
(setf  *plotters * ’(("psl1l84" ps-plot)
("PS File only" ps-plot)
("hp7550a" hp7550a-plot)
("dja55c" hp455c-plot)))
(setf  *postscript-printers * '("psl46b" "ps136" "File Only"))
(setf  *hardcopy-header = ; header on charts & plots
'("Radiation Oncology Department"
"University of Washington"))
(setf  =digitizer-devices * ; digitizer device names
'(("violin1" "/dev/ttyS0") ; example for Red Hat Linux 7
("violin2" "/dev/ttySQ0")
("viola"  "/dev/ttyS0")))

4.3 User level functions

For clinical users, a self-containeedxecutable image is provided, that can be run by typing desing
commandprism , at the operating system command interpreter prompt (@NIX shell). The
user’s login environment and/or the system configuratiohbei set up so that this command suc-
ceeds in activating the Prism program. This is one of the f@myinstances where clinical users
must interact directly with the operating system; howetlezy need only issue exactly the command
which is described to them.

It is possible to run the Prism program on one computer anglajison another, or on an X
terminal. If the user wishes to have the display appear sdramelse than the computer (host) on
which the program is being run, the user must first be surelie®ISPLAY environment variable
is set to the display at the user’s desk. If the user is runRifgm in arnxdm session, e.g., on an X
terminal, this is automatic. If the user has connected t®timm host by usingelnet  or a similar
remote login facility, he/she must type a command to seDilsLAY. In this respect, Prism works
exactly like any other ordinary X application program.

The system responds by displaying the patient panel (Chapjewith no current patient case
selected. The user may then select a case from the shardshskatar from his/her checkpoint
database. The user’s checkpoint database is a local, at@rilatabase of patients, cases and plans,
like the shared database but owned by that user and indemenidether users and independent of
the shared file system. A user’s stored work in progress ipantof any shared database; it is only
available to the user who created it or by explicit referandbe use of the “retrieve” function. This
is further described in section 11.3.

INot entirely - it may require that the supporting Common LSgptem be installed and licensed, e.g., Allegrd &L
from Franz, Inc.
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A user’s current case and plans are stored in the sharedadataimly by performing explicit
“archive” operations (see section 11.3 for a descriptiothefarchive functions).

When the user ends a planning session, work in progresstiautomatically saved for that
user. If a session ends abnormally due to program or systimmefawork in progress may be
lost; automatic checkpointing is not provided. Howeveg, tiser may periodically invoke a manual
checkpointing function to minimize lost data and save wargrogress. The manual checkpointing
function writes the current case and/or plans into the sisgreckpoint database.

Certain aspects of the Prism environment can be tailoreéédch user. These include such
things as the location of the Prism archival patient datalzesl image database, and the location
of the user’s personal checkpoint database. All such usdigtwable information is contained in a
text file, located in the user's home directory, and namgutismrc , in the style of typical user
configurable programs in the UNIX operating system envirentnThe contents of th@rismrc
file are specified in Section 4.2.1.

It is possible for two persons to work on and archive changéset same case in general (as long
as each set of changes is added to the database separatelpljeS may be made sequentially, i.e.,
a user makes a change and archives it. The second user $iedeatshived case and makes further
changes. They also may be made in parallel, i.e., two diffarsers may each create a new case or
plan, and archive his/her work, but the changes show up asaepcases or plans, and cannot be
merged.

Itis possible in any planning session to create and operateultiple plans for the current case,
limited only by system resources (such as dynamic memory).

A view shows a graphic visualization of the case and a planerdimay be several views
displayed at any time, for the same case and plan. More treplan may be displayed at any time,
for the same case. Therefore, there must be some clear wagitate the scope or context of each
operation. The way in which plan and case data in generalispéagied solves this problem.

For each kind of Prism system object that is manipulated byutker there are one or more
control panels on the screen. They are the means by whichjaatskattributes may be specified
or altered. If altering an attribute involves graphic datée a temporary window may be created
for this purpose. However, when an attribute of an objech&éngedall viewsthat depict the object
will be updated. In addition, whenaew’s scale factor, position or other attributes are changé#d,
objectsdepicted in that view are redrawn and redisplayed. Sinhliarhen attributes of a beam are
changed, anbeam’s eye vievior that beam will be updated.

Some data will be entered graphically, such as by drawinghenstreen with a mouse, in
a window, typically when a CT image is displayed in that wiwdolt is also possible to enter
graphical data by using a sonic digitizer. Use of the wotl@takeyboard to enter locations by
typing coordinates is in generabt supported. Exceptions are noted in the descriptions of the
individual control panels.

4.4 The Prism graphical user interface

The Prism Radiation Treatment Planning system user imerifa distributed among several task-
specific windows we cafpanels which act as a front end for those components of the systeichwh
actually carry out various functions related to radiotpgrplanning. A patient panel manages
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administrative information about the current patient cagéhen you start the Prism system the
patient panel appears on the screen. There is always onengndree patient panel present in a
given Prism session. Individual panels for plans, beamso#tmel component objects control their
respective domains, and view windows display graphicadlitems of patient anatomy and beam
portals. In addition, a graphic editing panel called theltivioe Editor” provides for the delineation
and modification of patient anatomy, tumors and targets. iAtlitor panel provides a facility for
specifying and modifying points of interest in the 3-dimiensl patient space, at which the dose
is specifically computed. The plan panel includes controtdtie specification, computation and
display of dosimetric information for a plan. There can bz more of any of these component-
specific panels during the Prism session.

All visible panels can accept input and their controls camiamipulated by the user. The
input focus for the mouse and keyboard is controlled by theiXdew manager, according to the
particular window manager in use on the computer, and easfswzhoice of X window manager
configuration. This is not controlled by the Prism system.

The general appearance and style of the control panels camalpged by setting a few param-
eters that determine foreground and background colors ardbstyle. The two most commonly
used are: 1) set the foreground to black, the backgroundely gnd the border style to “raised”,
which gives a kind of “3-D” look and feel, and 2) set the formgnd to white, the background to
black, and the border style to “flat”, which gives a stark imgtllook and feel. An example of the
flat style is shown in figure 4.1. All the rest of the figures irstteport, however, are shown in the
grey “3-D” style.

4.4.1 Control panels

In addition to the case and plans, other types of objectsifPtism system include: organs, tumors,
targets, points of interest, beams, line sources, seeds,distributions, and others. For some types
of objects that can be part of a case or plan, there is an assddype of control panel, where each
instance of the panel controls a single instance of the Polsject. These include: plans, beams,
and views. For some collections of objects, there is a sipgie! to create and edit all the instances
of the collection(s). These include: anatomy (organs, tsnamd targets), and points of interest.
Instead of a control panel for each organ, tumor or targetgths a single panel, the volume editor,
with which the user enters or modifies all the anatomy. Siiyiléhere is a single panel to create
and modify all the points of interest.

Each panel except the patient panel contaifdelete Panel  button, and panels that each
control a single instance of an object usually provide oneoreCopy buttons.

TheDelete Panel button simply removes the control panel from the displayhout alter-
ing the object (essentially this “deselects” the objectjisTis a way to declutter the display.

TheCopy button creates a copy of the object attached to the contralpand makes a control
panel for it. This provides a method for creating a similar &tered instance without the effort of
manual duplication. Facilities for copying items are dismt in the sections on the panels for those
types of objects.

Prism panels generally conform to the following pattern:

e Titlebar: A region at the top of the panel, containing thegdarame. The titlebar is provided
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| Prism ATP System V1.4-7 |- 0O X

1 Joe Pancreas 12345-678

Big image case with points renamed

aelect Accept cmts Add a plan
Archi I tud
rchive mage study blocks etc.
Retrieve Anatomy’points PLAM-439
Checkpt DvH PO-LAT
couch moved
Pat OB mgr Mo immob dev
PO-LAT revised
Brachy src mgr Cther Tools ﬂ A ———

Figure 4.1: The patient panel, shown in white on black (flgtles

by the local window manager, if the user has configured thelevinmanager to provide this
on top level windows. Most panel titlebars simply have a llabentifying the type of panel.

e Buttons: Usually a column of buttons, on the left side of thagd, that perform simple func-
tions, like those described above. On some panels the uttay be in multiple columns.

e Task specific content: The dials, sliders, graphic displaigcs that you use to adjust numerical
parameters, enter text information, or manipulate thelaysgomprising the majority of the
panel’s contents.

4.4.2 User interface guidelines

We follow several guidelines in order to make the many pdrte@Prism user interface consistent
in appearance and behavior. These guidelines should lmeveadl as the system expands, so that
consistency and simplicity will be maintained.

In the following,unmapmeans that the window disappears from the screen (i.e yitrigapped
in the X window system sense). Teft-click a control (such as a button) with the mouse means
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to position the screen pointer over the control, and to depend release the left mouse button.
Center-clickingandright-clicking? are similarly definedDraggingan object on the screen with the
mouse means to hold the pointer over the object, depressfahe mouse buttons and move the
mouse while the button is depressed. If no button is spedified mouse click or drag, the left
button is implied.

In the “flat” black and white style, a button is “off” when iteWws the label as white, on a black
background. It is “on” when the colors are reversed, i.aclltext on a white background.

In the “3-D” grey style, a button is “off” when it has a slighttaised look, as if it were illu-
minated from the upper left. It is “on” when it appears slighdepressed (from the same lighting
angle).

The guidelines are as follows:

¢ Window manager

The Prism software does not interact directly with the wimdoanager, but a window man-
ager is required. The window manager does not need to bengirori the same system
as Prism. A Macintosh or MS/Windows computer running an X/eethat interacts with
the local window manager should also work. Most any readenaie will do. Prism is
known to work withtwm, the Motif window manager, KDE and Gnome window managers
on Linux, the Hewlett-Packard Visual User Environment (MBE), the Common Desktop
Environment (CDE) on the HP-UX operating systems for the HixWvorkstations, CDE
on the DEC Alpha with Digital UNIX, DECwindows for Digital UK, Silicon Graphics
IRIX/4Dwmand Sun OpenLook. It will also work with a Macintosh or MSAllows system
as the display, with a sufficiently robust X server packagidas Exodus, Xwin32 or similar.

Prism windows may be moved or iconified by the user in orderdaoage his/her workspace.
Prism will allow the windows to be resized but will do nothialgout it. Therefore if a window
is made larger, the extra space will be blank, and if a windewade smaller the contents
will be clipped, i.e., part of the panel will not be visible.

However, the user musbt attempt to “Close” or delete Prism windows by using the windo
manager. This will almost certainly cause a Prism sessitertoinate abnormally.

e Mouse buttons

More detailed hardware requirements for a computer andatipgrsystem to run Prism are
specified in Section 4.1. We note here just that this conftguraequires either a 3-button
mouse or the equivalent functionality, in addition to an Xhdow display. If a single button
or two button mouse is used with for example a Macintosh ortR€user must refer to the
directions for the X server software for the Macintosh or BGind out how to emulate the
missing mouse buttons.

When we refer to théeft mouse button, this means the button that is designated tmnbut
number 1 in the X window system setup. It is possible to regomé your workstation so that
button number one is théght mouse button. If you do so, references in this document and

2Some systems may be equipped with a two button mouse, in whigthe X window system configuration should
be set up to emulate the middle mouse button by simultangdesgiressing both buttons.



46

CHAPTER 4. USER ENVIRONMENT AND CUSTOMIZATION

all other Prism reports that mention the left or right bugtevill be reversed. Everything will
work otherwise exactly the same, except with the left andtdoyittons interchanged.

Some books and reports on the X window system and other moisstan software use
the terms “left-click”, “center-click” and “right-click” These simply mean “press the left
(center, right) mouse button while the pointer on the scigesver a button or other user

interface device.”

The left mouse button is used to do selection in the systeick(ch menus, click on buttons,
select objects from lists, etc.). The middle button usualiglements a “delete” function. The
right mouse button implements various context dependesrtatipns. In views and the con-
tour and point editors it implements a background “panniagflity; in the contour and point

editors it is also used to change the color of temporary fowggd objects, like landmarks and
the ruler (see for example the discussion of the contouokilitSection 17.5).

Dials and sliders

The controls that appear in the Prism user interface mayrbetti manipulated, i.e., in order
to move a dial, use the mouse to move the pointer to the di#h five buttons up), and either
point to the desired new dial arrow position and press arehsel the mouse left button, or,
put the pointer on the dial arrow, press and hold the leftdoutind drag the arrow to the
desired new position. If the computer is in heavy use, theaese may lag behind the mouse
motion. You release the mouse button in order to leave tHeadiaw at the new position.
Sliders work the same way — you may either position the poiatehe desired new slider
position and click the left mouse button, or “grab and drdwg $lider to its new position.

Text input

In Prism panels there are places where a box for a short litexbinput may be present.
This “textline” will have a thin vertical line in it that sees as a text input cursor. In order
to type data into a textline, you make the textline windowehmput focus, using whatever
method your window manager provides, then you position tiieter over the textline box,
and type on the keyboard. Each character will appear as ymuity Except foDELETE>
and<BACKSPACEoth of which erase the last character typed and back upitisercone
space, control (non-printing) characters are ignored.

Pressing the middle mouse button while the pointer is in tinexwill erase the contents of
the textline. This is useful if the user wishes to simply eateeplacement line of text, and is
faster than “backspacing” over the existing text.

Any text input box which requires a numerical input will ckdavhen the<RETURN>key is
pressed) that the input consists of a properly formed nupalpelrthat it is within an allowable
range. If the user types unusable input and pressesRES URN>key, Prism will display a
message informing the user of the acceptable range, thabileusontents will be erased, and
normal operation of Prism will continue when the user preslse “Acknowledge” button on
the message box.

Some cautions are necessary when typing text informatiérigm treatment plans.
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1. The printers use the PostScfipt printer control language. PostScript uses the right
and left parenthesis characters in a special way, which sndkeery problematic to
include them in text in a chart. Until we figure out a way arotdinid problem, users
shouldnot use parentheses anywhere in Prism treatment plan text. tBoeseat will
work but often it results in print requests simply disappeawithout being printed. If
you find that a chart does not print, but simply disappeans fitte system, please check
if you have used parentheses (most often because of a typo).

As far as we are able to determine, the bracKet)(@nd brace{} ) characters do not
cause problems, and are OK to use.

2. When typing numbers into text boxes you must be carefutanase the backslash )
character. It causes the program to treat the next chaiapigiras special and can cause
the program to fail.

e Dialog box composition

A dialog box'stitle bar displays the name of the operation or menu item which causedbe
displayed. Several types of dialog boxes appear in the tperaf the Prism system. They
are described below. When a dialog box is displayed, theofasie panels will not respond
to user interaction, and any mouse clicks, pointer motiokegstrokes while the pointer is in
another Prism panel, will be ignored. The user must compieténteraction with the dialog
box before proceeding with any other interaction with Prism

e Menus

Menus may be of two kindsadio menusin which only one item may be selected at a time,
and selecting an item deselects the item previously seldetg., the popup menu for color
selection), ananultiple selection menus which several items may be selected simultane-
ously.

A message bogimply displays some information, such as that an operatoutd not be per-
formed. Figure 4.2 shows an example from the contour drafénifjties. A button at the bottom
of the window is labeled\cknowledge ; until this button is left-clicked, all other user interict
in the Prism system is ignored. When the button is left-eikthe message box is unmapped and
normal interaction proceeds.

- S =1[=1(x]

Contour not accepted.

Some segments would cross each other,

Acknowledgel

Figure 4.2: Sample message box
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A confirmation boxdisplays a warning message and prompts whether to contkuexample
is shown in figure 4.3. Its two buttons are labelrdceed andCancel , and they behave similarly
to Accept andCancel , respectively, in a query box. Until one or the other but®teft-clicked,
all other user interaction in the Prism system is ignored.eivbne of the buttons is pressed, the
confirmation box is unmapped and normal interaction proseed

il e [=][=[x]
Delete Wertebral bdy

Proceedl Cancel |

Figure 4.3: Sample confirmation box

A query boxgathers information from the user. See figure 4.4 for an exanipthis type of box,
two buttons appear, horizontally aligned and toward théobotof the window. The left button is
labeledAccept and the righCancel . Acceptance causes the system to commit the information to
its store and proceed with the action which brought the btaxemistence, while cancellation causes
the entered information to be discarded and restores tteedftthe system before the operation was
commenced. Pressing either button causes the window topunimt@raction with other elements
of the Prism system may not proceed until the query is coraglet

4.4.3 Selector panels - lists of objects

On the patient panel, as well as on the plan panel and othe@ipemthe Prism system, there are
subpanels called “selector panels”, which provide for fioeaand editing of objects that are kept
together as a set. These include, for example, on the pgiger,plans ; on the volume editor
(the anatomy editing paneBrgans ,tumors , andtargets ; on the plan paneheams, dose
levels , andviews , and on the beam panddJocks . For these types of objects, organs for
instance, several instances such as the skin (patienh@utbrain, spinal cord, and eyes may exist
simultaneously. The purpose of the subpanels is to prowidess to all the components at random,
as reasonably as possible, so one may select an object aabytheing up on the screen a control
panel for manipulating that object. You can add new objetssgiven category easily also.

At the top of each subpanel is akdd button whose label is specific to the type of object
managed by that subpanel (e§dd Plan ). Below each button is a scrolling list of the existing
instances of that type of object. THald button, in conjunction with the left and middle mouse
buttons, provide a means for adding new items to a list, fmgiong up a control panel for any item
in a list (more than one panel may be on the screen at any give),tand for deletion of items
from the list.

Pressing thé\dd button makes a new instance of the type of object listed inghlapanel, and
selects that instance (usually this means: to create aatqatnel for it). For some types of objects,
e.g.,targetsandviews a dialog box will appear that provides specialized openatior different
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] i =|[=][x]
J9 wedge comparison 17-Jan-13936 153:47:43
38 water phantom 1214495  14-Dec-1595 13:21:50
47 PTWT Walidation ung.dat® 12345678630 16-Nov-1334 12:25:45
36 PTYT Walidation ‘naso.dat”® 1234567890 16-MNaw-19594 12:22:32
J5 temp sharon’s pat no. 1 B6E-77-33 20-0ct-1334 17:20:04
34 MLC TFR test case 99-939-99 19-0Oct-19594 134306
33 Dats AUTOPLAMN Case #6 12345678 20-5ep-1994 11:38:35
32 Dats AUTOPLAMN Case #5 12345678 20-5ep-1994 11:38:15
31 Dats AUTPOLAMN Case #4 12345678 20-5ep-1994 11:537:22
30 Dats AUTOPLAMN Case #3 12345678 20-5ep-1994 11:37:04
29 Dat’s AUTPOLAMN Case #2 12345678 20-5ep-1994 11:36:36
26 Dats AUTOPLAMN Case #1 12345678 20-5ep-1994 11:36:17
I 27 Realistic neutron case 959-593-93  12-Aug-19594 16:159:51
26 Meutron leaf tests 959-93-59 8- Aug-13934 12:07:04
23 Sharon’s UWPLAM Patient 00-00-00  20-Jul-1954 16:22:01

gl 22 WUSIL DVH phantom none 18- Jul-1334 13:50:36

.ﬂ.cceptl -

Figure 4.4: Sample query box

mechanisms for creating and adding the object.

When an item from the list is selected with tleft mouse button, a control panel for that par-
ticular item is created, and the item is highlighted. The @isen may modify any attributes of that
object. Except for the organs, tumors and targets on thé pasel, where only one object may be
selected at any one time, more than one control panel mayehtedr (i.e. more than one object may
be manipulated at any time). However, a single object isaateu with at most a single control
panel, and a single control panel is always associated hdtlsdame object throughout the existence
of the control panel. The user may remove that object’s ocbpinel without deleting the object
itself, either by clicking with the left mouse button on thigtlighted item in the list or on the
Delete Panel button of the control panel.

When an item in the list is selected with theddlemouse button, that object is deleted. Before
the deletion proceeds, a confirmation dialog box apped®yiag the user to either confirm the
deletion or cancel it. If a panel is displayed for that ohjeatd the object is deleted, the panel is
removed. Also, if the object is deleted, its button is renibfrem the corresponding list. In the
volume editor, if an object is already selected, it cannotibleted. In all other panels, an already
selected object can be deleted.

When a new object is created, default values for some atisbare assigned, which of course
may be changed by the user. But in general, when a new instdirsmene Prism object is created,
it has valid values for all attributes.
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Each button corresponding to an object has a labehdaneeattribute of the object it represents.
If the user (or some action in Prism) changes the name of ascihlthe button for that object
changes its label to the new name. For objects that have a attidbute, e.g., organs, tumors,
targets, beams, the color of the button label (or the backgtaolor when the button is on) is the
color of the object. If the user changes the color of the dbjbe button color will also change to
the new color. Note that views do not have a color attribute, their buttons are not colored.

4.4.4 Images, window and level

In control panels and views that can display images, thergbmaanimage button, that displays
an image if available, in the background. If this button isgant, the image can be toggled on or
off. There are als®indow andLevel sliderboxes that provide the usual “window” and “level”
controls of medical image display. The numbers for windowespond to Hounsfield units, for
CT, and the level numbers are Hounsfield units displaced piwa 1024, i.e., a value of 1024 is
roughly the level for water, O is air, and numbers above ath600 or so correspond to bone.

4.4.5 Objects and declutter

Many control panels that display contoured objects, beartalso etc., such as the various portal
editing panels and the view panels, include a button lab&Bdgjects”. This button provides a

declutter function, so that some of the objects in the treatnplan can be made invisible in a
particular control panel or view. For details, see sectiér2 b.
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Beam panel

The beam panel allows the user to manipulate the attribditesawliation beam, such as the gantry
angle or the collimator width, through direct manipulatidials, sliders, buttons and text fields.

Beam portals are visible in the graphical views of patierdatamy and any changes made to a
beam’s attributes through the controls in this panel areeagtiately apparent in those views which

render an area through which the beam passes (and whiclglieltiee same plan).

On the left side of the panel are buttons for various funstiofit the top of the left side of the
beam panel is the standdbatlete panebutton which, when pressed, closes the control panel.

5.1 TheCopy operations

There are four buttons for copying bean@py Here , Copy 90, Copy 180, andCopy 270.
These options allow for the copying of beams into reflectemhtbgeometries, changing other at-
tributes as described below.

The new beam is given an arbitrary name, of the f@BEAM-nnn, wherennn is an arbitrary
number. The user may modify or replace this name by typindiénniame textline, as described
below. The system doaw®t assign fixed numbers to beams.

The Copy buttons each create a new beam, with almost the same pararastthe one on
whose panel the button was pressed. The actions vary gligagending on the desired shift in
gantry angle.

5.1.1 TheCopy her e operation

The Copy here button makes a copy of the beam with the same parameters.cdimise useful

in order to explore for example wedged and unwedged bearhrdbd to be combined in arbitrary
ways to create the effect of a wedge of arbitrary angle. The lveam is given a new name, and
any wedge selected is deselected, i.e., the new beam nevamnedge, but all other parameters are
replicas of the original.

51
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5.1.2 TheCopy 90 and Copy 270 operations

The Copy 90 button is useful for creating wedged pair plans or four fiedat plans. All of the
new beam’s settings are the same as the original beam, aicgaintry angle is advanced by 90
degrees. Th€opy 270 button works similarly, creating a new beam at 90 degreelsdmtiginal

in the opposite direction as f@opy 90.

When a beam is copied with a gantry angle increment of 90 dsgre270 degrees, the original
beam is not changed, and the copied beam is almost like ti@aliThere are no blocks or wedges
in the copied beamThe collimator rotation angle in the copied beam is the sasni@ original,
and the collimator jaw settings (or multileaf portal, oraten cutout shape) remain the same also.
This will achieve the (usually) desired effect of presegvihe length of the field (along the axis of
gantry rotation, usually along the patient’s long axis) anbieving a similar field width.

