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PMOD Base Functionality Introduction

This guide describes the installation of the PMOD software, the different levels of configuration,
and the versatile image analysis tool which belongs to the base installation of PMOD. It supports
many operations for image reviewing and scientific data analysis:

= Loading medical images in different formats, including DICOM.

= Viewing the images with different color tables and in different layouts.

= Calculating new slice images in arbitrary new orientations.

= Performing various image processing and manipulation operations.

= Displaying fusion images of matched data sets (image registration is a separate option).

= Performing volume-of-interest analyses and the calculation of time-activity curves from
dynamic studies.

= Saving images in different formats, including DICOM, and directly C-STORE them to a DICOM
server.

=  Statistical comparison of group outcomes via a console interface to R.

Additionally, this guide explains important notions generally used in PMOD tools such as
= The image data formats, their loading and saving.

= Control of layouts and image display.

= Inter-operation of tools.

For getting started with PMOD we recommend the following approach:

1. Browse this document as it gives the foundation for all other PMOD tools.

2. Browse the PMOD User's Guides of the other PMOD tools you are interested in.

3. Perform some practical exercises based on the example data provided with the installation and
the step-by-step descriptions in the PMOD Workbook.

4. Attend one of the proven bi-annual PMOD Trainings which are announced on PMOD's
website.

For in-depth understanding of PET Kinetic Modeling we strongly recommend the PMOD users to
attend one of the excellent yearly PET Pharmacokinetics Courses. These courses include theory
as well as practical work and are organized by the the top experts in the domain. The 2019 course
is likely scheduled July 2 - 4, 2019, in Yokohama, prior to the BrainPET Meeting. Another
worthwhile course is PET Methodology (King's College London). An additional source of valuable
information is the data analysis website of the Turku PET Centre.

PMOD Basics

Basic User Interface Elements
1

For efficient use of the PMOD programs it will be helpful being aware of the behavior of some user
interface elements.

Option Buttons

Frequently used are option buttons. Their appearance is a button with an arrow next to it, for
instance the loading button of image data

Load Reference

@@ Database E

The arrow = indicates that there is a selection. As soon as it is activated with the left mouse
button, the different options appear as a list.

PMOD Base Functionality (PBAS) (C) 1996-2019 pmod


http://www.pmod.com
http://www.pmod.com
http://brain2019.jp/
http://www.turkupetcentre.net/petanalysis/index.htm

PMOD Basics 14

@& Database 1 E

0 Autodetect
[0 DICOM

¥ Database
[0 ECAT | 2
[0 GRAPHIC
[0 HIDAC

[0 MATLAB

0 RAW

I3 TIFF

"\_./\

Select the appropriate option with the left mouse button, for example ECAT in the example above.
The list closes, the button changes to the new option,

| @ ECAT |~

and the button operation is executed.

Option buttons allow organizing related functionality with minimal space requirements, but the
hidden functionality might be overlooked. Therefore it is worthwhile to initially check the hidden list
wherever you see a =.

In some cases option buttons have also left and right arrows to quickly step through the available
options, for instance through the color tables.

Cold * @AM

Context Menus

Context menus are another way of collecting function related to a certain element. A context menu
is opened by clicking the right mouse button at an element. If available, the menu opens and
allows changing configurations or initiating actions. Context menus are available for image display
ports (example below), curve areas, and color bars.

= Leyou

Colortable

Qrtirogenal View Sreschall
13 &8, Heaa Frstan

E:  Hide f Show Controls

WiEw List ot Shoeuts <CHl+EnaeeH=

Tabbed Panes

A third way of grouping elements is through tabbed panes. Each tab shows different functions, and
may also contain nested tabbed panes. The example below shows the image processing tools
pane with the selected reduce Rdc sub-pane.
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€ (8 B[ @ [8]

Xby 2 ¥ Yby 2 -
Zby. 2 -

/%, Bounding box will change

Lt [ ar | so | Ret [ Rdc ] ext |

[ ] .

[] Replace B Run
Lists

The selection of entries in a list uses the usual paradigms:

= Ctrl+Click adds the entry to the selection;

= Shift+Click adds all entries from between the selected entry and the previous selection;
= Shift+Drag mouse adds all touched entries to the previous selection;

= Ctrl+A selects all list entries.

Tooltips

Many elements of the user interface are equipped with an explanatory tooltip. If you move the
cursor over the element and wait a while, the explanation pops up and may save you the effort of
referring to the reference documentation. From the example below you may learn that you can use
the function key F1 for stepping through the list of color tables in the forward direction, and the
combined ctrl and F1 keys in the backward direction.

Cold T 4 @I =

"% [Color Table selection <F1= [ <Ctrl+F1>

Data Loading, Example Data, Relative Paths

As long as the database functionality is enabled, loading components such as VOls will always first
bring up the database loading interface. If your data resides outside the database, use the button

() AUTODETECT

to start a file-based loader which can be pointed to a particular directory. In some situations the
button is abbreviated to &=,

In case the user decided to install the example data with PMOD (recommended), there is a
database Demo available which contains examples for kinetic modeling (PKIN and PXMOD),
cardiac modeling (PCARD) and image fusion (PFUS). This data is installed in a sub-directory data
of the PMOD installation directory. The configuration of the database shows the paths

¥ Database Path D:/Pmod4.1/data/DATABASES

File Storage Area D:/Pmod4.1/data/DATABASES/Demoldata

The leading part of the path ./ indicates a path which is relative to the installation directory,
currently

Installation-path/Pmod4.1/data

where Installation-path might be something like C: , /opt, or /Applications, depending on the
operating system.

The use of relative paths has the consequence that after an upgrade to the next version the data
have to be moved to the data directory of the new installation.

Accelerator Keys and Mouse Dragging
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A substantial number of functions can be accessed using keyboard shortcuts. For instance,

clicking into an image to activate it and then pressing the "Ctrl" and the "D" keyboard key (CTRL+D)
will switch the layout to orthogonal planes.

Another sort of shortcuts is using modifier keys and mouse dragging. As an example, the lower

and upper color table thresholds can be interactively changed by clicking into the image, then
holding down the SHIFT key, and dragging the mouse left/right (lower threshold) and up/down

(upper threshold) with the left mouse button pressed.

These accelerator capabilities are describe in a separate section| 28\,

2.2 Directory Tree
e

The installation of the PMOD software results in directory tree containing the Java classes,
configuration information, installers for the USB key driver, and example data for kinetic modeling

data and image analysis.

W

Pmod4.1

data
install
java
properties
resources
Start
system

les

logo

logs

security

The content of the most important sub-directories is:

data

Container for data. DATABASES contains the tables and data of JavaDB
databases, for instance of the example Demo database.

doc

Directory containing the PMOD html documentation as well as the pdf
application guides.

install hksetup

Contains the driver installation files for the USB protection key. Each operating
system has a dedicated sub-directory.

install r-project

Contains the installation files for the R software. Each operating system has a
dedicated sub-directory.

java The ext sub-directory contains external Java libraries which support specific
functions accessed from within PMOD. The jre sub-directory contains the Java
Runtime Environment for running the PMOD applications.

properties Contains the configuration of PMOD and the different tools.
properties/user1, etc: Each PMOD user has a subdirectory containing his
configuration of the different tools (*.props), the starting settings (*.ini), and the
database queries (*.qry).

system system/Ics: license file pstarter.ics.

system/logo: customer logo.
system/logs: log files of PMOD program and the servers.
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Start The PMOD start scripts are located here. They are generated during the
installation and take into account the installation directory and the operating
system. Therefore, they can not simply be copied to another system or moved
to a different directory.

= RunPmod: starts the interactive PMOD environment.

= RunDbSvr: starts the transaction server for publishing a database called
DbSvr. Default port of the transaction server is 5100. Please edit the script
for using a different port.

= RunDcmSvr: starts the DICOM server for receiving DICOM images and
saving them into the DbSvr database. Default port of the DICOM server is
5030.

= RunLcsSvr: starts the transaction server for license serving only. This is
only relevant if a network license file is contained in systen/lcs.

2.3 Starting
-

Starting the Tools from the ToolBox

PMOD is started using the RunPmod script in the Pmod4.1/Start directory. Please refer to the
system-specific installation guides if adjustments are needed. After starting, the PMOD ToolBox
appears, initially with grayed tool buttons.
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M Pmod - X

4 i PMOD Version 4.101

i B ~@ =

Kinetic
PXMod

£

= View
2

.+' Fuse |t

l@ Segment
| -]

=
g
:

3 config

X Quit

If multiple users have been configured, one of them needs to be selected and the Log In button
activated. Otherwise, the login procedure proceeds automatically. Note the startup window which
reminds you that PMOD is research software and shows license-related information.

After the login, the tool buttons are active and you can start working with PMOD. The ToolBox
allows starting the different tools by activating the buttons. Alternatively, you can directly drag
appropriate files (image files, or .km modeling files) onto the buttons.

The buttons below the login section are related to the different PMOD server functionalities. They
are not available for the clients of a network license setup.

Starts the DICOM server using the configuration of the current user. If it is
already running, the configuration is shown. A blue background color indicates
ongoing server activity, e.g. the receiving of images.

=
z2

Starts the Transaction Server for publishing a local JDBC database. If the
W Transaction Server is already running, an information window is shown which
describes the server status. A blue background color indicates ongoing server
activity.

Access to the PSAMPLE Acquisition and Correction modules used with the
(= Twilite Blood Sampling system
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2.4

Note: The number of buttons in the ToolBox depends on the configuration you purchased. Only
the base functionality View is always present.

Starting PMOD Tools from the Command Line with Data

In some situations it is an advantage when a single tool is started rather than first opening the
ToolBox. An example is a user program such as IRW which wants to open a PMOD tool with
specific data.

This can be done by adding to the system-specific startup script the name of the tool and the file
names of the data to be loaded. The Windows example below

cd /Pmod4.1
./java/jre/bin/java -Xmx1200M -jar pmod. jar PFUS
C:/DICOM/20060815/38243299/00000210 C:/DICOM/20060815/38243299/00000888

starts the fusion tool (PFUS) and loads two DICOM series. The first is loaded as the reference
series, the second (and following) as the reslice series. Note that it is sufficient to specify a single
file even if a DICOM series consists of multiple files. The loader will find and load all images
belonging to the series.

When using several users, the user to be logged in can be specified with an additional command
line option -user[n], where n indicates the user, numbered from 1.

PMOD Status

The icon in the upper left corner provides status information about the state of PMOD operation. A
green check indicates proper operation, whereas colored bullets alert the availability of an update
(orange) or some malfunction (red). Activating the icon opens the status window illustrated below.

e
& PMOD Version 4.101

o X

Message

Version information: Your Pmod is up to date. Version: 4.101. Date of build: 30.10.2019
Memory available for Pmod: 24721 MB of 24859 MB
[I] Communication with www.pmod.com: enabled

| X Close |

Note that the version checking procedure may not work properly behind institutional firewalls. In
that case, it can be switched off to avoid the warning icon.

Note: New builds of the current PMOD version are uploaded at irregular intervals, mainly to fix
bugs. We therefore recommend using the latest build of a version.

General Configuration

The PMOD configuration utility is started with the Config button
%ﬁf} Config

at the bottom of the PMOD ToolBox. It appears with five sections accessible by the main tabs.
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24.1

24.1.1

24.1.2

e PMOD Configuration and User Settings X

ussrs | Yy Dicow | @ity DATABASE | @ FTPNodes | I5) On Stan

@ Usert = T Editusername % Addnew user -
Login enabled [+ /% User settings are saved when switching the user.
SETTINGS | PXMOD models | PKIN models | READ | WRITE plugins | LOADING TOOLS | COLOR TABLES MODULES
| REPORT | DATABASES | FTPNodes | APPEARANCE | STATS | PRESETS
Header Preview:
Institution
Address
Logo: |ogo.gif o Placed in [~systemilogol]
Institution Name [Max & lines] [¥] Bold [ ] Fixed Space % Update Preview
Institution
Address
Printout Image quality.  HIGH ¥  Headerdate format yyyy.mm.dd ¥
» (o] ? ‘ Ok H Cancel |

The DICOM and DATABASE tabs are described in the PMOD DICOM Functionality| 321and PMOD
Database Functionality| 431 sections, respectively, and the USERS ad On Start tabs below.

