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Pixel-wise Kinetic Modeling Tool (PXMOD)

The PMOD pixel -wise modeling tool (PXMOD) is aimed at the quantitative analysis of
function al studies, mainly with Positron Emission Tomography (PET) or Single Photon
Emission Tomography (SPECT). Such studies typically result in a sequence of images which
monitor the uptake and distribution of an injected tracer over time. The image pixel values
represent the average tracer activity concentration (TAC) in tissue throughout the
acquisition.

The PXMOD tool provides a set of models which can be applied to each pixel-wise TAC.
When a suitable model is chosen, the resulting model parameters quantify a physiologic
process such as perfusion or glucose consumption, or a quantity such as the receptor binding
potential. Functional maps are created by assembling images from the result parameter
values in the individual pixels.

Starting the Pixel -wise Modeling Tool

The pixel-wise modeling tool is started with the PXMod button from the PMOD ToolBox

Fihod

or by directly dragging an image file onto the above button.
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The PXMOD user interface is organized as shown below after a data set has been processed
using the Vt (3 Calc. Methods) model. Note the workspace tabs which allow to work on
multiple data sets in parallel. To the right there is a taskbar available providing shortcuts to
important functionality.

Vt(3 Calc. Methods) © 2 X | BPnd (6 Calc. Methods) x |+ |Workspaces for different data sets or different processings =
[ © Image Data le?;sklng VOIs (TACs) | Oﬁlﬂojehng | © Parametric Maps “ Map Comparison -
@ | 1PKINT [CPFPX Bolus] CPF.. ¥ =]
ol (e [m 28] ~
v |\ 27 1 « == ) o
= @fs |« =0— »
o <3
© & cod val>p @@ v s
& | 0.0 § [11.8207
4 IEEEEDE a
| 36 [2] - 99 [3] %
o]El- [+~ (o]l -

|m? w 4

: #>= Input Data Settings | —>
s | Dynamic PET <47/418/1232/*/Pmod>

— @& Load

"Next Action"
Buttons

LN\

[ K 4427 > PN & 105 |a X Vt‘Maskmg\ B Modeling |

S Menus &= O T o - Parametric Maps Calculated

Step-by-Step Processing

PXMOD data processing is based on a stepby-step approach, whereby each step is
performed on a separate pane. Once a processing step has been performed, the user moves
to the next step using a red action button located in the lower right workspace corner. To go
back to a previous step, one of the prior panes can be selected by its tab. If the tasks for all
steps have been configured appropriately, the button B i the taskbar can be used for an
complete re-processing.

In contrast to earlier versions of PXMOD the use of transient data data is not supported any
longer. Rather, information pieces created during the processing session such as mask or
volumes-of-interest (VOIs) need to be saved before they can be applied. Therefore, at the end
of a processing session, it is always possible to save the whole processing configuration into
a protocol file. The protocol allows to exactly recall all dat a processing elements for
examination, or to repeat a processing with some changes.

Taskbar

The elements in the taskbar have the following functionality which is always directed to the
currently selected workspace:
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4

L]

Load input image data. The arrow below the load button is used for switching
among the available image formats.

Save all parametric maps. The arrow below the load button is used for switching
among the image formats which can be used for saving.

Close all input and result images of the selected workspace.
Save the processing session of the selected workspace as a PXMOD protocol file.

Load a PXMOD protocol file (aka configuration settings file) to restore a prior
processing session.

Open the batch mode facility.

Send the blood data and all TACs used in preprocessing to the general kinetic
modeling t ool PKIN (Option).

Switch to the previous/next model configuration in the models list. The list order
can be changed in the users configuration facility.

Show a short help information for the currently selected model.
Open a dialog window with the configuration of all processing steps.

If this box is checked, the pixel-wise processing is restricted to the slice currently
shown on the Image Data page.

With this button, all intermediate data in the workspace ar e cleared, and then all
processing steps including data loading performed using the current configuration.

The following sections describe how data is step-wise processed. The models themselves are
explained in a separate section (on page 35).

Menu Entries

The PXMOD Menu contains the following functions.

Quit

MNew workspace
Close workspace
File »
Batch Mode

Print Report

Model »
Save Model Settings
Load Model Settings

Settings 3
License ID

o] e o @

The New workspace entry allows adding a new page to the user interface for processing
another data set without overwriting the existing data, or for processing the same data with
some modifications. The latter is very easy because the configuration of the current
workspace is inherited when creating a new workspace.
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If a workspace is not used any more, it can be removed by the Close workspace entry.

The File entry allows loading the different files required for a processing, and saving the
results. By loading a data set, the data definition in the related configuration page is
updated.

Batch Mode can be used for processing a series of prepared protocol files which may take
significant computation time as described below (on page 34).

Print Report shows a report page as illustrated below which can be annotated, saved and
printed.

HAME PKIN1 E.DATE 01.01.1%81 ID Dyn. CPFPX bolus

Report: U4.10.2010 (21:36:31) Study: 01.03.2006 |1 of = | 3.2 | user 1

kBy/cc
1384 5

a7
830
554
w7 ﬁ
oo
0.0 18.0 36.0 54.0 720 a0.0
minutes

&/ Original blood data

Input curves

-1.907349E-6 kBafeo 55.20809 0.0 mifeem 3.127624
Input image Parametric image

| comment ]

Model provides the list of available models. Selecting a model will change the configuration
of the currently selected workspace.

Save Model Settings and Retrieve Model S ettings as well as the Settings items the are used
to work with protocol files as described separately (on page 32).

Finally, the License ID is used for displaying license information, and Quit to close PXMOD.

PXMOD Tool Configuration

Layout and Appearance

The default appearance of the PXMOD tool can be changed using the
Menu/Settings/Modify  entry or the configuration button in the status line.

e e [ 1] 3 -
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The appearing dialog window has several tabs. The first tabs are identical with the
configurations for data processing described below (on page 33). The additional Display
panel is illustrated below and serves for the configuration of the user interface layout and
behavior.

[ Loading | Masking | Blood Preprocessing | Model Preprocessing | Model [Vt (3 Calc. Methods)] | Saving | Paths |  Display

Interpolation |Mitchell : Fusion Interpolation Starting Window size
(® Default ) Maximized ( Lastused

Contrals on the [RIGHT image side [~]
X plane orientation ‘ ‘ View in Overlay r View in Title Bar |
Slice order on Z sheet |FEET FIRST * | Derd = immi VOls
Layout |SINGLE - [[] Patient Annotation [] Study Annotation
X plane rows x cols [1 x |1 Anatomical Annotation []image Corners
Y plane rows x cols 1 x [ Actual Image Comers [[]Image Port Focus
Z plane rows x cols 1 x [ Orthogonal View Crosshair  [] Color Bar
Custom rows x cols 2 X 3
Scaling type {minimax) |VOLUME - Report
Scaling method |Lt/ Ut - Print institution header
Orthoganal 4th @ [Emty - Print patient header
a Print application header
Color table | Gi - 13
clortable | b3y (] Printimage with white background
im| EET | Gray * P B cotor var orientation |HORIZONTAL -
»
I3 | S e ] Paper size |A4 -
CICT | Gray - [T |
WOI DEFINITION (Initial)
[] 8PECT | Gray - [N |

["] Set lower threshold to zero (except for HU data) Toolbars orientation |VERTICAL n
Toolbars layout: () InLine @ Mixed
Orthogonal View Crosshair |CROSSLINES = . 3] Center
WOl List location |LEFT image controls side :
Fusion Coupled Cursor [CROSSLINES = - B Center Drawing type: | [} -

Number of undo steps [100
Minimal duration 150 [mseconds]
[[] Undo restores layout
[[] VOl to Study synchronization
Confirm removal operations

The Paths section may also be helpful. In particular, it is possible to modify the default
suffixes of the different types of data which are used for filtering so that they match the
convention used by the local site.