5.1.3 TheCopy 180 operation

TheCopy 180 button creates parallel opposed fields. Most of the setfiogthe new beam are
the same as pictured on the beam panel of the first beam (ssoitenier of the new beam is at the
same place). Thgantry angleis 180 degrees opposed.

When a beam is copied with a gantry angle increment of 180ed@sgihe original beam is not
changed and the copied beam should be a reflection of thaakidihis means that the projections
of both fields coincide exactly in the plane through the musacenter that is perpendicular to the
mutual central axes. Blocks are copied as well (they arectefi¢. The new beam witiot have a
wedge selected even if the original did. The new beam’sroalior angle will be set depending on
the machine type, initial collimator angle, and wedge (sadd5.1).

There are usually several different ways to achieve thadwd reflection by choosing different
combinations of collimator rotation angle, jaw settingsd avedge orientation. To simplify treat-
ment setups, the Pris@opy 180 operation is designed to avoid unnecessary differencegbeat
the original and copied fields. In particular, collimatotatton for the neutron beam is time consum-
ing and should be avoided if possible by adjusting collimgas/leaf settings or rotating wedges
instead. On the other hand, the Elekta machines have wetgissaimot be rotated independently,
and the collimator may have to be rotated to achieve theatbsiedge orientation.

The following table (Table 5.1) details all the cases forPnismCopy Beamoperation for a
180 degree gantry shift, i.e., an opposed beam. The behdesmribed for the CNTS collimator is
the same as in previous versions of Prism. For the othenr® thaome slight change. If there is no
entry in the “Blocks” column, the: coordinates are reflected. In the “New coll angle” columis,
the original collimator angle and is the new collimator angle.

The several coordinate systems are defined in Chapter 3. thigiteotation angles are always
positive numbers in the range 0 — 359.9 degrees.

The table merely describes some special cases of the gewduiibn: one could design the
program toalwaysaccomplishCopy 180 by reflecting the field (and everything in it, including
jaws, leaves, blocks, and the wedge gradient) around thieygemordinate systeng-axis. In the
general case, Prism accomplishes this by using collimat@ation to reflect the collimatay-axis
about the gantry-axis. This ensures that the jaws (or leaves) in the two figldlbe parallel. Then
it is only necessary to reflect the collimatotrcoordinates of every feature.
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CNTS (neutron) collimator

Old coll angle | Wedge Coll set mods | Blocks New coll angle

90, 270 any,none Yinf < Ysup reflecty | ¢ =¢

all others Tinf < Tsup ' =360—c
0=0, 180 =180

SL20 modeled as Variable Jaw Collimator

Old coll angle | Wedge Coll set mods | Blocks New coll angle
90, 270 internal Tinf < Tsup 90 « 270
none Yinf < Ysup reflecty | ¢ =c
all others Tinf < Tsup ¢ =360 —c
0=0, 180 =180

SL20 modeled as Multileaf Collimator

Old coll angle | Wedge Coll set mods | Blocks New coll angle
90, 270 internal reflect portal z | N/A 90 « 270
external,none || reflect portal =z | N/A d=c
0, 180 internal,none || reflect portal z | N/A d=c
external reflect portal x | N/A 0 < 180
all others any,none reflect portal z | N/A ¢ =360—c

Symmetric Jaw Collimator (e.g. CLINAC 4)

Old coll angle | Wedge Coll set mods | Blocks New coll angle

90, 270 wedge 90 « 270
none reflecty | ¢ = ¢

all others ¢ =360—c

0=0, 180 =180

Table 5.1: Copy 180: Original and copied settings

This table suggests how best to choose the Prism collimatydmate system for each machine.
In machines where the field shape is most closely defined bgdaar asymmetric jaws, the direction
of leaf (or asymmetric jaw) motion should be parallel to tledimator systenu: axis; that is, the
leaves (or asymmetric jaws) should define collimator systarnordinates. This should ensure that
leaf settings fitted to the reflected portal shapes will ddmexactly.

There are cases where the operation described in the tadpfe nait be possible. Some machines
have limited collimator rotation and might not always beeatd reach the new collimator angle
demanded. Prism does not enforce any limits on collimatgleasetting, so the user must be aware
of the limits on the particular machine selected.
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Figure 5.1: The beam panel

5.2 Beam control buttons and textlines

5.2.1 Beam name

TheBeam Naméext field displays the name of the beam. The user may edib#mse and put in any
text desired, including a number, for example Left Lateral ,or 1A Lt. Lat. Boost

The beam name can be up to three separate lines of text, widxiamum of 10 characters per line.
Since this field is a multi-line box, the middle button does erase the data as for a single line text
field. In any of the three lines, characters entered beyoadirtiit of 10 are discarded.
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5.2.2 Machine

TheMachinebutton displays the name of the selected machine, 8L@0A-6MV-MLC. Pressing it
pops up a menu of machine names from the local database Eldedreatment machines. The first
machine name on the menu of names from the machine index fiteitherapy machine database
serves as a default machine, which is displayed omMaehinebutton when a new beam is created.
(The exception is a new beam created by @apy buttons, which uses the same machine as the
original beam.)

When the machine type is changed, any blocks are retainddtigt beam, unless the new
machine type is one for which blocks are not supported, irciwbase the blocks are deleted. For
all types of machines, if a wedge was present it is deleteds iEmecessary because there is no
general correspondence between the wedges for one maciuinkeawedges for another.

Blocks cannot be used with a machine of type MLC, or with etetbeams. The MLC shaping
capability should be able to produce any desired apertur@tiotons or neutrons. For electron
beams, the cutout serves in lieu of blocks. The system willnevent you from entering a block
in these cases, but it will be ignored in the dose calculatibhis is (in the case of neutrons and
photons) a limitation of the current dose computation mobgte that if a block is entered for an
MLC or electron machine, a tray factor will be printed on theau, but it is not used in the dose
calculation.

5.2.3 Monitor Units

TheMonitor Unitstext field, labeledVU:, displays the total number of monitor units for the beam.
Any number of significant digits after the decimal point candmtered here, but the value range is
from 0.0 to 10,000.0.

5.2.4 Number of Fractions

The Number of Fractiongext field, labeledN Fract: , displays the number of fractions for the
beam.

5.2.5 Color

TheColor button, when pressed, pops up a menu of colors to choose dmen a new color is
selected all views showing that beam are updated to showethim lin the new color. The button
label is shown in the current beam color.

5.2.6 Attenuation Factor

The Attenuation Factortext field displays an additional attenuation factor (bed/time tray factor
which is in the beam data file) that the dosimetrist may edéien a new beam is created this is
initially set to 1.0 and is labeledtten:
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5.2.7 Arc Size

The Arc Sizetext field displays the size of the arc if this field is specifiede for arc therapy. A
value of 0.0 in this field specifies no arc (this is the defallt)e arc rotation is assumed to increase
clockwise from the gantry angle as the start angle. There igsual display of arc ending angle;
only the starting position of the arc is shown in views.

5.2.8 Axis On

The Axis Onbutton toggles betweeAixis ON andAxis OFF and controls whether the central
axis of the beam and accompanying tic marks is displayedpwiews in which the beam’s central
axis lies in the plane of the view.

5.3 Wedges

5.3.1 Wedge selection

The Wedgebutton has the name of the selected wedgeN@rwedge) on the button. Pressing it

pops up a menu of available wedges for the currently seleni@tchine. Different machines may
have different assortments of wedges available, and théhks$ appears is specific to the current
machine type for the beam. If wedges are not available fowitkethe selected machine, the menu
lists only one choicelNo wedge.

5.3.2 Wedge Rotation

TheWedge Rotatiobutton displays an angle, corresponding to the wedge ootaingle relative to
the collimator coordinate system. This also varies with mae type, and the menu that is popped
up in order to select the orientation angle reflects that. Qutéon showsWwdg Rot: and the
angle, unless no wedge is selected. If no wedge is seledtefidld is blank. When no wedges are
available for use with the selected machine, the menu isvzolbble.

5.4 Blocks

The beam panel contains a “Beam Blocks” button, which brimgghe block editing panel (see
chapter 6).

5.5 Machine rotations

The upper right section of the beam panel is taken up witlettials, one each for the gantry angle,
the collimator angle and the couch angle.

The Prism system uses a set of coordinate systems and comgnthich is independent of
any particular treatment machine manufacturer’s cootdiggstem. Consequently, all components
of the Prism user interface conform to the coordinate systased by Prism, and all aspects of
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planning are done with reference to these systems. Traorsatf treatment machine set up param-
eters from Prism’s coordinate system to a local manufacsusgstem are made on the hardcopy of
the part of the plan containing the treatment machine sehfgpmation. This correspondence is
detailed in Appendix A for all treatment machines in use atttmiversity of Washington. When
using the Prism system, you can preview what the transla@tioduces by making a chart with the
“File only” destination, and then using a PostScript prevgogram such aghostview orgv.

The Prism conventions for gantry, couch and collimator esgire as follows:

Gantry angle: when the gantry angle of a beam in the Prism system is 0.0 ahieygis set so that
the beam is directed down at the couch from above. The gangle aalue increases as the
gantry rotateslockwiseas seen from the far end of the couch looking toward the igecen
and the gantry itself (when the couch is perpendicular tgothae of rotation of the gantry,
i.e., couch angle 0.0).

Couch angle: when the couch angle in the Prism system is 0.0, the couchrpepdicular to the
plane of rotation of the gantry, i.e., at “home” position. eTbouch angle increases as the
couch rotatesounterclockwis@s seen fronabove

Collimator angle: when the collimator angle in the Prism system is 0.0, therpalior is at “home”
position. The corresponding machine specific collimat@iasetting for machines in use at
the University of Washington Radiation Oncology Departtmsrspecified in Appendix A.
The collimator angle in the Prism system increases as thienebbr rotatescounterclock-
wisg as seen from the target inside the machine, through thenedtir system, toward the
isocenter.

5.6 Couch linear motions

Below the dials there are three sliders for couch laterafitodinal and height motions. The values
displayed are in cm and represent displacement (distafroes)the couch “home” position. See
pages 30 and 107 for further explanation. The limits on gaftinotion (couch height) are +/- 75.0
cm. The default limits on the other two motions are the sametHese are configurable parameters
that can be changed as described in section 4.2.

5.7 Collimator subpanels

The machine type determines the type of collimator systednsattings available. The beam panel
has a collimator subpanel that is changed as needed to prthédproper sliders or controls for the
type of collimator on the selected machine. The collimatdypgnel may have zero to four sliders
for collimator settings. The number of sliders depends entype of machine. Their number and
labels change as appropriate when a different machinedstsel

If the collimator type is a multileaf collimator, no collirt@ sliders appear. Instead a MLC
collimator subpanel appears in this area. The MLC subparotlides aSource to Film Distance
text field like the one in the block editing panel. There ardNameor Color fields, since these
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are determined by the field itself, and there isDelete Portal button because there is always
a portal (the portal is initially a 10.0 cm square when a neld fecreated).

For electron beams, an electron collimator subpanel pesvilde relevant controls, described in
section 5.7.2.

The available collimator controls correspond to the cddlion type as follows:

Symmetric jaw: Sliders for X and Y jaw.
Combination jaw: Sliders for X superior, X inferior, and Y jaws.

Variable jaw: (also calledAsymmetrig Sliders for X superior, Y superior, X inferior, and Y infe-
rior jaws.

Multileaf: Text field for source to film distance. Buttons for beam paitalwing and leaf display
(Chapter 9), and leaf chart printout. The leaf chart butt@men pressed, produces a printed
multileaf collimator chart (see section 2.7.1).

Neutron: Sliders for X superior, Y superior, X inferior, and Y inferi@ws. Buttons for leaf display
(Chapter 9) and leaf chart printout (as described above).

Electron: Buttons for applicator selection (cone size) and cutouviirg (beam portal). See sec-
tion 5.7.2 for details.

5.7.1 Changing machine type

When the machine type is changed, and the new machine hateeexiftype of collimator than
the original, the new collimator settings are chosen to medasonably closely with the old ones,
as specified in Table 5.2. For this purpose, the neutron bedlimator behaves the same as an
asymmetriccollimator, and an electron beam behaves similarly tdvlrC. The MLC and VJC
variants of each of the Elekta machines are considdiéerent machine types. When a photon
beam is changed to an electron beam, the cutout contour iputechfrom the collimator settings,
but the electron cone size is set to the default value of 10 cm.

5.7.2 The electron cutout editing panel

The electron cutout editing panel includes some controlthénspace normally occupied by the
collimator controls on the beam panel.

e a CONE: button, which, when pressed, displays a menu of the availeleictron applicator
cone sizes, from which the user can select. The applicatoe se appears as a part of
the button label. When an electron machine is selected amndabine type for a beam, the
applicator cone size is set to a default value, 10 cm.

e aCUTOUT CONTOUWRLtton that brings up a contour editor, with the usual Acc&btar,
Mode buttons and magnification slider, but without any oitmmtrols. The title bar of the
contour editor panel has on it the name of the beam to whislctitbut belongs. This contour
editor displays anatomy and points of interest as in a beayesview, and provides for
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Old coll. New collimator type
type Symmetric Combination Asymmetric MLC Electron
Symmetric | same Tsup = Tinf = T/2 | Tsup = Tiny = x/2 | compute| like MLC
y=y Ysup = Yingy = y/2 | portal
Combination| = = zsyp + Tiny | SAMe same for x compute| like MLC
y=1y Ysup = Yinf = y/2 portal
Asymmetric | x = xsyp + Tins | Same for x same compute| like MLC
Y = Ysup + Yinf Y = Ysup + Yinf portal
MLC r=y=10 Tsup = Tinf =D Tsup = Tinf =D same like MLC
y:10 ysup:yinf:5
Electron rT=y= Tsup = Tinf = CS/2 | Tsup = Tiny = cs/2 | cOMpute| same
cone size (cs) Yy =cs Ysup = Ying = cs/2 | portal

Table 5.2: Relation of new collimator settings to old wherearn’s collimator type is changed

drawing a cutout contour. The applicator nominal squard figde at isocenter is displayed as
part of the background. The initial contour is a square smoading to the current applicator
size. When théAccept button on the contour editor is pressed, the cutout contoting
electron beam is updated, unless the contour being editelkésthan three points or is self-
intersecting, as for other contours. The electron cutontaro editing panel remains on the
screen until théBeam portal button is pressed again, which removes the contour editing
panel, without changing the electron cutout contour (deleting the panel doewt “accept”

the contour in the contour editor).

In the contour editor, it is understood that the contour @sfitne opening inside the cutout (not
the outside of the cutout material — the user should not dnettve surrounding square border of the
cutout material). The user should not draw a contour laiggn the applicator size, but the Prism
system does not check for this. If the contour is larger tharapplicator aperture, the electron dose
calculation will fail.

When the digitizer is used, the hardcopy is usually a cuttrat #As with blocks, the user should
place the hardcopy on the digitizer tablet in a fixed oriéotatvith respect to the patient (actually,
fixed in the gantry coordinate system), regardless of ofroalior rotation. As with blocks, the user
should determine the gantry angle and the collimator angfierb drawing the cutout.

The electron cutout editing panel does not require ldayneor Color fields, since these are
determined by the field itself, and there is Delete Cutout button because there is always a
cutout.
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Chapter 6

Block editing panel

The block editing panel (figure 6.1) contains a contour edibo drawing the block outline and
buttons and textlines for setting the block name, color aadsmission. The title bar of the block
editing panel has on it the name of the beam to which the bletdnigs. A single block editing
panel provides access to all the blocks for a given beam.kBlowy be added, selected or deleted
without closing and reopening the panel.

6.1 Block outline drawing

The control region of the block contour editor is like thasdgbed in section 17.5, except that the
Automatic mode is inactive for block entry. The ruler and landmark fiores are available. The
ruler scale applies to the plane of the isocenter since steiplane of the drawing region.

The drawing region of the block panel contour editor showsean’s eye view” in the display
region, showing all the projected contours for anatomy,dxgrand targets, as well as points of
interest projected to the view plane. This view also showsatltlines of any other blocks already
entered for that beam, and the field aperture defined by thmetbr angle and the collimator jaws.
The view depicts everything the same way as a beam'’s eye vVithe alane of the isocenter, so the
projected anatomy is always displayed the same way indepéred the collimator angle, and the
rectangular field aperture, along with any blocks alreadindd, is displayed rotated by the amount
of the collimator angle.

When block contours are entered in manual mode (using thesenand display), Prism de-
termines the scale factor automatically and neither thecgoto Film Distance nor the digitizer
magnification factor has any effect. This mode may be usehdnall the necessary anatomy is
delineated already and therefore appears in the bloclngdiisplay as in a beam'’s eye view.

6.2 Film orientation on the digitizer

There is a digitizer entry mode for block contours. This éesblock contours to be digitized from
simulator films. The film always goes onto the digitizer taloethe same orientatiowith respect
to the gantry regardless of the collimator angle or the film casette tai@mn. (In other words, the
hardcopy is understood to be fixed in tp@ntry coordinate systeinkor example, in the usual case
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|

Delete Panel | Accept Clear Manual Ruler .

SFD: 100.0
Rotate Blocks |
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Ohjects
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Figure 6.1: The block editing panel

where the couch rotation is zero and the patient’s head iartbthe gantry, the film always goes on
the tablet with the patient’s head up, as in a portrait. Ddpgnon the casette orientation, the film’s
longer dimension might go left-right or up-down; no mattes,long as the patienttseadis toward
the top.

The anatomy is portrayed in the contour editor display instume orientation as it appears in
the hardcopy on the digitizer tablet, regardless of thdralior angle or casette orientation. The
origin on the digitizer hardcopy must be theam central axis

The user should take care to select the gantry angle and tirmator angle before drawing
(or digitizing) blocks. Then, when the user draws (or digt) the block contour, that new block
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will appear in the contour editor display (and in the plan}he proper orientation. However, if
the user subsequently changes the collimator angle, tlokslwill rotate with the collimator, and
will move out of the orientation that the user entered. Ifithiation is 90, 180 or 270 degrees, the
Rotate blockgunction can be used to reposition the blocks. If it beconmexsessary to change the
collimator angle by some other amount, the user will havestenter all the block contours. Of
course if the user changes the gantry angle, the blocks geliio be redrawn also.

The display will not update with changes in the beam gantry angle, couch angleoumh
translational motions. If any of these parameters are adntpe block editing panel should be
deleted and reselected in order to get the proper beam’si@yedisplay.

6.3 Other controls

In addition to the contour editor, the block editing panelinlesDelete Panela textline for entering
Source to Film Distancea button for rotating the blocks, a selector panel for agldgelecting and
deleting blocks, &Nametextline, aColor button, and a textline for entering a block transmission
factor.

6.3.1 Source to Film Distance

The Source to Film Distancéext field (labeledSFD:) affects the default scale factor from cm on
the digitizer hardcopy to cm in the gantry coordinate systé&ithen the digitizer is selected, the
digitizer magnification factor is set to the ratio of the smito-film distance and the source-to-axis
distance. For block entry with the digitizer, users may etite actual Source to Film Distance in
cm, or put a film magnification factor in the subsequent diddog. The value of Source to Film
Distance defaults to the beam’s source-to-axis-distaach Bme a block editing panel is selected,;
its value is not part of the stored plan data (Prism storeskbtmntour dimensions referenced to
isocenter distance, regardless of source to film distaned daring data entry). If you put the
actual Source to Film Distance in cm, the Mag. factor dialog Will already have the appropriate
magnification factor and all you need to do is press “Acceptiis doesnot work in reverse, i.e.,
the number you put in the Mag. factor dialog box does not affeevalue in the SFD textline.

6.3.2 Rotation of blocks

There is a button labeleBotate Blocks  just below the SFD textline. When this button is
pressed, a menu containing three rotation angl@s, (80°, and270°) is popped up. When one of

these angles is selected by the user, all the blocks for e laee rotated around the collimator by
the angle specified, in the counter-clockwise directionis Diperation roughly models the rotation
of the blocking tray on the treatment machine head, and igiged so that users of the system do
not need to re-digitize previously entered blocks if thegdaecide to change the beam’s collimator
angle to accommodate a wedge.

6.3.3 Image button

This button operates the same as flbeam’s eye viewn the view panel, as described in chapter 16.
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6.3.4 Objects button

This button operates the same as in the view panel, desanlmtpter 16.

6.3.5 Window and level sliders

These sliders operate the same as in the view panel, detanibbapter 16.

6.3.6 Block selector panel

Below the sliders there is a selector panel for adding, mgetnd selecting blocks. Only one block
can be selected at atime. It is possible to delete all thekblmme by one) if the user decides, after
entering one or more, that the beam should not have any blocks

6.3.7 Name

Each block can be given a name, which is entered in the texdlirectly below the selector panel.
A default name may appear here when a block is added usinddbk $elector panel. The name
entered in the textline also appears in the block selectuel@dter the text is registered (by pressing
“Enter”).

6.3.8 Color

Below the name textline there is a color button for settiregyablor of each block.

6.3.9 Block Transmission

The Block Transmissioriext field (labeledTrans: ), below the color button, represents an esti-
mated effective block transmission factor, usually ne@r .defaults to 0.05. The allowed range
of values is from 0.0 to 1.0.
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Brachytherapy sources panel

The brachytherapy panel provides the facilities for saecbf brachytherapy source types and
entry of the source locations. It contains control buttamssklecting source type (line sources or
seeds) and entry methods (XYZ or orthogonal films) for sogamdinate entry, two subpanels for
selection of sources and specification of source attribaies a subpanel for display of dose rates
and total doses from the entire group of sources to individagnts.

The various input modes provide for editing or re-enteriogrdinates of a single source or
a whole group of sources, as described below. The sourgbuddls subpanels at the bottom of
the brachytherapy panel provide editing of attributes oingle source at a time. There are two
subpanels, one for seeds and one for line sources. It ishi@dsi make a plan containing both
seeds and line sources (and external beams). Access toaithiganel is available at any time the
brachytherapy panel is displayed.

All these subpanels are described in the remainder of tkisose The brachytherapy panel is
shown in figure 7.1.

It is possible to add some line sources, and then add some geesdeeds first and then line
sources, or even different kinds of seeds). It is possibleréate a plan combining line sources
and seeds (and even external beams, though the meaninglaldee becomes problematic in that
case), and itis possible to mix different types of line searand different types of seeds in the same
plan.

7.1 Source data entry controls

In the upper left, in addition to the usuBlel Panel button, for removing the brachytherapy
panel, there is a two element radio menu for selecting egbeds or line sources. This pertains to
the operation of the other data entry controls in the uppergfahe brachytherapy panel. Next to it
there is a four element radio menu, to select the coordingty emethod. Next, on the right, there
is a subpanel for coordinate entry. The details of this pdepkend on the combination of source
type and entry mode.

Below the coordinate entry subpanel is a subpanel for gpegifattributes of sources being
added to the plan. These attributes are: the source modetesstrength, and application time.
This panel can also be used to change any of these attrilmrtesdnge of sources, and the subpanel
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Figure 7.1: The brachytherapy panel

can also be used to delete a range of sources.

The button for selecting the specific source model (isotape,) brings up a popup menu
of available source models from the source catalog (se@geth). This popup menu contains
either the line source types in the source catalog, or the seearce types in the source catalog,
depending on the setting of the source type button. The edypes are defined using the source
table management panel, described in Chapter 15.
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7.1.1 Adding sources

New sources are added by selecting either seeds or lineesgumed then using either the XYZ or
Ortho films entry mode, with either the keyboard or the digiti(see section 7.2). As the coordinates
are entered, the new sources are assigned other attrilmgi@sli;g to the settings on the attributes
subpanel in the center of the brachytherapy panel.

The default application time is 1.0 hours, and the defauitif¢ is 1.0 source strength units.
However, the user can set these to some other initial vahukbeater a set of sources using the new
values as defaults. The default values will revert to 1.0rtbe time the brachytherapy panel is
opened. The source strength unit depends on the type ofes@msalescribed in section 15. It is
possible to have in the source type catalog different saypes with the same isotope and different
source strength units, eg., Ir-192 specified in mgRa an@2rspecified in mCi, or other units.