USERS

PMOD supports the concept of different PMOD users. Each user can maintain his own
preferences such as the model selection and order, user interface font size, report layout etc, and
PMOD maintains for each user independent tool configurations and loading histories. The USERS
tab of the configuration utility allows creating PMOD user accounts, and configuring their
properties.

Note: For all changes of the settings it is important to first select the affected user, and then
proceed with the configuration.

User Creation

New user accounts are created with the option button:
= Add new user: Creates a new user account with the default settings.
= Duplicate user: Creates a new user account using the settings of the currently selected user.

The user name needs to be specified during user creation, but can be changed later using the Edit
user name button. This name will be attached to data saved in a database and can be used in
data filtering.

Note that no user passwords are required in the standard PMOD usage, since the accounts are
rather aimed at separating the processing environments for different tasks than protecting data
access. Only in the case of an ATL version which is aimed at controlled data processing, are
passwords enforced.

SETTINGS
The SETTINGS tab houses the different settings of the currently selected user account. Their

configuration panes are accessible by the sub-tabs. Since the majority of the functionality is self-
explanatory, only the most important entries are briefly described below.
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REPORT Configuration of the PMOD report pages. A Logo can be specified (a GIF file

located in the system/logo sub-directory) as well as the institution address in
the Institution Name section. The address can be set to Bold and to use
Fixed Space by checking the corresponding boxes. Please use the Update
Preview button to inspect the configured layout in the Header Preview
section.
The Printout Image quality selection determines the resolution of the created
jpeg pages and should normally be set to HIGH to achieve a satisfactory
image and text quality. The Header date format allows choosing between
year first/last variants.

DATABASES Database usage profile. See User-Specific Database Preferences| 5%.

FTP nodes FTP nodes available to the user. See @ FTP Nodes| 25\,

APPEARANCE |Allows changing the location of the dialog buttons, the font size, icon scaling
(required for high-resolved displays), whether tooltips should be shown,
notification sound when processing completes, and whether the ToolBox
should be collapsed automatically after login. The Default Settings can be
retrieved activating the dedicated button.

[] Dialog Bottom Buttons Centered

Font Size: 12 e
Scale icons by factor: 10 =
[¥] View Toaltips
[v] Enable Sound
[] Minimize Side Toolbox after login

# Default Settings
STATS AL PMVOD Configuration and Usar semings x
[ USERS | Sa DIcOM | iR DATARASE | @ FTPNoges | [T) On St

@ Usar! v T Editusetnams W Addnsw user -

(] Login enabied I & Userzelings sre sevad when swiching e user
FXMOD models | PRiNmodels | READ/WRITE pluging | LOADNG TOOLS

DATASASES

COLORTABLEE | MODULES

REPORT FIP Nodes | APPERRANCE | STATS | PRESETS

Hoflest Pliels Anatysis inals 5 Hyposia Indes hueshold 0 0

[eemi

{Absolile waluey  Probability Hreshold o § o1
€ volume 1.0
SUV Scan Date | Time- & Senes - Acguisition (7 Scan

il Taszincananmone: [+

{¥] Ennancsd oiput format (V0! Stalistics, Madeling parsmatersy
[¥] Enhancad aggragation fermat (for R)
|| Szue Fanentint in OIS frequIran oy DE restarng rom fie spstem)

[w) 2 Gtabetics Conzole. 2 Pom 5a3g ¥ Clearpackages . S

[ B ] O StanieeaR

(Tvpe "R N R_HOMEDIMGA 12 30084 b Tee PATH syatem vanabis.)
Required packages om (e pasilary an start

Comprehansrm B Schve Matwork (GRAN] [acahon

T wl Sener
] ! | 1 3 ERqAl ECHO
BIaress ——
f 1=erve pmod com B 5a 2erer Blaring Sonpt
Lagin {Empty = automaiic laging
Password {Emoty = auipmzhc loginy
» o L'_" 7 | Ok Cancol

One of the VOI statistics results is the average of the highest pixel values. The
Hottest Pixel Analysis Number of Pixels specifies the default how many
pixels are included in this analysis. The Hypoxia Index threshold establishes
a threshold for the hypoxia index calculation (hypoxia index = number of pixels
in the VOI which have a value above the threshold divided by total number of
pixels). Probability threshold defines the level which is used for converting
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VOI probability atlases into discrete VOIs. The Peak VOI volume defines the
sphere volume which is used for the Sphere with Max Average (Peak VOI)! 226,

The SUV/ 24 calculation requires information about the time the PET scan was
decay corrected to. This information may be encoded in different DICOM
fields, depending on the manufacturer. The SUV Scan Date/Time allows
establishing a convenient default for the wuser's environment. VOI
classification mode sets the default Inclusion Criteria for Pixels| 1s5.

The PMOD R console! 4 provides statistical analysis via the R package. In
order to obtain the best results it is recommended to switch on the Enhance
output format (..) and Enhanced aggregation format (for R). Otherwise the
information available in R will be limited. If Save Patient Info in VOIs is
enabled, information about the patient and the image is encoded in the VOI
file. This allows reconstructing the relation between image and VOI, but may
become a privacy issue when data is exchanged.

The R Statistics Console is configured by default and should be adjusted |05,
If the user doesn't want to use this functionality, it should be disabled.

2.4.1.3 PXMOD, PKIN, READ/WRITE, LOADING, Color Tables Plug-ins

Many PMOD functionalities are programmed as plug-ins. Most of these plug-ins are initially
installed, but they can be removed or rearranged for each user account with the different tabs. The
procedure is always the same and is explained with the plug-ins (the models) of the kinetic
modeling tool PKIN.

PKIN Models

When the PKIN models tab is selected, the list of the currently installed model plug-ins is shown.
The entries show the name in the model selection of the PKIN tool as bold and in parentheses the
file names of the plug-in.

To modify the order how the models appear in the PKIN application please select an entry and
move it up/down using the arrows to the right. The ? button shows a quick model explanation.
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e PMOD Configuration and User Settings

USERS | Dy DIcOM | gy DATABASE | @ FTPNodes | [Z) On Start

@ Userl = T Editusername % Addnew user - Remove use

Login enabled [ /% User settings are saved when switching the user

| SETTINGS | PXMOD models I PKIN models I READ / WRITE plugins LOADING TOOLS

COLOR TABLES MODULES

Tissue IBIUUd | Plasma Fraction | Parent |

1 Tissue Compartment [PK1compartmentModel]

2 Tissue Compartments [PK2compartmentModel]

2 Tissue Compartments, K1/k2 [PK2compartmentDVModel]
Logan Plot [PKloganPlotv2]

Ichise MA1 [PKichiseMA1]

Ichise MA2 [PKichiseMA2]

Patlak Plot, FDG [PKpatlakPlotv2]

Tissue C FDG [PKfdg2compartmentiodel]

3 Tissue Compartments [PK3compartmentModel]

3 Tissue Compartments, K1/k2 [PK3compartmentModelDV2]
3 Sequential Tissue Compartments [PK3compartmentSegModel]
Spectral Analysis, vB [PKspeciral]

Spectral Analysis SAIF [PKspectralSAIF]

Simplified Ref. Tissue SRTM [PKlammertsma96Moninvasive]
Simplified Ref. Tissue SRTM2 [PKSRTMZ]

Ichise Ref. Tissue MRTM [PKichiseMRTM]

Ichise Ref. Tissue MRTM2 [PKichiseMRTINZ]

Ichise Ref. Tissue MRTMO [PKichiseNonlnvasivePlof]

Logan Ref. Tissue [PKloganNonlnvasiveV2]

Linear SRTM [PKLERTM]

2 Ref. Tissue Compartments [PK2TissueReferenceModel]

4 Parameter Ref. Tissue [PK4ParameterReferenceModel]
Patlak Ref. Tissue [PKpatlakNonlnvasive]

Partial Saturation, data-driven [PKddPSA]

Flow and Dispersion [PKflowDispersionhodel]

I + Add new I

* Remove

r o g7 | ok

Cancel

To remove a model from the list just select its list entry and activate Remove. To add a model
back to the list use the Add new button. The appearing dialog window allows selecting one or

more plug-in(s) and adding them by the Ok button.

‘Card. H20 (Tissue fraction) [PKcardiacDoubleSpilloverModel]

rd. Acetate (1 Compartment) [PKcardiacAciCompartmentModel]
‘Card. Rb-82 {1 Compartment) [PKcardiacRb1CompartmentiModel]
Card. Rb-82 (2 Compartments) [PKcardiacRbHerreroModel]

| Ok ” Cancel || Select All ” ?ﬂelp|

( ik Select: ﬁ

A

Contents of the different Plug-In Tabs

models tool.

PXMOD Configuration of the models which appear in the pixel-wise modeling (PXMOD)

PKIN models |Configuration of the models which appear in the modeling tool for time-activity

curves (PKIN). Tissue contains the actual kinetic models for the tissue TACs,
Blood the models for interpolation of the blood activity, Plasma fraction the
models for plasma fraction activity and Parent the models for metabolite
correction.

READ/WRITE
plug-ins

Configuration of the image data file formats. Note that only a subset of the
formats can be written.
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NITI [PMdynamicFormatMIfTI]

INTERFILE [PMdynamicFormatinterfile]

ECAT [PMdynamicFormatEcat]

MicroPET [PMdynamicFormatiMicroPET]

TIFF [PMdynamicFormatTiff]

GRAPHIC [PMdynamicFormatGraphic]

AFNI [PMdynamicFormatAFMI]

AVW [PMdynamicFormataviVAnalyze]

ANALYZE [PMdynamicFormatAnalyze]

GE Advance [PMdynamicFormatGEAdvanced]

HIDAC [PMdynamicFormatHidacPet]

MATLAB [PMdynamicFormatiatiab]

NEUROSTAT [PMdynamicFormatheurostat]

Philips [PMdynamicFormatPhilipsimaglO]

Varian FDF [PMdynamicFormatVarian]

ANALYZE SPM [PMdynamicFormatinalyzeSPM]
BrainVI5A [PMdynamicFormatAnatomist]

MINC 1 [PMdynamicFormatietCDF]

Philips PARIREC (v3 & v4) [PMdynamicFormatPhilipsParRec]
BrainVI5A ROI [PMdynamicFormatBrainVisaROIGraph]

LOADING
TOOLS

Configuration of image processing filters usable during loading.

Color Tables

Configuration of user-defined color tables. These files must be
= located in the resources/colortables sub-directory (see the examples there),
= textfiles ending in .cltb, and

= contain 3 columns with the RGB values (0..255) such as
# RGB

oleoNe)
SN O
SN O

etc.

The filename is used as name of the color table. Care must be taken that all color
table names are unique, otherwise only one of them will be shown.

2.4.1.4 MODULES

The MODULES tab shows the PMOD tools available with the installed license file. If needed, tools
can be removed from the PMOD toolbar by un-checking the Active box. It is also possible to
configure a favorite tool which is started as soon as the current user logs in by activating the
QStart radio button of that tool. By activating the In sub bar box, the modules can be grouped
together in an additional horizontal bar.
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2.4.2

L PMOD Configuration and User Settings X
3B USERS | [y 0ICOM | gt DATABASE | (@ FTPNodes | [¥] Onfsn
@ User! ¥ T Edlussrnzme % Add mewuser -
[¥] Login enanlen [+ By Lser eTING3 A% SaVEI WD AN SWNENING hE User
| SETTINGE FXMCD modals ‘ PKIN modais | READ/ WRITE pluging LOADIMG TOCLS | COLORTABLEE MOOULES I
PRIN PHUDD
L s ';' S astan = lodaling | In sub oar (All users)
[ o] rhe= -) ) Active
PUIENY PFUS PSEC F3D
o R [_ restart - OStart @ (2 OStart L OBart | Ganaral ] in sub bar (All usars)
21 (vl ace : Actig el Acilve _— ¢l acie ¥| Auive
FCARD PCARDHRI -PREK
e st (e e ‘ et = Gandolagy [ In sub bar (Al iser)
[ B oicie L hclive
PALZ PHEURD DOPASOFT
ﬁ ) 05t Eﬁ ) CStart [4'23 S Ostrt = lsurclogy [ Tn sub bar [All users)
vl nceve ¥ Actlve L] Az
FAMPLE R Cansele
B+ Coson || Q@ Coosen | Fundens
& NpLUITE S1an
) [ il Ok ” Cancel

@ FTP Nodes

FTP nodes can be configured and used to remotely connect with external servers. These servers
can be used only for sending data.