Home button data path |C:/Pmod3.3/data/

Initial folder of
Components (C:/Pmod3.3/data/

Image Data C:/Pmod3.3/data/

elefo)

DICOM |C:/Pmod3.3/datal

TAC File extensions

BLOOD (ADVANCE, TABULATED) data *.smpl;*.crv *.old
TAC (ADVANCED, TABULATED) data *iac "ot

Availability and Ordering of the PXMOD Models

Each user of a PMOD installation may have a different sub-set of PXMOD models, and a
customized order of the model list. This helps making the tool easier to use for dedicated
purposes.

To configure the models list select the
m Caonfig
button in the PMOD ToolBox.

In the appearing dialog window first select the appropriate user from the list (eg. user 1),
and then activate the PXMOD models tab. The models which are currently available to the
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user in PXMOD are shown as a sorted list with the model name in bold and the java class
name in brackets. Use the? button to show a quick information about the selected model.

To change the list position of a model select it and then move it using the arrow buttons to
the right. Remove deletes the selected model from the list. To kring a removed model back
to the list use the Add new button and select it in the appearing dialog window.

[ UsERs | J Dicom | gl DATABASE | @ FTPNodes | [T onStat |

|. user 1 vI

T Edituser name ‘ |¥ Duplicate user ” ~ |

Login enabled [+ & User settings will be saved after next user selection
[ SETTINGS | PXMOD models | PKIN models | READ/WRITEplugins | LOADINGTOOLS | ColorTables | MODULES

Vit (3 Calc. Methods) [PMdvMethods2] -
Vit (Logan Plot) [PMloganV2]

Vit (RE-GP Analysis, Zhou) [PMREGPPlot]

BPnd (6 Calc. Methods) [FMbpndMethods)

BPnd (SRTM Ref) [PMsrtmV2]

BPnd (Wu SRTM2 Ref) [PMsrim2V2]

BPnd (Ichise MRTMO Ref) [PMichiseMRTMOVZ]

BPnd (Ichise MRTM Ref) [PMichiseMRTMVZ]

BPnd (Ichise MRTM2 Ref) [PMichiseMRTM2YZ]

BPnd {Logan Ref) [PMloganMonlnvasive2]

K (Patlak Ref) [PMpatiakRefv2] .
MP4A (Nagatsuka RLS Ref) [PHIUP4ARLS] Model re-ordering
1-Tissue Compartment (Alpert) [PhalpertGeneral]

1-Tissue Compartment (Zhou GRRSC) [PMzhouGRRSC]

2-Tissue (BFM) [PM2TCBFM]

2-Tissue Compartments, K1/k2 [PM2compartmentModelDV] MOde' he'p E
2.-Tissue, K1/k2, RR [PM2compartmentRR] [
MRGlu (FDG Patlak) [PMpatlakV2]

MRGlu (FDG Autorad) [PMfdgAutorad]

rCBF (Alpert) [PMalperi]

rCBF {Autorad) [PMrcbfAutorad]

rCBF (Watabe Ref) [PMwatabe]

'C14 Autoradiography [PMC14Autorad] -

‘ I a Add new I ” ¥ Remove

Example Data

Example data for practicing the use of the PXMOD tool are contained in the initial example
databasePmod which can be selected as an option during the installation. Besides the actual
data files there are various settings files (*.defpmod) which contain fully configured analysis
sessions.

To run a prepared data example start PXMOD, select the entry Load Model Settings from
the Menu . In the appearing Pmod database dialog window a list of protocol files is shown.
Select an entry, andRetrieve. Note how the all the PXMOD configuration elements are

adjusted. Finally, use the B ptton to perform all processing steps at once.

Note the section related to PXMOD in the PMOD Workbook . It provides step-by-step data
processing examples based on thePmod database so that they can easilybe repeated by new
users. This practical work is highly recommended and complementary to the detailed
description of the PXMOD functionality in the following sections.



PXMOD Data Processing

Chapter 1

PXMOD Data FPocessing

Processing Overview

The processing of a data set in PXMOD consists of the following steps which are performed
interactively:

The first step of a pixel-wise processing is to select an adequate model
Model selection |[from the model list. As a consequence, the userinterface elements are
configured according to the model requirements.

Image data As a next step the image data is defined and then loaded. During
loading loading, image transformations such as smoothing may be applied.

Optionally, a mask can be created interactively to restrict pixel-wise
processing to the area of interest. Masking mainly serves for removing
Image masking |background pixels which might result in disturbing outliers. The
created mask needs to be saved and is automaticallyadded to the
protocol definition.

Often, dedicated time-activity curves (TACs) are required for the
preprocessing and/or the pixel-wise processing. In this case there is an
VOI definition optional step for outlining appropriate tissue VOIs interactively. The
resulting VOI definitions or the related TACs need to be saved and are
automatically added to the protocol definition.

As a next step the tracer activity in arterial plasma (the input curve) is
selected and loaded. It may require some corrections, for example to
compensate for a delayed arrival and a dispersed shape at the site of
activity measurement. For some models the whole-blood activity can

Blood also be supplied for blood spillover correction.

reprocessin o
brep g The result of blood preprocessing is shown on a separate pane. For all

subsequent processing steps the corrected blood curve is used.

Note: Blood data is not required for reference models and some other
models. In this case the bloodrelated panels are not active.

Depending on the model some preliminary calculations may be
required, for example lookup tables or the derivation of initial
parameters for the pixel-wise fits. These calculations are typically
based on the TACs obtained in the VOI definition step. Usually the
preprocessing results should be inspected to see that the model works
properly with the prepared configuration. Therefore the results are
shown on a separate panel.

Model
preprocessing
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Once the preprocessing was successful, the user can specify which of
the parametric maps are to be calculated, and whether they should be

Pixel-wise restricted to a certain (physiological) value range. For the rapid
processing processing during a prototyping phase, e.g. for determining the
adequate table lookup range range, the pixelwise calculations can be
limited to the current slice.
The results may be explored in many different ways such as:
Comparison of the different maps in the included fusion tool.
Results

explorations

Pixel-wise arithmetics among the maps in the included fusion tool.

8 Comparison of the pixel -wise outcome with results when
analyzing the TACs interactively in the kinetic modeling tool
(PKIN, optional tool).

Saving of the
parametric
maps

Each fitted model parameter results in a separate functional map.
These quantitative images can be saved in any of the different formats
available.

Saving of the
protocol

PXMOD only uses explicit information for the calculation. Therefore,
at the end of a processing, a protocol file can be saved which will
allow to exactly reproduce the pr ocessing.

Working Mode using Initial Configuration

A suitable initial configuration can be used as an alternative to the step-wise processing
outlined above. In this case all required data elements are specified beforehand with the #*
button from the taskbar, and then all processing steps executed with B This, however, is

only possible if all the elements such as the VOIs are already existing. Therefore it isbetter

applicable for repeateing a processing with slightly changed parameters based on a protocol,
rather than to the processing of a new data set.

How To Continue

There following sections describe the sequence of steps required for processing a data set.