There is no built in limit to the number of sources in a plane Hflowable range of application
times is from 0.0 to 10000.0 hours. The allowable range a¥icbr source strength is from 0.0 to
100.0 source strength units.

7.1.2 Deleting sources

A range of sources may be deleted by entering the ID numbéredinst source in the range, in the
textline labeledrirst:  , and the ID number of the last source in the range in the textibeled
Last: and then pressing tHaelete button.

7.1.3 Modifying sources

It is possible to assign some of these attributes to wholepgof seeds simultaneously, as well as
individually. For each of the three attributes that can bengied, there is €hange button to the
left of the attribute specification. Pressing tBbhange button modifies all the sources in the range
specified in thé=irst andLast textlines.

7.2 Source coordinate entry

There are several ways to enter or edit the source locatiotieipatient’s body. They are selected
by a radio menu on the upper left of the brachytherapy panéle menu buttons for selecting
the coordinate entry mode are labeled according to the emtge, eithetiXYz Ortho , Table
shift , or Images . Only two of these, the XYZ and Ortho films methods, are immatad.
Transverse sections, template panels, and stereo shitfilrp are not supported in this release.

In both source coordinate entry methods, the user typeseilCthr: textline the starting
ID number of a source to be entered (or re-entered, whichsis a@lowed). TheEnd: textline
should contain the ID number for the last source to be entered-entered. The sources will be
sequentially added or updated, by ID number. Each time tbe presses thEnter button, the
data currently in the coordinate textlines is stored anddheent.  ID number is incremented,
until theEnd: 1D number is reached. After that, no further increments aaden
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7.2.1 Keyboard entry and XYZ method

The user may type into the textlines provided in the cootdirentry subpanel, the actual (not
magnified) x,y,z coordinates in space of the seeds or the twis ef each of the line sources.
This entry mode is provided for creating “standard geomigamplate plans, such as eye plaques,
idealized planar geometries for seed preplans, and otobrpans.

The process is:

enter the starting ID as Curr and the ending ID as End,
type in the X, Y, and Z coordinates of the first source andsiater |,

type in the X, Y, and Z coordinates of the next source andgftater ,

P w0 npoPRF

repeat the above step until the last set of coordinatesésesl.

Any single source can be re-entered by putting its ID nunibesithe Curr value. Any range of
sources can also be re-entered similarly. The user dogsave to keep entering coordinates until
the End ID is reached. You can change the Curr ID any time, ifpalound. This is also true of
keyboard entry of orthogonal film data when typing the nuralrinstead of using a digitizer.

7.2.2 Orthogonal films

The brachytherapy panel includes a capability for inputfrarthogonal films on the digitizer. As
explained in the list of buttons and text fields below, any boration of: either AP or PA, and either
left or right lateral, can be used.

In this input mode, shown in figure 7.1, the following butt@rsl textlines appear in the coor-
dinate entry subpanel:

e A button for specifying either AP or PA film. Either can be udmd the user must select
which, using this button. The button toggles between thesechoices. The default is AP.

e A textline for specifying magnification factor for the AP (BA) film on the digitizer. This
number is kept with the plan data as well as the raw input ¢oates from the film.

¢ A button for specifying either right or left lateral film. Biér can be used but the user must
select which, using this button. The button toggles betvikege two choices. The default is
left lateral.

e Atextline for specifying magnification factor for the Laééfilm on the digitizer. This number
is kept with the plan data as well as the raw input coordin&i@a the film.

When adding sources or modifying source coordinates, iflihigizer has not been used previ-
ously in the current Prism session, the user is asked taattigite lower left and upper right corners,
to determine the digitizer scale, for conversion from aligit counts to actual cm on the digitizer.
This is not the magnification factor, which pertains to the§ilthemselves. The user must be sure
to enter the magnification factor in the appropriate tegthor each film, before proceeding.
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Then the user is prompted for input first from the AP film, fdrthé sources, and then from the
Lateral film for all the sources.

For each film, the user is prompted to digitize the origin,eofar each set of sources to be
entered, then the source locations in sequence (for seeti® first and second end for each source
(for line sources). The user must keep track of which endsvaireh. The ID of the source to be
entered and the label (A or B) of the end to be entered, aréagliesgh in a prompt box on the screen.

The origin should be a user selected anatomic point eagltiiable on each film. The origin
is not the digitizer origin but the patient coordinate amgso that the data from the two films may
be correlated correctly.

There is no automatic seed or line source sorting or coalimatching in the Prism system.

Each film must be placed on the digitizer so that the negatia®ig, the direction from the
patient’s feet to the head, is pointing toward the top of tigitider. The film should be placed on
the digitizer for the AP film, as it would be if you were lookingward the patient and the film,
from the X-ray source. For the lateral film, similarly, it sho be as seen from the X-ray source,
but rotated so that the patient’s head is at the top of theizkgi It is possible to put and leave both
films on the digitizer at the same time, since an origin iseutseparately for each.

The data are graphically displayed on the screen as you e, in any views that are dis-
played. By displaying a coronal view and a sagittal view, gan visualize the sources as seen on
the AP and lateral films, respectively, although the origmta may not be the same.

7.3 Source attribute editing

The brachytherapy panel has two subpanels at the bottorwjrgintine sources in one, and seeds
in the other. These subpanels provides editing of the nomgeic attributes of the sources, i.e.,
display color, type, activity, insertion time, etc. (whetlsources are visible is implied by color).

7.3.1 Arrow buttons

In the subpanel, there is a table containing a row of buttowistaxtlines for up to six sources. Up
and down arrows will shift the list to display additional sces. Left-clicking on an arrow will
move the list by one row, and center-clicking will move it revs at a time.

7.3.2 Source color (the number button)

In each row, starting on the left, the first field is a buttorelald by the source number, assigned by
the Prism system, when it is added to the list. The color ofidbel on this button is the display
color of the source. When you press the source number buatpopup color menu appears, to
change the color of the source.

7.3.3 Source type for each source

The next field is a button whose label identifies the source,typodel, etc. Pressing this button
brings up a popup menu of source types to choose from, sohbaype of each source may be
individually specified or changed.
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7.3.4 Activity and units for each source

The next field is a textline for displaying (and editing) tloaice strength. Following the numerical
value of the source strength is a label from the source @atdémtifying the units of source strength.
The user may change the source strength of any source anagy ti

7.3.5 Application time for each source

The next field is a textline for editing the application tinTdwe units are hours. The user may change
the values for any source at any time. This value can be speddiany desired precision, up to 8
decimal places, eg., a value of 0.00000001 hours is acdeptaii no more than 8 significant digits
are used, so 100.000001 hours will be rounded to 100.0 hours.

7.3.6 Display of geometric information for each source

The remaining columns are readouts, showing differentrinétion depending on whether line
sources or seeds are displayed.

When line sources are displayed in the subpanel, the readbatv the active length, the nom-
inal physical length, and the computed physical length @hesource, where active length and
nominal physical length are values taken from the sourcdat They are displayed to provide ad-
ditional assurance, besides the type label, that the rightes were selected and that the coordinate
entry produced reasonable results.

When seeds are displayed in the subpanel, the additionainesl show for each seed the X,
Y, and Z values of the seed coordinates derived from the ddtg @nd the difference between Z
values determined from the two films (for orthogonal film ghgimilarly to provide a check on the
coordinate entry procedure.

7.4 The point dose subpanel

In the upper right of the brachytherapy panel, there is a@udpfor displaying the total doses to
any specified points of interest from all the sources, linerses and seeds combined. The first
column contains up and down arrow buttons that can be usexdth through the points if there are
too many to display in the available space on the panel. T pames are shown in the second
column. The dose rate for the combined effect of all souricesads per hour, is shown in the next
column, and the total dose for the specified applicationgitean be different for different sources)
is shown in the last column. At the top is a “Compute Dose”dmuttWhen pressed, this will cause
computation of all the doses to all points from all sources.

If the user enters a new dose rate or total dose for a poihgraiiew activities or new application
times are computed for all sources, and the doses of all tier gbints are updated accordingly.
There are two buttons to the right, above the dose rate aaldkote columns. When one is pressed,
the other turns off, and vice versa. This selection contndiat happens when a new number is
entered for total dose to any point. If the time button is ¢r@ &pplication time for all sources
is rescaled to produce the specified dose. If the activityohufiabeled “Act.”) is on, entering a
new dose for a point will cause the activites to be rescaleeither case, the proportions of times
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and activites will be kept. So, if some sources have douldeattivity of others, that ratio will be
maintained even though the values may be increased or dedrea
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Chapter 8

Dose-volume histogram (DVH) panel

The DVH panel provides a facility for inspecting the qualitya treatment plan. Figure 8.1 shows
a sample DVH panel, for a critical structure, i.e. an “organ”

8.1 DVH panel buttons

8.1.1 Bin Size

TheBin Size[cGy] textline specifies the width per bin for the display of theedgslume his-
togram. The default value is 2cGy.

8.1.2 Max Dose

TheMax Dose[cGy] readout represents the maximum value of the displayed dusaie his-
togram.

8.1.3 Prescription/Tolerance dose

Depending on the object selected the field is lab&esscr[cGy] or Tol[cGy] . It displays
either the prescribed dose (in cGy) for the Planning Targéirde (PTV)/Clinical Target Volume
(GTV) or the tolerance dose for other organs. If the prescrithose has not been previously entered
in the volume editor panel the text field is set to a defaulteaif 0.0. Entering a value updates the
corresponding field in the volume editor panel.

(-> Update of display not yet implemented!). (Is it necessargldscribe where the dose is
prescribed to?)

8.1.4 Statistics

The Statistics button brings up a table which reports information regaydire quality of each
plan. The plan quality specification criteria correspondhi® recommendations by the Intensity
Modulated Radiation Therapy Collaborative Working Grop][ Note that prior to selecting the
Statistics button a value has to be entered in fiescr[cGy] field. The calculations for
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K DVH PAMEL: "Brain stem" =] B3
Del Pan | I_r\r’grid =
100 | 10.32304
3dcrtl-ctv
v
b 0
L L
U U
M |
E E
c
e c
Slider Bar Vals
| vol[%]: of
| Vol[ce]: 0|
| Dose[cGy]:0| |—0’— m'—
[ oo DOSE - ¢Gy [ e600.0] | xgrid 20f
| Bin Size[cGy]:2| | Tol[cGy]: 5000| Cumulative | Print |
Max Dose[cGy]: 6514 | Statistics NTCP | Write Hist |

Figure 8.1: The dose-volume histogram (DVH) panel

the statistics panel are based on a bin size of unity and ntiteowalue entered in thBin Size
textline. If a large bin size has been chosen for the disphay,may result in a slight discrepancy
between the statistics values calculated and the plotadis@nly the plans which are selected in
the DVH panel are analysed. The criteria are as follows:

Doy Dose that covers 100% of the PTV/CTV or organ, i.e. the mihiloge.
Dpjean The mean dose.

Dpjax The maximum dose.

Dgs Dose that covers 95% of the PTV/CTV.

V1o Percentage of the PTV/CTV that receives the prescribed dose
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An example of a statistics panel is shown in Figure 8.2. Nt theDg5; and Vo values can only
be attributed to the PTV/CTV. For organs, thgs; and 1y, readouts are set to “n.a.” , denoting
“not applicable”. Any change in Prism which will result ingtlmodification of the dose distribution,
and consequently the DVH, will close the statistics panelr{et yet implemented). Note that if the
D1gp value is zero it is very likely that the dose grid does not cakie entire object.

K Statistics Panel: Brain stem =1 E3
Delete Panel |
Plan D100[cGy]  Dmean[cGy] Dmax[cGy]  D85[cGy] V100[%]

| [ 1014 | 4377 [ &s11 [ na. [ na.

[ 3derti-ctv | 1267 | 2628 [ 5517 [ na. [ na

| [ 709 | 1627 [ 5133 [ na. [ na.

Figure 8.2: The statistics panel

8.1.5 Cumulative/Differential DVH

This button toggles betweeGumulative  and Differential . The graphical dose-volume

histogram display changes appropriately.

8.1.6 Biological Models for the Tumor Complication Probablity (TCP) and the Nor-
mal Tissue Complication Probability (NTCP)

Depending on the object selected the button is either |dbBE@EP or NTCPand on selection the

appropriate model is activated and the corresponding psuw&played.

TCP panel

The TCP panel is subdivided into two regions as shown in Ei§u8. Parameters which are required
for the TCP model can be entered in the top half, denoted “TG&efrparameter set:”. The default
parameter set is denoted “- not defined -”. The parametemxgtained in the following.

«g Parameter referring to the linear term in the linear-quiaa(aQ) model [11]. The valid range
of alpha is:0.001 < ag < 1Gy™.

6 Parameter referring to the quadratic term in the LQ-modebteNhat for low dose fractions
(< 2Gy) the 8 term can be ignored, i.e can be set to zero. The valid range /®fis:
0<8<02Gy !

p The uniform density of clonogenic cells in the tumor. Theoramended value i$07cm =3 [12].
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e ——— T =
Del Pan | Help |
TCP model parameter set: — not defined -
| alpha: 0.35| | rho: 10000000
| beta: 0.0] | T_{eff}: 0|
| sigma: 0.1| | T_{total}: 0f
| patients: 10000] | T_{k}: 0|
Read Param | Write Param |
Plan TCP[%]
| [ not cale
| 3derti-ctv | not calc
| [ not cale
Cale |

Figure 8.3: The TCP panel

o To incorporate patient heterogeneity, i.e. the intringidio-sensitivity of different patients, a
Gaussian distribution of the mean, value is assumed for a population of patients. The
standard deviation describes the width of the Gaussian distribution with megan

Pat i ent s The number of patients with varying,. For each patient a random is generated
(Gaussian distribution). The larger the number of patiesdggt the longer it takes to calculate
the TCP but the smaller is the variance of the TCP value whertdlculations are repeated
with the same settings. The recommended minimum vallé’is- 10* [12]. The final choice
is therefore a trade-off between speed and accuracy, peodecibility, of the TCP result.

Tes# The effective doubling time of tumor clonogens (in days).
TTotal The overall treatment time (in days).

Tk The time between first treatment and the start of tumor gn@ifon (in days). It is also referred
to as the “kick-off” time.
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Note that if the effects of tumor re-population during theise of radiation therapy are not
desired to be included into the TCP calculations, any ofithe tlependent values, i.€g¢, Tota)
or Tk may be set to zero.

Each plan selected in the DVH panel is listed in the bottonfi bfathe TCP panel (see Fig-
ure 8.3), denoted “Plan”, in combination with a readout fog TCP value. Selecting thealc
button starts the TCP calculation(s). The default valuglHerTCP readout is “not calc”, denoting
that the TCP value has not yet been calculated. During tleailegion of the TCP “calc...” is dis-
played in the corresponding readout indicating the pragoéthe calculations before the final value
is displayed.

The buttondNrite andRead enable the operator to store and retrieve, respectival/ofpa-
rameters. User defined parameter sets can be stored byirggkbet\Write button. A descriptive
name can be assigned, such asletgast 55Gy orhead and neck 70Gy . The TCP param-
eter sets are stored in thep-data  file in the/prismdata  directory. When thd&Read button
is selected, a radio-scrolling-list appears with the add parameter sets which have been stored
previously (see Figure 8.4). On selection of &exept button the respective parameters appear in
the textline readouts in the TCP panel and the name of thetedlparameter set is updated.

K fwvailable parameter sets M[=]E3
defaul settings —jm- |
head & neck 70 Gy
breast 355Gy

test param... —jm-

e | |GG

Figure 8.4: Read parameter set

The Help button (see Figure 8.3) displays a brief description of tamameters for the TCP
model.

Any change in Prism which will result in the modification oftdose distribution, and conse-
quently the DVH, will close the TCP/NTCP paneb(not yet implemented).
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NTCP panel

The design structure of the NTCP panel (Figure 8.5) is amaisdo the TCP panel. The NTCP
parameters are stored in thiep-data  file in the/prismdata  directory. TheRead, Write
Help andCalc buttons have the same functions as for the TCP panel witleceésp the NTCP
calculations. The parameters required for the NTCP modehsarfollows [13, 14]:

K Hormal Tissue Complication Probability: Brain ste =] E3
Del Pan | Help |

MNTCP model parameter set: - not defined -

| TD50: 5000] | m: 0.03|

| n:0.05|

Read Param | Write Param |

Plan NTCP[%]

| [ 0.0

| 3derti-ctv | 27.59

| [ 100.0

Cale |

Figure 8.5: The NTCP panel

T D50 The dose to a reference volume (in Gy) that would result in B@%aplication probability
after 5 years.

n Parameter describing the volume dependence. The vali@ @ngis:0.001 <n < 1.5

m Parameter describing the slope of NTCP vs. dose. The valgkraf mis:0.001 <m < 1.

8.1.7 Print
8.1.8 Write Hist



Chapter 9

MLC panel

The MLC editing panel is used to define portal shapes for fietdated by multileaf collimators
(MLC). It also provides a display of leaf positions and cotgrfor setting individual leaves. Addi-
tional functions aid in matching leaves to a portal outliaed vice versa.

The title bar of the portal editing panel has on it the namehef hteam to which this MLC
belongs. It provides a “beam’s-eye-view” of projected amat and points of interest, and also
shows the beam portal aperture that the user defined. Thearseiraw the portal on the screen, or
use the digitizer (i.e., with a simulator film), observing tame conventions about hardcopy (film)
placement, source-to-film distance, etc., as for blocks.

As for the block editing panel and the electron cutout editianel, the display doe®t update
when you change the beam gantry angle, the couch angle oraargjational motion of the couch.

However, there is one very important difference from thecklediting and electron cutout
editing panelsThe portal shape remains in the same orientation when tHaradbr is rotated In
other words, the portal shape is fixed with respedh®target anatomynot the collimator. (The
portal shape is fixed in the gantry coordinate system, notelignator coordinate system.)

The user should enter a portal shape that conforms closellget@rojected target anatomy
(possibly enlarged by some suitable margin for penumbriag. uSer shouldot attempt to draw the
actual stepped portal shape created by the collimator deadacility is included in this panel to
generate such a portal automatically, once the leaf setingentered in the leaf textlines.

9.1 MLC contour drawing

The MLC panel contains a central display region, showingantie eye view display of the treat-
ment volume. Across the top of this subpanel is the same rawmtiols found in other graphical
editors in Prism, including an “Accept” button, a “Clear’tban, an edit mode button, a “Ruler”
button, and a scale slider. The MLC portal contour may be fremor drawn manually, just as
contours are drawn in the volume editor (section 17.5).
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tal Editor -
|

Delete Panel | Accept Clear Manual Ruler | 5 |

Sel Leaves |

Set Contaur | | ‘Win: 976186

Auta Leaf | :':u
Ohjects | Lev: 1301.89
LEAF 2000 LEAF 20:_0
[EAF 13, 00 LEAF 18 00
LEAF 1000 LEAF 18. 0
[EAF 17, 00 LEAF 17: 00
LEAF 16 0.0 LEAF 16: 0.0
LEAF 15 0.0 LEAF 15: 0.0
LEAF 14: 0.0 LEAF 14: 0.0
LEAF 13 0.0 LEAF 13 0.0
LEAF 12 0.0 LEAF 12: 0.0
LEAE 11. 00 LEAF 11: 0.0
LEAF 10: 0.0 LEAF 10: 0.0
TEAE 9 0.0] LEAF 3: 0.0
[TEAF & o0 LEAF & 0.0

LEAE 7 00 LEAF 7: 28
LEAF B: -0.5 LEAF B 3.2
LEAF & -00) LEAF 5: 4.0
LEAF 4: -9 LEAF 4: 44
LEAF & -13 LEAF 3 4.4
LEAF 2 -39 LEAF 2 4.5
LEAF 1- 45| LEAF 1: 46
TEAE 1. -4.0 LEAF 1: 35
LEAE 2= 4§ LEAF & &1
LEAF & -4.5 LEAF 3 34
LEAF 4 -7 4 LEAF 4: 354
LEAF 5 -0 LEAF 5 3.0
LEAE B -0 LEAF B: 25
LEAE 7. 0.0 g LEAF 70 0.0
LEAF & 00 LEAF & 0.0
LEAE 9 0.0 LEAF 3 0.0
LEAF 10: 0.0 LEAF 10: 0.0
LEAF 11: 0.0 LEAF 11: 0.0
LEAF 12 0.0 LEAF 12: 0.0
LEAF 13 0.0 jl LEAF 13 0.0
LEAF 14: 0.0 LEAF 14: 0.0
LE&F 15 0.0 i LEAF 15 [0.0]
LEAF 16 0.0 LEAF 16: 0.0
LE&F 17 0.0 i LEAF 17 0.0
LEAF 18 0.0 LEAF 18 0.0
LEAF 158: 0.0 J LEAF 13 00
LEAF 20 0.0 LEAF 20: 0.0

Figure 9.1: The MLC panel

9.1.1 Accept
If the user accepts the portal contour by pressingAbeept button, thecontour, not the leaf

settings, is updated in the beam. The leaf settings are sew@d; they are recalculated each time
the panel is selected.

9.1.2 Clear

The Clear button works exactly as in the volume editor, agagtie portal contour, and allowing the
user to redraw a portal contour either by sketching or pojrjdint.
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9.1.3 Edit mode

The usual modes are available hevignual for sketching with the mousdigitizer for drawing
the portal from a simulator film or a paper drawihgndmarkfor putting landmarks on the display.
Automode is inactive in the MLC panel.

9.1.4 Ruler

The ruler is also available and works as it does in the othiéorsd

9.1.5 Scale slider

The user may rescale the display, by moving the scale shgan other editor panels and the view
panel. Similarly, the display may be panned (moved latgrly dragging the mouse in the drawing
region with the right mouse button depressed, as in othéorgatainels and the view panel.

9.2 Leaf settings

The leaf editing capability in this panel allows users to lse@ multileaf collimator leaves will fit
to a portal shape. It also provides an alternative way forausedefine the portal shape. Instead
of entering a polygonal portal contour they can enter théde#tings. The panel includes three
buttons for facilitating the matching of leaf settings araitpl shape, &et contourbutton, aSet
leaveshutton, and &\uto leaf button.

When the Leaf editing panel appears for a machine with a atdnaiultileaf collimator, Prism
calculates the leaf settings that best fit the (polygonafjgbshape at the current collimator rotation
angle. Leaves at these settings are graphically displesiguerimposed upon a beam’s eye view
of projected anatomy and points. See figure 9.1. The ledhgsthlso appear numerically in the
columns of text fields on either side of the panel. The user ed#yin new leaf positions by typing
into these text fields. The display updates after each ndvpéesition is entered.

Leaves are labeled in the text fields as they are on the actadiftent machine — for example,
figure 9.1 depicts the multileaf collimator for the SL20 tiqgy machine. Note that the values of the
leaves in the text fields are in the Prism gantry coordinastesy, and not the coordinate system
of any particular vendor. This means that the numbers in dRkeftelds on the left side of the
Leaf panel will typically be negative, indicating that theresponding leaves are pulled back from
the centerline, leaving an open field. This convention maggtiee with the convention used by a
particular vendor — for example, the leaf postions are p@siin both sides of the collimator on
Elekta SL20 treatment machines.

When the collimator angle is zero, the leaf text fields thateap at the top of the screen are the
ones that are closest to the treatment machine gantry, ahdes text field on the screen is close
to the location of the leaf itself in the beam’s eye view. As tlollimator is rotated, the location
of leaves in the view will rotate accordingly, and will no per line up with the text fields on the
sides of the Leaf editor. The text fields near the top of theestwill no longer correspond to the
leaves closest to the treatment machine gantry either. riicpiar, if the collimator angle i880°,
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then editing a leaf position text field in the upper left pdrthe Leaf panel will cause a leaf in the
lower right part of the beam’s eye view of the panel to chawgation.