New nodes are created with the option button:

= Add new node: Creates a new node with the default settings.

= Duplicate node: Creates a new node using the settings of the currently selected node.

The node name needs to be specified during node creation, but can be changed later using the
Edit node name button.

ik PMOD Configuration and User Settings X

[ users | Ry Dicow | ey DATABASE | @ FTPNodes | I5) On Start

NODE_1 + T Edit FTP node name #% Duplicate node =

Address
localhost

Port 21 sl
User PMOD ECHO
Password s
Directory

& The specified directory has to exist as a subdirectory in the FTP login directory

® Default Settings

4 b (o] ? ‘ Ok H Cancel |

For each of them define the address by IP number or host name. The default port is 21 and
supports only unsecured data export. Same port can be used for all nodes. As soon as the remote
server has been started, it can be contacted and used for saving images.
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The User and the Password need to be the same as the ones used for the login on the remote
server. After configuration has been completed, the ECHO button can be used to test the
connectivity.

In the Directory field should be specified a directory name that already exists as a subdirectory in
the FTP login directory.

2.4.3 On Start

The On Start page contains some global layout options.

e PMOD Configuration and User Settings X

[ users | Py oicow | gy DaTaBAsE | @ FTPnodes | (7] onstar |

Redirect the Console information output to file: [~Pmod/system/logs/pmsys.log]
Communication with www pmod.com (software updatyheck, online documentation)
Look & Feel: Cross Platform = B
¥ Cross Platform
[0 System

4 (9] ? ‘ Ok SR T Cancel
Log File

If the box Redirect the Terminal information output to file is checked, the program messages
are saved in the file system/pmsys.log rather than shown in the console window. This is helpful in
the case of problems because it can be submitted to the PMOD support as part of a problem
report.
Look and Feel
The appearance of the PMOD user interface is dependent on the operating system, and on the
selected Look & Feel. In principle, the Cross Platform and the System choices are available.
However, on the latest Mac OSX systems, Cross Platform is not supported any longer by Java.
Below an example of a Cross Platform on Windows system and two examples of System Look &
Feel on both Windows and MAC.
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244

2.5

PRESETS

The PRESENTS contains global layout settings.

ik PMOD Configuration and User Settings X

users | Ry Dicow | ety DATABASE | @ FTPNodes | I5) On Start

@ User1 = T Editusername % Add new user -

Login enabled [+] & User setlings are saved when switching the user.
I SETTINGS I PXMOD models | PKIN models | READ / WRITE plugins | LOADING TOOLS | COLOR TABLES MODULES

| REPORT | DATABASES | FTPNodes | APPEARANCE | STATS [ PRESETS |

\e *‘ Oncology (PVIEW, PFUS, PSEG)

Default SUV unit. g/mIgSUVbw) [=]al»
General Human Rat Mouse W g/miSUVbw}

O g/misUVIbm}

[0 g/miSUVIbm{Janma)}
O cm2/mi{SUVbsa}

[0 %IDiml

4 (o] ? ‘ Ok H Cancel |

The type of the processed data may matter for some PMOD functions. For instance, animal data
with small pixel sizes require also smaller default values for the sampling rates and filter sizes. If
the user configures the Human, Rat or Mouse application domain PMOD is able to exploit
appropriate presets. Otherwise, with the General configuration, the user can choose between the
presets during data processing.

With the global Oncology box enabled, the functionality and usability of PMOD is tailored for the
the oncology research field. It indicates to the program that hot lesion outlining and assessment is
the main application purpose. Consequently:

= The default units for display and statistics are set to SUV, whereby the SUV type can be
selected.

= The subject annotations (Subject Name, Subject ID) are switched on by default for the
viewport.

= The statistics measures Volume and Total (aver*volume) are renamed to MTV (Metabolic
Tumor Volume) and TLG (Total Leasion Glycolysis) respectively.

Tool Configurations

Each PMOD tool also has individual configuration settings which tailor it to the user's needs. These
settings dialogs can be accessed by using the menu View/Settings/Modify entry or directly by the

= putton

LIV WU YITRE L IV E |

= Settings M8 Modify

@ License = sawe

sell Quit = Retrieve
——

A\ﬁewudm‘[

in the lowest line of the tool. The example below shows the settings dialog window of the viewing
tool.
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2.6

Ik Set X
[ Paths | Display | PVIEW |
[¥] Interpolation:  Mitchell = [] Fusion Interpolation Starting Window size: ) Default () Maximized ® [astused
Confrols onthe:  RIGHT image side - View in Overlay | View in Title Bar |
X plane orientation
& E . [JGrd 20 + [mm] [w] voIs
e ¥ [] Subject Annatation [] Study Annotation
Layout Orthogonal wJ [v] Anatomical Annotation []image Comers
Orthogonal horizontal: 1 x4 - Active Image Corners []image Port Focus
X plane rows x cols [1 x [ Orthogonal View Crosshair [ Color Bar
Y plane rows x cols |1 x N
Z plane rows x cols |1 x [ Report
Custom rows x cols 2 x 3 Printinstitution header
Scaling type (min/max).  STUDY v Print subject header
Scaling method Lt/ Ut o Print application header
[] Printimage with white background
Orthogonal 4th @ MIP =
Color bar origntation HORIZONTAL 7
Color table:  Gray A4 [ |
Paper size Ad -
PET: Cold v 4 » @ 2
WOI Definition (Initial)
MR:  Gray A4 (3L | T
Toolbar orientation:  VERTICAL 7
CT: Gray - [SF: | &
Toolbar layout. 0 InLine ' Mixed ® Compact
CSFEET & TerE = VOl Listlocation: LEFT image controls side ¥
Set lower threshold to zero (except for CT and MR data)
Drawing type: [ -
Orthogonal View Crosshair.  CROSSLINES = . B vl center
Number of undo steps 10
Fusion Coupled Cursor  CROSSLINES v & B [v]center ITME] GO A ST
["] Restore Layout by Undo
[] Synchronize VOI with Study
Confirm removal operations
o | Ok ” Cancel |

The Paths tab contains the default input format definition, the default output format definition, and
the data paths.

The Display tab depends somewhat on the tool. It is mainly used for

= tailoring the initial appearance such as the size and location of the tool,

= the default image layouts and color table properties. Note that different colortable can be set
for different image modalities.

= the organization of the VOI toolbars for optimal arrangement depending on the screen size,
and

= configuring the contents of the report page.

The last tab, in the example above PVIEW, is completely tool-specific.

When the Ok button is activated the settings are saved and will serve as the starting configuration
when the tool is opened the next time.

Keyboard Shortcuts

Many of the viewing functions can be activated and are much faster to use by keyboard shortcuts.
To direct the keyboard shortcuts to the right images it is essential that they are active, indicated by
the blue color of the activator rectangle in the upper left corner of the image display. Clicking into
the image activates it. To avoid reslicing in the orthogonal viewing mode please hold down the
CTRL key when clicking.

While working in PMOD the list of keyboard shortcuts can be displayed via the image context
menu, which is obtained by clicking with the right mouse button onto an image shown in PMOD.
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Info

Inspector

VOIs
Print

Image processing tools

@®

g

[  View Probe
O

&

f

O 4%  Zoom/Move
#  Zoomin =Cirl +=

Zoom out =Cirl -=

Re
-] Layout »
] Colortable 4
Orthogonal View Crosshair »
O @48 Head First on Z sheet
€  Hide/Show Controls
B Hide / Show Overlay
] Owverlay Options 3

View List of Shortcuts <Ctrl+Shift+H=

The last entry View List of Shortcuts <Ctrl+Shift+H> displays the window reproduced below.
Note the arrow buttons to switch between pages.

LIST of KEYBOARD SHORTCUTS: page

Type Shortcut

( Focus in the viewport required )

Effect/ Test

Data Loading <SHIFT + L>
<SHIFT + Q>
<Alt + Mouse_Wheel>, <Ctrl + N>

<Alt + Mouse_Wheel>, <Ctrl + P>

Layouts: <CTRL + X,Y, 7>
<CTRL + D>
=CTRL + />

<CTRL+1..9>

Load image data

Close the currently displayed study

Display next study

Display previous study

Switch to x yz-planes (f e - <Ctrl+X= = x-plane (sagittal))

Switch to orthogonal views

Switch to next orthogonal plane

M xMimage display (fe: <Ctrl+2= =2x2)

<CTRL + Click>

Reslicing <Ctrl+ R>

Slice selection; <Page Up,Down>
<Arrows>

<Home,End>

<SHIFT + Page Up,Down>

<SHIFT + Arrows>

<SHIFT + Home,End>

<Mouse_Wheel>, <CTRL + Drag>

<CTRL + M>

Switch 1x 1 and N x M image dispaly

Enable / disable the oblique image reslicing handles

Replace the display by the previous / next page of slices (f.e: <Up= previous page of slices)

Increment / decrement the currently shown slices by one (fe: <Right= next slice)

Goto first/ 1ast slice (f e: <Home= first slice)

Show the same slices at previous / next page of acquisition times (f.e: =SHIFT + Up= previous page of frames)

Show the same slices at incremented / decremented acquisition times (f.e: <SHIFT + Right= next frame)

For a dynamic study, go to first / 1ast acquisition (f e: <SHIFT + Home= first frame)

Scroll through the slices in a movie mode fashion

Start / Stop movie
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Type

Z0am

ST f KEYAINARD SHORTCUTS page)

Color Tadle Manipulalian.

Cortour Cerlay:

Wolume Rendenng:

Reponing:

(Foctisin the visugpon required |

Shortcut Effmci ! Tesi

<C.TRL * Mouse_ Wheels, > Za0m (N4 put (Le <CTRL +™+™> Zoom inj

SSHIFT + Drag>

=CTRL + T> | Inwan colar mag

<F1> | SwWilch [0 nest calor map

SLTRL * F1> | S8 0 BrevDus colof map

<CTAL + 5> 420ly 112 enlor 1ab e trashoids for e Ben siice NgM oually (slioak

<CTAL + 1G> Azply comman colar 138 e NiEsholds over all SHeE S of In oidu &l fme (TTame b

SCTRL # A% | ABCl SOMMON 0167 130 E MI2SR0IS OVEF &1 SHEE S oF all Bmas 2Ty

LTRL ® F+ A0S FOT &MI8N D 455 00U Wl LES TOF the: U D[er SNe e ool 0r 1300 T3 nolms (e o)
=Mouse_Whael + F> Mol T cion Ha ance

<CTRL + {% | Enzble | Dissble showing e contoor with currentty defined threshald in the overlay

<CTRL + W+ Enzanle | Cisable the valums rendenng display

<CTRL + P | PRInT IMage repar

<CTRL + E* | Capture DIaplay

ACTRL # O | Scientis Outpit

Type

Goreen Caplre

Sawe Data.