In This Chapter

MOAEl SEIECTION ....eeiiieiiiiiieee e 11
Image Data LoAdiNg ........ceeeieiiiiiiiiie e iiceee et ee e 11
g F=To LT =T (] o P 13
VOI DEFINITION .oieiiiiiiiiii ettt ean 16
MOAEl PrOCESSING ....ceiieiiiiiiiiee ettt e ettt eree e e e s e e e e e anes 20
RESUIE MAPS. ..ottt 28
= To IO e] gq] o T= T [T ] o H PR PPPPPPPPP 30
Interface to Kinetic Modeling (separate Option) ..........cccccvvvviiiieeeiieennnnns 31
UsiNg Protocol FlES ........oooiiiiiieeee e 32
Global Settings Modification ............occuviiiiiiiiiiee e 33

BatCh PrOCESSING ....cciiuiiiiiiie ittt 34
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Model Selection

For processing a new data set it is recommended to start with an empty workspace. Either,
one of the existing workspaces is cleared with the * button, or a new workspace is created

with the "I button of a workspace tab. In this case, all configurations of the currently active
workspace will be copied.

As the first thing an adequate model should be selected from the Menu/Model or from the
option list in the workspace tab.

V(3 Calc. Methods) ~ 4

The reason is that the different user interface elements such as the TACs to be defined are
adjusted to fit the requirements of the model.

How To Continue

After the model selection, the actual data processing can start with image loading described
below.

Image Data Loading

The image data can be directly loaded using the = button from the taskbar. In this case the
selected data set and how it was loaded (including any data transformations) is reflected in
the data configuration.

The alternative is defining and loading the images in two steps using the corresponding
elements onthe Image Data page.

1 . | #= |nput Data Setfings | —

PKIN1 | CPFPX Bolus | Dynamic PET <4

2

This procedure is described below.
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Input Data Settings

The first step consists of defining the image data set with the Input Data Setting button. It
opens a window which allows switchi ng between the different data formats and selecting
one or multiple image series, depending on the model. The lower part of the window serves
for the specification of data transformations during loading.

L] [ @ Database * ] PKIN1|CPFPX Bolus | Dynamic PET <47/418/1232/*/Pmod> G

Formats

Number of Slices 35
Units |kBglcc =
Number of Volumes 34

[] Select FRAMES [34 0f 34] [ select SLICES [350735]
[] Set Acquisition Start Time to zero
INITIAL OPERATIONS I/ PREPROCESSING TOOLS ‘

| . Reaorient to Anatomical Position

Tilt Correction

Sorted | MATURAL -

Z axis perpendicular to | TRANSYERSAL -
=
MNOME

Flip according to

Rotation around Z axis | 0_degree -

Operation |NONE |v| [Mo Operation Parameters |

® Resetloading parameters

It is the standard image loading dialog which changes according to the format of the image
data. When the FRAMES or the SLICES boxes are checked, image loading can be restricted
to a sub-range using the corresponding Select buttons. In the lower part of th e dialog
window, image processing options can be specified which will be applied during loading.

It is very important that the acquisition timingis correct when loading dynamic series. For
formats which have this information defined in the file (such as D ICOM) the Times box does
not become active. Otherwise, the user needs to activate theEdit Time button. A dialog
window is then shown in which the frame START and END times can be modified.

~TIME edition [seconds]
Selection: From frame |1 | To frame ‘34 | Setto Selection
step [100 | Duration [10.0 || settomn
Time units
(FRAMES List
[FRAME] [START] [END] [<]
1 o0 |[10.0 |
2 [10.0 |[20.0 L
3 [20.0 |[20.0 |
4 [30.0 [[40.0 |1
5 [a0.0 |[50.0 |
8 [s0.0 |[60.0 |
7 0.0 |[a0.0 |
8 [a0.0 [[100.0 |
9 [100.0 |[120.0 |
10 [1200 |[150.0 |
1 [150.0 |[180.0 |
12 [180.0 [210.0 | =]
u Save Time H @ Refrieve Time

Selected frames: 34 of 34

Check time consistency

Notes:
1. The data loader always retains the definition of the last successful loading operation. This
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is important when working with data formats which do not include time and unit
information, or if image processing options have been applied such as smoothing.

2. The fastest way to reset all operations is using theReset loading parameters button.

3. Image data without timing information should be avoided in PXMOD. In such cases it is
recommended to convert the data to a format with full timing support and proper frame
times. Wrong timing will in many cases produce erroneous results.

Data Loading

A description of the selected image is shown in the text field underneath the Input Data
Setting button. The actual image loading is finally performed with the red Load button.

The advantage of this organization is that the data configuration can be maintained between
sessions, when creating new workspaces, and when switching models.

(® imageData | Masking | vOIs (TACs) | © Modeling | @ Parametriciiaps | Map Comparison

@ 1 PKIN1 [CPFPX Bolus] CPF. v

MOGaE0

2lmjs 1 |« = >

wi@fs |1 ]« >
& cold v4ar @ v

1907366 | € [15.86796
35% — — 543

p|E|-|=|-|O|=]-

# 0 ® 0O

| &= Input Data Settings | —>
PKIN1 | CPFPX Bolus | Dynamic PET <4

o @ Load

[ | HQ I N ® 1.0 a all Masking‘ ﬂ Go to Modeling

How To Continue

There are two ways to continue. If you do not want to create a mask or outline VOIs then use
the Modeling button to proceed to the Modeling page. Otherwise select theMasking
button.

Image Masking

Initially the Masking page appears with the loaded images in the left display area.
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@ Image Data | Masking | VOIs (TACs) | ® Modeling

Map Comparison

Input | Averaged

Current | Combined
Qe @ ©
-
| B8 1 « =) »
| B 21 1 « =) »
© Cold Tar AP v
& | 10073656 € [1536796
* ] = |
358 =L} 54% 0% 1008
D@~ | ®|>|0|& 6~

Save MASK
From (10 4 r
[=i]
@ om ]
Average
To |20 4 b (Set to the protocol)
] 10 | a a
Segmentation Histogram | Segments
o ® No Masking
THRESHOLD IV
Loy A Seamentation 29 [0.0, 18183] - 89 (0.0, 18183] Mask by File
Use VOI(s) 17003 i
Separate Segments in Frames
8502 Define VOI.
Threshalds |1 Probevalue (yz) efne vols on
Thr: [0.0 « =L} » Input (xy.z) = v

-283 -12.4 44 21.3 38.2 a5.0
1M

Segment (xyz) = Input Image Data @ Averaged Input

(Start Point for Region Growing by Planes sele... || /™~ =« G ||| I~ T1ACS Bwh  Go to Modeling

Averaging Frames

To obtain an appropriate data set for masking it is recommended to average the dynamic
frames within an appropriate range. The range can be specified by the From and To
numbers or using the slider handles. When the Average button is activated, the average
uptake in the specified frame range is calculated and the result image shown on the
Averaged sub-pane.

Segmentation for Creating a Mask

The next step consists of generatirg segments which represent tissues of interest. The
segments can then be combined into a single mask. Segmentation can be performed on the
Averaged images, but also on the dynamic Input series, depending on which tab is selected.
The Histogram of the pixel values is updated according to the selected images.