9.2.1 Set contour

When theSet contourbutton is pressed, the portal contour that exactly reptedée current leaf
positions is computed, and this contour replaces the ducmeriour. This allows the user to set the
leaves at the positions desired, and then to automaticabte a contour that matches them.

9.2.2 Setleaves

When theSet leavebutton is pressed, each of the leaves is set to a value thiéiopeghe center
of the leaf on the current portal contour. These leaf seitinidl replace any previous ones in the
panel. This allows the user to get a manual “best fit” of thedsdo the desired portal shape.

This only will have an effect if there are no unaccepted modifons of the current contour, i.e.,
if the Accept button is on, it must be pressed first.

9.2.3 Auto leaf

When theAuto leafbutton is off, and the user rotates the collimator using ihéat a typed angle
entry on the beam panel, the leaf display rotates in the MU@pdut the individual leaf settings
stay fixed at their current values. However, when this budarned on, as the collimator rotates,
the leaf settings are automatically adjusted to match thiajpautline. This allows the user to rotate
the collimator to determine the collimator angle at whick best match can be obtained between
the desired portal and the actual shapes of the individaakke

9.3 Leaf editing with the UW CNTS

The Clinical Neutron Therapy System at the University of iMagton has a multileaf collimator
but is presently modelled in Prism as a machine with a “CNTIBncator”, which is essentially

a variable jaw collimator, with blocks, for the purposes ofd computation. To support this, the
Leaf editing panel provides special capabilities for maekiwith CNTS collimators. When the
Leaf editing panel is selected for a beam with machine th&B@NTS collimator, Prism calculates
leaf positions to best match the portal formed by the fouliroakor jaws and all blocks. In this
case, when the user presses Aleeeptbutton in the MLC panel, Prism replaces any blocks with a
single C-shaped block that exactly matches the portal defigehe MLC panel.

Note that when the collimator angle of such a machine is abldntpe rectangular jaws of the
collimator, blocks, and stepped collimator portal all teta unison around the beam’s central axis.
The contour does not change shape as it rotates, since theatol portal is literally rotating as
the collimator angle changes in this case.
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9.4 Image display

Pressing thdmage displaybutton will generate a DRR (digital reconstructed radipgjain the
display, if an image set is available, just as in a regulasrRfieam’s eye view.

9.5 Objects — the declutter function

As in views (see section 16.2.6), ti@bjectsbutton brings up a scrolling list of all the objects
displayed in the MLC panel. The user can deselect any of thevnder to declutter the display.
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Neutron panel

The Prism neutron panel enables the user to write a data dite the current case that contains
information used to set up the treatment machinery in thei€zli Neutron Therapy System (CNTS)
at the University of Washington. It is not intended to be pbke to other sites. This facility also
copies the output file from the computer running Prism to laeotomputer at UW, and appends it
to a master patient data set for the CNTS system. This faeil#io generates a hardcopy chart for
each field that is output and transferred. Subsequent stddles transfer process (such as actually
loading the output file into the CNTS controls) are acconmgisby facilities outside of Prism.

It is intended that all preparation of beam setup infornmatidéll be done in Prism, so that sub-
sequent editing of the converted file by the cyclotron thetaghnologists or other staff members
will not be necessary.

The Neutron panel provides flexibility in choosing which tmsato transfer. The user many
transfer some, but not all, beams from a particular Prism,pda may transfer a group of fields
selected from more than one Prism plan. It is usual to tras&fditional fields for the same patient
on different days, after physicians and dosimetrists eettie plan or add boost fields.

When the user selects the “Neutron” facility from the listavhilable tools on the tools panel,
the neutron panel appears (see figure 10.1). The bordersoatehts of the buttons, readouts, and
text fields on the Neutron panel are color coded so that usdéreenbetter able to distinguish the
function of each control on the panel. Buttons are displapetian, readouts in white, and text
fields in green. Furthermore, when the user begins editiggeat field, its border and contents will
change from green to red, signifying that the data in thefield is volatile, and is not currently
stored in the system. After the user presses the RETURN keyhdrder and contents of the text
field change back to green. This minimizes the possibilityasffusion over whether the contents of
a particular text field has previously been accepted inteyiseem (by the pressing of tiRETURN
key).

After the neutron panel appears, the user should first salgtan from the scrolling list of
plans on the left side of the panel, labeled “Plans”. Onceaa plbs been selected, all the neutron
beams of the plan will be listed in the scrolling list of beadia®ctly adjacent to the list of plans,
labeled “Beams”. The plan’s and date will appear in readduresctly beneath the three scrolling
lists. The first three lines of the plan’s comments will algpear in the comments box, labeled
“Plan Comments”, below the plan nhame and plan date readouts.
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= | Prism MEUTROM Panel —- &KIA 1399 demo | i 8
Del Panel | Add Beam | Write File Leaf 5 0. Leaf33: 0.0|
Plans: ‘ ‘ Beams: ‘ | Cutput: Leelf Gt D'D| Lt gt D'Dl
composite A-20-1t A-20-rt - composite Leaf 7: 0.1 Leaf 37 0.0]
It lat Leaf & 0.0 Leaf 35 0.0|
AlsL Leaf 5: -0 Leaf 35 35|
oS Rbst 4 Leaf 4 -0.5] Leaf 34 40|
Plan Mame: composite Leelf Gt _1'D| Ll Ltk E'Dl
Leaf 2: -4 Leaf32: 55|
Plan Date: 27-0ct-19598 20:00:00

Leaf 1: -5.0] Leaf31: &.0|
SR el Leaf 0 -5.0] Leaf30: 6.0|
Plan Comments: Leaf 10: —E.D| Leaf 20: E.Dl
wedged pair with It lat treat for 7 fractions Leaf 11: —B.D| Leaf 21: E.Dl
IR Leaf 12 -6.0] Leafzz: 5.0
Brnat with =i and inferinr fislds far 4 frartinns Leaf 13 ‘E-D| Leaf 23: 48'
| Phys name: NO PHYS NAME] [ Presc Dose: f Leaf 14 -3.0] Leaf24: 42
| Gan start; 3400 | Gan Stop: 340.0] Leaf 15 -30] Leaf 25t 42
Leaf 16 0. Leaf 26 0.0|

| Collim Ang: Z?D.Dl | Couch Ang: 1BD.D|
Leaf 17: 0. Leaf 27 0.
\Wedge Sel: 60-LF | WWedge Rot: 0.0 Leaf 18: D.D| Leaf z&: D.Dl
| M Treat; ?| | MuiTreat: 1D:2| Tot hu: 714 Leaf 18: D.D| Leaf 29 D.Dl

Figure 10.1: The neutron panel

Once a plan has been selected, the user may select one drits b&he full name of the beam
will appear in a readout directly below the plan name and deddouts, and the current values of
a number of beam attributes will appear in the columns ofoatadand text fields in the lower left
portion of the panel. The beam’s collimator leaf settingpesw in a set of text fields on the right
side of the panel.

Prism calculates the leaf settings that best fit the muftdetimator portal at the current colli-
mator rotation angle. These leaf settings are the same asuaippthe Prism Leaf Editing panel.

The leaf settings and other setup information are displagedelp the therapist determine
whether the beam should be written to the neutron setup fildtin§s are not expressed in the
machine-independent coordinate system used in the PrimmBanel. Instead, settings on the
Neutron panel are expressed in the machine-specific catedgystem used at the neutron therapy
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console and on the neutron treatment room wall displays.

With the exception of the plan comments box, beam name, pdamen plan date, and total
monitor units readouts, any of the other text fields contgribeam specific information on the
Neutron panel may be edited. The beam’s wedge selection addewotation may be edited by
pressing either of the two buttons on the bottom row on thehlafid side of the panel — in either
case, a menu of options will appéar

This facility does allow the user to add a few items of infotima used in CNTS that are not
modelled in Prism. These are the Physician Name and Preddiibse, presented in text fields just
below the scrolling lists of beams and plans. This infororativill be written to the file along with
the plan and beam specific information. When the Neutronlparselected, the Prescribed Dose
defaults to 0 and the Physician Name defaults to “NO PHY S NAMIe contents of these two text
fields do not change when a new plan or beam is selected, andahénts have no significance to
the rest of Prisr

To the right of the scrolling list of beams is an output listt@fam and plan names, labeled
“Output”, that will be written to the neutron setup file. Where Neutron panel first appears, this
list is empty.

Three buttons appear at the top of the panel. The “Add Bearttbticauses the currently
displayed beam to be added to the output list (along with #raenof the currently selected plan,
for identification purposes). As long as the Neutron paneisible, the user may continue to select
different plans and beams, and accept particular beamo¢pr The list may contain beams from
different plans. Beams can be deleted from the list in thalusay (with the middle mouse button).

The “Write File” button causes a confirmation box to appefhthe user confirms, the neutron
setup file is opened, all the beams in the output list areewritiut, and the file is closed. The file
is then automaticaly transferred to another computer angpgnded to the master patient data set
there. The transfer takes a few seconds. When the transfeniplete, a chart options dialog box
is displayed, for neutron field charts (see below).

If the user cancels from the initial confirmation box, no filewritten or transferred. If the
“Write File” button is pressed several times, then seveugbuat files will be appended to the master
data set. The “Delete Panel” button unmaps the Neutron paiitblout writing any setup file. If
the “Delete Panel” button is pressed before the “Write Hilefton, the Neutron panel is unmapped,
and no output file will be written.

For each beam transferred, a neutron chart is printed,lidgtéine changes that were made to
the beam. The destination printer at which these chartsodne printed, and number of copies of
each chart, may be specified in the chart options dialog babishdisplayed immediately after the
neutron file transfer completes. The header on each chaniksisin appearance to the first page
of the main Prism chart, which is printed from the plan pariehe current plan and beam, and
the transfer date are also printed on the neutron chartd Bigibutes that were modified with the
Neutron panel before being written out are highlighted endhart.

IWe plan to remove the capability to edit settings from the theupanel. The recommended procedure is to edit
settings in the Prism Beam panel.

These items are not used by the new neutron therapy const@myand we plan to remove them from the Neutron
panel.
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Patient panel

O Prism RTP System V1.4-7 _OX

1 Joe Pancreas 12345-678

Big image case with points renamed

zelect Accept cmts Add a plan
Archive Image study blocks etc
Fetrigve Anatomy/points PLAMN-439
Checkpt DWH FULAT
couch moved
Pat DB mgr Mo immaob dev
PO-LAT revised
Brachy src mgr Other Tools E couch moved

Figure 11.1: The patient panel

The patient panel is always present. It containg&ait button, access to the patient database
and the user’s local work in progress, and other controlsghavide for creating and editing the
current case. Several special software tools are alsosablethrough buttons and subpanels of the
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patient panel.

The patient panel provides buttons for bringing up spemdlipanels to handle groups of ob-
jects, e.g., the anatomy editor and the points of interesbredAlso it includes a scrolling list of
plans associated with the current case. There is an “Adddbdor adding a new plan, and selecting
a plan by left clicking a button in the list brings up a plan glfaescribed in Chapter 13).

11.1 Ending the Prism session: the Exit button

Just below the patient name readout, on the left, is a buted tor ending the Prism session, the
Exit button. When thdexit  button is pressed, a confirmation box appears, Rithceed and
Cancel buttons. If the user presses tlancel button, his/her session continues. If the user
presses th&roceed button, the Prism session terminates. The user’s work igrpes isnot
automatically saved. There is a shared archive system &pilkgpermanentopies ofcompleted
work, and a checkpoint facility for each user to keemporarycopies of his/hework in progress
The patient data archive system and the checkpoint faeiliéydescribed in more detail below.

11.2 Patient and case identification

The panel includes at the top a readout displaying the pgatieame and hospital ID (neither are
editable here). This information is entered (and modifiegeifessary) with the database manage-
ment panel described in Chapter 12. TRet DB mgr button on the patient panel brings up the
database management panel. The database managementspasel used for entering new pa-
tients in the archive master patient list, and deleting @y or other data no longer needed (see
chapter 12).

11.2.1 Case timestamp

A timestamp readout appears on the right under the name apit&ldD. This timestamp is updated
when patient anatomy or other data are altered.

The following changes to a patient case will cause the patierestamp to be updated. Note
that this isnotthe same list as in section 13.8, the changes which will cdose computation results
to be invalidated. Note also that adding, deleting or chamgiplanwill notchange the patient case
timestamp.

e Changing the case’s comments.

e Adding an organ, tumor, or target to the case.

e Deleting an organ, tumor, or target from the case.
e For any existing organ, tumor, or target:

— Adding, deleting, or replacing (changing) any contours.
— Changing the name.
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e Changing any of the following organ attributes:

— Density.
— Tolerance dose.

e Changing any of the following tumor attributes:

— T-stage.

— N-stage.

— Cell type.

— Site.

Region.

Side.

Fixed.
Pulmonary risk.

e Changing any of the following target attributes:

— Site.
Required dose (labeled PD)
Region.

Type (labeled Initial or Boost or blank)
— Nodes.

e Adding points to the case.
e Deleting points from the case.

e Changing the name or location of any existing point.

11.2.2 Case Comments

Just below the readouts and exit button is a text box for tke tasenter comments on the case, or a
case description. This box allows entry and editing of anyber of lines of text. Only three lines
are visible at any time, but the lines can be scrolled up amchdeith the cursor arrow keys. Lines
can be inserted and deleted. This is implemented with a S&Xkbox. For a complete description
of how a textbox works, see [8]. This text information can beeeed or modified at any time during
the Prism session (except of course when the system is gédtirthe user to respond to a dialog
box, or when a dose computation is in progress).

The Accept cmts button will turn “on” when any changes are made to the commafier
the last archive or checkpoint operation. When the userstyppehe text box, the modifications
are not made part of the case until the user “accepts” thegesaoy pressing thaccept cmts
button. This turns the button “off” until further changestire text are made.
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11.3 The patient database and checkpoint facility

This section describes the buttons on the patient pangbtbeaide functions pertaining to the patient
and checkpoint databases.

11.3.1 Select

The Select button is used to obtain a case from the archive or start a ase on a patient by
designating the patient from the archive patient list. Thistion involves a sequentef dialog
boxes.

The first is a warning about losing current data, describéalbe

The next is a small textline for (optionally) providing a rolatstring to use so that only patients
whose entries in the patient list match some part of the mgttahg. It may be left blank, in which
case, the entire patient list is displayed in the next stdye Match string is compared with all the
information displayed in the patient selection list, irdihg the patient ID number assigned by the
Prism system, the patient’'s name, the hospital ID, and tteettla patient was entered in the system.
The string does not have to be at the beginning of a field. Famgie, using “1997” will include in
the list all patients with entry date in the year 1997, but al$o include a patient whose Prism ID
is (or includes) 1997. Using “john” will include in the lisefients whose first name is John, or last
name has john in it, e.g., Johnson, etc. The match processndbveo any other filtering other than
equating upper case and lower case, i.e., dashes and spatzed or hospital IDs are included in
the comparision, s4 Jul 2004 s differentfrom 4-Jul-2004 , though both will match on just
2004 .

The next dialog box is a query box with a scrolling list of pats available in the database.
New patients areot entered this way, but are put in separately with the patiadtimage data
management panel described in chapter 12. When one of tiemtsat selected and theccept
button is pressed, the query box is replaced with a secong dpox with a scrolling list of cases
for the selected patient, including an entry for startinga& gase. When one of the cases is selected
and theAccept button in the query box is pressed, that selected case in@adhe archive and
made the current case, replacing any previous current case.

It is possible that the selected case data were previoustpwed from the shared database
(e.g., after being copied to tape for long term off line sgi@jgand the data are therefore not present
in the database. In this case, a message box appears infothhgruser that the selected case is
unavailable, and nothing in the user’s session is changed.

When a case is selected, read in and made the current casmsth¢hat was previously the
current case will be replaced, and any changes made to #n\dbps case after the last time it was
archived or checkpointed will be lost. To aid in preventingd of work, if the current case has
unarchived changes at the time tBelect button is pressed, a confirmation box with a warning
about the possibility of losing work is popped up. If the upegsses th€ancel button in the
confirmation box, nothing in the user’s session is changedtaa selection process is done.

When a new selection (either by the Select or Retrieve bsittisncompleted and the new case
is read in, the new information is displayed in the patiemtgbaAll other panels and subpanels are

1In this version, unfortunately we just decided to extend,tiistead of rethinking it to be less sequential. Maybe
revise this in a later version.
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removed from the screen.
In this context, a case includes all plans associated witlcdse.

11.3.2 Archive

The Archive button causes the current case to be saved to the patiebidatalf the case has
changed since retrieved or last archived (or checkpointéglgligible for archiving, and the border
of the time stamp readout will be red. If no changes that upthed time stamp have been made since
the last archive (or checkpoint) operation the case willbesaved and a message box informing
the user will appear. If the archive operation is successfuhessage box informing the user will
appear. Any plans associated with the case are also archivexddose distributions and views for
a plan areneverarchived or checkpointed. When a case is archived, the tiemepsborder color
changes back to white.

If a patient hasot been selected from the archive or checkpoint databaseg alith either
starting a new case or retrieving an old one to work on, ang datered cannot be stored in either
the archive or checkpoint database. The usest firstselect a patientand either an old case
or thenew case option before entering patient or plan data. If the usergggshe Archive or
Checkpoint buttons before selecting a patient, a messagaviticappear informing the user they
must select a patient first.

Changes to plans do not update the case time stamp and do ketmeacase subject to archival.
When plans are added or modified, they are archived indillidiram the plan panel. The plan is
added to the existing plans associated with the currentindbke archive. This is further described
in section 13 on page 101. However, wheteaeis archived all the plans are archived with it. Only
subsequenthanges and additions to plans require separate action.arthé/e and checkpoint
operations alwayadd a copy of the current case or plan to the archives. They newelifynor
replace or delete data.

11.3.3 Checkpoint and Retrieve

TheRetrieve button and th&€heckpt button work exactly the same way as elect button
and theArchive button, respectively, except that they use a local datafmasthe current user
rather than the shared database of patient archive datadén t use this checkpoint facility, the
user must have a checkpoint directory containing an ihjiteinpty file, calledcase.index . The
pathname of this checkpoint directory is specified in the'siggism customization fileprismrc

in the user's home directory. If the user has no customiadiie, the pathname is taken from
the Prism system configuration file, or a default value. Seeiagix 4.2.1 for default values and
details about customizing Prism. The checkpoint faciktyised for storing work in progress, and
protecting against inadvertent or unexpected terminaifdprism.

The pathname of the user’s current checkpoint directorysiglayed in a dialog box containing
atextline. The user may change this information to specifyaher directory he/she wishes, where
there is a valid set of Prism checkpoint data files. By doingtlse user may retrieve a case from
another user’s checkpoint directory, provided the userréad access to the other user’s files and
directory. This is intended to allow one user to work on a Gas®d another to continue yithout
adding incomplete work to the archive



94 CHAPTER 11. PATIENT PANEL

When the user presses tRetrieve  button a dialog box appears, containing the user’s current
checkpoint directory name. If the user wishes to retrievia flmm another checkpoint directory,
that of another user, for example, the user should changdiréneory in this dialog box to the one
desired. The directory and the files in that directory musadiessible. If the file or directory per-
missions are not set for read access the operation wilkfail,a message box will appear informing
the user.

To create or edit a treatment plaven if it is to be only in your checkpoint databageu must
create and select an entry for thatientin the archive database. You daot create independent
entries for patients in the checkpoint database.rbisan independent database, but only temporary
storage with respect to some archival database.

Note that if a case or plan @heckpointedt cannot be subsequently archived unless some further
change is made to it after the checkpointing operation.

11.4 Patient data entry facilities

11.4.1 Image study

Thelmage study button, when pressed, causes the image study associatetheiturrent case
to be read from the image database into working memory. A p@sehave at most one image
study associated with it, but the same image study can beiat= with any number of cases. If
no image study is yet associated with the case, this buttsraa@ “Select study” button and a query
box containing a scrolling list of available image studiepopped up when the button is pressed.
When one of the image studies is selected andAibeept button in the query box is pressed,
the selected image study is permanently associated wittutlient case. Images derived from the
selected study may be displayed in the graphical views asel®described later in this document.
When the case is added to the archives, a reference to tlugesklmage study is kept with the case,
so the image study may be read into working memory in the éuvithout again going through the
selection proces’.If the image study data have already been read into workingeng pressing
thelmage study button has no effect.

11.4.2 Anatomy

The Anatomy button, when pressed, brings up an anatomy editor pané&ddde “Volume Edi-
tor”, for entering and editing anatomic objects, includimgans, tumors, targets and points. It is
more fully described in Chapter 17.

11.4.3 Immobilization device

Thelmmobilization device button shows the name of the specified immobilization device
on the button, or the texto immob. device . When pressed it pops up a menu of the possible

2This reference is just the image set number, a simple int&s means that if you delete the image study and later
send another image study to the Prism system from an imagees@CT scanner), the wrong set will be associated with
this case. Until a more sophisticated indexing scheme ieldped, it is advised to keep the image study in the Prism file
system as long as it may be needed.
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selections for this item. Possible immobilization devitleat can appear on the menu are: No
device, Mask, Alpha Cradle and Plaster Shell. This inforomats used in the Planning Target
Volume Tool (PTVT) described in section 17.1.3.

11.5 Additional functions on the patient panel

11.5.1 Other software tools

Access to specialized software tools external to the mdsnPsystem is provided by th@ther
Tools button.

11.5.2 Brachytherapy source catalog manager

The Brachytherapy source catalog manager provides a parggfining new brachytherapy source
types, and for line sources generating a table of modifiede®iéntegral values to be used in the
line source dose calculation. It is described in Chapter 15.

11.6 Plans

On the right side of the patient panel, there is a subpandeimgnted as a scrolling list, providing
for creation and editing of treatment plans for the specifiedtomy etc. The operation of this and
other similar “selector panels” is described in section3.4
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Chapter 12

Patient database manager panel

The patient database contains a master patient list, whiahaintained with the patient database
panel. This panel also includes functions for deleting saskans and image sets, from the archives
and the user’s checkpoint directory, when they are no longeded. It includes the capability to
delete image studies when they are no longer needed. Thetédalidy” operation shows a list of
stored image studies in the stored database for the selgatietit and allows the user to select one
study, which is then deleted from the shared database. Tpesations are needed to recover disk
space.

§| Prism Patient Database Manager |[=I[a][x
Del. Panel | et Prism 1D | PIC: 0
Select Patient | Update patient |
DBE: Archive | Delete case | Delete plan |
Delete patient | Delete images |

Figure 12.1: The patient database panel

12.1 Patient list management

The patient list contains an entry for each patient, coingjsif the patient's name, hospital assigned
ID, a sequence number assigned by the Prism system whemfiesed (Prism ID), and a date on

which the entry was created. To facilitate accuracy, it issgae to update the patient name and
hospital ID to correct typing or spelling errors. A patientish first be added to the patient list

before any cases or treatment plans can be created for tietttpa
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12.1.1 Next Prism ID

Pressing this button sets the PID readout to the next al@iRdsm ID or sequence number, not yet
assigned to a patient. Also the patient name textline anplitab$D textline are reset to blank. This
is the first step in entering a new patient.

12.1.2 PID (Prism ID)

This is a readout showing the Prism ID for the patient whoseenand hospital ID are displayed.

12.1.3 Patient name

The patient name for a new entry can be typed in this texttinéor an existing patient, the name
can be erased and retyped to correct a previous data entry €hre change is registered when the
user presses tHgpdate patient button.

12.1.4 Patient hospital ID

The hospital ID for a new entry can be typed in this textlinefop an existing patient, the hospital
ID can be erased and retyped to correct a previous data entiry €he change is registered when
the user presses thépdate patient  button.