Keyboard s hortculs help:

R console

Applicstion,

LIST ot KEYBOARD BHORTOLTS: pag { Giobal )

Shoricui Effext s Tesl

<CTRL + SHIFT + P-'| Caplure Full Soreen 10 he Gonsale BUler

<SH\FT‘-53| SeND imags dals

<CTRL + SHIFT ~H=

<CTRL + SHIFT + s | Open P2 conscle f nol disabled by ussr setings

<CTRL + SHIFT + K
<CTRL + SHIFT + X=
<CTAL + SHIFT = V=
<CTRL + SHIFT+ >
<CTRL + SHIFT - 8>
<CTRL ~ SHIFT + D=
<CTRL + SHIFT+C>
=CTRL + SHIFT + N>
<CTRL + SHIFT = L~
<CTRL + SHIFT+A>
<LTRL = EHIFT <M=

Kimebic Module

FiMod Moduls

View Wodule

Fuge it lodule

Segment Medule

3D Module

Cardiac PET lodule

Cardiac MR Lodulo

Flow Module

Alzheimer Moduie

Nouro Modula

Button- and Menu-Related Shortcuts

Functionality implemented as a button or a menu item can often be activated using the keyboard.
In these cases, a letter in the item text is underlined. The action item can then be activated by
combining the ALT key with the underlined letter. In dialog windows, ALT+C is typically used for
the Cancel action.

(=] Save KM Parameters File »
= \gaue KM File
=] Load KM File(s)

= Add KM File(s)

& finstic s | gem ()

For instance, when working in PKIN, the menu Kinetic can be brought up quickly by AL.T+M. Once
the menu is open, an underlined letter is sufficient to activate a menu item. So ALT+M and then an
“L” will quickly perform the Load KM File(s) action.

Dialog Default Action
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2.7

When a dialog window is opened, the button with the most likely action is usually pre-selected.
This default button can be activated with the SPACE keyboard key (not with the ENTER key). This
is a Java property.

Problem Reporting

PMOD includes a functionality to directly send a problem report to the support staff of PMOD
Technologies. This report can include the log output, screen captures and a problem description
entered by the user.

Every PMOD tool contains in the lower left bottom line the functions for creating the report.

o Viewn | g 'Ci . TN

—

The capture button @ (ctrl+shift+P) creates a capture of the entire screen (not only the

PMOD window) and adds it to a buffer of up to 20 captures. The console button opens the
Console dialog window illustrated below.

e Cansole b

i fmage Processing and VOl Anahysis (4.005) - | PH: PING, B 19811 01,84, SECr Dynarnic PET | b -

capture

% Clgar Lag Ed E-Mai o Suppart X Close |

Save current
I

The captures can be inspected on the Screen Capture(s) pane with the left/right arrow buttons,
and the current one saved in JPEG. The Log pane contains the log messages, if the terminal
output has been configured to be saved in a file on the On Start tabl26 of the Users
Configuration. Its contents can be updated by the Refresh Log button. Once in a while it is
recommended to use Clear Log, to avoid excessive length of the log file. The Info contains some
more general information.

To submit a problem description please activate the E-mail to Support button. It opens a dialog
window,
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Do you want to e-mail problem to the Pmod Support Team?

Module: © Kinetic © PXMod © Cardiac ® View ' Fusion & 3D O Alzheimer © Brain DB

Attach: [v] Log Output [¥] Screen Capture(s)
Problem description:

Enter your text here

Your email: |cyrill burger@pmod._com

wherein the user can select the affected Module, and confirm whether the Log Output and the
Screen Capture(s) should be included. The problem description should be typed into the text field,
and the user's email address into the Your email field. Note that multiple addresses can be
specified, separated by the colon character (;). use the Yes button to submit the report, or No to
cancel.

Note: Although the standard mailing port is used, corporate firewalls may prevent PMOD from
submitting the e-mail. In this case a notification will be shown, and the user needs to report the
problem either through his support login, or by standard e-mail.

3 PMOD DICOM Functionality

DICOM

The DICOM standard has been established to facilitate data exchange between medical systems.
It defines how medical data must be encoded, and how it can be sent from an application on one
computer to an application on a remote computer. DICOM basically consists of two components:

= Information Object Definitions (IOD): For each modality it defines a set of data fields. Some
of them are mandatory, others are optional. This approach allows saving demographic and
acquisition information together with the actual images.

= Communication protocol: DICOM has a client-server architecture. To send data from one
host to the other, the sender (client) must contact the potential receiver (server) whether it is
ready to accept data. The server may reject the request because it has no space left, because
the client is not allowed to send data, or because it does not understand the data to be sent.
Otherwise it accepts the request and sends back a proposal how the data should be
transmitted. The client then sends the data and gets an acknowledgment when the data have
been correctly received.

PMOD is able to act both as a DICOM client and a server.

= The PMOD DICOM server allows clients such as a PET system to push images to PMOD.
Additionally, it allows a user to query remote DICOM servers (such as imaging modalities or a
Picture Archiving System) and fetch studies to process them locally.

= The PMOD DICOM client allows sending image data using the C-STORE communication to
any DICOM server which has been entered in the PMOD configuration.

Database for DICOM Data

The DICOM standard includes a description how DICOM data must be organized for off-line media
such as CDs or DVDs. Basically, all the DICOM objects are stored in a directory tree, and a
description of all stored studies must be written into a file called DICOMDIR at the root level of the
directory tree. This approach is not suited for dynamically managed data, because the DICOMDIR
file must be updated each time a study is removed or added, and because reading of the
DICOMDIR is slow.

To improve performance when working with DICOM images, PMOD uses SQL databases to
organize DICOM data access. The most important attributes of the DICOM objects like patient
information, study and image descriptions as well as the file locations are stored in database
tables. When the user needs to select image data, he is shown the information from the database
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3.1

tables which can very efficiently be searched and retrieved. After a study is selected, the file
access information is immediately available to start the loading process.

DICOM Configuration

The configuration of the PMOD DICOM functionality is a part of the general PMOD configuration. It
is opened by calling the

'ﬁﬂ Config
button from the PMOD ToolBox, and selecting the DICOM tab in the appearing dialog window.

DICOM Client Configuration
- -

The NODEs [C-STORE, Q/R] tab allows specifying remote DICOM nodes. These nodes include
DICOM servers to which PMOD can send images, and DICOM clients which are able to send
images to PMOD, but not to receive.

i Users configuration &J

Tty DICOM | oty DATABASE [’ @ FTP Nodes |”|:| On Start |
"® NODEs [C-STORE, OR]

©® DICOMSERVER | SPECIAL CASEs | ADVANCED |

PMOD = T Edit node name % Duplicate node b
AE Title PMOD (unigue)
[ £y
Port 4030 Y8 o e e EEIEA
[Isecure (L) —— C-ECHO

[l Compressed | llocalhost

[¥] Do not send implementation version name

[v] Propose one transfer syntax per presentation context
[v] Use basic query

[v] Retrieve images on new connection

[v] Use GET in Query Loader

Default Settings: # General - ﬂ Expot @@ Import

4 P» a B o2 | Ok ” Cancel |

For each of them define its application entity title (AE Title), the Port number, and IP number or
host name. The example above configures the local PMOD DICOM server as a node. As soon as
the server has been started, it can be contacted and used for saving/retrieving images as any other
node.

If the remote node is a PMOD DICOM server listening on a secure TLS port, please check the
Secure(TLS) box. The Compressed box is the indication that the given node supports the DICOM
deflated transfer syntax (1.2.840.10008.1.2.1.99). If it is checked, PMOD will propose a deflated
transfer syntax, and if given a choice in the association acceptance it will choose the deflated
transfer syntax with highest priority. Using compressed communication has the advantage of
speeding-up communication across slow internet lines.

After configuration has been completed, the C-ECHO button can be used to test the connectivity. If
a node is a DICOM server and running, verification should return DICOM Verification successful.
If it is a client which just can send, verification is not applicable.

The lower part of the pane contains a list of configuration details which may need a change for
some connections. Shown is the default configuration, which can be recovered by the General
button. The option button also allows retrieving a configuration which has been proven to work with
GE Xeleris systems.
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3.2

3.2.1

Note the Export and Import facility for the DICOM nodes list which allows a system administrator
to easily distribute a master DICOM list among PMOD installations.

DICOM Server Configuration
-

PMOD can run one or multiple DICOM server processes in the background which are able to
receive data sent to it from modalities or a picture archiving system.

DICOM Server Properties

In general, a DICOM server is defined by three entities, the:

= |P-number (or host name) of the computer on which the DICOM server is running,
= Port number on which the server is listening,

= Application Entity Title (AE Title) which has been given to the server.

The Port and AE Title information of the PMOD DICOM server(s) is configured on the DICOM /
DICOM SERVER pane.

e PMOD Configuration and User Settings X

[ users | By oicow | iy paTABAsE | @ FTPnoges | (71 Onstat |
[ © NODEs [C-STORE,Q/R] | © DICOMSERVER || SPECIALCASEs | ADVANCED |

@ PMOD - b T Editservername % Duplicate server - @ MAIN (First server)

Port |4030 AE Title PMOD [] Secure (TLS)

Acceptincoming connections from any AE || Do not send implementation version name  [_| Force default transfer syntax for all incoming connections

[_] Check Incoming Folder D:Pmod4.1/data/dicomiincoming/ & every seconds.
® Files stored in Incoming Folder] are automatically converted according to configuration

Notes: @ [Incoming Folder] can't contain [Final Storage Areal.
® Only DICOM files (without DICOMDIR) should be stored to [Incoming Folder].

[v] Automatic conversion to uDatabase * 4|k [> Pmod - b

Delete temporary DICOM files

Temporary Storage Area D:Pmod4.1/dataidicomitmp/ T
1
(]
["] Execute processing O
[v] Answer Server Query from: Database ¥ [> Pmod - B

(@ Start automatically ) Standalone: [ ] Verbose commands [ | Redirect output

4 b (o] ? ‘ Ok H Cancel |

Note: On Linux systems there exist reserved ports which require special permission to allocate. If
such a port is defined as the PMOD DICOM server port, the server cannot be started from a user
account and issues a message Permission denied. Starting as root will normally succeed, but this
has the disadvantage that the saved files will all belong to the root. To prevent this situation a
higher port number (typically >4000) should be used on Linux, rather than the standard DICOM
port 104. PMOD uses 4030 per default.

Besides the basic server information there are three checks relevant for the DICOM server
operation:
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= Accept incoming connections from any AE: If this box is not checked, the DICOM server
only accepts remote systems which are configured as remote DICOM clients. If it is checked,
any association request will be accepted.

= Do not sent implementation version name (server): Allows switching off sending the
implementation version component. This is required if a client does not handle this exchange
properly and connection to the PMOD server fails.

= Force default transfer syntax for all incoming connections: Transfer syntax negotiation
may fail when a client proposes only one transfer syntax which is not the DICOM default and a
PMOD server prefers another. In such cases the option forces the PMOD server to always
negotiate the default Little Endian Implicit transfer syntax which all DICOM applications are
required to support.

Standard DICOM communication is not secure, and therefore is not recommended over public
networks. To overcome this problem, a DICOM supplement was added for implementing secure
connections. PMOD supports one of the proposed variants called BASIC TLS SECURE
TRANSPORT CONNECTION PROFILE. Of the three optional features (entity authentication,
encryption, integrity check) encryption is implemented in the current release. As a consequence,
the data transferred can only be interpreted by the target DICOM server with which the
communication has been established. To enable secure DICOM, check the Secure (TLS) box.
The corresponding command line option is -tls.

3.2.2  Multiple DICOM Server Creation
New Dicom servers are created with the option button
‘% Duplicate server | -
] Secure (TLS) ¥ Duplicate server
~ . o . [0 Add new server
= Duplicate server: Creates a new server using the settings of the currently selected server.
= Add new server: Creates a new server with the default settings.
The server name needs to be specified during server creation, but can be changed later using the
Edit server name button.
The default installation creates two DICOM servers: PMOD as MAIN (First server) and PMODQ
as AUXILIARY (Second server). These servers are internal DICOM server and have as default
ports 4030 for PMOD and 5003 for PMODQ. They cannot be removed from the configuration.
Note that all DICOM (and Transaction) servers need unique port addresses.
3.2.3  What happens with received DICOM Images
There are different possibilities what the PMOD DICOM server can do with the received images:
= Save them in a directory structure and update the DICOMDIR file (DICOM part 10 conformant).
= Save them in a database as the original DICOM objects.
= Convert them to any of the supported image formats and save them as files, eg. as NiFTI files.
= Convert them to a JPEG file, and print a report page.
PMOD has the capability to configure different behaviors of the DICOM server. Example
configurations are shown below, but many other conversions are also possible.
Saving the Images in a Database
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The following configuration is recommended for all users who run a local database.