It is recommended to change the color table to Gray, and to enable theOverlay . Then, select
one of the segmentation methods (described below) to specify an inclusion criterion. The
pixels which satisfy the criterion are colored in red in the image overlay. Note that overlay
updating might be slow when changing a segmentation parameter, depending on the
segmentation method. Run Segmentation performs the actual segmentation and shows the
result in the Current tab to the right. While standard segmentations create binary images
with 0 (background) and 1 (segment) pixel values, there are clustering approaches which
generate multiple segments in a single calculation. These segments are distinguished by
increasing integer pixel values. Each Run Segmentation activation overrides the previous
contents in Current .
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Input Averaged

Current Combined

Die | ® & De (@ @
-
| s 1 =)= | 1z 1 @ =)=
. 0 . >
€ €
S| @ oy A LIC- - S| @ oy A LIC- I~
* *
152582 € 5551867 0.0 € 1o
K I K
01l == 23 [%] 0 [%] == 100 [%]
(o] - (=] - [o[=] - (o] - (=] - [o][&] -
Save MASK
’ @
Save AVERAGED = oicom - Set
I= picom -
[ Set to the protocol ]
/&, Not saved.
O& @0 |a a O& @apho |a a
Segmentation Histogram Segments
| [¢] Overlay = P Segmentation 118 (22,673 18 22, 573] @® No Masking
[ use vol(s) | i : (Z) Mask by File
[] Separate Segments in Frames
Thresholds 1
Probe value (xyz)
Define VOIs on
Thr: [2.165 @ =)= e
O< Ci<= 0> @>= Segment (xy.z) = 3 . ) Current Segment . Combined Segments
1.5 01 1.7 33 43 6.5
(7 Inputimage Data @ Averaged Input
(Start Point for Region Growing by Planes) 11
S e O e acs || &R moseing |

Multiple segments can be combined into a mask. To prepare such a combination, copy
promising segments to the Combined tab using the Set button to the right of SAVE MASK .
As soon as the first segment has been copied, the button's name changes tppend . By
repeated Run Segmentation and Append operations a list of segments can be built up in the

Segments pane as illustrated below.

Current Combined

Bronson
0.0

-
0 (8]

# 0™

v 4

€ o
1
=]

[e][&]- [»] - [offE] -

LC- I B4

|
100 [%]

Save MASK

E picom

[ Set to the protocol ]

@
~ Append

/&, Not saved.

O& @10 |a o]
segmens

Mo | Name | Volume [ccm] | Method X

1 Thr_40_4 G066 THRESHO @ No Masking
2 Cluster1 473292 K MEANS C © Mask by File
3 Cluster2 3987 K MEANS C

4 Cluster3 327204 K MEANS C

5 Cluster4 382284 K MEANS C

5 Cluster5  303.444 K MEANS C

Define VOIs on:

() Current Segment () Combined Segments
) Input Image Data ® Averaged Input

[] Separate frames

||&ﬂ 1AC5| |

B Modeling |

The No entry in the Segments list indicates the number by which a segment is identified in
the Combined image, Name provides some descriptive information, Volume its physical
volume, and Method identifies the applied segmentation method. Multiple segments in the
list can be selected and transformed into a single segment by theMerge button. Hereby, the
initially distinct values are replaced by a common value, and the original list entr ies deleted.
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Saving the Mask for Model Processing

In order to use a generated segment image as a mask in model processing it must be saved
as a file and configured. Saving can be performed using the Save MASK button in any of the
supported image formats. Note that automatically the mask configuration button switches
from No Masking to Mask by File , and the saved file is configured.

If a mask file already exists, the interactions described above are not necessary and it can be
simply configured with the Set File button. The & button next to Set File can be used to
load the specified mask and show it in the Combined pane.

The Save MASK function can be applied on the Current or on the Combined panes. The
corresponding image are saved as a mask.

Note that the saved mask is not binary in the case of multiple segments, so that the segments
can be recovered. However, during the pixel -wise calculation only the non -zero mask pixels
will be processed, while the other pixels are blanked.

How To Continue

There are two ways to continue. If you do not want to outline VOIs then use the Modeling
button to proceed to the Modeling page. Otherwise first configure the image on which the
VOlIs should be outlined ( Current Segment, Combined Segments, Input Image Data ,
Averaged Input ), and then select theTACs button.

VOI Definition

The VOIs (TACs) page supports two processing steps and therefore has two subpages
VOIs and TACs. VOIs serves for the actual VOI outlining, while TACs allows saving either
the VOlIs or their corresponding TACs.
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VOI Definition

Initially, VOIs (TACs) shows the VOIs page with the images selected in theMasking step,
as well as a list of VOIs. These VOlIs correspond tothe activity curves required in the
Modeling part. Therefore the list may show blood -related and tissue-related VOlIs. In the
example below one blood curve and one tissue TAC is required. The blood-related VOI
could be used for specifying an image-derived i nput curve, but is most often disregarded.

Rather, a processed blood curve will typically be imported in a later panel. For reference
models, two tissue VOIs representing target and reference tissue are typically listed.

r @ |mage Data rMasking rVO|S (TACs) r’ @ Wodeling r@ Parametric Maps r Map Comparison |

“vois | TACs |
mhe |1 |« =
s o VOols — O
B | Mame
€ - Original blood data Gray b4 LIC: B
8 TAC1 +
$ L1.52582 € 6493988
i T 7
T
\[‘})m 0 8] = = 100 [%]
E = - []- G -
Info Hist C VOl Tools
__________ V:){\TE' 4 I 1] Current VOI:
""" | #newvor | Veria Timms - o
x1 - Contours
a8
G
-
<2D
-
=y % New CNT
1S
List | Group | Template
-
WP[]s = []Fil @ a Aver
(WOls on Averaged Input) 1
= Min
CINsafiE »phia 0 la a B prepare TACs [] Update

Interactive VOI Outlining

Initially all VOI definitions are empty. If no file containing suitable VOIs exists, contour
VOIs can be outlined in a standard manner as described in the corresponding section of the

PMOD Base Functionality guide. Briefly:

1) Navigate to a proper slice and adjust the color contrast.

2)
3)
4)

Select one of the VOI definition tools.

Double-click at the VOI to be outlined in the VOlIs list to select it.

Outline a contour in the axial slice. Add a new contour in the same slice with the New

CNTR button, or scroll to the next slice and outline a new contour.

Repeat this procedure for all required VOIs.
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Using Existing VOIs

If there exists already a file with suitable VOI definitions, they can be loaded with the

Append button from the | oading section.

e[ -

S ¥ Load

Mo 0 g Load with Transformation
O @ Load RT

D72 5 BT AppendRT

As a result, the VOIs are added to the list and shown in the image as illustrated below.

@ |mage Data |/Masking rVOIs (TACs) r @ Modeling r@ Parametric Maps r Map Comparison |

VOIs TACs -

s e i ﬁ”" . = - R R332,
SIEES 1 )
Vols -
o
Name
; ?:gl‘lna\nlnnddata: . Gray o G
z WB -1.52582 Q 6.498988
z KHre -
; g:lgtumre T \[:Dm 0El ¢ oo =]
z Striatum li
H Dol ®|- o
| L [o][e]
z Temporal re = Info | Hist [ TAC | VOITools
z Temporal li | a
z Caudatus re |
K 1] [

Contours

% New CNT

List | Group | Template

WP[]s: = | []Fil: @ a~  Aver -
Max -
Min -

‘ [] Update

(VOIs on Averaged Input)
[] W 4 a1z [» b H & 1.0 a (8] ‘ Bwh Prepare TACs

Now, all functions of outline VOIs are available. F or instance, the two striatal regions
Striatum re and Striatum li can be merged on theGroup tab to form a Striatum VOI which
will then be used for TAC1.