12.1.5 Select patient

Pressing this button brings up the patient list, from whitd tser can select a patient. The selected
patient's name, Prism ID and hospital ID are then displayethéir respective places. As in the
patient panel, the matching function does an exact comgpayiexcept for equating upper case, so
that dashes, spaces, colons, and the lack thereof, arenaltieoed different.

12.1.6 Update patient

Pressing this button replaces the patient name and hoHpitat the entry in the patient list corre-
sponding to the displayed Prism ID, using the contents ofdkiines on the panel.

12.2 Database management

This panel also provides some functions for deleting casessidual plans, entire collections of
cases for a patient, and image sets, from any of the archiveleckpoint databases, and patients
from checkpoint databases.

12.2.1 DB: Database selection

The DB: button brings up a menu of databases to select which one @ratams will affect. The
name of the selected database is shown as the label on tha.butt
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12.2.2 Delete case

Pressing thdelete case button brings up the patient selection panel, then the celseton
panel, to specify the case to delete. After selecting a @asenfirmation box will appear, to make
sure the user wants to proceed with the deletion.

12.2.3 Delete plan

Pressing thdelete plan  button brings up the patient selection panel, then the calset®on
panel, to specify the case to delete. After selecting a ¢hsajser may select any of the plans for
that case. A confirmation box will appear, to make sure thewaats to proceed with the deletion.

12.2.4 Delete patient

This operation is appliednly to the user’s checkpoint directory. A patiezgnnotbe deleted from
the archive.

TheDelete patient button brings up the patient selection panel, listomly the patients
for whom there are cases in the user’s checkpoint directdfigen a patient is selected, a confir-
mation box will appear, to make sure the user wants to proegttdthe deletion. This operation
deletesall the cases in the user’s checkpoint directory, under a spgeifient. The patient entry in
the patient list is retained, since this is independent efdeckpoint directory and can be seen in
the Select and Archive operations.

12.2.5 Delete images

TheDelete images button brings up a list of all image sets in the Prism imagelokde, for all
patients. When the user selects one for deletion, a confombbx will appear, to make sure the
user wants to proceed with the deletion. This operationteelall the images in the selected set, as
well as the image set file, and the entry in the image index.
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Chapter 13

Plan panel

= | Prism PLAN Panel =T
| os: 8 Hummel Plan ID: compasite| 27-Oct-1999 20:00:00
—ielzly e wedged pair with It |at treat for 7 fractions
&ccept cmts and hoost.
Copy Plan . . .
Archive .
&dd a beam | Add dose level | Ao a view

Checkpt

&-20-rt 1 1320.0 1

A
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Figure 13.1: The plan panel

The plan panel provides access to all the components of agiasisting of radiation sources,
views, and dose calculation results. As there may be malfidns for a patient, there may be
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multiple plan panels on the screen. The plan panel incluadsields at the top for the dosimetrist’s
name and the plan name (called plan ID). There is also a tadbrg for the plan timestamp. Below
these text fields, there is a text box for entry of multipleeirof comments. On the left side of
the panel there is a column of buttons for various functiclescribed in the following paragraphs.
Below the comments box, there are (from left to right) threlector panels, a selector panel for
beams included in the plan, a selector panel for isodosdslesad a selector panel for views to
display the plan. Below them are: a button for the dose gadglarity, a small solid colored button
to select the color of the dose grid in the views, and textaoatgifor the maximum dose in the dose
grid and the coordinates in the patient coordinate systermnépoint of maximum dose.

Figure 13.1 shows the plan panel.

Dose volume histograms may be computed and displayed wattD¥H panel (Chapter 8)
accessible from the Patient Panel (Chapter 11).

13.1 Text information

Across the top of the plan panel, there is a text line for tlae @luthor (dosimetrist, labeldalS: ),
and a short text line for a brief plan identification text,dégPlan ID:

Below the top row, there is a text box in which the user canreantd edit any number of lines
of text to be printed with the plan information on the papesrthOnly three lines are displayed but
more can be entered, and the user can scroll the text by usngptand down arrow cursor keys on
the keyboard. This works the same way as the text box on thenpatnel.

There is arAccept cmts button on the plan panel, in the button area, which is usedpy c
the text box contents into the plan data. It works the sameagaye corresponding button in the
patient panel.

13.2 Plan timestamp

At the upper right of the plan panel there is a readout for tha pmestamp.

When any significant part of a plan is altered, the timestafripeoplan is automatically set to
the current time of day. The following is a complete enumenabf the changes to a plan and its
components which cause its timestamp to be reset:

e Changing a plan’s name, comments, or author.

Changing the granularity of the plan’s dose grid.

Changing the size or location of the plan’s dose grid.

Adding a beam, seed, or line source to a plan.

Deleting a beam, seed, or line source from a plan.

Changing any of the following beam attributes:

— Name
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— Therapy machine

— Gantry angle

— Arc size

— Collimator angle

— Monitor units

— Number of treatments
— Couch lateral

— Couch longitudinal

— Couch height

— Couch angle

— Wedge ID (i.e., which wedge if any)
— Wedge orientation

— Attenuation factor

e Changing any collimator settings (including changing tbetad of a multileaf collimator or
the cutout portal of an electron beam).

e Inserting a block into any of a plan’s beams.
e Deleting a block from any of a plan’s beams.
e Changing the following block attributes:

— Name
— Block outline, or contour

— Transmission factor
e Changing any of the following line source attributes:

— Source type
— Activity
— Treatment time

— Endpoint coordinates
e Changing any of the following seed attributes:
— Source type
— Activity
— Treatment time

— Location
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13.3 Plan panel function buttons

13.3.1 Copy Plan

The Copy Plan button creates a copy of the plan attached to the plan pamela@ds it to the

plans for the current patient. The new plan is given an atyit(unique) name, which may be
edited by the user. The beams and other objects in the nevapagiven thesamenames as in the
old plan, however, since the intent is that tumtentsof the plan should be copied exactly.

13.3.2 Archive

The Archive button adds the plan to the shared (archival) database tinelerase of which it
is a part. This function is used when a plan has been added difieth but no further changes
have been made to the anatomy or other case data besidesise [flthe non-plan data for the
current case has not yet been saved to the shared datab#émsdreen saved but subsequently has
been modified, a message box informs the user that the plarcdatnot be saved until the case is
archived (see the patient panel archive operations destcdb page 92).

Dose distributions are never archived or checkpointedo Algews are not archived or check-
pointed. The display colors associated with each objecfats, beams etc.jare stored in the
archive and checkpoint databases along with the objects.

13.3.3 Checkpt

TheCheckpt button functions exactly like tharchive button except that it writes the data into
the user’s local checkpoint database instead of the shacthi/a.

13.3.4 Brachy Sources

Pressing théBrachy Sources button brings up a panel for input of line sources, e.g., for a
Fletcher applicator, or for entry of seeds from orthogoriaidj and for special types of applicators.
This panel also provides access to specialized panels fbicafors like the Syed or the prostate
seed template. The Brachytherapy sources panel is desanilizhapter 7.

13.3.5 Point Doses

The Point Doses button brings up a display of the patient’s points of interasd associated
dose information, the dose “spreadsheet”. It is describethiapter 14.

13.3.6 Sort Beams

The Sort Beams button brings up a panel with a pair of scrolling lists, laskl'Old list” and
“New list”. Initially in the left (Old) list are all the beamsf the plan. The right (New) list is empty.
The user may click on any beam in either list. Clicking on arbéiansfers it to the other list, left
to right or vice versa. This panel is used to reorder the beamthat related beams are listed next
to each other, on the display and on the chart. WherAdwept button is pressed, the beams are
put back into the plan in the order of the new list, followedamny remaining in the old list.
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13.3.7 Print Chart

ThePrint Chart  button prints information about the plan and the case comigiit in a form
suitable for inclusion in the patient’s chart. A dialog boxXlwuery about the printer queue and
other information. Figure 13.2 shows this dialog box. Thisra textline for number of copies (an
integer in the range 1-9, with default value 1) and a menudi@csion of the printer queue. Pressing
a menu option selects that printer queue. One of the prinkeune selections may lhdéle only

If this is selected, a chart text file is written but not prohten a printer. This file is a PostScript file
and may be displayed on the screen with a PostScript prewgweh aghostview orgv.

| Chart Parameters {[=[=][>¢

ps146b | Combined doses
ps184 Beam settings

ps136 Doses per treat.

ps143e Total doses
File Qnly

| Copies: 1|

oo | ]

Figure 13.2: The chart dialog box

The chart dialog box also provides the option of printingygudrts of the chart. A menu of the
parts or sections appears in the dialog box, with all pait&lly selected. The user may deselect
any parts, and only the selected parts will be printed.

The chart printout is produced by creating and printing a$woipt file, so the output can be
sent to any printer or print queue capable of printing Pagd&cThis file may also be displayed and
reviewed at the user’s workstation, by using a PostScrigfipwer program such agostview
or gv. The file is written in the user's home directory.

It is possible to produce the chaytiickly— in particular, it is only be necessary to calculate the
doses to the points that actually appear on the chart, n@&-thelose distribution.

For contents of the printout, see Section 2.6.

Note that to obtain paper graphic output (on a large formktrqwinter, for example) you per-
form that operation with respect to a particular view of tfenpand so the controls for performing
that operation are on the view panel (Chapter 16), not onldreganel.

13.3.8 Compute dose

The user requests that dose be computed for the three donahsiose grid by pressing the plan
panel’'sCompute button. Once the dose computation is started, it computesidse grid values
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for each of the plan’s radiation sources in sequence. Whemldise computation finishes all the
plan’s sources, the resulting dose information from eacicsois scaled by that source’s strength
(e.g., monitor units for beams) and the scaled results arer&d together internally. These sums
represent the total dose to the grid for this plan.

If any of the beams in the plan has its central axis positiosedhat the central axis does
not intersect the patient skin, no dose for that beam is ctadpand no isodose contours can be
displayed for the plan. When the dose computation reachds albeam, a message is typed out
in the terminal window in which the Prism session was startédhe calculation was for point
doses, a message box appears; if the calculation was fooigerdatrix (the Compute button), the
calculation stops when that beam is reached and then a nedssagppears.

While the computation is in progress, tG®@mpute dose button is “on”, i.e., displayed with
foreground and background reversed. During dose compatatio part of the entire Prism user
interface will respond to actions by the user. When the dasapcitation is completed for all
sources in the plan, tleompute button turns “off” i.e., it reverts to its normal display,dnormal
interaction resumes.

13.4 Dose specification

Prism can compute dose to a three-dimensional grid of rdgudpaced sample points in patient
space. The size, location, and resolution of the dose grist toel specified in order for the dose
throughout its volume to be computed. When a plan is credtesktare given default values; the
user has the option to change them. The sides of the gridaegslparallel to the axes of patient
space; the grid is never tilted or skewed.

The grid corners are displayed in all cross sectional viesvgarner markers”. Each includes a
small “grab box”. These are also described in Chapter 16Vidwe panel.

The size and location of the grid is initially set in the thoemensions such that it just encloses
the patient anatomy. The size and location can then be adjbistdragging any of the grid corner
markers by its grab box in any cross sectional view, usindettienouse button and pointer.

13.4.1 Dose grid resolution

The user specifies the grid resolution by pressing a buttadheplan panel (bottom, next to “Write
dose”), whose label indicates the currently selected wéisol. This displays a pop-up menu of
three standard grid spacings, from which the user may chmuseThe three choices al€oarse ,
Medium andFine , corresponding to spacings of 2.0 cm, 1.0 cm and 0.5 cm rtgglgé. If the
grid spacing of a plan retrieved from the file system matches af these standard choices, the
corresponding label is displayed. If the stored grid sgacloes not match one of the standard
choices, the actual value in cm is displayed as the buttagl.ldbthe user chooses a different one
from the menu, of course the appropriate label is then used.

This means that the grid may not necessarily have the sambeeruoh samples in the three
directions. The number of samples is computed from the cdogations and the resolution. The

The actual values may be adjusted in fresm.config or .prismrc  files, and are based on experience to
determine the most useful spacings
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Prism software may automatically slightly adjust the spgadetween points in the dose grid when
theCompute dose button is pressed, because the number of samples must bdewinaber in
each direction. So the nominal value associated with thef€ss, “Medium” or “Fine” setting will
be approximate, but the locations of the corners are dep&tactly, and the lengths of the corner
markers indicating the size of the grid spacing will be cotres well. So, if the user selects a grid
with nominal 1.0 cm spacing, the actual spacing may be $jighore or less than 1.0 cm, but the
true spacing and corner locations will be shown on the dysaial plot.

13.4.2 Dose grid color

The color of the dose grid corner markers and grab boxes Isysesing a solid colored button to
the right of the grid spacing button. This button is coloree $ame as the grid markers. Pressing it
brings up a popup color menu from which the user may selectreedacolor. When théccept
button on the popup color menu is pressed, the grid markensgehto the new color and so does
the color button.

13.5 Adding a beam

Below the text fields and next to the buttons, on the right,dide plan panel contains three sub-
panels, each of which contains Add button and a scrolling list. The leftmost pane lists the b&am
contained in the plan, the middle one lists the isodosedewagid the one on the right lists the views.
Selecting an item in a list creates a control panel for theah jtjust as in the patient panel. Deleting
(selecting with middle mouse button) works as in the patpemiel.

When adding a new beam to a plan, the new beam is assignedlynikie following (default)
values:

gantry angle 0.0

; couch height 0.0
arc size 0.0
. couch angle 0.0
collimator angle 0.0 wedae none
monitor units (MU) 100.0 9 .
. wedge rotation (rot.) none
no. of fractions (N) 1 )
attenuation factor 1.0
couch lateral 0.0 .
display color red

couch longitudinal 0.0

The initial selection of treatment machine depends on tHeroof entries in the treatment ma-
chines database, and is the first entry in the machine indeinfthe therapy machine database in
use for this Prism session.

The order that fields are listed in their scrolling list of beaon the plan panel (and also on the
Point-Dose panel, and on the chart) will be consistentlyattter in which they are entered, with
new beams being added at the end of the list. If you save amdeea plan, this order will not
change in any of those places.

In order to relate the machine (couch, gantry and collin)atoordinate systems to the patient
coordinate system (the organ contours and other contdhesRrism system uses a fixed conven-
tion. The location of the machine isocenter, in fiegient coordinate system, when the couch is
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at its “home” position (i.e., all linear motion settings ai0.0 as above) for new plans is defined
automaticallyby the Prism system to be the patient coordinate systermorldiis means that when
a beam is added to a plan in which this setting is in effectjdbeenter of the new beam is at the
patient origin. Then changing the couch settings (couatradgtlongitudinal or vertical position)
will move the isocenter to any other desired location withie patient.

This convention requires that the user give some care to dlydlvat image studies are done and
data are entered from the digitizer.

When contours for organs and other anatomy are drawn on C@espdhe patient coordinate
origin is automatically defined to be at the center of the §ilise scanned, i.e., at the intersection of
the CT laser alignment lights. In this case, the couch ggton the beam will represent absolute
displacements from the known setup with the CT alignmenkmdf the CT scan has been done so
that the first image in the image set is through the tumor,dogthe origin in the area of the tumor,
this is very convenient. When scanning the patient, placekimgs on the patient at the position
of the CT alignment lights and the first slice position. Themew actually treating the patient, to
position the isocenter, you simply first position the pdtiemthe lasers match the markings on the
patient, then move the patient from that position by the amwuof each of the couch positions on
the printed chart, i.e., you use the couch settings as dispiants from the initial setup.

When entering data from the digitizer, thiser defines the location of the patient coordinate
system origin. Generally it is a good idea to choose a lopati@mt can be related to external
landmarks on the patient. If the position of the isocenter &n isocentric plan) is known, this is
usually a good choice for the origin. However, if using CTedmt the patient case, the CT image
data will have already defined the patient space origin, aodmyust know where that is.

13.6 Adding a view

The “New view parameters” query box, shown in figure 13.3,eapp when you press thedd
view button on the plan panel. It determines the type and size efiaview, and the beam of the
view for beam’s eye views. There is i@ancel button in this query box; unwanted views can be
deleted from the plan panel (see the discussion of the Plaal pasection 13). After théccept
button of this query box is pressed, a new view with the spatifiharacteristics is created and
mapped to the screen.

When a view is created it is given default values as follows:

Origin depends on type of view
Scale 10.0 pixels/cm
Position 0.0

Locator bars ON (both local and remote)
Window 500
Level 1024
For transverse, coronal and sagittal views, the view oliggget so that thpatient space origin
is centered in the view.
For beam’s eye views, the origin is set so that the isocelfitbiedoeam associated with the view
is in the center of the view.
The view origin (not the patient origin) may be moved by “paugri with the right mouse button,
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_| Mews view parameters ||ﬂ|g|)_<

- |Transuerse i’A—ZD—r‘t
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Beam's Eye A-35-R bst #1
Large | ]

Foom Wiew A-10-L hst #1

Figure 13.3: New view parameters query box

and the scale changed with the scale slider. These work wnages are displayed, as well as when
only line graphics are displayed.

When a beam is deleted from a plan, if there are any beam’sieyes Yor that beam, they are
deleted also.

13.7 Dose display controls

13.7.1 Dose maximum

Two readouts display respectively the highest dose founieamplan’s dose grid, and the X, Y, and
Z coordinates in patient space of this point of highest dé®ben there are no valid dose results
computed, these readouts are blank.

13.7.2 Isolevel surfaces

Since the dose grid has three-dimensional extent, a dosshitid value corresponds to a surface
embedded within the grid. A set of dose surfaces is assdcwitd a plan. Each surface is char-
acterized by a threshold value and a color. The thresholdevéétermines the location and shape
of the surface in space. In each of the plan’s orthogonal wighat intersects the surface, a set of
curves determined by the intersection of the surface and ampears in the view, in the surface’s
color. In some view positions no curves can appear, e.dheifview is located beyond the region
containing a certain dose level.

On the plan panel, there is a selector panel containing tmittorresponding to values for dose
surfaces to display. Any number of dose levels can be spécegch with its own color, selected
from one of the standard Prism colors. The button label cotwresponds to the color of the
corresponding isodose curves in the views. The dose tHbghtues can be changed at any time
by selecting any of the buttons, as for any other selectoglpdinis brings up a dose level panel (see
figure 13.4), a small panel with a “Delete panel” button, acdutton, and an adjustable sliderbox
with which to change the dose level value.
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The adjustable sliderbox has a slider and a textline to obtite dose level value. The right and
left textlines are adjustable upper and lower limits for théie. They can be changed to give the
slider more precision as needed. Pressing the Surface Guftmm brings up a popup color menu
from which the user can change the color assigned to thabssolgvel. When the user manipulates
the slider, either by using the screen pointer to drag orgigipa the slider knob, or by typing a new
value into the text field below the slider, the surface’s shdd, and its appearance in the plan’s
views, changes interactively.

§| Prism DOSE SURFACE Panel ||_|||:|||x
Del Panel | Surface color |
] |
| ol | 13204 | 250

Figure 13.4: The isodose level panel

13.8 Dose display constraints

Unlike other relationships in Prism, the dose display caramtomatically be maintained in a con-
sistent state, because the dose computation can take asciafye time. Therefore, the user has
to request a dose computation by using @@mpute dose button described above. The results
of the dose computation are displayed after the dose comtmpuia completed. Any time the user
makes a change in the plan or anatomy which would invalidegedbse computation results, the
dose display is erased and cannot be redisplayed until a osgva@bmputation is completed.

If the user defines a new source or deletes an existing souneetfhie system or changes some
attribute of a source that would have an effect on dose caatipat (like the gantry angle of a
beam), then all dose displays become unavailable, sinceuthened dose result is no longer up to
date. The user must press Bempute button on the plan panel again to request dose computation
for the source or sources that have changed. After dose datigguhas finished, the combined
dose is recomputed and dose displays become available &ggirspecified dose surfaces that are
displayable in any views will then be drawn automatically.

Similarly, if the patient’s anatomy, table position, or fhlan’s dose grid specificiation changes
or is turned on or off, all dose displays become unavailadohe, the user must press tBempute
button again. In this case, all beams etc. will be recompatetlof course it will take longer than
recomputing a single beam.

Certain operations do not require recomputation of the glbsé only require recomputing the
weighted sum of the doses from each source. In these case®ttriecessary to press thempute
button, and the display will update quickly (if not immeadilgd. In particular, changing the monitor
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units of a beam, the activity of a brachytherapy source, erttbatment time of a brachytherapy
source, results in immediate update of the display withodhér user action.

The following specific changes to the patient case or plaa ddit cause the dose computa-
tion results for a source and therefore the dose displallist of doses to points of interest to be
invalidated:

e A change to the patient’s set of organs. This includes ankgefdllowing:

— A change to any existing organ contour.

— The deletion of a contour from an organ.

— The addition of a contour to an organ.

— The deletion of an entire organ.

— The addition of a new organ.

— A change to the density attribute of an existing organ.

These changes invalidate the results for all sources.
e A change to an attribute of the source that would affect themdation of dose from that

source.

For beams, this consists of the following:

— A change to the beam’s gantry angle.

— A change to the beam’s collimator angle.

— A change to the beam’s couch angle.

— A change to the beam’s couch lateral motion.

— A change to the beam’s couch longitudinal motion.
— A change to the beam’s couch height motion.

— A change to any of the beam’s collimator jaw positions or gloautline (for MLC,
electrons, etc.).

— Changing the beam’s collimator type.

— Changing the beam’s wedge ID.

— Changing the beam’s wedge rotation.

— Changing the beam’s treatment machine.

— Inserting a block into the beam.

— Deleting a block from the beam.

— Changing either of the following block attributes:

x Outline or contour
x Transmission factor.

— Changing the attenuation factor.
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For line sources, this consists of the following:

— Source type
— Endpoint coordinates

For seeds, this consists of the following:

— Source type
— Location

Adding a radiation source invalidates the summed dosetsasithe plan containing that source.
Deleting a radiation source causes the summed dose refthits glan to be recomputed automati-
cally, and all dose surfaces to be recomputed and redighlaye

The following changes to the plan will cause the dose arrdyallaadiation sources to be
invalidated:

e A change to the position or extent of the dose grid boundary.

e A change to the dose grid granularity.

The following changes to the patient case will cause theofistoses to points of interest of all
radiation sources to be invalidated:

e The addition of a new point of interest.
e The deletion of an existing point of interest.

e A change to the location of an existing point of interest.



Chapter 14

Point dose panel

The user can prescribe and/or display doses to points oeBtitby using the point dose panel. The
point dose panel can be useftthout computing the dose to a three-dimensional volume of space.
Although the description following refers to beams, linemes (but not seeds) are also supported.

The panel resembles a table, with beam names along the cdleatings, and point names
along the row headings. There are arrow buttons above aod e list of point names, as well as
to the left and right of the list of beam names. Thel Pnl button is in the upper-left corner of
the panel, and when pressed, causes the panel to close. @eelfigl.

The cells of the table are user-editable text fields, withetkeeption of the cell at the top of the
first column of numbers (below the Compute button). This cefitains a button for toggling the
display mode (see section 14.2 below). The first column ofdhke is labeleddose. Each number
in that column represents the dose received by a particoiat for all beams. The first row of the
table is labeledlU Each number in that row represents the monitor units fortécpéar beam. The
number in each internal cell of the table represents an atesdbse received by a particular point
under a particular beam.

14.1 Compute point doses

The Compute button, when pressed, will run a dose calculation for allgbimts of interest. This
calculation is separate from and independent of the thmreemsional dose grid calculation. The
doses to the points ar®t computed by interpolation of the dose grid.

14.2 All fractions/one fraction

On the Point dose panel there is a button that toggles thd'palsplay mode. When the button
is labeledAll Frac ,the dose information and monitor units displayed in thé oéthe table are
computed for all fractions of the entire treatment. WhemrleaBbOne Frac , the doses and monitor
units are computed for a single fraction. The user may tobgteveen the two modes by pressing
this button; the numbers on the table will update accorglinglhen the button is set ©One Frac

the dose per fraction is computed based on the number oioingadf the first beam in the collection
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=S]NL [
Delete Panel | Compute | Beams
ﬂ A-20-rt It lat A-15-L A-35-R bst # ﬂ
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— 9|  Dose
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Figure 14.1: The point dose panel

of beams, and all other beams are assumed to have the samerrafrfiactions. When the beams
do not all have the same number of fractions the display willgo into this mode.