[v] Automatic conversion to: [l Database v 4 P [> Pmod - 3

Delete temporary DICOM files

Temporary Storage Area DJ/Pmodd. 1idataidicomamp! i
|
-
[] Execute processing O
[¥] Answer Server Query from; Database ¥ [= Pmod - I

In the example the DICOM server is receiving the images in the directory
C./Pmod4.1/data/dicom/tmp, saves them in the database Pmod, and then deletes the images in
the temporary directory. When a remote DICOM client queries the PMOD DICOM server for
studies, it will list all the studies in the Pmod database.

Saving the Images as DICOM Part 10 Offline-Files

Alternatively, the received images can be saved in a DICOM Part 10 compliant manner. This
behavior is configured as follows.

[v] Automatic conversion to: n DICOM - P Output modality,. ORIGINAL STORAGE - 3

Delete temporary DICOM files

Temporary Storage Area D:J/Pmod4.1/data/dicomimp/ LD
Final Storage Area DJ/Pmod4.1/data/dicomistorage/ &
-
[] Execute processing O
|v] Answer Server Queryfrom: DICOMDIR ¥  on Path |D:/Pmod4.1/data/dicomistorage/ (o

With this configuration, the images are stored in a directory hierarchy starting at
Pmod4.1/data/dicom/storage. A DICOMDIR file will be maintained in the same root directory, and
used to answer queries.

Note that you can use PMOD to create DICOM-compliant CDs. Just burn the DICOMDIR and the
directory containing the DICOM files to a CD.

Filtering out Secondary Capture Images and Printing them
The configuration below illustrates another conversion ability.

Convert SC objects anly
[] Automatic conversion to: [ GRAPHIC * 4 P» _ = C-STORE SC objects to: PMOD = [] and
Print hard copy

[T] Delete graphic file after print

Delete temporary DICOM files
Temporary Storage Area D/Pmod4.1/data/dicomitmp/ o

Final Storage Area |[D:/Pmod4.1/data/dicom/storage/ O

The images are converted to JPEG (GRAPHIC), a report page is prepared (Print hard copy) and
sent to the system default printer, but only if the incoming object is of type Secondary Capture
(ConvertSC objects only). The original DICOM files are deleted, but the JPEG images are
retained in the directory Pmod4.1/data/graphic. The additional checks allow routing the SC DICOM
objects to a remote DICOM server such as a PACS, and deleting the JPEG files after printing.

Applying Processing to Received DICOM Images
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It is possible to set up DICOM servers which apply an image processing pipeline to the received
images. The processing steps have to be prepared and saved in the Pipeline Processing!s:)

interface. Naturally, in this case only the received image is processed. Beyond the processed
image, results such as VOIs and VOlI statistics are also saved if configured in the pipeline.

Pipeline processing of received DICOM images is configured as illustrated below for an example

applying motion correction to dynamic brain PET images.

ToolBox, not for DICOM servers started from script.

Note: This type of pipeline processing only works for DICOM servers started with the PMOD

ik PMOD Configuration and User Settings

[ users [ H OICON | ety DATABASE | @ FTPNodes | (7] OnStart |

[ ® NODEs[C-STORE, QR] [ © DICOMSERVER | SPECIAL CASEs | ADVANCED |

Port 14030 AE Title PMOD [] Secure (TLS)

@ Files stored in [Incoming Folder] are automatically converted according to configuration
Notes: @ [Incoming Folder] can't contain [Final Storage Area]
® Only DICOM files (without DICOMDIR) should be stored to [Incoming Folder].

[¥] Automatic conversion to: [l Database = 4|k _.n

Delete temporary DICOM files
Tempaorary Storage Area D:J/Pmod4.1/data/dicomitmp/
|

!
® Pipeline

Execute processing
) Seript

[¥] Answer Server Query from: Database = _.n

[] Check Incoming Folder D:/Pmodd4.1/data/dicomiincoming/ Gm avery

-+
MotionCorrection =35/1286/5938*Demo= a 4| b (o ><| &

® Start automatically ' Standalone: [ | Verbose commands [ | Redirect output Save Starting Script

@ PMOD - B T Editservername % Duplicate server hd Remove Server @ MAIN (First server)

Acceptincoming connections fram any AE [ Do not send implementation version name  [] Force default transfer syntax for all incoming connections

seconds.

[ Save original data

a v {2 ‘ Ok H

Cancel

Alternatively, arrival of an image at the DICOM server can trigger execution of a script, as

described in Pipeline Processing| +131.

DICOM Server Starting with PMOD

With the Start automatically radio button enabled the DICOM server is started together with the
PMOD ToolBox, and also stopped with it. With PMOD running, the DICOM server information is

accessible using the DICOM button in the PMOD ToolBox:
W Prod — X

& PMOD Version 4.101

i DICOM Server Info

==
==

|[server [ state AE title Port

Description

@ PMOD = Running, active connections: 0 PMOD 4030
O Cardio = Running, active connections: 0 PMOD-Cardio 4032
@ Neuro B Inactive PMOD-Neuro 4033

B
53

=]
=

STD
STD
STD

P
iy

” Stop selected server(s) ” Close selected server(s) ” i Refresh

By
N
Y

Close
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3.2.4  Incoming Folder
Normally the DICOM server is receiving data over the network from DICOM clients. However, it is
also possible to have the DICOM server additionally scan a directory at certain time intervals and
treat found DICOM series in the same way as if they had arrived by the network.
This functionality can be configured by the Check Incoming Folder box. If it is checked, the
directory to be scanned can be entered as well as a scanning interval every ... seconds. This
import feature can be used to convert from DICOM to any other output format, or to add DICOM
images to a PMOD database. Note that after processing the images by the DICOM server they are
deleted from the incoming folder.
3.2.5 DICOM Server Starting
There are two ways of starting the DICOM server, as part of a PMOD processing session, or as a
standalone process running independently. The latter has the advantage, that images can be
received while PMOD is not in active use.
Starting from PMOD ToolBox
When the starting option is switched to Start automatically, a DICOM server is started together
with PMOD, and also stopped with it. Otherwise, with the Standalone option, the DICOM server
has to be started explicitly. With PMOD running, this can be done using the DICOM button in the
ToolBox.
T
4 i PMOD Version 4.101
& DICOM Server Info >
Server | State AE title FPort Description
k @ PNMOD P> Running, active connections: 0 PMOD 4020 STD
O Cardio = Running, active connections: 0 PMOD-Cardio 4032 STD
@ Neuro B Inactive PMOD-Neuro 4033 STD
g
B
| Stop selected server(s) ” Close selected server(s) ” i Refresh ” Close |
Adatn
The current status is displayed in the State column. The status of a DICOM Server can be easily
modified: initially it has to be selected in the Server list and then, depending on the status, the
Start selected server(s) or Stop/Close selected server(s) button needs to be activated. While
Stop will terminate the DICOM server immediately after the current job, Close will allow for
completion of all queued jobs.
When the color of the & button changes to blue, a DICOM server request is being served. The
color changes back after all communications have completed.
Starting using Scripts
Alternatively, the RunDcmSvr script in the Start directory can be started by double-clicking. This
script is generated during the installation and represents the default DICOM server configuration.
In this case the starting option should be switched to Standalone. If any DICOM server setting has
been changed, a new script should be generated with the Save Starting Script button. It shows a
dialog window with the contents of the script as illustrated below.
PMOD Base Functionality (PBAS) (C) 1996-2019 pmod



PMOD DICOM Functionality

39

3.2.6

3.3

. Start awtomatically ® Slandslons: | Werbosscommands | | Redivect output IH Save Slarting S:ripﬁ—’- ‘

Cartirmation X

Do you want (0 sawe DICOM Sorver Siaming Scripn 1o [-/$1art folder 2

od C:iPmodd. 1)
Y avaUre IBiny Aud - XM ar paemawr iar -paf{4030] -apPIWOD] -2t0 tmpsall Pmond 1iatatdicomtmp] -0¢ tmp oo ruld atas se @Pm od] -ans QueriDatshase @Pman]
#]

el

Hame RunDemSw 4030 PRIGD

|
| v fes ‘

A DICOM server offers the following debug options:

= Verbose commands: Serves for generating detailed communication information. While it
slows the operation down, it may be helpful to troubleshoot connectivity problems. The
corresponding script option is -d. In order to obtain even finer debugging information the -f can
be appended additionally to the script. However, this inflates the log dramatically and requires
careful usage.

= Redirect output: Serves for redirecting the standalone server output to a file in
Pmod4.1/system/logs. The corresponding script option is -o.

Note that there is a dedicated server administration tooll 741 which can be used for monitoring,
starting and stopping the DICOM servers for which starting scripts have been created.

Implementation of DICOM Servers on a Dedicated Machine

Note that DICOM (and transaction|48)) servers can be operated without a PMOD license. Only the
process of their configuration requires a license. Therefore, particularly in a multi-user
environment, the server processes should be moved to a dedicated machine with fast disks.

To establish such a configuration, please perform a standard PMOD installation on the server
machine including the USB license protection key. Use the Config facility for the database and
DICOM server configuration, and generate the server starting scripts. Thereafter, the USB key can
be removed and used on client machines. The server processes can be started at any time, only
re-configurations will require the USB key again.

It is easy for Mac OSX and Linux to start programs like the transaction servers at system boot time
and run them in the background. On Windows, this is not possible with normal programs. Rather, a
command window is required which needs to stay open for the whole program duration, which is
not convenient for shared server systems. A workaround is to purchase a third-party solution which
wraps the DICOM servers into service processes| +1, such as the AlwaysUp solution.

DICOM Special Cases

Sometimes the interpretation of DICOM data is unequivocal and PMOD may organize the images
in an unexpected manner. To solve this situation SPECIAL CASEs can be defined which impose a
specific interpretation of data from a certain Manufacturer model and Software version.

To create a new special case select Add new case, specify a name, and then select the
appropriate behavior from the Case list. The requested information can be entered manually, but it
is easier and safer to select Get from file, browse to the directory where the data resides, and
select the appropriate series. PMOD reads the required information from the DICOM attributes and
fills it into the Manufacturer, the Manufacturer model and Software version fields. Note that *
can be used to indicate applicability for all possible strings, while an empty field requires that
information is also empty in the corresponding DICOM field.
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[ UsERs [ g DICOM | iy DATABASE | @ FTP Nodes | [7) OnStant |
[ © NODEs[C-STORE QR] | @ DICOMSERVER | SPECIALCASEs | ADVANCED |
Avanto+Syngo B15 - kT Editcase name Duplicate case ¥ ¥ Remove case
Case | Use acquisition times for frame times = 4 P &
Manufacturer SIEMEMNS Get from File
Manufacturers model Avanto
Software version syngo MR B15
Protocol name
[ Use single wildcard * to denote any text for a given field.
Empty field requires empty value in matching object. ]
E Ewpot @ Import

To transfer these definitions between systems there is an Export button for saving the special

cases, and Import button for loading them.

The Case selections are listed below with some example systems. However, the need and

applicability of these special cases may depend on specific software versions of the originating

system.

= Non identical images times for single volume: Select this option if the slices of a single
volume are interpreted as separate frames in a dynamic series (e.g. series with no positioning
information like SC).

= Multivolume (sort by volume times): To be used when the time sorting of a dynamic series
is wrong (Siemens Sonata, Siemens Symbia).

= Multivolume (sort by slice position): Another situation where the time sorting of dynamic
volume data is wrong (Siemens Evolution EBCT scanner, GE Discovery LS, GE Discovery HR,
GE Signa Excite).