How To Continue

As the aim of entering VOIs (TACs) was to outline VOlIs, there is only one way to conti nue
with the Prepare TACs button for saving the work.
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VOlIs or TACs Saving

The TACs page shows in the upper left part the list of modeling VOIs, and in the lower part
their currently assigned TACs. Use the from VOI list to show th e list of all defined (not
empty) VOIs and change the assignment. In the example below only TACL1 is relevant, and it
is assigned the mergedStriatum VOI.

r @ Image Data rMaskmg rVDIs (TACs) r’ @ Modeling r’B Parametric Maps r’ Map Comparison

VOIs TACs
[[] Original blood data from VOI: Save and setto protocol: (Blood Preprocessing)
TAC1 from WOl | KHre ¥ | Save and set to protocol: ‘ Ol Vol definition H I~$A Time Activity Curve | (Model Preprocessing)
[0 VOIS GROUP
KBuyice
0 wB 1[04, -01] - 34 [87 5, 0.5]
567 M KHre
O KHIi
[3 Striatum re
s [0 striatum i
1 D Frontal re
[ Frontal li
[0 Temporal re
34| [0 Temporal li
[0 Caudatus re
[0 Caudatus Ii
[0 Putamen re
224 [ Putamen i
'\‘ O Striatum I
114 ‘-—_‘—I——_.___.
e
—
-0 I
0.1 17.6 350 52.8 700 874
minutes
S e a
B oL [~ |[=] T
&k Pprepare Model

Saving the VOI Information

As of now the assigned VOIs and the corresponding TACs are only transient. For use in
modeling a "save" operation has to be performed for each of the relevant VOIs. There are
two saving possibilities:

With this button the outline VOI definition can be saved in the database
or as a file. The corresponding TAC will be calculated again each time it
is required for the Modeling .

With this button the activity curve can be saved in the database or as a
disk file. In this case, no recalculation will be required, so that
processing might be faster. On the other hand, without the VOI
definition, it will not be possible any more to recover the exact image
pixels which produced the saved TAC.

As soon as either of the saving functions has completed, the saved file is entered
correspondingly into the Modeling configuration. This approach has the advantage, that no
transient information is used, so that the processing can be exactly repeated.
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How To Continue

All preparations have been completed, so that Prepare Model can be activated for

proceeding to Modeling .

Model Processing

Model processing consists of several steps which depend on the selected model. Basically,
two d ifferent model types can be distinguished.

1) Models using blood data consist of a Blood Preprocessing step with some Results, and

then a Model Preprocessing step with Results.

(\.’t{:!(:a\c.uelhodsl v ? X ’/BPnd:ECalc‘Meﬂlods} v ? X H

re Image Data rMasklng r\f’Ols (TACs) re Madeling rB Parametric Maps rMap Comparison |

“’e Blood Preprocessing | Resuis [|@ tiodel Preprocessing | Resutts | ® maps |

2) Reference models do not use blad data. Accordingly, they only require a Model
Preprocessing step with Results.

Vit (3 Calc. Methods) * ? X [/Bpnd{ﬁca\c.uelhodsl v ?X .

re Image Data rMaskmg rVOIs (TACs) rB Modeling re Parametric Maps rMap Comparison |

[@ Blood Preprocessing |'Resulis [ Model Preprocessing | Results | @ waps |

Blood Preprocessing

In the case of a model with blood data the Modeling page starts with the Blood
Preprocessing pane open. The window contents depends on the selected model and is
documented for every model. A typical example is shown below.

® Blood Freprocessing | Results | @ Model Preprocessing | Resutts | @ taps |

[® [1]Blood data and blood pre-processing

¥ [1]Blood data

TAC (DB) Authentic CPFPX in Plasma ( PKIM1 ) 2010-09-05 <47/418/1266//Pmod=

[T [C]Correct radioactive decay of blood data

= Display Original blood data [* Display Corrected blood data

The Blood data must always be specified. There are four blood definition methods which
can be selected from the list:FILE, THRESHOLD , VOI , or TAC(DB) .

External Files

Initially, FILE will be selected to load the blood data from an externally prepared text file. In
this case, a file must be specified which containsthe blood data (usually the activity of the
unchanged tracer in arterial plasma) as well as a descriptive header line as follows:

sample-time[time_unit]

value[value_unit]

0.0

0.0

6.0

0.01




PXMOD Data Processing 21

12.0 0.02999

Valid time units are seconds, minutes and hours, and value activity units are kBg/cc,
MBqg/cc, and uCi/cc. For FILE type data there appear also selections for specifying the units
which are applied if no unit information is found in the file.

= Blood data and blood pre-processing
[% [1]Blood data
[FLe || _crerx_BoLus__mruz0100s0535270675.00] @ [kBaree [+ [[seconas  [+]

Adequate blood files can easily be prepared in text editors, or with MS Excel and saving as a
tab delimited text file, such as

time[seconds]value[kBg/cc]
0 0

6 0.01

12 0.02999997

18 37.9498862

24 118.469289

Note: The header line is required otherwise the values in the first line will be s kipped. If
valid units are found in the file header they are used to convert the data into the internal
representation [sec] and [kBg/cc]. If there are no valid units in the header line the import
procedure uses the units configured in the configuration li sts.

Blood Files in the Database

If the blood data is contained in a database, TAC(DB) is used to select the data. The
organization of the data in the file is identical to that used for FILE. In the case ofTAC(DB)
it is assumed that the correct data units are contained in the file header.

Note that it is easy to store curve data appearing anywhere in PMOD to the database by
using the & button in the curve control area:

El Original blood data

A database save dialog will open. It is recommended to attach the blood data to the PET
studies. To this end select theAttach to Patient (Serie) button , and select the PET image
series. Then define a name for the blood data in theEnter name field, and complete with
Save.

Database: B Pmod ¥ [ DataBasel*.crv |

Enter name |Authentic CPFPX in plasm |

|"& Attacn to Patient (Serie) |

Blood Activity from a VOI

The VOI blood type is intended for image -derived input curves. If it is selected, a VOI must
be defined. This VOI is applied to the dynamic study dur ing loading and the calculated TAC
is used as the blood time-activity curve. This option is probably most useful for cardiac
studies.
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Blood from a Threshold

If THRESHOLD is selected, a % threshold can be entered. All pixels above the threshold
relative to the maximal value in the file will be considered as blood signal.

Decay Correction

If the Correct radioactive decay of blood data box is checked, the appropriate isotope
should be selected from the isotopes list.

= [O]Correct radioactive decay of blood data
Isotope Half Life [sec] |18 F (109.77 m)

) o 18 F (100.77 m)

I (] Display Criginal bl 62 Cu (974 m)

68 Ga (67.629 m)

82 Rb (1.273 m)

124 1(4.1760 d)

14 0 (70.606 s)

22 Na (2.6019 y)

38 K (7.636 m)

|s586.2 |

lv Comected blo

D X

[«]

Important Note : For the decay correction it is assumed that the timing of the blood and
image data have been synchronized. Because the image data are usually decay corrected to
the start of the first acquisition, blood time zero must correspond to the scan start time, and
decay correction is performed relative to time zero.

Results to be Shown

If the Display Original blood data and the Display Corrected blood data boxes are
checked, the respective blood curves are shown on theResult page. Some of he checks are
set by the model. They are mandatory, hence the[M] indication, whereas [O] boxes indicate
options.

How To Continue

Once the configurations are completed the blood data can be loaded and preprocessed with
the Preprocess Blood button.
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Blood Preprocessing Results

The next tab shows the blood preprocessingResults. In most of the cases, the correction of
the blood data will be performed outside of PXMOD, for instance in PKIN. Correspondingly,
the Original blood data and the Corrected blood data are typically identical as in the
example below.

('@ Blood Preprocessing | Results | ® Model Preprocessing | Results | @ aps |

KBylce M Blood
1[04,00]- 29 (57 5,08] TAC
1384 & =
1oy
830
95.4
77
oo
0.0 18.0 36.0 54.0 720 a0.0
minutes
S oa ] i
| =] |E| Original blood data I E] Corrected blood data
Info
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The models for H2:150 are very sensitive to the delay and dispersion of the input curve and
therefore include corresponding corrections. In this case theResults page shows much more
information. Note that the blood curves and tissue TACs can be shown on two panels
(Blood, TAC) as in the example above, or on a single panel as in the water example below.