Line sources and seeds, even if present, are not display#isipanel, and the total dose to
each point, displayed in this pandbes noinclude the dose from the line sources and seeds in the
plan.

14.3 Arrow buttons

The arrow buttons control which of the patient’s points ¢énast and the plan’s beams are visible in
the table at any given time. When the plan contains more beach&ne sources than there is space
for in the table, the user can press the arrow buttons to thare right of the list of beam names
on the table to scroll the table forward and backward thratnghplan’s full set of defined beams
and line sources. By pressing the left mouse button oveether right arrow buttons, the user can
scroll the table a beam at a time. If there are more than foamise then by pressing the middle
mouse button the table can be scrolled four beams at a timsingathe table’s entire interior to
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change.

When the patient case contains more points of interest tiene is space for in the table, the
user can press the arrow buttons above and below the listiof pames on the table to scroll the
table forward and backward through the patient’s full sedefined points of interest. By pressing
the left mouse button over the up or down arrow buttons, tlee can scroll the table a point at
a time. If there are more than ten points, then by pressingrnilddle mouse button the table can
scrolled ten points at a time, causing the table’s entirriiot to change.

14.4 Values in the table cells

The value at each table cell is determined from a point’s agetbdose per monitor unit under a
particular beam and the monitor units for that beam. The csemodify the contents of any table
cell, as follows:

1. The monitor units of a single beam (or the insertion tima single source) can be changed
by editing one of the cells in the first row of the table, andspieg the<RETURN>key. This
causes the absolute dose to all points under that beam teeypdfiecting the new monitor
units setting. If the monitor units setting for a beam is @@n the dose to all points under
that beam will naturally be 0.0 as well.

2. The absolute dose to a particular point from a particuéamb or line source can be changed
by editing one of the table’s internal cells, and pressirgRETURN>ey. This causes the
monitor units for that beam to be adjusted so that the alesalase to the point just edited
equals the newly edited value. The change in monitor unitarim causes the absolute dose
values for all the other points under that beam to updatesatiéily the new monitor units
setting. Note that if the dose per monitor unit for a paracydoint under a particular beam
is 0.0, then the absolute dose displayed in the correspgrudilh of the table will read 0.0 as
well. In this case, the value in the cell will remain 0.0 if theer attempts to change it, and
no other cells in the table will update after the attemptegitiThis prevents divide by zero
errors. If a beam contributes no dose to a point, no amountwiMl make a non-zero dose
at that point.

3. The total dose to a particular point can be changed byngdiine of the cells in the first
column of the table, and pressing tiBRETURN>key. This causes the monitor units for all
beams to be adjusted by the same scaling factor, so thatttieahsolute dose to the point
just edited equals the newly edited value. After the monituts of each beam is adjusted,
the total dose to all points under that beam is updated. Tthas;ontents of all the editable
cells of the table change as a result.

None of these operations has any effect on the line sourcesegis present in a plan. There is
a separate point dose display on the brachytherapy parsekiloed in chapter 7.

Itis not necessary to compute dose to a three-dimensiohaineoof space before using the point
dose panel. If a dose volume has been created, however,emy gontaining isodose contours will
update after the user causes a beam’s monitor units to cliillamyehe table in the point dose panel.
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Note that if the point dose panel is currently displayed @wsitreen, the table will automatically
update if the user changes the monitor units of a beam frorfiieaeht part of Prism (e.g. in a beam
panel). This will immediately cause the table to update tiecethe new dose values for the points
and beams in the table. Changing anything else, which wegjdire a new dose computation cycle,
will simply cause all entries in the table to become blank.
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Source catalog panel

The source catalog panel provides a facility for enterinta ddbout the various types of sealed
radioactive sources that Prism supports. These includelingiar sources such as Cesium capsules
for intracavitary radiotherapy, and seeds such as iridgwmid and iodine. The source catalog panel
is shown in figure 15.1.

=[Prism source tahle edilor [EEES
Update | -| P-Range: ?.D‘ | Prota: TG—4S|

| Type: I-125 [eye)| | Al 1.128| | Aniso: 1.D|

| DR const: 0.88] | A1:-012172] | Mu-water: 0.36]

| Act units: U| | A2 -0.022448| Mu-wall table |

| Active len: 0.0] | A3 0.003047] | Diam: 0.0]

| Phys. ten: 0. | ag 0] | wall hick: 0]

| Hatr-ife: 0.0] | A5 0] | End thick 0.0]

Figure 15.1: The source catalog editing panel

The source catalog panel is a dialog panel, and while it isgato other interaction with Prism
panels is accepted. If the user pressesUpdate button, the source catalog entry selected is
modified for the current Prism session. If the active lengilameter is non-zero, a new Sievert
integral table is generated. A dialog box then appearsngskthe user wishes to update the source
catalog file. If the user presses “Proceed” in this query Hoxsource catalog file is rewritten with
the new parameters.

The panel includes textlines for entering a source typd Einumeric data items, and a button
that brings up yet another panel for entering wall attelomatoefficients.

All the numeric parameters are as described in the Prism Dosgputation Methods report [4],
chapter 4.
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15.1 Source type

The source type is a string, that labels this source type.s Hfiel appears in the source type
selection menus, and will be printed on the chart.

15.2 Gamma factor

The gamma factor is a number, chosen to correspond to theessuiength units utilized in creating
a plan with this source type.

15.3 Active length

The active length is the linear extent (in cm) of actual radtive material in the source, if it is a
linear source, such as a Cesium capsule. This number shed@dlor a seed type.

15.4 Physical length

The physical length is 0.0 for a seed type. For a linear soitreethe actual physical length of the
capsule, in cm.

15.5 Polynomial range

The polynomial range (in cm) determines the maximum radisthdce from the source (or the
source center for line sources) at which the Meisbergemuaoiyal correction for tissue scatter and
attenuation is used. For distances beyond this number,@mertial correction is used.

15.6 Polynomial coefficients

The polynomial coefficients are four numbers, A0, Al, A2, A&t correspond to the coefficients
of the Meisberger third order polynomial tissue correcfiactor.

15.7 Water attenuation

The water attenuation (labelddiu-water )is used in the exponential tissue correction factor.

15.8 Wall attenuation

The wall attenuation (labelddu-wall )is used in computing the Sievert integral and the end dose
rate values, as specified in [4]. On the possibility that thectrum of the radioactive isotope is
polyenergetic, there is a short table that allows the usepgzify wall attenuation as a function
of thickness. This table appears when the button is prestbd.values on the left are the wall
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thicknesses and cannot be changed. The values on the rghieagorresponding attenuation factors
and can be changed by the user.

15.9 Source diameter

The source diameter (in cm) is the diameter of the actuabeative material inside the source, for
a linear source, and is used in computing the “effective diani as described in [4].

15.10 Wall thickness

The wall thickness (in cm) is also used in computing the ‘@ffe diameter” and is the actual
(radial) wall thickness of the capsule for a linear source.

15.11 Endcap thickness

The endcap thickness is the actual thickness (in cm) of tldecap of the linear source capsule.
Typical linear sources are in fact asymmetric in regard i® plarameter, but the dose calculation
treats the source as symmetric, so it is up to the physigigtgement how best to approximate this
number.
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Chapter 16

View panel

While all of the previously described panels control or syecbjects pertaining to patients or
therapy plans, a view panel controls a graphical renditfgratient anatomy, tumors, targets, beams,
points, and dose distributions. A view panel is composedmtiare and controls.

E SAGTTALViEW I

Ciel Panl Plat |
| SAGITTAL-VIEW

| Local |Remote

| Image Objectsl
| Pos: 0.0

| Win: 500.0
| Lew: 1024.0
Ruler |

Figure 16.1: The view panel
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16.1 The picture area

The picture, or rendering portion, displays anatomy, tisntargets, points, beams and dose in-
formation in wireframe format, and optionally an underlyiimage. Sectional views display a
two-dimensional, orthogonal slice of patient anatomy, l&vbeam’s eye views give a perspective
rendering with the viewpoint at the beam source.

Section 2.5 gives all the details of how all the various Pridgijects (anatomy, beams, points of
interest, etc.) are depicted in the views.

16.1.1 Locators

Cross-sectional views are additionally capable of dispaiocators horizontal or vertical lines, to
indicate and manipulate the location of orthogonal viewthefsame plan. Given two orthogonal
views, A andB, the locator for viewA is overlaid on viewB at the intersection of their respective
view planes. A sectional view of course does not displayttsafor views of an identical type. A
transverse view may for instance show a horizontal locatoafcoronal view and a vertical one for
a sagittal view but no locators for other transverse views.

Users may move the locator back and forth by pressing andrgpilde left mouse button while
the pointer is on a grab box placed at the end of the locatartheacale legend. Then moving the
pointer while the button is held down will move the locatoratmew position. Only the locator is
updated while it is in motion; the associated view and lasator it in other views are redisplayed
only when the mouse button is released.

Moving the locator to a new position updates the view pasitibthe view corresponding to that
locator. No rounding is done, so it may be that moving a lach#w for a transverse view (eg. in a
coronal view) will put the transverse view at a position ttiags not correspond with any CT image
or contours. They are simply not displayed, unless they ati@nwthe small zone immediately
around that value of position. This is further explainecbiel

16.1.2 Dose grid corner markers

In addition to the locator bars, Prism displays “corner reesk indicating the extent of the three-
dimensional dose calculation grid, an array of regularlstcggl sample points in patient space at
which the dose can be computed. This information is the Hasidose displays such as isodose
contours in a cross-sectional view. The sides of the grichlways parallel to the axes of patient
space; the grid is never tilted or skewed. The grid cornexsleplayed in all cross sectional views
as “corner markers”. Each includes a small “grab box”. Trggsd boxes can be dragged with the
left mouse button down, in the view, to change the extent efdbse calculation region. As they
are dragged, all the corner markers in all the views will apda@his involves sufficient computing
that the display may lag behind the pointer motion and takeweskeconds to catch up after the user
stops moving the pointer and releases the left mouse button.

Oblique planes are also provided. At this time, they onlyldig line sources and seeds. The
view plane can be rotated quickly using two small dials thattml the rotation about each of
two axes. In the future, these oblique views will displayemial anatomy as intersections like the
coronal and sagittal views, and they also will be able toldispn oblique reformatted CT in the
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background. When the plane is rotated, the background imébbe erased, but can be restored
with the Show Image button.
16.1.3 Panning the view

The graphical contents of the view can be panned by holdiagdmter over any part of the view’s
picture area and dragging with thght mouse button. This facility is available even when an image
is displayed in the view.

16.2 View panel controls

The view panel contains a number of controls in a column atbedeft side: eDelete Panel
button, aPlot button, aView Name textline, aLocal locator button, &emote locator button,
anlmage button, anObjects button, aview Position  text field, aScale slider, and sliders
and text fields for adjusting image grayscaléifdow andLevel ).

TheDelete Panel button (labeledel ) removes the view panel from the display but does
not delete the view from the plan.
16.2.1 Plots

ThePlot button is adjacent to theelete button and, when pressed, causes a dialog box to appear
that contains options for hardcopy of the view’s contentise@lotted. The dialog box (figure 16.2)
includes:

e a menu for selecting the plotter on which to produce the plet, (the name of the plotter
queue),

e amenu to select paper size (plot area),

¢ atextline for specification of plot magnification,

e atextline for number of copies,

¢ a button to specify if the plot background should be black bitey

e a Cancel button, to cancel the plot request,

an Accept button, to proceed with the plot.

A white rectangle appears on the view indicating what pathefview will be on the plot. It
may not be visible if the view magnification factor is hightiimg the rectangle outside the view
window. The rectangle will change with plot size selectidiime “panning” capability of the view
panel (right mouse button) provides a way to center a regfdnterest in the plot area, as the
rectangle will remain fixed while the contents move relatvé.

The paper size menu displays a range of possible paper sidexiantations, although not all
plotters or printers support all paper sizes. If a paperisichosen that a printer or plotter does not
support, the plot will be clipped to the actual paper sizdarinter.
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The plot magnification is relative to actual life size.

The “background” button will be colored with either a blaakaowhite background. The back-
ground color of the button corresponds to the backgrounddilbr for the plot, when an image is
displayed on the plot. The default color is white. If no imageresent on the plot, the background
will be white, regardless of the button setting. Although hites background is not as visually
appealing as a black background, it gives a considerablagsam ink or toner.

The Prism system supports the Hewlett-Packard model HRY e plotter, the Hewlett-
Packard Design-Jet 450 series ink jet printers and any Bragt®apable color printer, such as
the Tektronix/Xerox Phaser 790. If the printer supportst®aspt paper size selection and has
multiple paper trays, the plot will automatically direcetkelection of the paper tray.

= | Plat Parametars |[—][3][x]

| psiB4 |B.5x11

hp?550a 11x8.5
ps146h 17:11
dj4s5¢c 1117
psi143e 1417
PZ File only| 17214
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| Magniﬂcation:1.0|
|C0pies: 1| Background

Figure 16.2: The Plot dialog box

16.2.2 Locator controls

The Local Locatorand Remote Locatobuttons are beneath thgelete Paneland Plot  buttons
respectively. When theocal Locatorbutton (labeled.ocal ) is on, locators for other intersecting
views may appear in this view; when it is off, no locators appe this view. When th&emote
Locator button (labeledRemote) is on, the locator for this view may appear in other intetisgc
views; when it is off, no locator for this view will appear inyaother views. In order for a locator for
an intersecting viewd to appear in a given vieu, theRemote button of viewA and thel.ocal
button of viewB must both be on; turning off either causes the locator fom\deto disappear from
view B. As for most other buttons, a button is “on” when it appeansréesed (shaded rendition
style) or the background and foreground are reversed (#akhihite rendition style).

The default settings of these locator buttons for a new veeiliat they are both on.
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16.2.3 View Name

TheView Nameext field (unlabeled) provides a way to change the name aha wihenever neces-
sary to clarify what is being shown on the screen. It showsithe name assigned at view creation,
and can be changed anytime.

16.2.4 View Position

The View Positiontext field (labeled”os) controls the position of the plane of the view along the
axis of the patient coordinate system to which the view ibagonal. This value is the view’s
z-coordinate for transverse viewg,coordinate for coronal views;-coordinate for sagittal views,
and the distance of the plane of the view from the isocenteartd the beam source, for beam'’s eye
views.

If the value of the view position in a transverse view doesmnatch the position of any contours,
e.g., for organs, tumors and targets, then only the beamlpa#ill be visible. If the view plane
does not intersect the beams then of course the beams willenwisible either. To match here
means that the position of the view and the z coordinate ottimour must be within an amount
e of each other. This parameter is calledisplay-epsilon * and may be set in the system
wide parameter file (see section 4.2). The default is 0.001acwh it is recommended that it not be
changed.

16.2.5 Image

Thelmage button controls the display of image data in the view. It fle&ive only if an image
study has been loaded, otherwise the button has no effectrtafgverse views, turning thmage
button on causes an image at theoordinate determined by the view plane’s position to apjre
the view, if such an image exists (otherwise, nothing happenhe threshold for considering two
things to be in the same plane is a configurable parameteséstion 4.2). For coronal and sagittal
views, turning on the button causes a reformatted image topguted at the view plane’s position,
if possible, and to be displayed in the view.

For beam’s eye views, a DRR (digital reconstructed radjglgras computed if an image set
is present. This may take some time, as much as a minute. d3gogressages are written to the
terminal window, and portions of the DRR image are displayedjressively as they are computed.

16.2.6 Objects

The Objects button brings up a scrolling list of all the objects displdyia the view. The user
can deselect any object, i.e., turn off its button in the tsising it to not appear in the view. This
is used to declutter a busy display, for example, a plan wigmyrbeams, blocks, or anatomical
contours that are obscuring each other.

16.2.7 Display scale

The Scale slider controls the magnification of the objects in the vidke contents of the view
are magnified as the slider is dragged to the right. On fastekstations, the update may be fast
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enough to drag the slider.

16.2.8 Image window and level

TheWindow andLevel sliders and text fields determine the width and midpoint eeyely, of
the view’s linear grayscale pixel intensity map. This magum determines the brightness and
degree of contrast between features of the image which eppeshe view. Image pixels whose
values are below the bottom of the window appear black; tivdsese values are above the top of
the window appear white, and those in between appear a shagdayodetermined by the location
of their value in the map. Changing either of these text fieldsliders causes the image to be
redisplayed under the new mapping.
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Volume editor

The volume editor is a composite control panel that suppbescreation and editing of organs,
tumors, and targets. The volume editor panel also provideyg and edit of points of interest.

A single volume editor panel is created from the patient papg@ressing the Anatomy button.
It is used to create and edit all anatomical structures. @mitht side of the volume editor there
are three selector panels, one eachdigyans , tumors , andtargets . These selector panels
work similarly to the others in Prism, except that when areobis added or selected, it becomes the
focus of the volume editor panel, rather than having a sépa@nel created for it. Also, only one
object among the three selector panels can be selected tirenyWhen the user selects an object,
the object previously selected is deselected, i.e., theetlists act like a combined “radio menu”.

When the user brings up the volume editor, if there are angrargtumors or targets, the first
object (organ, tumor or target) encountered among the tigtsebecomes the initial selection. If
there are none of these objects in the case yet, the volurite adtomatically creates an organ with
default values and no contours, and selects it.

When one of théddd buttons (in a selector panel) is pressed or when an exisbjegbin one
of the selector panels is selected, the newly created octedl®bject becomes the focus of the
volume editor operations. If there was volatile data in thetour editor part of the volume editor,
it will be discarded. Volatile data (a contour entered but“@accepted”, or a modified contour that
has not been accepted, i.e., updated into the object) aieatad by the “Accept” button in the
contour editor part of the volume editor. This button turnsahen a contour is drawn or modified,
or when the “Clear” button is pressed. The contour is accepteen the user turns the buttoff
by pressing it when it is on. The button is automatically t€aened off) when the user changes
planes, or selects a different object.

In the volume editor, an object cannot be deleted if it is thieantly selected object. The user
must select some other object first. This means that onceotbee editor is used, the patient case
will contain at least one organ, tumor or target. You canmbé¢te them all.

The volume editor will display images or previously conedianatomical structures, but the
volume editor panel is capable of editing only the anatohst@icture currently selected. Beam
portals and isodose contours do not appear in the volumeregiin any of its subpanels, because
they are associated with plans, and there can be multiptes planages may appear in the volume
editor but they are not required.

127
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Figure 17.1: The volume editor

In addition to the selector panels and some controls of ite,dive volume editor contains
three additional control panels within it —fimstrip, acontour editorand anattribute editor The
filmstrip appears across the top of the volume editor, théocoreditor in the volume editor’s center,
the attribute editor along the volume editor’s lower leftesiand the volume editor's own controls
on its left side in the middle of the panel.

The volume editor can be one of two sizes, determined by tresel-size  * parameter,
which may be set in the userigrismrc file (appendix 4.2.1). Thenedium size makes the
contour editor area 512 by 512 pixels, enough to displayradsta CT image at normal resolution.
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This may be a little small for drawing contours on small hegabs sections or other small images.
Thelarge size makes the contour editor area 768 by 768 pixels, whiglli5 times magnification
of standard CT image data. There is no restriction on theevafuthis parameter, except that it
should be a reasonable size relative to the screen resoluticse.

When a new anatomy object is created, default values for sdtributes are assigned, which
of course may be changed by the user. The defaults are as$ollo

e Organs: density is initially set to “None” and the organ isidaated as “not used in the
dose computation” (referred to as “Ignore in comp.”), diagptolor is green, and there are no
contours.

e Tumors: display color is cyan, and there are no contours.

e Targets: display color is blue, “how derived” is set to “Maliwunless one of the automated
options described below is used, and there are no contolassuone of the automated options
is used.

When an organ or a tumor is added, it becomes the volume ddios, and manual editing can
proceed. For targets, there may be more options, and theleacgibed in the following section.

17.1 Creation of targets

When the user presses tAdd target button above the target list subpanel in the volume editor,
if there is at least one tumor with two or more contours defiftedre could be several tumors),
a dialog box will appear, to choose one of the three mechanfemcreating the new target. The
dialog box has a three item radio menu, containing the itetasual , Linear andPTVT, along
with Accept andCancel buttons. If there are no tumors already defined, or only oméocw for
each tumor, a target with defaults as specified above iserteatd becomes the current object in
the volume editor, without any dialog box.

17.1.1 Creating targets manually

SelectingManual editing with easel or pressing theCancel button simply creates a
default target and makes it the current object in the voludi®e

17.1.2 Creating targets by trilinear volume expansion

The panel labeled “Prism Linear Volume Expansion Editoriigiets of a scrolling list of tumors
defined for this case, a text entry field for the expansion imdig centimeters) to be used, and an
Accept button. The same amount of expansion is used in all dirextibhe user identifies a tumor
to be used for volume expansion by selecting it from the Bogplist, and edits the text entry field
to provide the desired margin. Only tumors that have at leestcontours will appear in the list.
When the panel appears, the text field already has presefdwdtd@lue of 0.5 cm. You can change
this value to whatever you would like to use. Pressing thec&at” button causes the expansion
mechanism to apply the specified margin to the tumor to cieetdeget. The target is then added to
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Figure 17.2: The volume expansion panel

the list of existing targets for this case. During the timattthis panel is displayed, the rest of the
system will not respond to other user input.

17.1.3 Creating targets with PTVT
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Figure 17.3: The PTVT panel

The Planning Target Volume Tool panel consists of a scipllist of tumors defined for this
case, a scrolling list of organs defined for the case, a btitepecify either an “Initial” or a “Boost”
target volume, and aAccept button. The user selects a gross tumor volume (GTV) or élnic
tumor volume (CTV) from the list of tumors, and selects a $adritical structuresfrom the list of
organs. Only tumors that have at least two contours will appethe list. Critical structures are
organs that are sensitive to radiation and that should Haded from the resulting target volume.

The user shouldot select the patient surface (skin) as a critical structuresesdoing so will
produce a target volume with no contours. The Prism systegs dot prevent this; it is up to the
user to remember which is the patient surface.
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Pressing thé\ccept button causes PTVT to compute a set of margins for the selégigor,
based upon the current patient immobilization device ardattributes of the selected tumor (see
section 17.6 for information on editing a tumor’s attritg)teThe margins are applied to the tumor
to create a target, which is then added to the list of exidtngets for this case. Critical structures
are excluded from the target volume by PTVT. During the titve this panel is displayed, the rest
of the system will not respond to other user input.

If attributes of the selected tumor are missing, the PTVDillgm still generates a target vol-
ume, using default values for the missing information. Tdrgdt produced may initially have no
contours.

Planning target volume generation is further discussed5h [

17.2 Using the volume editor

One anatomical object at a time can be edited by the voluntergldut if there are several anatomic
objects in the patient case, the user may freely switch mtvabjects without deselecting and
reselecting the volume editor.

Upon creation of the volume editor, the sequence of imagdseaisting anatomical contours
associated with this case, if any, appears in miniatureenvtitume editor’s filmstrip. If there are
planes in which contours have been drawn but there are nesr(agy., if the contours were entered
using the sonic digitizer), those planes also may appedreitilimstrip, with a black background.
The part of the sequence visible in the filmstrip can be pageddrd or backward a frame at a
time by left-clicking the arrow button at the upper left side of the panel for insiregly negative z
values (toward the gantry) and the arrow button at the upgbt side of the panel for increasingly
positive z values (toward the viewer). Center-clicking ba filmstrip arrow buttons will page the
filmstrip by five frames at a time.