= Multivolume MR (sort by trigger times): A third situation with wrong time sorting (GE Signa
Genesis).

= PET frame times in sec (instead of ms): To be applied if the acquisition times presented in
PMOD for PET objects are 1000 times too small.

= Volume SC: For situations when a screen capture series representing a volume is displayed
as a big number of separate series (GE Advantage Windows, GE Discovery HR, Siemens
Somatom Emotion Duo).

= Wrong slice spacing (use slice thickness): Try this case in case the slice thickness
presented in PMOD differs from what you expected (some GE Xeleris versions).

=  Wrong Image Index in PET objects: Some PET/CT systems do not construct the Image
Index (0054,1330) as specified in Dicom PS3.3 paragraph C.8.9.4.1.9. As a result PET images
may be sorted wrongly (GE Discovery LS via Xeleris).

= Wrong frame reference time (use acquisition time): Instead of the PET specific element
0054,1300 (Frame Reference Time) the general element 0008,0032 (Acquisition Time) is used
to determine frame start and end times. If the acquisition time element is present and it is filled
with the frame start time this usually solves the problem. (Philips, Protocol Guardian Bod;
SUINSA animal PET system).

= Reference time at frame half (calc from duration): The default behavior for PMOD is to
calculate frame start and end times based on frame reference time and duration assuming that
the reference time points to frame start. This special case uses the assumption that the
reference time is at frame mid-time. (Philips)

= Times start not at zero (move to zero): This case was introduced for Philips data that had a
substantial offset in the 0054,1300 Frame Reference Time. It just offsets the times so the first
frame starts at 0. It does the same as Set acquisition start time to zero in the loading
parameters dialog.

= Wrong image class unique id: This special case is to allow PMOD reading images that have
wrong DICOM object class specified in the file.
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3.4

3.5

= Use acquisition times for frame times: This special case is instructs PMOD to use the
acquisition time instead of the content time when determining the frame times for single slice
objects.

Note: The DICOM server will use these case definitions when receiving the images and storing
them in the database. So if series are not correctly entered into the database, please export the

data and define a suitable Case using the Get from file facility. Then, delete the database entry,
restart the DICOM server, and transfer the series again.

DICOM Advanced Options
I

ADVANCED options allow changing some specific conditions and parameters of the dicom
communication. The default settings are illustrated below. Changing these settings means tuning
of PMOD to work with systems that are not 100% conformant with Dicom 3.0.

[ UsERs || %, DICOM | wlfty DATABASE | @ FTP Nodes | [] On Start

r © NODEs [C-STORE, QIR] r © DICOM SERVER r SPECIAL CASEs [J ADVANCED

Max PDU length 128 [kB]
Max server connections 10
Max association repetitions 5

Repetition delay 500 [ms]
ARTIM expiration time 30000 [ms]
Idle expiration time 36000 [5]
[] Use selected character set: (If not presentin object)

Detailed communication messages

# Default Settings

= Max PDU length is a PDU (Protocol Data Unit) length that PMOD will propose to other
communicating nodes as well as a maximal length PMOD will accept as a PDU. The minimal
value for this field is 2. A zero value (that according to the DICOM standard means accept any
size) is not allowed because problems may occur with some systems.

= Max server connections is the maximal number of open connections handled by the PMOD
server.

= Max association repetitions instructs PMOD how many times it will attempt an association to
an other node before reporting connection failure.

= Repetition delay is the waiting time between association retries.

= ARTIM Expiration Time is the time PMOD will wait for a reply from a remote DICOM system
before it will close connection and report failure.

= |dle expiration time: is the time after which the established DICOM connection will be closed
if there is no activity (message exchange) on the connection.

= Use selected character set ... DICOM allows the specification of character sets in the file. If
no character set is specified, PMOD uses the operating system default character set for the
interpretation of non-ASCIl characters. In case non-ASCIl characters are not properly
displayed, the user can explicitly define the proper character set. ISO 8859-1 will be
appropriate for most western european languages. Please consult the ISO 8859-x standards to
choose the right one for other languages.

Note the Default Settings button which allows restoring the default state.

DICOM Query/Retrieve
-

A DICOM Query/Retrieve operation retrieves images from remote DICOM servers in order to
store them locally. After the images have been received, they can be loaded and processed
independently of the remote server.
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Configurations for DICOM Query/Retrieve (Q/R)
There are some prerequisites for using DICOM Q/R with PMOD:

1.

Locally in PMOD, the DICOM server must be configured and running because it receives the
images sent from the remote system. The PMOD DICOM server configuration is explained
above| 34!

2. Locally in PMOD, the remote DICOM systems from which images should be retrieved must be

defined. Because they will send images to the PMOD DICOM server, they are configured as
DICOM client nodes as described above| 33,

The PMOD DICOM server must be configured on the remote DICOM system by its
administrator. Otherwise these systems will most likely reject the association request from
PMOD, so that no images can be queried.

Retrieving Images per DICOM Query/Retrieve
The DICOM Q/R function can be called from

the Menu in the PVIEW tool, or
using the Q/R button on the DB Load page in any of the PMOD tools.

The dialog window shown below appears which allows the user to query and retrieve studies.

G
1. Query [Connect] to: I PMOD I' I [PMOD] = PMOD = localhost4030 I = Retrieve m-l PMod Server I = IPMOD I 'I[ PMOD = 192.168.55.106:4030 ] IHH]

Patient Root Query rStudanmQuem |

Patients Name (L"F) P*
Patients ID Patient's Birth Date : = = Y
3

I'v 2. Get matching patients list I'

Patients [18]
- Patient name | Patient id | Birthday date
PET*TEMPLATE PET =
PETCT"Example PETCT-Example
PFUS1 Multimodality PET & MRI
PFUS2 Cardiac PET & SPECT 1937.06.24
PFUS3 Dyn. FDG for Motion Correction
PFUS4 MR and SPW Contrasts for 3 Source Fusion
PFUSS ‘Whole-body Mouse CT & Bone SPECT ||
PKINT Dyn. CPFPX bolus & MR 1981.01.01 =
- 3. Get selected patient's studies list
Studies [4]
Patient | Patient. PFUS1 Multimodality PET & MRI
& Series no | Modality | Body part Images Study date | Study description Series description
PT 2006.03.01 Chaline PET FCH
PT 2006.04.10 Tyrosine PET FET
PT 2006.04.10 FDG PET FDG
MR 2006.02.28 Magnetic Resonance Image MRI
Close after I' u 4. Retrieve images r

The following steps need to be performed:

1.

Query [Connect] to: The selection lists all DICOM systems which have been configured as
DICOM Clients. The connection is established as soon as the selection is activated..

Retrieve to: Typically, one would like to retrieve to the local DICOM server as shown in the
example, but with External node it is also possible to select any of the configured DICOM
clients (which must be a DICOM server) as the destination. Once the server is selected
(configure, then activate), the connection can be tested with zEakA,

Select the query mode, Patient Root Query or Study Root Query by the tab. Note that some

servers may not support both modes. If the query is not supported, Get matching patients list
remains grey.

Get matching patients list: The purpose of this step is to get a list of studies, from which the
ones of interest are retrieved. To avoid excessive numbers of matches some filter fields are
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available. In the example above, only patients with names starting with "P" are queried. When
Get matching patients list is activated, the query is sent to the remote system, the response
is received and the matching patients are listed.

5. Get selected patients studies list: Only studies from one patient can be retrieved at a time.
Therefore a patient must be selected in the Patients list, and then the Get selected patient's
studies list button activated. As a result, the remote system is asked for all studies of the
selected patient, and the result is listed.

6. Retrieve images: To retrieve some of the studies select them in the Studies list
(CTRL+Click), and then activate the Retrieve images button. A request is submitted to the
remote system, which will send the requested images to the Retrieve to DICOM server. If the
Close after box is checked, the dialog window will be closed while the receive process is going
on in the background and will show a notification once the transfer completed. Otherwise, the
dialog window remains open until the transfer completes.

Note: It depends on the configuration of the receiving DICOM server, where the images are saved,
and thus from where they can be loaded. The default of the local PMOD DICOM server is saving
the images in the Pmod database.

DICOM Query Loader (Auxiliary Server)

The Query Loader function is a simplified Query/Retrieve function. Instead of first retrieving
images from a remote DICOM server to the local disk and then opening them in a second step, the
query loader directly displays the retrieved images. Due to the retrieve time, it may take a while
until the images are shown.

A separate auxiliary DICOM server is used for this purpose, which by default is configured at
installation time. The settings are shown after selecting the PMODQ Dicom server in the server
list. Note that both the application entity title and the IP port must be different from the main
DICOM server, and that this definition must also be entered on the remote DICOM servers from
which images should be loaded.

Users |k, DICOM | @iy DATABASE | @& FTP Nodes |’|:| On Start \

@ MNODEs [C-STORE, Q/R] © DICOM SERVER SPECIAL CASEs r ADVANCED ‘

O PMODQ ~ |4 T Edit server name - O AUXILIARY (QUR Loader server)

Part 5003 AE Title PMODQ [] Secure (TLS)

Acceptincoming connections from any AE || Do not send implementation version name  [_] Force default transfer syntax for all incoming connections

To use the Query Loader functionality the data format Query must be added to the READ/WRITE
plugins in the Users configuration dialog. Then Query will appear as an additional format for all
image loading buttons.

PMOD Database Functionality

DICOM Operations using a Database

If the database is configured, PMOD can save images and all other information types such as
VOls, transformations, kinetic modeling files etc. in the same manner as described for the DICOM
objects.

A Save operation sends a request to the database containing all relevant meta-information about
the data (patient name, study, series, data type, etc) and the data itself. The database server then
saves the data into a directory structure and adds the access information into its tables.
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Use of Database for Saving from PMOD

Save Request Database
PMOD Patient, Study, @
Series info, and Dala

Save Daila s3ve Meta and
Access Information

Data Space DB Table Space
(Directory structure) (DB intarnal)

When Load operations are performed, this access information is presented to the user in a way

which allows performing database searches, and if a data set is selected, it can be loaded into the
PMOD tool using the internal access information.

Retrieving Data into PMOD from Database

1. Query to get a list of stored data

DB Query N Database
List of data \

2. Retrieve Data from selected Study

DEEE‘ file

DB Table Space
(DB intarnal)

Benefits of Using the Database

There are several benefits resulting from the use of the PMOD database:

= A unified user interface is shown when loading or saving all types of data.

= The searching process supports many filters and is very fast.

= Loading of the data itself, particularly the DICOM images, is fast.

= The databases can be shared over the network between different PMOD installations.

Database Engines

The PMOD database functionality is based on an external SQL database engine. Two such
databases are currently supported:

= Derby (default), an embedded database bundled with Java which requires no installation. The
use of JavaDB is encouraged, and at some time point support of mySQL might be suspended.

= mySQL (deprecated) is a database which runs on different platforms. Note that only mySQL
server versions up to 5.0 are supported. Therefore, mySQL is only recommended for
continuing legacy databases. In all other cases, JavaDB should be used.

In this section it is assumed that the database engine is working properly.

Database Access Types
There are two different types of databases in PMOD:
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JDBC Databases: These are SQL databases to which PMOD communicates using the Java
Data Base Connection (JDBC) interface. Typically, the JDBC Databases reside on the local
machine. The user can create new JDBC databases from the PMOD configuration utility. If he
wants, he can make them available to PMOD installations on different computers by a PMOD
protocol called Transaction Server (TS, see below).

below.
DICOM Client
C-Store
PMOD with
DICOM Database
DICOM ] saL
Server
— H
Transaction
Server

Pl

-
Aave

PMOD
(without DB)

PMOD
{without DB)

Transaction Server Databases: These are SQL databases which are not directly accessed,
but indirectly through a PMOD installation usually residing on a different computer. As the
transaction server databases are managed by a different PMOD installation, they cannot be
created or deleted, but only used for reading and writing.