® Blood Preprocessing | Results | © Model Preprocessing | Resultz | ® Maps |

kBq/cc o
29[-57.0,0.0] - 721858, 83.5] <)
BDR 6 = - <
P, Original and ¢orrected input curve |
365.2 |
2434 |
1217 “
0.0 - i > 4
-B5.4 -25.5 244 94.2 1541 2140
seconds
el al
| =] |E| Original blood data [ Corrected blood data |
KBuice %
1[50, 08]- 181750, 77.9) ]
774
- /__.-—-——-— )
‘oo Measurement and Fit
33
158
03
5.0 28,0 7230 107.0 141.0 175.0
seconds
S e |:| a
‘ = IEI Countrate data [l Fit to countrate data
Delay 25.40015 ([ 25.40019 ) 49 Info
Dispersion 31.54832 ( 31.54832 ) 49 L
Elow 28.96315 (2896319 ) 36 Results of a model fitting
Flow/Part.Coeff  29.57507 ( 29.57507 ) 47
i
Blood Preprocessing (Blood | TAC) Curves in one panel b Set Model Preprocessing Parameters

How To Continue

There is nothing else to do on this page than to inspect the results. If the outcome is ok,
proceed to the model preprocessing step with the Set Model Preprocessing Parameters
button.

Model Preprocessing

For many of the supported models some type of preprocessing or the specification of some
information piece is required before the actual pixel -wise calculation can be started.
Preprocessing operations may require certain input information, typically:
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8 Tissue time activity curves: They serve for the calculation of initial parameters such as t*,
or for checking that the model is working properly with the current data.

8 Model parameters: A typical case is the Logan plot (and derived methods) whi ch
requires the specification of the equilibration time t*. t* may be entered as a fixed value
by removing the fit check [l and entering the number. Alternatively it can be fitted using
the specified TAC and an error criterion ( Max. Err.). In this case the fit box need to be
checked [¥.

8 Input parameters [ : Here user input is requested. The Threshold for instance is such an
input parameter.

In the Model Preprocessing panel, the preprocessing parameters of the current model are
listed. Typically, there are input parameters which will also be used in the pixel -wise
calculation, as well as parameters of interest calculated during preprocessing. These are
shown in the Macroparameters section. The parameters of each model are described in a
separatesection (on page 35) of this document. Note the Set Defaults button which rest ores
the configuration typically used with the model.

Logan Plot Example

In the case of the Logan plot shown below the equilibration time t* must be defined from
which on the plot is considered linear and a regression line is fitted. To determine t* the user
must provide a tissue time -activity curve (TAC1) to which the Logan plot will be applied

and shown on the Result pane. A fit or visual inspection allows specifying t*.

(@ Blood Preprocessing rResults rB Model Preprocessing I/Resulls rB Maps|

Box checked to fit t* )

I* [i]Logan plotfor one region
[* [l]Use corected blood data
= TAC1: any tissue of interest

= CPFPX Bolus WholeBrain { PKIN1 ) 2010-09-05 <47/4181259/Pmod> L
Input Values N

i M [] Restrict: [min]
| Max.Er. [100 | [3%]

[ Threshold |3.0 [0-100%]

Macroparameters:
wt= 0.821031 [mi/ccm] ( Total distribution volume: Vi = slope of regression line (unweighted fitting) )
Intercept = -1632.345057 [norm. act] { y-intercept of the regression line fitted to the Logan Plot using the values starting from t* )
Start= 70953834 [norm. min]  Start of the linear section in the Logan plot; time”is NOT plain acquisition time )

Display TAC1 = Display Integral(Tac1)yTAC1 [ Display Regression fitto Integral(TAC1)TAC1 & Display Original blood data

I o1
Res UIt IaYOUt 5 Display Corrected blood data [ Regression result text

@ Set Defaults ‘ b Preprocess Model |

The first mandatory box Logan plot for one region indicates that the Logan plot must be
performed with representative time -activity data. It uses the corrected blood curve resulting
from the blood preprocessing step (mandatory Use corrected blood data box). The
information used as TAC1 must be specified. This can be done by referencing a previously
defined VOI as in the example above (VOI selection), by referencing a TAC data file with the
FILE selection, the TAC (DB) selection, or aTHRESHOLD selection.

The check besidest* indicates that this parameter will be fitted during preprocessing using
the error criterion specified in Max. Err. The Threshold is a common input parameter in
preprocessing which serves for background masking. All pixels with energy below the
specified percentage of themaximal energy will be masked to zero.
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Below the parameters is a section related to the information seen on theResult panel of
preprocessing. Again, some elements areM andatory, while others are Optional. For
example, to inspect the TAC used in the Logan plot the Display TAC1 box can be checked.
Note, however, that the axis scales differ between the TAC and the Logan plot in the Result
curve plot.

How To Continue

If all required information for the selected model has been specified, start the model
preprocessing step with the Preprocess Model button.

Model Preprocessing Results

The Results tab shows the outcome of the model preprocessing. Again, the information
shown is highly model -dependent, and in some cases will be enirely empty. The example
below shows the result of fitting t* for the Logan plot with an error criterion of 10%. The
Logan plot with the regression line is shown in the TAC curve panel, whereas the numeric
output can be found in the Info area. TheBlood data can also be inspected using the
corresponding tab.

@ Blood Preprocessing rResults re Model Preprocessing rResults re Maps |

kByicc M
1[0, 1627 71 - 23 [87 5, 32031] Tac

123530
I /
P /

sugt s /
ieas /

-16832.7
0.0 a0.1 100.2 14603 200.4 2505

minutes

S - o]

‘ =] EI\megra\(Tac‘l)fFAC'l =] E] Regression fit to Integral(TAC1)TAC1

Result of regional Logan Plot: Info

t* = 25.0 [min]
v = 0.9210305292215701
intercept = -1632.3450566766371

[[] Model Prepracessing (Blood | TAC) Curves in one panel P Set Map Parameters

How To Continue

The purpose of this tab is to provide information for the user to decide whether the
preprocessing was successfully. If this is the notthe case, please select thilodel
Preprocessing tab and adjust the configuration. Otherwise proceed to the configuration of
the desired parametric maps with the Set Map Parameters button.
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Maps Configuration and Cal culation

The Maps page lists all model parameters for which a map can be calculated. Only the maps
with checked fit box will be created. Note that the omission of parameters will not always
have an impact on speed, since the model calculation often resultsin all of the values.

The Restrict box allows forcing the parameters values within a physiologic value range
limited by the Lower and Upper threshold values.

@ Blood Preprocessing rResults r@ WModel Preprocessing rResults r@ Maps ‘

( Map (| Vt_logan  [v] Restrict Lower [0.0] | Upper [5.0 | (miicem

[v]Vt_perpend [v] Restrict. Lower |DD | Upper |5.U | (miicem
[¥] vt_ma1 [¥] Restrict. Lower [0.0 | Upper [5.0 | (miicem
[¥] A1 [¥] Restrict:  Lower |[IIJ | Upper |5[I | tmiicemimin]
[No Map }.

] Intercept O [norm. act]
[]-a2 O [1/min]

1

# SetDefaults | b Pixelwise Calculation

Note the Set Defaults button which restores the configuration typically used with the
model.

How To Continue

After configuration of the target maps and their restrictions the actual calculation can be
started with the Pixelwise Calculation button. The calculation is limited to the slice
currently shown on the Image Data page as long as the single slice box in the taskbar is
checked as illustrated below.

Bk

Otherwise the parametric maps of the full data volume, optionally restricted by a mask, are
calculated and shown on the Parametric Maps page.