17.2.1 Selecting a plane in which to edit

A plane is selected for editing by left-clicking on one of theiature images in the filmstrip, or by

entering a slice Z value into the volume editaZgext field (If no image study should be available
you may enter contours in their correct planesby enterisggpropriate Z values in this text field).
In the former case, a full-scale version of the selected areggpears in the contour editor; in both
cases, contours from anatomical objects previously aleaigy appear in the contour editor, but
these contours are not editable until the object they belongselected.

You can always enter a contour at a ngwplane by typing a new value into the volume editor’'s
Z text field, whether an image study is present or not.

There is also &lice no.  register, that displays and allows selection of the displape by
image slice number if an image study is present.

this and related terms are defined on page 44
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17.2.2 Editing a contour in the selected plane

If the selected object already has a contour at the seledéme,pan editable copy of the contour
appears in the contour editor. A series of small squped boxesat the vertices of the editable
contour always distinguishes it from other non-editabletgors appearing in the same plane. Grab
boxes are involved in editing operations; these operatimasliscussed in detail below. An existing
contour can be hand edited with the pointer and mouse. If ntboo yet exists for the selected ob-
ject at the selected plane, a contour may be added by handheiffointer and mouse, or generated
with an autocontouring algorithm (if an image exists andisplayed), or entered with a digitizing
tablet.

The autocontouring algorithm works well for high contralsfazts such as skin, lungs and bone.
It does not do well in delineating internal soft tissues wttegy are contiguous, e.g., liver, prostate.

17.2.3 Updating the selected anatomic object

Both contours edited from existing contours and new costgenerated from scratch axecepted
when finished by pressing the contour editégkiscept button, when it is on, i.e., by turning it off.
If the button is already off, this means that there is no Velair new data in the contour editor.
When a contour is initially drawn, and when it is modified, #oeept button turns on. This includes
pressing th&€lear button but not th®elete contour  button. It also includes adding vertices,
moving vertices, deleting vertices and using the autocorfaxility.

Before being accepted, the contour has no existence beyendonfines of the contour edi-
tor, and can be arbitrarily manipulated without having afigat on the rest of the system. Once
accepted, the contour is added to the selected anatomigadt@nd associated with the current
transverse plane selected in the volume editor. If a corftmuthat plane already was present in
the object, it is replaced by the new one. When a contour ised, any views present that might
show it will be updated and any dose calculation resultsdbpend on it will be invalidated. Dose
calculation results depend on the anatomy contours (omlghigects assigned a density) but not on
tumor or target contours. If isodose curves were displafes will be erased. If a volume editor
containing a contour that has yet to be accepted is itsedteld] the editable copy of the contour is
discarded and the rest of the system is unaffected by anygekahat had been made to that copy.

The Prism system (and the Volume Editor in particular) nahaccept anatomic objects that
have bifurcations along the z axis, i.e., that would reqtvire or more disjoint contours in a single
z plane. This includes things like bronchi. If such objegtsta be put into Prism, they should be
split into two or more adjoining parts, each of which is ndulzated.

An existing contour can be deleted by selecting its planepragsing théelete Contour
button on the volume editor. When a contour is deleted by ttenve editor, the effect on the
selected object is immediate.

17.2.4 Editing nonspatial attributes

Textual attributes of the volume editor’s selected anataimbbject can be edited with the volume
editor’s attribute editor, which contains text fields or eatltontrols for all such attributes. The
contents of the attribute editor are specific to the kind @tamical object currently being edited
by the volume editor. The effect of modifying an attributeanf object via the attribute editor is
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immediate, meaning that an attribute changes as soon ast#radtion with the attribute editor
control corresponding to that attribute is complete. Fgt fields, this means, when you press the
<RETURN>ey on the keyboard. For popup menus, or other such dialogshalis means, when
you press théccept button or theCancel button.

Typically, a user selects the volume editor, adds or edé@sctmtours for the various anatomic
objects on a plane by plane basis (manually, with autocoimguor using the digitizing tablet),
and then deletes the volume editor panel, signifying theptetion of editing operations for the
anatomy. The changes to the contours of an object duringngdily the volume editor (that is,
after a new or modified contour is accepted, or after an exjsiontour is deleted) are immediately
reflected in any relevant views.

17.3 Volume Editor controls

The volume editor contains a number of controls of its owniclvlare not part of any of the three
subpanels contained within it. These controls manage tipesaupon the volume editor itself or
handle functions which cannot be properly contained wiémg of the volume editor subpanels.

The Delete Panebutton (labeledDel Pan ) deselects the anatomical object being edited and
closes the volume editor. If a contour was being edited bycthrtour editor and was not yet
accepted at the time the volume editor is closed, the editadrision of that contour is discarded
and the original is unchanged.

17.3.1 Delete Contour

The Delete Contourtbutton (labeledDel Cont ) immediately deletes the contour currently being
edited from the selected anatomical object.

17.3.2 Copy NP

The Copy Contour from Nearest Plafmitton (labeledCopy NP) copies the object contour from
the nearest plane edited to the current plane of the contbiareThis mechanism is useful when
contours of a given object do not vary much from plane to plama when it would be easier to
copy and modify a contour from a nearby plane, rather thamgate a new contour altogether for
each plane. If there are two planes that are both equidi&ant closest) to the current plane, then
the contour from the plane with the lesseralue is copied. If there is no contour available to copy,
the button has no effect, except that an acknowledge boxaappadicating “No nearest contour”.

1733 Z

TheZ text field displays the& value of the transverse plane currently highlighted witbdorder

in the filmstrip, if such a plane exists in the filmstrip andisilvle, and indicates the plane to which
the contour editor is set. If a new value is entered into s field, the list of existing planes for
this study is searched and the plane with the matcHinglue is selected, if such a plane exists. The
filmstrip adjusts itself so that the frame correspondinght® gelected plane is visible in this case,
and this frame becomes highlighted. The contour editoreplamlso set to the selected plane, and
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the selected image and contours in this plane are displdygzd,tif any exist. If the value entered
into theZ text field does not match (to within a parametrized value)drilie existing planes for the
current case, no filmstrip frames are highlighted and théozwreditor is reset to an empty plane.
The slice number field is blank. When a contour is drawn ints fitane and accepted, the new
plane is added to the list of planes for this study, and theears in the filmstrip.

If you have drawn a contour in the current plane but not “atam#jit by pressing thé\ccept
button in the contour editor, and you then select a new plahereby typing in a new” value and
pressing thecRETURN>key, or by selecting a frame in the filmstrip, the contour yoemdwill be
discarded.

17.3.4 Slice no.

TheSlice no. text field displays the slice number of the image currentypldiyed in the back-
ground of the contour editor (and highlighted in the filmstriif there is an image in the current
plane. If there is no image in the current plane, this textfiglblank. The user may type in the
slice number for an image whose plane he/she wishes to sglgichs with theZ text field. If there

is an image with that slice number, the correspondihglane is selected as above. If there is no
such slice number, a message box will appear informing tee asd the text field will be blank.
Similarly if there is no image study, the message will appelaen the user enters any slice num-
ber. If the slice number is negative, an acknowledge boxagpeith the message, “Please enter a
number between 0 and 500".

17.3.5 Window and Level

The Windowand Leveltext fields (labeledVin: andLev: respectively) control the gray scale
window and level of the image in the contour editor’s drawiegion and the images in the film-
strip’s frames. Entering new values into either of these fiekds causes the window and level of
these images to change to the specified new values.

17.4 Filmstrip

The principal component of the filmstrip is a scrollable,ibontal sequence of transverse images
derived from the image study associated with the curremnt. plehese images are displayed at a
resolution of 128x128 pixels in the filmstripi@ewport and can be scrolled in either direction a
frame at a time by left-clicking the mouse over either of ted arrow buttons on each side of
the viewport. Center-clicking the mouse over the filmstripa buttons will scroll the filmstrip
five frames at a time (if there are more than five frames beybadvisible part of the filmstrip,
otherwise the middle button will have no effect). Theralue of each transverse image is displayed
directly below the image (rounded to the nearest 0.1 mm)hHkaage also contains contours for
any anatomy, tumors, or targets which have previously beanrdin that plane with other volume
editor panels. Clicking the left mouse button while the pais on a particular frame in the filmstrip
selects that plane, causes it to highlight in the viewpodt eauses it to be displayed at full size in
the contour editor.
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17.5 Contour editor

Below the filmstrip is the contour editor, a facility for ctamy and editing organ, tumor, and target
contours. It consists of a drawing region for interactivetiding, editing, or deleting contours and
a control region for invoking or modifying the state or modettee contour editor. The contour
editor is also used as a component in the block editing paeetibn 6), the multileaf collimator
editing panel (section 9), and the electron beam cutoutocorgditing panel (section 5.7.2). In
those cases some functions are not available; differemopsifs use here are described in each of
those sections.

The contour editor’s control region consists of a set ofdngtand other controls which collec-
tively control a variety of contour editor functions.

17.5.1 Accept

TheAccept button causes the contour being edited to be closed, if ibpags, and to be added to
the current organ, tumor or target. If the user is editingxastieg contour, the new contour replaces
the old one. Théccept button must be pressed to update the object with the new woritdne
action required is that the button is turned off, not on. # tutton is not on, there is no new data
to accept, so the operation would be redundant. Neverth&lean be done by the user turning the
button on and then off, i.e., with two successive clicks.

To beaccepteda contour must satisfy several conditions. First, no aetepbntour may cross
over itself. Such a contour will not be accepted if thecept button is pressed; a message box
is displayed instead, giving the reason why. Second, ncocomhay have any adjacent pairs of
coincident vertices. Such vertices are checked for andhaattoally stripped out during the accept
operation. Finally, no closed contour may have less thaetliertices.

An open (or closed) contour with less than three verticesatlne accepted; instead, a message
box is displayed stating the reason why. It is possible tetdeVertices with the middle mouse
button, reducing the number of vertices below three atogaedcontour during contour editing, but
the resulting contour will not be accepted when 8ueept button is pressed.

17.5.2 Clear

TheClear button causes the contour currently being edited to be é&rasel allows the user to
start over, with no contour vertices. Tikdear button is a strictly volatile operation ar@nnot
be used to delete a contour from the anatomical object seldnt the volume editor, since after
a contour is erased with tHélear operation, it contains less than three vertices and willlsot
accepted. A contour ideletedfrom an object with théelete Contour  button on the volume
editor.

17.5.3 Ruler

TheRuler button creates and places an interactive, movable, rdgjzaangleable ruler marked
in centimeter intervals according to the current magnificat Grab disks appear at each end, one
open and one closed. Clicking and dragging on either witHeftenouse button causes that end
of the ruler to be repositioned — the other end stays fixedsinguthe ruler to be lengthened or
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shortened. The ruler “unrolls” from the open grab disk, iattthe tic marks are generated and
consumed at that end as the ruler is resized. Dragging amyptre spine of the ruler with the
left mouse button causes the entire ruler to be relocatedyaldth the pointer. A ruler is associated
with the drawing region of the contour editor in which it iated. It persists in the drawing region
across different spatial planes but does not persist frasi@e to session. Also, one may delete a
ruler with a middle mouse click, and change the ruler’s ceolara right mouse click with a popup
color menu. For these two operations the pointer must be eiotig axis of the ruler. Otherwise
there is no effect. Clicking the ends or the tic marks (off @xes) will not bring up the color menu
or delete the ruler. Rulers do not move with the anatomy amdintearks when the magnification of
the contour editor drawing region changes. Similarly, thierrdoes not move when the “panning”
option is used. However, when the magnification changespheing between the ruler’s tic marks
does change accordingly. When the ruler is on the screemulrebutton label displays the ruler’'s
current length in cm, to the nearest 0.01 cm (0.1 mm).

17.5.4 Drawing Mode Button

The Drawing Mode Buttorswitches among four modes. The modes &anual , Automatic
Landmark and Digitizer . Each is a way that you can use the pointer and the mouse (or the
sonic digitizer) to draw or edit contours and landmarks. ifogle currently in effect is displayed as
the button label. The default mode is Manual. Pressing tti@firings up a popup menu listing
the four modes. These drawing modes are described in sdctiérb.

In Digitizer mode the system accepts input from a sonic digitizer. As amghis mode
is in effect, Prism ignores (discards) keyboard and mouseitgcand only accepts input from the
digitizer. Digitizer input mode remains in effect until tiser digitizes in théone (Exit)box on
the digitizer tablet. Then Prism returns to manual, auttrat landmark mode, whichever was
previously in effect.

17.5.5 Scale slider

A Scale slider allows for changing the scale factor at which the biegpin the contour editor are
displayed. This provides a “zoom” operation.

Panning, a related operation, is controlled by draggingptieter across the drawing region with
the right mouse button held down, while the pointer is not aortour vertex, ruler or landmark.

17.5.6 Drawing region

When aZ plane has been specified by clicking on one of the filmstrigsnkes (see above), or
by entering a slice number, a large format version of thestrarse plane at the specifiedlevel
appears in the contour editor’'s drawing region. Enteringdting a value in theZ text field of the
volume editor will also render a large format version of thedfied plane if such a plane contains
any data.

An image and/or other previously contoured structures npgear in the drawing region, but
such structures are only editable by the contour editorifstiucture is selected on the right side of
the volume editor panel. If there is no contour for the culfyeselected object, by drawing directly
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into drawing region with the mouse, a new contour for the dlpeing edited may be added at the
specifiedZ level. If there is a contour for the currently selected ohjdtat existing contour may be
modified or removed. If a contour is editable in the seleclade it will appear with grab boxes at
its vertices.

Contours are displayed as vertices connected by line seagmAheach vertex, a grab box is
displayed. If the contour is open, the last vertex added lggalabox that is filled in, and all other
grab boxes are hollowed out. A contour which has been clogpdaais as a continuous chain, all
grab boxes hollowed out, and may not be opened again.

The drawing area may also contain small circles calladdmarks Landmarks are intended
solely as temporary memory aids — they are not saved with #tieni data and do not persist
from session to session. A landmark is not attached to théaspdane on which it is drawn but
reappears on subsequent planes in the drawing area, usiilateted. Landmarks do not appear in
views or on plots. Placing a landmark is analogous to makitegrgporary mark on the CRT screen,
assuming the registration and magnification of the disglalata remains consistent from plane to
plane. However, if registration or magnification changean(pr zoom), the landmark’s location
changes appropriately.

The effect of the mouse buttons and pointer motion dependiseocurrent mode. There are two
kinds of actions, those that take place when the pointerés am object that can be manipulated,
e.g. a contour vertex or a landmark, and those that take plaea the pointer is not over any such
object.

The following list describes what happens when a mouse migtpressed while the pointer is
over an object. This is the sameati modesexceptDigitizer mode (because iDigitizer
mode the mouse has no effect except as used explicitly foy eftthe digitizer magnification
factor).

Contour vertex: If the pointer is placed over the grab box of an existing conteertex and théeft
mouse button held down, the contour vertex representedebgrtib box can be dragged to a
new location.

Clicking on themiddle mouse button while the pointer is over a contour vertex grab b

deletes the vertex and any segments adjacent to it. If theMasxnot at an endpoint, the two

grab boxes which were at the other ends of the deleted segrmenthen connected together
by a replacement segment. The number of segmentscinsadcontour can be reduced

below three, in which case, when there are two vertices,ah®ar is “degenerate”, a double

straight line, when there is one, a totally “degenerate’'t@on and deleting the one remaining
vertex has the same effect as Diear button.

When the contour was closed, and the number of vertices isyow cannot add vertices
except by clicking on the line segment connecting them. Wthemumber of vertices drops
to one, you can not add vertices, and must delete it or useldse Button to start over.

Theright mouse button has no effect when the pointer is over a vertax Igox.

Contour segment: If the pointer is placed over an existing contour segment taedeft mouse
button is clicked, that contour segment is broken into twt¢hatpointer's location, a new
vertex is added to the contour at that point, and correspghdia new grab box appears
between the two contour segments.
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Themiddleandright mouse buttons have no effect when the pointer is over a coségument.

Landmark: Once placed, a landmark may be moved by dragging it withefienouse button, in
a manner similar to dragging contour vertices.

A landmark is deleted by positioning the pointer over thalfaark and pressing thmiddle
mouse button.

The color of the landmark may be changed by positioning thet@oover the landmark and
pressing theight mouse button. A color popup menu appears from which the uagrthen
select the color.

The following describes what actions take place when thesmbuttons are pressed while the
pointer isnot over an object as described above.

Pressing theight mouse button and then moving the pointer will “pan” the view,, the ori-
gin in the view is shifted by the amount and direction that ploenter moves. This operation is
independent of mode, except that it is, of course, disal&ugitizer mode.

Pressing theniddlemouse button while the pointer is not over any moveable dabldi object
has no effect in the contour editor.

Pressing théeft mouse button has an effect that depends on the drawing mefid|avs:

Manual mode: If the contour is open and the pointer is not over an objeen ttlepressing the
left mouse button causes a hew segment to be added from thiedessegment of the contour
to the pointer. A new leading grab box is added to the new ertdeotontour, and the old
leading grab box is hollowed out. If the mouse is then movedenthe left button is held
down, a freehand curve may be traced out from the leading lgoatby the pointer. When
the left mouse button is finally released, the curve is autimally converted into a chain of
segments, separated by grab boxes, closely approximagngutve. This conversion process
begins at the leading grab box and ends at the pointer.

Automatic mode: Automatic mode may be used to contour around structures evimbsrior and
exterior significantly contrast each other in the undedyimage. In this mode, the user
places the mouse pointer over some part of the image andadliith the left mouse button.
This causes a line to be autocontoured through the imagingtat a point to the right of
the pointer where the intensity level just increases (aymnesl boundary); the line is then
automatically segmented in the same way that a line drawrrdgh&nd sketch in manual
mode is. This causes the previous contour to be erased ana angeto be set down. If
the resulting contour is unacceptable, the pointer may beethand the left mouse button
re-clicked. This operation uses the image data after it ighpough the gray scale map and
displayed. Adjusting the window and level values may helxenhe automatic contouring
process more effective, since the operation uses the mamppe@ as displayed, not the orig-
inal image data. The pointer should be placed just to theofedtvisible boundary in which
the brightness of the image is increasing to the right.

When Automatic mode is selected, it is possible to use therieddd Autocontour facility.
Pressing this button provides some additional controlsijabow it. There are text fields to
specify the range of Z values to include for automatic coribgy a mode selection button, a
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Clear button (that will erase all the contours in the spetifange), and an object type button
(the only useful object type at present is External, refigrto the skin contours). The mode
selection button determines what is done when the autogpfftmction finds an already
existing contour at a particular Z plane. It can replace thwie new one, it can stop at that
plane (even though there are still more planes to do), it cantlie existing contour instead
of the new one, or it can ignore the existing one, and just bdchéew one.

It is also possible to autocontour the inside of a low densdtyion by placing the pointer
inside the region near the right edge.

If no image is displayed, the autocontouring function is eabled, even though it appears
on the popup menu associated with the mode button.

Landmark mode: Clicking with the left mouse button while the pointer is nato a selectable
object in the drawing area creates and places a small moeable in the drawing region.
Landmarks are not identified with any particular anatomacedtour or image.

Digitizer mode: Mouse and pointer action are ignored, except for input ofidi&r magnification
factor at the beginning of a cycle of digitizer entry.

17.5.7 Digitizer

Contours may also be entered withligitizing tablet. This mechanism is commonly used to enter
contours when no image study is available, but it can alsasbd to enter contours from films, e.qg.,
multiformat films produced by the CT film printer.

The user selects the digitizer by pressing KMadebutton in the contour editor control region,
and selectingigitizer from the popup menu. When a Prism session starts, the Pritwase
determines if a digitizer is available on the workstatiomrently in use, by referring to the table
described in section 4.2. If the digitizer is not connectedfurned off, but the table specifies
that it is available, selecting digitizer input mode willusz the Prism session to get stuck. In this
case the Prism user can interrupt the program by typ@igControl-C), and thenexit  at the
terminal window where the Prism program was started. Indhge all data that were not archived
or checkpointed will be lost. If the table does not specifygitizer as available for the computer in
use, selecting digitizer input will just result in a messaga informing the user.

Once the user has selected the digitizer, Prism can onlpnésip the digitizer; it ignores (dis-
cards) any typing or mouse activity, except when promptorgehtry of the digitizer magnification
factor. In digitizer mode the user controls the session bikisy the digitizer stylus in marked
regions on the digitizer tablet. This takes the place okitig the mouse.

The first time the digitizer is selected in a Prism sessioa,user is prompted to digitize two
calibration points that are permanently marked on the tatiskelf. This calibration only needs to be
done once for the duration of the Prism session, regardfegkether the user is entering contours,
or beam portals, or blocks or electron beam cutouts. The jpr@srin a window on the screen, like
a message box, except that there isfmtnowledge button, and the box is unmapped when the
points requested are digitized. Because of an unsolvedepnotvith how the X window system
works, the first message may be blank, but the user shoule:@doanyway as if it said, “Please
digitize the lower left calibration point”.
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Each time digitizer mode is selected, a dialog box appearsagong a text field for the digitizer
magnification factor (labeleMag:). This dialog box displays the magnification factor thatl wil
be in effect during digitizer input mode. This factor is ialized to 1.0 when the volume editor
is created. The user should enter an appropriate valueebdfgitizing from a hardcopy image
which is not life size. This factor is actually the magnifioat of the hardcopy image, so that
an image which is smaller than life size has a magnificatiatofadess than one. Prism uses the
reciprocal of this magnification factor to scale from cm oa thgitizer tablet to cm in the object
space. In subsequent selections of digitizer mode from dineesvolume editor, the previously
entered magnification factor appears in the dialog box. Whernvolume editor is deleted, the
magnification factor reverts to 1.0, for subsequent voludimeinvokations.

After entering and/or accepting the magnification factadjadog box appears asking the user
to digitize the origin point. This dialog box may also be taryou should proceed anyway. The
origin point is chosen by the user and is fixed on the hardamagée (not the tablet). The user should
choose an origin point that can be easily and repeatablytifdehin the hardcopy. This origin is
used to define the object space coordinate system for thentystane in the contour editor.

After entering the origin, the user may digitize contourmsior invoke editing functions by
pressing the digitizer stylus on the tablet. As each poirdiggtized, it appears in the contour
editor, connected to the previously entered point by a sagnkediting operations may be invoked
by using the stylus in three of the four marked regions of tigitiding tablet, labeledDelete
last, Delete all (Start Over), Close contour, Done (Exit) .

The most recently added contour segment may be deleteol dlete last | all points
may be discarded wit}"DeIete all (Start over) \ and the contour may be “accepted”

with \ Done (Exit) \ The|CIose contour |box on the digitizer is ignored if you digitize a

point within it. Digitizing| Done (Exit) |is like pressing the contour editor&ccept button,
and in addition it deselects the digitizer, returning cohto the keyboard and mouse. The contour
editor mode returns to its previous state.

17.6 Attribute editor

To the left of the contour editor is the attribute editor, @hhiconsists of a set of text fields and
buttons for entering or modifying textual or numerical inf@tion associated with the anatomical
object specified for this volume editor. Every instance efdlktribute editor has at leasNametext
field and aColor button.

17.6.1 Name

The Nametext field displays the name of the object currently beingeeljientering a new name
causes the name to be updated in the appropriate scroBing the patient panel.

17.6.2 Color

TheColor button displays its label in the color associated with thiectb When pressed, it brings
up a popup color menu, from which the user may select any aftreard colors. Selecting a new
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color changes the color of all contours of the object culydring edited.