The transaction server concept is most useful in an environment of multiple PMOD installations.
On one of the PMOD installations, the PMOD JDBC databases are created. On the same system,
the PMOD DICOM server is started, and saves the received images in one of the databases. All
other PMOD installations access the databases just through the transaction server as illustrated

Note: After the installation of Pmod4.1, an empty Pmod database and a Demo database with
various example data are available (if the example database was selected for installation). These
databases reside within the PMOD installation directory. We recommend creating new databases
for productive work on a separate disk which is regularly backed up, and to use transaction servers
for data sharing.

PMOD Base Functionality (PBAS)

Creation and Configuration of Databases

The creation of databases and the configuration of remote databases is a part of the general
PMOD configuration. It is opened by calling the

%ES Config

button from the PMOD ToolBox,
window.

and selecting the DATABASE tab in the appearing dialog

(C) 1996-2019
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e PMOD Configuration and User Settings X

[ users | By oicow | ey DATABASE | @ FTPnodes | 151 On Stan

= |4 | b | T Editdata source name % Duplicate data source * X Remove data source

[ M ] []Inactive

[ b= ] ® Use Direct Connection

Database Connection jdbcideroy. if ¥ Database Mame > ’ %@ Create Database
= | Database Paih D /Pmo4 1/datalDATABASES | Own data: use path |+ @ |
File Storage Area D /Pmodd. 1/dataDATABASESDemosaOUESTAE the PMOD| < |» @ % elf Update & Optimize
CFD Processor path installation wenHH ECHO DB

L

B[} s0LBackup Properties [l Save SOL Backup # Restore SQL Backup

[E5B)] () Use Transaction Server

= O O O

[[] Database supports FLOAT representation ofimage objecls
Use DICOM Study UID to match new images with existing Patient /4% May resultin images assigned to different patients

User1 - gl Database Administration |z Database Reports (@] Aogregate Components K3 Create Norm

4 (o] ? ‘ Ok H Cancel

To create a new database please proceed as follows.

Derby JDBC Database Creation (default)

1.

Create a new entry in the database list using Duplicate data source or Add new data
source:

% Duplicate data source E X Remove data source

¥ Duplicate data source
[J Add new data source

[0 Add new data source from existing folder

A dialog window is shown for requesting a name for the new database. The new data source is
added to the list selection and must be configured in the lower section. With Duplicate the
same settings as for the selected database are applied, otherwise the default settings. Note:
Please do not change the data source name after the database has been in use.

Create a new entry in the database list using Add new data source from existing folder.
With this selection it is mandatory to provide the same name of the data source to the new
database. Define the configuration in the Select database folder window pointing inside the
data source folder such that the db.lIck is visible in the in the Files area. Activate the Echo DB
button to verify the proper connection. Note: Do NOT use the Create Database button with this
option.

Use Direct Connection: Only JDBC databases can be created, so this radio button must be
selected.

Database Connection: This entry defines the database access. The first part jdbc:derby: is
the driver specification. The Database Name is the name by which the data source is known to
the database engine. In principle the name can differ from the data source name, but this is not
recommended.
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4. Database Path: The directory where the database tables are stored (in a subdirectory named
corresponding to the database name). It is highly recommended to replace the default path
by an absolute path pointing to a central location outside the PMOD installation. This will
make it easier to perform version upgrades as well as backups. If relative path names are
used starting with "./", the directory will be placed in Pmod4.1/data.

5. File Storage Area Path: This is the path of the root directory in which the data files will be
stored. It is recommended using the indicated arrow to generate a directory within the
Database Path.

[] patabase Path D:Pmods. 1/0ata/DATABASES

File Storage Area |D:/Pmod4.1/data/DATABASES/Demol/data

6. Create Data Base: Activating this button finally creates the JDBC database. Connectivity can
be tested with the ECHO DB button.

Note: After the installation of Pmod4.1, one or two databases are already available: an empty
Pmod database illustrated above as an initial container for own data, and a training Demo
database if the example database was selected for installation.

mySQL JDBC Database Creation

The only difference to the procedure for the Derby database is in step 3, Database Connection.
Please configure as follows:

Database Connection | jdbc:mysql: '|H|localhost |f|Pmod |

User: Password root |: |

File Storage Area |.J’DATAEIASESIPm0cIIcI ata |

The first part is the driver jdbc:mysql. The second part is the host on which the mySQL server is
running, in the example above the same machine PMOD is running on, thus localhost. The third
part is the mySQL database name, Pmod. In principle the database name can differ from the data
source name, but this is not recommended.

User:Password: Fields to specify a user who has administrator privileges in the addressed
mySQL installation and his password. The standard setting of mySQl is root and an empty
password. If mySQL requires to enter a non-empty password for root, please specify it in this
password field.

Note: You can create different SQL databases to collect data for different projects. They must, of
course, have different names and should most likely save the data files in different directories.

Configuring Transaction Server Databases

PMOD allows publishing a local database for use by other PMOD installations using a server
program called Transaction Server| 48. To address a remote transaction server database, a data
source must be defined as follows:

1. Add new data source: Again, a new data source must be created and adequately named.

2. Use Transaction Server: This radio button must be selected, and the transaction server
address and port entered.
(58] @ Uze Transastion Serer
Port 5200 E

Bacun oo Josaihes

Fenllal ECHOTE

) Start automatically % Sancalane | ] veroose commanas ] Redired outpal ] Licens e serer B seve Startng Sonipt

In this example, PMOD is installed on a host called localhost where a transaction server for a
particular JDBC database has been started listening on port 5200. As the database is already
existing, the initialization step is not necessary.

3. Note the Secure box. Please configure the communication with the properties that the
transaction server is expecting (see below).
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4. If the transaction server is running, connectivity can be tested with the ECHO TS button.

Numerical Accuracy of Images Stored in the Database

Images are stored to the database using Enhanced DICOM IODs which are selected according to
the image modality setting. The accuracy of the standard IODs is limited, and if the images have a
large dynamic range rounding errors can occur. In these situations PMOD may use a private 10D
which supports floating numbers to avoid rounding errors. This behavior is enabled by the
Database supports FLOAT representation of image objects box.

The float representation is an advantage if the images are used for further processing in PMOD.
However, when such images are exported, PMOD converts the images to the standard 10Ds,
whereby the rounding errors might be introduced.

Multiple Access to Derby JDBC Database

It is the nature of embedded databases such a Derby that they can only be accessed by a single
process. Therefore, if you start two instances of PMOD, only the first one will be able to access the
database directly. The second one will not get access and show an error message

Cannot connect to this database:
Database [jdbc.derby. /DATABASES/IPmod ] may be locked by other instance of Pmod.

The solution for this case is to publish the database by a transaction server| 481 and access the
data through it. In this way, an arbitrary number of processes can access the database.

Note: The default configuration of Pmod4.1 already includes a transaction server definition of the
Pmod database which is called DbSvr. The transaction server will be automatically started with
the first interactive PMOD session. Access to Pmod through the transaction server is configured
as the DbSvr database.

Database Deactivation

Sometimes there is a need to temporarily deactivate a data source, e.g. because a remote system
is down. In this case the box Inactive can be checked to avoid lengthy timeouts.

Default Database

The database which is shown in the data source list when the configuration is saved will serve as
the database initially. However, once in use PMOD remembers the least recently used database.

Database Upgrading

After updating a PMOD installation there might be a need to adjust the data structure of the
existing databases for using them further. To do so, select a JDBC data source and activate the
Update & Optimize button. This operation will not only update the table structure, but also the
indexes and may dramatically speed up the access to aged, large databases.

Note: Transaction server data sources must be upgraded on the site of installation.

Database Backup

It is important to regularly back up the directory of the database tables as well as the data directory.
This has to be done externally by the computer system administrator using reliable mechanisms
for backing up important data.

Setting up a Transaction Server to Publish a Database

If a PMOD installation has a JDBC database running, it can make the data available for other

PMOD installations. To this end a server program - the Transaction Server (TS) - must be started
to run in the background and wait for database access requests.

Transaction Server Configuration
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Configuration of the TS is performed on the DATABASE panel as follows.
1. Select the local data source to be published.

2. Switch the radio button from Use JDBC connection to Use Transaction Server.
[E358)] ® Use Transaction Server

Port 5200 192 163 |55 |[116 | 4 setLocal Host

[ Secure

3. Set the IP Port for the communication. It must be a unique number not used by any other TS
or other process. In the example above port address 5200 is used.

4. Get the IP address which should be used by the PMOD installations using TS clients for
accessing the database with the Set Local Host button. If they are running on the same
computer, localhost in the HOST field will also work.

5. The Secure box enables secure communication. It should be used if the communication is not
confined within the institution. Otherwise it will slow down the communication speed
unnecessarily.

Starting a Transaction Server

A PMOD TS is a background process which can be started as part of PMOD, or as processes
running independent from the PMOD installation used for its configuration. The behavior is
configured using

) Start automatically ® Standalone Verbose commands [ | Redirect output [] License server n Save Starting Script

If Start automatically is enabled, the TS is started/stopped with PMOD, so that the published DB
is not always accessible by other PMOD installations. Standalone indicates that a Starting Script
is generated as described below, and the TS is executed as an independent process.

Note tat there is dedicated server administration tool| 741 which can be used for monitoring, starting
and stopping transaction servers for which starting scripts have been created.

Creation of Transaction Server Scripts

Save Starting Script is a facility for generating scripts according to the configured TS properties. It
becomes active when the Standalone option is enabled and generates an operating system
dependent script which is shown in a dialog window. The options are:

e Verbose commands (-d): Recommended only for debugging purposes, as it slows
communication down.

¢ Redirect output (-0): The TS output will be stored to a log file.

¢ License Server: Indicates that the TS is managing a network license at the same time as data
sharing. If it is not enabled, a -noLS parameter is added to the command script

The example below is the result for a Windows system.

Confirmation X

Do you want to save Transaction Server Starting Script to [~/Start] folder ?

cd D:\Pmod4. 1%
Navaljre\binjava -Xmx4G -jar pmitsvr jar 5200 JAVA_DB org.apache.derby jdbc.EmbeddedDriver jdbc.derby:D:/Pmod4. 1/data/DATABASES/Pmod D:/Pmodd. 1/data/DATABASES/Pmodid

atal-d - -noLs

MName RunDbSvr_Pmod_5200

| vaves H X No |

The Yes button saves the shown script to the Pmod4. 1/Start directory using the specified Name.

Additional Transaction Server Options
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An command line flag which can be added to the script in an editor is -optimize. If it is present, the
database table indexes will be optimized before the database gets accessible. Note that this may
take notable time for large databases, but it can dramatically improve speed for aging, large
databases. To keep the database fast and safe, a TS started with the -optimize flag will backup
the database tables to data/DB_Backup/ every Sunday night at 1am and then optimize the
indexes.

Another startup option is -upgrade. With this option, a backup of the database is copied to
data/DB_Backup/upgrade/, then the database upgrade scripts are executed, a table optimization
performed as with -optimize, and finally the TS started.

Transaction Server Status Information

All automatically started transaction servers are available for management from the PMOD
ToolBox. TS management is opened by activating the @0 button in the ToolBox:

| m
‘ « ME, PMOD Version 4.101

E&ﬂle@'ﬂR

| & Transaction Servers Info X
_
Sernver | State 1P | Port | Description
7 DbSvr = Running [10.106.0.108] 5100 jdbcderby:D:/Pmod4. 1/data/DATABASES/DbSwr
L o' TestDemo = Running [10.106.0.109] 52086 jdbc.derby:D/Pmod4 . 1/data/DATABASESTestDemo
| i Refresh ” ¥ Close

The current status is displayed in the State column. After selecting an entry in the list, stopped
servers can be started using Start selected server(s), or running servers stopped using Stop
selected server(s).

When the color of the 8 button changes to blue, a TS request is being served. The color
changes back after all communications have completed.

PMOD Status Information
In case of problems with the TS status the PMOD status button in the ToolBox shows a red bullet.

FITS [ v
E TE PMOD Version 4.101 | View  Help
> SACiod - —
Check Message X

Transaction Server [ 10.106.0. 09 : 5100 ] warning: Server doesntrespond.