Note: The calculation of time-consuming models has been parallelized. If the computer
running PMOD has N>2 processors, pixel-wise processing will be distributed among N -1
processors and the overall calculation time is proportionally reduced .
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Result Maps

As soon as pixelwise calculation completes, the results are available on theParametric
Maps page. Initially, it shows the map of the first fitted model parameter. If multiple
parameters have the fit check enabled, the corresponding maps are organized as separate

studies and can be switched using the controls in the upper right.

\ ® Image Data 'Masking \ VOlIs (TACs) ‘ © Modeling [0 Parametric Maps [ Map Comparison

©
ew probe Value, Time: [-] o~
line ] Distance: [-] (
m e e g
TAC | Profiles | 3D plot & histogram | SU

PARAMETER NAME VALUE I UNIT ] FRM
Vt_logan 1.009281 75...| milc 1

Vt_perpend 1.0116343498:

Vt_ma1 [1.0271469354¢
0.054503634572...

Close «

1Vt_logan w‘ P X =

¢ ® (& ‘[ (&) '[1 ¥ 1Vt_logan

s It |4 [0 2Vt_perpend

0 3Vt_mat
|3 4a1
@ cod var @@ v
| 0.0 | € [3.127624
(o] 0]

} = Output Data Settings l —

Save Maps————————————
W patabase o [JAll ‘

] K ddafis [»h R 10 |a 01

@ Compare

The following actions are supported on this page:
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8 Individual parameter values inspection: To see all the parameter values of a pixel start
the data inspector with the = button and extend it with the >>button. Click at different
pixels to get the numbers updated.

8 VOlI statistics: To calculate statistics use the VOI buttonO. The VOI tool is opened with
all parametric maps loaded so that an outlined VOI can easily be applied to the different
maps without the need of first saving the ma ps.

8 Maps saving: Use the Save Maps button to save the currently shown map in any of the
supported formats. If the All box is checked, all maps are saved in separate files. Note
that the parameter name is added to the series description or the file name, sothat the
data meaning can be seen when loading the data.

Output Data Settings

This button is mainly used to specify the output data format for the batch mode. Note that
when maps are interactively saved the existing configuration is overwritten by the for mat
used.

oOutputFormat [ Bl Database ¥ | SELECTDATABASE B> Pmod - »
Transfer Syntax
PATIENT POSITION:
é R_ R L
A0 B2 iRle = c@r B el @
R L L R
D L R R L
R L L R
E|E
= = B -
b B B |
? N,
i UNDEFINED || & OBLIQUE
fuzs) RN

How To Continue

Proceed to explore the parametric maps with the fusion tools by activating the Compare
button.
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Map Comparison

The Map Comparison page is a subset of the PMODImage Fusion tool (PFUS). Note that the

dynamic input images as well as all maps are available and can be selected in the different
rows by the indicated arrow button.

| © |mage Data \ Masking | VOIs (TACs) f © Modeling "0 Parametric Maps [ Map Comparison ‘

(][ - (=] - Bl -

©lalzlali]

B i ] =
J PKIN1 [CPFPX Bolus] CPFPX Bolus Dynamic PET ‘ = —

§ [0 PKIN1 [CPFPX Bolus] CPFPX Bolus Vt_logan |= Dynamic PET
© PKIN1 [CPFPX Bolus] CPFPX Bolus Vi_perpend [> Dynamic PET | ® Cold var @A® v
3 PKIN1 [CPFPX Bolus] CPFPX Bolus Vt_ma1 |= Dynamic PET

[0 € 30
I3 PKIN1 [CPFPX Bolus] CPFPX Bolus A1 |= Dynamic PET ] R O
0% == 608

[2][E] - [=] - Bl -

CICIECIOEIEN

@_ Box Plot
= § image Agetra | L mand tman |
o @ Image Fusion [#% scatter Plot 2D

» 2 @ Recuiasbisniay { E&_‘, Scatter Plot 3D
="ttt |

. (] @ Blank

The page supports different layouts w hich can be switched using the button in the lower
right image corner as illustrated above.

8 Image Algebra supports pixel -wise arithmetic operations of two parametric maps. This
can for instance be used to calculate the difference image of Vt assessed by dtinct
methods.

8 Image Fusion shows the fused image of the first and second row in the third row. An
example application of this feature would be the overlay of a parametric map on the
input images.

8 Regular Display allows inspecting three data sets in parallel. Additionally, correlation
plots of the pixels enclosed in VOIs can easily be generated.
8 Blank is simply for blanking the third row.

To learn more about the functionality on this page please refer to the PMOD Image Fusion
guide.
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Interface to Kinetic Modeling (separate Option)

Sending VOI TACs to PKIN

The PXMOD tool is not aimed at interactive modeling. However, if the PKIN tool has been
licensed, the PXMOD blood and TAC data can be easily transfared to PKIN by the =]
button in the taskbar. A dialog will be opened, showing the TAC data available.

Original blood data
TACH

kByicc

1(04,00]- 34 (87 5,08]
138.4 5

1107 -
830+

65.3 1

278 L
minutes

S - a

=] : - [] Original blood data [ : ] TAC

| BE) send to Kinetic Modeling [SET] || B send to Kinetic Modeling [ADD] H Cancel |

Use aSend to to Kinetic Modeling button to copy the selected PXMOD information to
PKIN. There are two variants available: the [SET] variant will overwrite the data in PKIN
without asking for a confirmation, while the [ADD] variant will first create a new PKIN
workspace. If PKIN is not yet running, it is start ed and loaded with the selected data. In
PKIN, interactive modeling can be performed using all methods, and the information gained
can be useful for improving the configuration of the PXMOD model.

Sending Pixel -wise TACs to PKIN

In addition to using the V Ol TACs it is also possible to send pixel-wise TACs to PKIN. To
this end configure in the first row of the Map Comparison page the dynamic input data,
open and extend the data inspector window so that the pixel -wise TAC is shown when
clicking at an image pixel.
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Use aSend to to Kinetic Modeling button as described above to copy the selected PXMOD
information to PKIN. Note the Append TAC data box. If itis checked, the TACs are added
to the current PKIN wo rkspace, allowing to work with many pixel -wise TACs.

Using Protocol Files

The configuration of PXMOD can be saved in protocol files (with suffix .defpmod). By

loading a protocol file the processing configuration can exactly be r estored at any later time.
This may help when the need arises to retrospectively check the exact processing details of a
result data set, or it may serve as a template for similar analyses with other data sets.
Therefore it is recommended to not only save the parametric maps, but also a protocol file
when a processing session has been successfully completed. Note that only the configuration
of the current workspace is saved in a protocol file.

There are two ways of saving and restoring the PXMOD configurati on:

1) Model and data only: Menu/Save Model Settings or &# from the taskbar saves the
current model configuration including the data definitions. Menu/Load Model Settings
or =% from the taskbar are used for restoring.

2) Model, data and PXMOD configurations: With Menu/Settings/Save and
Menu/Settings/Retrieve the configurations of the PXMOD tool are considered in
addition to the model configuration and the data.




PXMOD Data Processing 33

Note: When closing PXMOD, the current configuration is written to the initial settings file of
the PXMOD user. Upon restarting PXMOD, this configuration is restored so that the user
can continue with his most recent environment.

Global Settings Modification

Menu/Settings/Modify or the ¥ button open a dialog window which allows to inspect and
modify the configuration settings very easily. As illustrated below it contains a tab for all
processing steps steps, and each of the tabs contains the same configuration elements as the
full processing pages.