17.6.3 Other attributes

The other particular kinds of information are different &ach type of anatomic object, and con-
sequently, the contents of the attribute editor differ frone type of anatomical object to the next.
These are the attributes for each type of anatomic object:

Organ:

For an organ the attribute editor has:

a button that toggles between two values, specifying thabthan is either used in the
dose computation or ignored by the dose computation (fagoity and inhomogene-
ity corrections). The button is labeled eitHdse in comp orlgnore in comp
Pressing the button changes it from one state to the other.

a textline for density assigned to the organ. It has |&misity:  and eithemone or
a number. If the button above is setlgmore in comp this textline showsone
and the value cannot be altered by user input. If the butt@etisoUse in comp ,
the textline shows a number, initially 1.0; it can then bengea by the user. Input is
checked for validity, i.e., it must be a well formed numbeeajer than or equal to 0.0.

a textline for tolerance dose. It has lafall: and a number. Input is checked for
validity, similarly to theDensity textline.

Tumor: For a tumor the attribute editor has the following buttoregheof which pops up a menu
of the valid choices for each attribute. They are only usethenPTVT automated target
generation tool and are explained further in [15].

Target:

Site

T-stage

N-stage

Cell type

Region

Side

Fixed or not fixed
Pulm Risk

For a target the attribute editor has:

Site

Prescribed dose (PD)
Region

Target type (Initial or boost)
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e Nodes

The site, region and target type are buttons like the tuniobates. The prescribed dose is a
numeric textline, and nodes is a textline.
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Appendix A

Machine motion scaling and printed
settings

This section explains how to interpret therapy machindrggtt(such as gantry angle, etc.) on
charts printed by the Prism treatment planning system. \& It here particulars of machine
motion conventions, scaling, and motion limits for all mmels in use at the Radiation Oncology
Department of the University of Washington Medical Center.

In a Prism planning session at the workstation, every macitintion is represented the same
way. For example, gantry angle zero is always the “home”tosthat puts the gantry at the top
of its rotation, with the beam pointing straight down. ThesPRrcoordinate system conventions are
explained in detail in Chapter 3 of this report.

On the Prism chart, motions are represented in each mastomei coordinate system. The
gantry “home” position is called zero degrees for the neutrachine and the Philips SL20, but
180 degrees for Varian machines. Therefore, the numbetrapipeear on the Prism panels on the
workstation screen are sometimes different from the numpanted on the chart. This section
explains the differences for all the machines now in use énRkepartment of Radiation Oncology
at the University of Washington.

A.1 Gantry angle

Table A.1 lists the correspondence between the Prism gantyle scaling conventions and those
of all the machines in use at the Radiation Oncology Departrakthe University of Washington
Medical Center.

For the gantryHomeis the machine coordinate system value for the angle thattpatgantry at
the top of its rotation, with the beam pointing straight dowmthe Prism system this gantry angle
is O degrees.

For the gantryDir is the direction of increasing gantry angle in the machine@rdinate system.
It is clockwise (cw) or counterclockwise (ccw) seen from ibecenter looking toward the gantry
protractor. In the Prism system, the gantry angle increelsekwise.

The SL20 and Neutron gantry angle wrap from 359 to 0 as thegaasses the home (top)
position moving clockwise.

145
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Table A.2 shows the relation between the Prism gantry angleesach machine’s gantry angle,
for four standard gantry angles.

A.2 Couch angle

Table A.3 lists the correspondence between the Prism cawgll acaling conventions and those of
all the machines in use at the University of Washington.

For the couchHomeis the machine coordinate system value for the angle that thettable
long axis parallel to the axis of gantry rotation.

For the couchDir is the direction of increasing couch angle in the machinetsdinate system.

It is clockwise (cw) or counterclockwise (ccw), seen frora thocenter looking down at the couch
floor.

Couch rotation angl®angeis expressed in each machine’s coordinate system; for thadc4,
the second number is at the limit of counterclockwise rotatand for the other machines it is at
the limit of clockwise rotation.

The SL20 couch rotation angle wraps from 359 to 0 as the tasdsgs the home position moving
clockwise.

Table A.4 shows the relation between the Prism couch angleeaoh machine’s couch angle
for the four standard angles. Some couch rotation anglesotdre achieved by some machines.
These inaccessible angles are indicated by asterigsKs The Prism system does not prevent the
dosimetrist from entering these angles, but the inacdesaiigles are indicated on the chart by
asterisks, just as they are in the table.

A.3 Collimator angle

Table A.5 lists the collimator angle ranges and motion cotivas for all collimating systems in use
in the treatment machines at the Radiation Oncology Departmf the University of Washington
Medical Center.

Homeis the machine coordinate system value for the collimatgteathat is favored when there
are no other constraints (arising from wedge orientatietty, Usually this is the rotation angle that
is most convenient for loading and carrying the block tray.

The collimator is usually set at the home angle, or 90 dedgrees home. If one of the two 90
degree angles is preferred, this is noted in@Gloenmentolumn.

Machine Home| Dir
Prism 0| cw
Clinac 4 180 | ccw
Clinac 2500 180 | ccw
Philips SL20 0| cw
CNTS Neutron 0| cw

Table A.1: Gantry angle machine scales
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Prismg 0 90 180 270
Clinac 4 180 90 0 270
Clinac 2500 180 90 0 270
Philips SL20 0 90 180 270
CNTS Neutron| 0 90 180 270

Table A.2: Prism gantry angle and machine gantry angles.

Dir is the direction of increasing collimator angle in the maefs coordinate system. It is
clockwise (cw) or counterclockwise (ccw) seen from the &der looking into the collimator. (This
is nota beam'’s eye view.)

Rangeis expressed in each machine’s coordinate system. For thaoC500 it is the maximum
rotation in the counterclockwise direction; otherwises ithe maximum in the clockwise direction.

Table A.6 shows the relation between the Prism collimatgieaand each machine’s collimator
angle. Some collimator rotation angles cannot be achieyetbime machines. These inaccessible
angles are indicated by asterisks §. The Prism system does not prevent the dosimetrist from
entering these angles, but the inaccessible angles acaiadion the chart by asterisks, just as they
are in the table.

A.4 Collimator jaws

This section lists the collimator jaw motion limits and deises the correspondence between Prism
collimator jaw names and the names on each machine.

Widthis the setting that opens the collimator across the widthetable (in the Prism patient
X direction) when the machine is in its home position.

Lengthis the setting that opens the collimator along the lengtineftable (in the Prism patient
Z direction) when the machine is in its home position.

For the Clinac 2500, when the upper jaw setting is symméirilca setting is a single number
(the entire opening). When the upper jaws are set asymmalyjritwo settings are needed. Each set-
ting is the opening away from the central axis, usually atp@snumber. When an “overcentered”
jaw crosses the central axis, its setting is a negative numbe

Table A.7 lists the limits of collimator jaw motion for all mkines, with and without wedges in
place.

Machine Home| Dir Range

Prism 0| ccw 0 360
Clinac 4 O|ccw| —90 90
Clinac 2500 180| cw 90 270
Philips SL20 0| cw| 229 115
CNTS Neutron| 180 | cw 63 297

Table A.3: Couch angle machine scales
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Prism 0 90 180 270
Clinac 4 0 90 180 -90

Clinac 2500 180 90 o** 270
Philips SL20 0 270 180* 90
CNTS Neutron| 180 90 o** 270

Table A.4: Prism couch rotation angle and machine coucheangl|

Machine Home| Dir Range | Comment

Prism 0| cw 0 360

Clinac 4 0| cw| —90 90 | Differs from other Variang
Clinac 2500 180 | ccw | 79 283

Philips SL20 0| cw 0 360

CNTS Neutron| 270| cw 75 284 270 and 180 are preferred

Table A.5: Collimator angle machine scales

WidthandLengthare the maximum collimator openings (in cm) across the camchalong the
couch, respectively, when the collimator and couch areeir tiome positions.

Wedge Gradienis the direction of the wedge gradient when the collimatanigs home po-
sition. Neutron is the only machine where the wedge can katewtto the 90 and 270 degree
orientations to make an orthogonal gradient.

Wedge Limiis the maximum collimator opening (in cm) in the directiortloé wedge gradient,
when a wedge is present.

The Clinac 2500 independent jaws cannot be used when theewedgesent; wedged fields
must be symmetrical.

Because of the collimator leaves, the Neutron field lengthardy be adjusted in 1.25 cm steps
for lengths up to 12.5 cm and in 2.0 cm steps for larger fielde FL20 X diaphragms enable its
field length to be varied continuously.

The SL20 length can be the full 40 cm with the wedge in placé.chn only be 30 cm wide
with the wedge in place. (This is for the “Large Wedge,” whigh have. For sites that have the
“Standard Wedge” instead, the limits are 25 cm length and2@vidth)

The Neutron limits with the wedge in place apply to the 45 degvedge. The limits for the
others are different (30 degree: 19 and 30, 60 degree: 149nd 2

Prism 0 90 180 270
Clinac 4 0 90 180 -90

Clinac 2500 90 O* 270 180
Philips SL20 0 90 180 270
CNTS Neutron| 270 0** 90 180

Table A.6: Prism collimator rotation angle and machineiowtor angles.
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Wedge | Wedge

Machine Width | Length| Gradient | Limit

Clinac 4 32 32 Length | 15

Clinac 2500 40 40 Length | 14.7

Philips SL20 | 40 40 Length | 40 (along gradient

30 (across wedge)
CNTS Neutron| 29 32.5 (both) 20 (along gradient
30 (across wedge)

Table A.7: Collimator limits

Table A.8 shows how the Prism beam panel collimator jawrsgttiames correspond to the
machine names on the chart. The Prism X motion is the colimatver set for the Clinac 4, but
the upper set for the Clinac 2500.

There is a version of the SL20 data used when blocks, ratherttie multleaf collimator, are
used to shape the field. For this, the Prism variable jawrnalibr models the Philips jaws. Philips’
X and Y axes are reversed from Prism’s.

The Neutron machine is really a leaf collimator machine, (ot now) is modelled in Prism
as a variable-jaw collimator machine. Thwdth — setting printed on the chart for this machine is
actually the maximum opening of leaves number 0 — 19 away trarcentral axis. Thavidth +
setting is the maximum opening of leaves 20 — 39 away froméinéral axis. To increase theight
— setting, a larger number of leaves in the group 10 — 20 muspbeem, and increasirgeight+
means opening more of the leaves numbered 0 — 9 and 30 — 39.

Machine Collim type Prism name Machine name
Clinac 4 Symmetric X Lower
Y Upper
Clinac 2500 Combination | Xinf Jaw 1
(Xinf # Xsup) | XSUP Jaw 2
(Xinf = Xsup) X Upper
Y Lower
SL20 Blocks Asymmetric Xinf Y2
Xsup Y1
Y inf X2
Y sup X1
Neutron Blocks| Asymmetric Xinf width —
X'sup width +
Y inf height —
Y sup height+

Table A.8: Collimator jaw names

Note that the Varian Clinac 2500 presents a complicatedaipesase: it represents its indepen-
dent jaw pair by a single setting named “Upper” when the apgeis symmetric, and by two settings
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named “Jawl” and “Jaw2” when the opening is asymmetric.nfPdses not model this, but only
provides the separate sliders for both symmetric and asyriansettings.

No offsets or scaling constants are needed for collimatibings; the machine conventions are
the same as in Prism: symmetric jaw settings are the widthebpening, and asymmetric settings
are the opening of each jaw away from the central axis (omec®g is negative).

Prism does not check collimator jaw openings against aniggim

A.5 Multileaf (MLC) collimators

The collimator section on the EXTERNAL BEAM SETUP page shdois numbers for each MLC
field. Theheightandwidth are the maximum dimensions of the collimator portal openilogg and
across the axis of gantry rotation, respectively. In the aalsere the collimator rotation is zeho
the Prism coordinate systerhese correspond to the number of open leaves and the maxiead
opening, respectively.

For the SL20pnly when the collimator rotation angle is zetthe four numbers correspond to
the settings for the four SL20 jaws, as shown in Table A.9.etsayain, Philips’ X and Y axes are
reversed from Prism’s.

Prism chart| SL20 MLC

height X field size
h offset X offset
width Y field size

w offset Y Offset

Table A.9: Prism chart and SL20 jaw settingken collimator rotation is zero

A.5.1 Philips SL20 multileaf collimator

Fig. A.1 shows the SL20 multileaf collimator arrangemertiisiis a beam’s eye view; it shows the
leaf numberings as sedrom the source lookingut through the leaves. The Prism chart should
include a similar figure, by itself on an appropriately ldbelpage, for each SL20 beam in the plan.

When the collimator is in its home position (the collimatotation angle is zero on the machine
scale), the collimator is oriented so that the SL20 gantogrpctor is at theop of the figure. When
the SL20 couch is also at its home position (the couch coutdtioo angle is 0 on the machine
scale), opening the collimator leaves makes the field widevss the couch (parallel to the Prism
patient coordinate systemaxis), and opening more leaves makes the field longer al@ngdhch
(parallel to the Prism patient systeraxis). All subsequent description refers to the collimatod
couch in these home positions.

The SL20 machine scales call the direction of leaf motionYthdirection. The leaves on the
right side of the figure are called the Y1 leaves and those etethare the Y2 leaves.

The SL20 multileaf collimator has 80 leaves, each 1 cm widachHeaf is identified by the
distance from the isocenter to the line of travel of the aeafdhe leaf. Since the leaves are 1.0
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cm wide and the isocenter is between leaves, all of thesandiss are odd multiples of 0.5 cm,
ranging from—19.5 cm through0.5 cm and up tal9.5 cm. Distances toward the gantry protractor
are positive and distances away from the protractor aretivega

The setting of each leaf is the distance of the leaf end fraenctnterline. Leaf positions are
positive when the leaf is retracted on its own side, zero encmterline and negative when it is
“overcentered” into the opposite side. The figure shows ¢ftings for al0 x 10 field; the settings
of the open leaves are all positive.

Each leaf can open t20.0 cm and can overcenter to12.5 cm.

When all leaves are fully open the field sizelisx 40 cm.

Opposing leaves cannot be closed together. A gap of at le@stn® must be left between
opposing leaves. In the figure, where opposed leaf settirgbath shown as 0.0 cm, that means
the leaf pair is hidden behinddiaphragm

In addition to the 80 leaves, the SL20 collimator also has thaphragmsthat are similar to
conventional collimator jaws. The jaws are outside thedeawearer the patient. The diaphragms
are named X1, X2, Y1 and Y2.

The Y diaphragms move in the same direction as the leavebelfigure, the Y1 diaphragm is
on the right, Y2 on the left.

The X diaphragms move perpendicular to the leaves. The Xhdigns allow continuous ad-
justment of the field size in this direction. In the figure, & diaphragm is at the top, X2 at the
bottom.

Diaphragm settings are a given adield sizeand anoffset The field size is the separation
between opposite diaphragms and is always positive. Thetd the distance from the isocenter to
the midpoint of the separation between the opposite digiisa The offset is 0.0 if the diaphragms
are symmetrical, positive if diaphragm number 1 is open widled negative otherwise.

The X diaphragms armdependentvith respect to the leaf settings. At the SL20 console, the
therapist must first enter the X field size and offset. Thea,tlterapist is prompted to enter the
settings of the leaves between the X diaphragms. All of thede between the X diaphragms,
including leaves that are only partially covered by the Xptimgms, must be open.

The Y diaphragms ardependentvith respect to the leaf settings. At the SL20 console, the
therapist does not set the Y field size and offset. InsteadsH20 console software computes these
from the leaf settings that the therapist enters, so eaclaphdagm has the same setting as the leaf
which is farthest open on its side.

The Y diaphragms can be overcentered past the central axithebX diaphragms cannot.

The SL20 wedge is fixed in the collimator; it cannot be rotafEide wedge gradient is perpen-
dicular to leaf motion. In the figure, the toe of the wedge tsioward the top (superior, toward the
gantry protractor) and the heel of the wedge is toward thebofinferior).
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X Field Size 10.0 cm, X Offset 0.0 cm
Y Field Size 10.0 cm, Y Offset 0.0 cm

Field
Length X Y2 Leaves X Y1 Leaves
20 19.5 0.0 19.5 0.0
19 18.5 0.0 18.5 0.0
18 17.5 0.0 17.5 0.0
17 16.5 0.0 16.5 0.0
16 15.5 0.0 15.5 0.0
15 14.5 0.0 14.5 0.0
14 13.5 0.0 13.5 0.0
13 12.5 0.0 12.5 0.0
12 11.5 0.0 11.5 0.0
11 10.5 0.0 10.5 0.0
10 9.5 0.0 9.5 0.0
9 8.5 0.0 8.5 0.0
8 7.5 0.0 7.5 0.0
7 6.5 0.0 6.5 0.0
6 5.5 0.0 5.5 0.0
5 4.5 5.0 4.5 5.0
4 35 5.0 35 5.0
3 2.5 5.0 25 5.0
2 15 5.0 15 5.0
1 0.5 5.0 iso 0.5 5.0
+
1 -0.5 5.0 -0.5 5.0
2 -1.5 5.0 -1.5 5.0
3 -2.5 5.0 -2.5 5.0
4 -3.5 5.0 -3.5 5.0
5 -4.5 5.0 -4.5 5.0
6 -5.5 0.0 -5.5 0.0
7 -6.5 0.0 -6.5 0.0
8 -7.5 0.0 -7.5 0.0
9 -8.5 0.0 -8.5 0.0
10 -9.5 0.0 -9.5 0.0
11 -10.5 0.0 -10.5 0.0
12 -11.5 0.0 -11.5 0.0
13 -12.5 0.0 -12.5 0.0
14 -13.5 0.0 -13.5 0.0
15 -14.5 0.0 -14.5 0.0
16 -15.5 0.0 -15.5 0.0
17 -16.5 0.0 -16.5 0.0
18 -17.5 0.0 -17.5 0.0
19 -18.5 0.0 -18.5 0.0
20 -19.5 0.0 -19.5 0.0

Figure A.1: SL20 collimator leaf settings faf x 10 field
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A.5.2 CNTS neutron multileaf collimator

Fig. A.2 shows the neutron multileaf collimator arrangem@ris is a beam’s eye view; it shows
the leaf numberings as sefam the source lookingutthrough the leaves. The Prism chart should
include a similar figure, by itself on an appropriately labelpage, for each neutron beam in the
plan.

N Setting Setting N
9 0.0 0.0 39
8 0.0 0.0 38
7 0.0 0.0 37
6 0.0 0.0 36
5 0.0 0.0 35
4 0.0 0.0 34
3 -5.0 50 33
2 -5.0 50 32
1 -5.0 50 31
0 -5.0 iso 50 30
+
10 -5.0 5.0 20
11 -5.0 50 21
12 -5.0 5.0 22
13 -5.0 5.0 23
14 0.0 0.0 24
15 0.0 0.0 25
16 0.0 0.0 26
17 0.0 0.0 27
18 0.0 0.0 28
19 0.0 0.0 29

Figure A.2: Neutron collimator leaf settings fod x 10 field

When the collimator is in its home position (the collimatotation angle is 270 on the machine
scale), the collimator is oriented so that the neutron gapttotractor is at theop of the figure.
When the neutron couch is also at its home position (the coaabh rotation angle is 180 on the
machine scale), opening the collimator leaves makes the igler across the couch (parallel to
the Prism patient coordinate systenaxis), and opening more leaves makes the field longer along
the couch (parallel to the Prism patient systeraxis). All subsequent description refers to the
collimator and couch in these home positions.

The neutron multileaf collimator has 40 leaves. The 20 edteaves are 1.25 cm wide and the
outer leaves are 2.00 cm wide.

Leaves are identified by numbers 0 through 39 as shown in theefig here are four quadrants
of ten consecutive leaves; within each quadrant, leaf nusriberease moving away from the center.
Therefore, consecutively numbered leaves are not alwggset.

Settings for leaves whose ends lie in the right half of ther@dwave machine settings that are
positive numbers; those in the left half have negativersgdti Therefore, leaves 0 through 19 usually
have negative settings and leaves 20 through 39 usuallygwsrave settings. The setting changes
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Wedge orientation Wedge heel
0 | right
90 | top (superior)
180 | left
270 | bottom (inferior)

Table A.10: Neutron wedge orientation

sign when a leaf crosses the central plane. The figure shensettings for 40 x 10 field; note
that the settings for the open leaves on the left are-al0.

Each leaf can ope.5 cm and can overcent8r5 cm.

When all leaves are fully open the field size3is5 x 29.0 cm.

Opposing leaves can be closed together on the centerlinettiggsboth leaves to 0.0. Some
leaves at the ends are closed whenever the field is shorteB#ha cm. Central leaves can be closed
to create the effect of midline blocks.

The neutron wedge can rotate to four different orientatingles within the collimator. In the
figure, the wedge is oriented according to table A.10.

A.6 Wedge conventions

In the Prism system, when tleellimator rotationis zero, the wedge rotation is zero when the wedge
toe is pointed toward the gantry. Therefore, the Prism wedtgion angle and neutron machine
wedge rotation angle are related as shown in Table'A.11

Prismw 0 90 180 270
Neutronw’ | 270 0 90 180

Table A.11: Prism wedge rotation angleand neutron wedge rotation anglé

Table A.12 lists the wedge orientation conventions for @tiges and collimating systems in use
in the treatment machines at the Radiation Oncology Degsrtof the University of Washington
Medical Center.

In the table, “left” and “right” refer to theatient'sleft and right when the patient is supine with
his/her head toward the gantry.

Most machines have a few preferred collimator rotation emfbr use with wedges. This table
only contains entries for those angles.

The Varian machines (Clinac 4, Clinac 2500) have a removablgge tray with two possible
orientations. These orientations do not have names; thapisés call the positions “heel superior”
etc. as in the table headings. The position of the wedgeligatchieves these orientations depends
on the collimator rotation angle.

1An earlier version of this table was incorrect: neutron wedstation angles 0 and 180 were backwards.
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Machine Coll | Wedge Inf/Sup Wedge Med/Lat| Comments
Rot | Heel Inf  Sup| Heel Left Right
Clinac 4 0 Yes Collim rots are—90, 0, 90
90 Yes | Only one wedge orientation
—90 Yes Rotate collim to orient wedge
Clinac 2500 180 Yes Yes Collim rots are 180, 90, 270
270 Yes Yes| Wedge gradient is parallel
90 Yes Yes| to independent jaw motion
Philips SL20 0 Yes Only one wedge orientation
90 Yes | Wedge gradient is
180 Yes orthogonal to leaf motion
270 Yes
CNTS Neutron| 270 270 90 0 180 | Collim rots are 270, 180
180 0 180 90  270| Four wedge orientations

Table A.12: Wedge orientations and collimator angle mazikirales

On the Clinac 4 only one wedge tray orientation is availattbemthe block tray is in use.

On the Varian machines, therapists prefer to achieve tagglge orientations (e.g. for wedged
parallel opposed pairs) by flipping the wedge tray, not nogathe collimator. On the Clinac 4 this
is not possible, however; the collimator must be rotatedhoeve the prescribed wedge orientation.

The Philips SL20 internal wedge is fixed in the collimatortise collimator must be rotated to
achieve the prescribed wedge orientation. The wedge griagi@erpendicular to the direction of
leaf motion; the wedge is heel inferior when the collimatai its home position.

The SL20 also has four external wedges that mount outsidedhienator, and are used as
alternates to the internal wedge when a plan requires théeselexternal wedges can each be used
in only one wedge angle, as entered in the machine data filésd&sL20 beams.

The CNTS Neutron machine wedge rotates within the collimatad can be set to its four
orientation angles 0, 90, 270 and 180. The position of théihemach orientation angle, at the two
preferred collimator rotation angles, is shown in the table

The Prism chart only shows the wedge rotation angle for thetdda machine. The other
machines do not have a wedge rotation angle setting; theenvsdgther fixed, or placed by hand.
For these machines th#edge Rotow on the chart is left blank.

Table A.13 shows the wedge rotation angles for each macHihe. Clinac 2500 is different
from the other Varian machines because its Prism collimati@ation is defined to be zero when its
asymmetrical jaw pair opens in the Prisndirection.
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Cla 0, 180

Cl1 2500 | 90, 270
SL20int | O

SL20 ext| 90

Neutron | 0, 90, 180, 270

Table A.13: Prism wedge rotation angles available for eaabhime