Loading | Masking | Blood Preprocessing |  Madel Preprocessing | Model [vi(3 Calc. Methods)) | Saving | Paths | Display

% [11]Logan plotfor one region
[% [11]Use corrected blood data
= TAC1: anytissue of interest
CPFPX Bolus WholeBrain { PKIN1 ) 2010-09-05 <47/418/1259~/Pmod> L

] t* 25.0 [[] Restrict: [min]
[ Max.Err. [10.0 [%]
¥ Threshold 3.0 [2%]
Macroparameters:
Vi= 0921031 [mliccm] ( Total distribution volume: Vt = slope of regression line (unweighted fitting) )

Intercept= -1632.345057 [norm. act] ( y-intercept of the regression line fitted to the Logan Plot using the values starting from t= )
Start= 70.953834 [norm. min.] { Start of the linear section in the Logan plot; time’ is NOT plain acquisition time )

= [0]Display TAC1 = Display Integral{Tac1yTAC1 & Display Regression fit to Integral(TAG1YTAC & Display Original blood data
% [1]Display Corrected blood data [* (1] Regression result text
@ Set Defaults

A (o J o]

For instance, after loading a protocol file, the configurations can be inspected very quickly
by stepping through the pages with the arrow keys at the bottom.
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Batch Processing

The Batch Mode menu entry starts a utility for running a set of pre -configured processing
tasks which have been saved as .defpmod protocol fles. Initially, a dialog window appears
for selecting the protocols. After one or several of these have been selected ancet activated,
the actual batch dialog window appears:

Different Wt Methods ( PKIN1 ) 2010-10-25 <47/418/1480"/Pmad=>
1-Tissue Ridge Regression ( PKIN1 ) 2010-10-15 <47/418/1463/Pmod>=

FDG Patlak { PKIN3 } 2010-10-15 <48/289/1462F/Pmod=

VilLogan ( PKIN1 ) 2010-09-17 <47/418/1455//Pmod=

1-Tissue Alpert { PKINT ) 2010-09-05 <47/418/12807Pmod-

2-Tissue, 4 Parameters ( PKINT ) 2010-09-05 <47/418M1278//Pmod=
2-Tissue, 3 Parameters ( PKINT ) 2010-09-05 <47/418M1277/*/Pmod=
-Tissue, Ridge Regression ( PKIN1 ) 2010-09-05 =47/418/1276//Pmod>

DASB SRTM { PKINZ ) 2010-09-05 <46/417/1275/Pmod=

BPnd, Different Calculations { PKINZ ) 2010-09-05 <46/4 171274 /Pmod= e

Q Set file(s) H @ Add file(s) ¥ || * Remove

Model description

Model name 2-Tissue, K1/k2, RR
Number of parameters [17 -= (vB | K1 | K1/k2 [ k3 | k4 | k2 | Vi | Vs | k3/kd | Flux | ssq | Cluster | B{vB) | B(K1) | B(K1/k2) | B(k3) | B(k4))
Dynamic data input path PKIMN1 | CPFPX Bolus | Dynamic PET =47/418M1232/Pmod=
Parameters output path Pmod : jdbc.derby. /DATABASES/Pmod (Local)

Ie® View ! Edit Details

Close aﬂer| B Run H | | Cancel |

The list shows the tasks which are currently scheduled. The Add file(s) button allows to add
more entries to the list. If protocol files are selected with the Set file(s) button, the list is first
cleared before adding the new entries. Entries can also selectively be removed with the
Remove button.

The Model description area summarizes the relevant information of the selected
configuration entry. It shows the Model name , the Number of parameters in the model, the
data which will be processed, and information how the resulting maps are saved. View/Edit
Details serves for checking the selected configuration more closely and changing it if
necessary. For instance, it is important to define a reasonable output path to find the results
and to be able to relate them to a specific processingSo if the Parameters output path needs
to be corrected, this can quickly be done using the View/Edit Details button and then
selecting the Ok button.

When the Run button is activated, PXMOD performs one configured task after the other,
writing out the re sults in the prescribed way. PXMOD will be blocked until the batch has
been completed. If there is a need to stop the batch, the@ button in the progress bar can be
selected which will take effect after the next completed task.
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Chapter 2

PXMOD Model Reference

While the purpose and the usage of the PXMOD tool have been described above, this section
presents background information about the availab le models and how they are

implemented. For each model the relevant requirements and configurations are given in an
own sub-section. The description per model specifies the:

8
8

8

Reference(s) according to which the model has been implemented.

Required input d ata such as the image data, blood data, and timeactivity curves (TACS)
for performing preprocessing steps, or serving as a reference TAC in reference models.
Please remember that all the input data must be calibrated to calculate meaningful
results, and that the right timing information and data units must be provided during
data loading.

Preprocessing of the blood data to optionally correct for radioactive decay, arrival delay
and bolus dispersion.

Model -related preprocessing steps required before the atual pixel -wise calculations can
be started.

Meaning of the model parameters.

To see how the PXMOD models should be set up it is recommended to load the prepared
protocols from the example Pmod database, run the analysis, and inspect the different
configuration parts.

Note: For a full understanding of the model applicability and the results interpretation
please refer to the cited publications.

In This Chapter

List of Implemented MOEIS ..........ccooiiiiiiiiiiei e 35
Common Preprocessing FEALUIES...........ccovvvvivviiiiiicemeeeee e e e e e eeeeaaes 38
Models With BIOOd Data ........ccc.uuviiiiiiiiiiiiiieeeiiiiieeee e 39
Reference Models for Receptor and other Tracers.............ccccovvvvvvivvieeenns 70
Brain Glucose CONSUMPLION .......ueiiiiiiiiiiiiieeieeeiee e 94
Brain Perfusion and BIood VOIUME .......cccccviiiiiiiiiiiiirceeeieeeeeeee e 105
Miscellaneous MOEIS ...........cuuuiiiiiiiiiiii e 115

List of Implement ed Models

The following lists provides a quick overview of the implemented models. If one of the
models does not appear in the Model list of the Menu it may have been hidden and can be
added using the configuration (on page 6) facility.
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Note that outdated models from previous versions have a "Legacy" in the name. These
models are only supported for backward compatibility.

Models with Blood Data

D .
Model Name Data 7ynam|c Blood?
Vt (3 Calc Methods) (on page | Tracers without irreversible
yes yes
39) uptake.
Tracers without irreversible
Vt (Logan Plot) (on page 44 es es
(Log ) (on page 44) uptake. y y
Vt (RE-GP Analysis, Zhou) (on [ Tracers without irreversible os s
page 47) uptake y y
Tracers which allow time -
1-Tissue (Alpert) (on page 50 . . . es
issue (Alpert) (on page 50) weighted integral solution. yes y
1-Tissue (Wu GRRSC) (on Tracers with 1-tissue compartment os s
page 52) kinetics 4 y
Tracer with 2-tissue compartment
2-Tissue Compartments, K1/k2 |kinetics; preferably with K 1/k2 yes yes
constant and k.=0.
2-Tissue K1/k2, RR (on page Tracer with 2-tissue compartment
. L . . |yes yes
58) kinetics. Fit with Ridge -Regression
Receptor Reference Models
Dyn amic
Model Name Data o Blood?
BPnd (6 Calc. Method .
nd (6 Calc. Methods) (on Reversible receptor tracers yes no
page 87)
BP Ichise MRTMO Ref .
nd (Ichise ORef) (on 123 |BF, uC Raclopride yes no
page 79
BPnd (Ichise MRTM Ref) (on C DASB yes no
page 82)
ise M RTM2 Ref
BPnd (Ichise ef) (on 1C DASB yes no
page 84)
BPnd (Logan Ref (on page 77)) |“C Raclopride, »:C dMP yes no
BPnd (Gunn SRTM Ref ( on uC Raclopride, 1C CH 23390,uC yes no

page 71))
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