Transaction Server [ 10.106.0.109 : 5206 ] warning: Server doesntrespond.

Version information: Your Pmod is up to date. Version: 4.101. Date of build: 30.10.2019
@ Memory available for Pmod: 24693 MB of 24589 MB

Communication with www.pmod.com: enabled

| X Close ” m{:onfig |

Dedicated Machine for Databases and Transaction Servers

Note that transaction servers can be started and operated without consuming a PMOD license.
This allows moving them to a server machine that is continuously operating and has fast disks. On
this server machine perform a standard PMOD installation, plug the USB license protection key in,
and use the Config facility for the database configuration and TS script generation. Then start
each of the scripts in a separate command window. In the case of a standalone license, the USB
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key can now be moved to the computer, where the actual data processing is performed. In the
case of a network license the USB key should remain, as it is used for license serving.

It is easy for Mac OSX and Linux to start programs like the TSs at system boot time and run them
in the background. On Windows, this is not possible with normal programs. Rather, a command
window is required which needs to stay open for the whole program duration, which is not
convenient for shared server systems. A workaround is to purchase a third-party solution which
wraps the transaction servers|+71 into service processes, such as the AlwaysUp solution.

Depending on the network and server performance the speed of the load/save operations via a TS
may be slower than with local loading/saving. The benefit, however, is the global availability and
centralized maintenance of the data.

CAUTION: Note that the proper interaction between the transaction server and clients requires that
all systems run the same PMOD version.

User-Specific Database Preferences
-]

As the database behavior can be differently configured for each user, a user must first be selected,
User1 in the example below.

e PMOD Configuration and User Settings X
I Users | B Dicom f[ﬂj DATABASE f@ FTP Nodes r|:| On Start
@ Usert = T Editusername % Add new user -
Login enabled [+ /& User settings are saved when switching the user.
| SETTINGS | PXMOD models | PKINmodels | READ/WRITE plugins | LOADINGTOOLS | COLORTABLES | MODULES
[ REPORT [ DATABASES | FTPNodes | APPEARANCE | STATS | PRESETS |
[¥] Use database {General activation) [¥] Use Database for Component data (VOIs, Defaults, etc.) [¥] Filter components: Last Year -
[] User's selected Data Sources: M Last Year
[0 Last Month
[0 Last Week
LI | ? ‘ Ok H Cancel |

The configuration items are then available on the DATABASE sub-tab of the SETTINGS pane:

Use Database (General activation): This is the main switch. If the box is not checked, all
databases are invisible for this particular user and all data loading/saving is file-based.

Use Database for Component data (VOlIs, Defaults, etc.): Sometimes it is preferable to use
the database only for the image data. In this case, the check can be removed from this box.
Using the full database capability has the advantage that TACs and VOlIs etc. are related to the
image series they are derived from.

Filter components: For large databases, the listing of VOIs and other components can slow
done. In order to speed the listing operation up and only show recent data, a default date filter
(Last Year, Last Month, Last week) can be enabled.

User's selected Data Sources: If there is a substantial number of different databases and a
user requires only a few he can check this box, and then add the relevant ones with the Add
new button. An additional advantage is that the user can sort the database list according to his
preference.
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44.1

Loading Data from Databases

If the database is enabled the Database format is available in the list of input formats for image
loading.

Image Data Loading

Database Loading Layouts

When loading images from the database an interface similar to the one below is shown. This
example represents the vertical layout with a filter area at the top and three list areas. The first lists
the subjects corresponding to the filter settings. The second lists the image series of the selected
subject. The third lists the image series which will be loaded when the Open button is activated.

| DB Load @ wiew | WIS | Compare Fusion |
B Demo Database se|ection w 4 |b|[|Searmnal ¥ New | 30| ® RessiOuery & Remasnousy W B
Basic filtering criteria =
Subjed Nama PK* Bith Data . = = &
SubjsliD [ Modmad l-_{l =
More filters
| futledy B @1 | ¥/ Image Presew (seleded "Saries™)
| sujectnams | SunjectiD | Zex | Dste ot BN
PHRIN Ty CEFP Bl & MRT ] TAEA 107
PHINZ [
[
4 Selas"Selected for loading” Inam Edit Sutject € Delete Subjectis) ¥ CrealenewSubedt | SetProed
| swm@ IMmage series of the selected subject
Subject Hame [ Time to Serles descripaon [* woomes [ Lastuse [ oa | nz [ o
BT 3008 02 30228 Brainmask Z015-030% 13 201E-10-12 12 FT ] T
PRINT 200460301 1anE20  GPFPN Bolus MR Anatomy 2012-07-27 11 2018052311, MR al 1 B 1.0 -
ExIh 2000 0301 1E0220  OFFFH Balus Bmamis PET 2012-07-27 1. 2016-06-23 11 FT 81 34
|4 =
H 41 1 G =L=
@ Grar >, P e
1 1 | [¥] oo 1
o ana B anaan 1=% Ear @ Oeizre | 4 Sereroen AT e B S T B A
o = 100 T
[ Sslecied fortaading (1] | Companeris Adminislistion F 28 'lu - |D IQ- -
[ sutiec Hame Siudy osle [Tme [ Modified JL -
e 20060301 130228 20120737 11{2018 3 Glice 0 Frame o Al |..|
Images to be loaded 5y nicom E neman

@l mpot & =0 AUTODETECT

T g e [ Remeows afisr ] A LR T
‘L Coen & with Operations () SR Epor - HRemeve.. W Remew aferioa. [ OTA B Pl

The vertical layout may not be convenient for small screen heights. In this case the layout can be
switched

31 @ [ verical
= [l Horizontal
I [l Fratseries

5]

The Horizontal layout stacks the Subjects and Series list, to allow for more list entries. The series
of the selected subject can be shown by selecting the Series tab, or by double-clicking the entry in
the Subjects list.
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‘ Subjects (51 & | Senesiz @ ¥ Imeae Fredew (selecled “Sanies™

[ Butact name

Se | Dt o1 Bty m
PRIN M RHERERIT |
PHINZ o
PKINZ - §
PKINA
PHINS £
[l = 1] -
2 |
Double-click for e
5 o = B 1 4 L= »
switching to Series tab
'ﬂ,fi' Crar L B Jm o

E 0o £ 1050000
i Setss Selectad lorioadmg” o Egisunieer ) Delele Subjects) & Creals newSubject | Sel Prajse

2 [%] — 190 %]

| Selecizdforioading 1l | Components Adminisiratan (5
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The Flat series layout is another arrangement which lists all image series in a single list. It allows
listing series from all active databases if the Search All checkbox is enabled, as illustrated below.
Also illustrated is the extended filtering in the upper area.
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An interface reduction @ button is located in different places to allow hiding/showing the patient list
controls. When it is activated it becomes a @ button and some of the user interface elements are
hidden to allow for more list place. To show all elements, the @ button needs to be activated.

Loading Overview

One or several image series can be selected and brought into the Selected for loading area by
the Add button or by a double-click at the series entry. On the right side there is a preview window
to verify the image contents before actually loading the whole data set. If the Image Preview
( selected "Series") box is checked, an image is displayed as soon as a series is selected.

Finally, by activating the Open button, all series in the Selected for loading area are loaded into
the PMOD tool. The Append pushpin button is important for the outcome of the loading operation:

with the appending setting # the images are added, while with the overwriting setting 2 any
already loaded images will be discarded.
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Note that the availability of multi-series selection depends on the context. If only a single series is
expected by the program, double-clicking at the series will immediately start image loading.

User Interface Elements for Filtering

First of all the database to be searched must be selected with the selection in uppermost section,
Pmod in the example above. The basic filtering options include the following elements.

Subject Name

Subject name, starting with the last name. The wildcard * can be used as a
replacement for arbitrary sub-strings.

Subject ID The subject ID filter, also supporting wildcards.

Birth Date The filters for the birth date include an exact date, or a date range available
from the selection list.
¥ [=] All Dates
[} From ...

(] = Between =
(| Tl
] One Day
[0 [ Last Week
] Last Day
] Today
These specifications apply for all other filter dates.

Modified A date/time is maintained in the database recording when the data of the
subjects was modified the last time by adding an image series or by changing
the subject information. For example, setting the field to Last Week only
shows subjects modified in the last seven days.

sSQ Means Save Query. If this button is enabled, the same filter settings will be

applied when the database window is opened again.

# Reset Query

This button resets the filter settings by removing all specifications.

& Refresh Query

The refresh button to apply the query to the database potentially updated in
the meantime, or after changing the filter and disabled automatic refreshing.

iw

Toggle button to enable/disable automatic refreshing after changing a filter
element

There is an extended filtering capability available on the second sub-tab which is illustrated below.

T Bngie ik mape enss
g WPl NIE ITAGS SRS

Biith Date: B> ar - "Erlmﬁ ‘ﬂ |

Wit el e =5 =

0% it (= ILocksd | G L
=

It contains several new elements:

Study Filtering of text appearing in the study description. The * wildcard is
Description supported.
Series Filtering of text appearing in the series description. The * wildcard is
Description supported.
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This selection lists all available data types in PMOD such as images, VOls,
etc. Setting this field to VOI Templates for example will only list patients who
have a VOI definition attached to one of the image series.

= HOHmH%H ) H ! HH‘ These shortcut buttons allow filtering for frequently
used data types such as images, VOIs, statistics, kinetic modeling files,
comment texts, paired series. ALL resets all filter setting.

A date/time is maintained in the database when data of the subjects was
accessed the last time. This information is listed for each database object.
Selecting a date range allows browsing the database content based on a least
recently used criterion.

Filter to search for studies with a certain number of slices, including the
criteria

For instance, planar only studies could be looked for by setting nz = 1.

Filter to search for studies with a certain number of dynamic frames. For
instance nv > 1 will only list dynamic series.

If the box is checked, only subjects who have a Locked flag are listed.

A selection to restrict the search to a specific modality, e.g. to PT (PET) as in
the example. Multiple modalities can be searched for at once.

Subjects can be assigned to a Project. The selection allows choosing from
the list of available project names.

Similarly, subjects can be assigned a Group. The selection allows choosing
from the list of available groups names.

ALL
Last Use
nz

nv
Locked
Modality
Prj

Grp

Glor

Every time data is saved in the database, the PMOD name of the user who
saved is recorded together with the data. This button allows restricting the
search to the PMOD user currently logged in (button out), or to show data of
all users (button in).

Subject Level Operations
When a subject has been selected from the list, a row of buttons becomes active.

Subjects [25] @
Subject name | SubjectID |= Modify date | Sex | Date of birth |
PKINT Dyn. CPFPX bolus & MRI 2018-10-26 12:08:06.161 M 1981.01.01 -
PKINZ Dyn. DASB without blood & MRl 2018-10-25 12:08:03.802 M =
PKING Dyn. FOG scan with whole bloo... 2018-10-25 12:07:57.053 ]
PKIMN4 Dyn H20 brain scan, Baseline 2018-10-26 12:07:52.757 |
@ Set as "Selected for loading” I Edit Subject 0 Delete Subject(s) % Create new Subject Set Project

Set as Enters all series of the subject to the Selected for loading area.

"Selected for

loading”
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Edit Opens a dialog window for editing the subject demographic data.
subject T Subject and Study Information X
SUBJECT INFORMATIOMN

Subjects Name (L"F) % PKIN2 “
Subject!D % Dyn. DASB without blood & MRI

Elirthdate . . [yyyy.mm.dd] Sex M = |4 Pk

Size [m] [1.79 Weight [kg] 75.0 Species: - 3

IMPORT SUBJECT INFO FROM:  INTERFILE |Z| b

¥ INTERFILE
[T DATABASE
[T MATLAB

2 ADNI

0 BIDS

The IMPORT SUBJECT INFO FROM button allows importing this information
from a file in the Interfile format, from an existing DATABASE subject, or from
a MATLAB, ADNI or BIDs file. Note that the information in the DICOM object
is not modified, just the database entries. However, when loading the images,
the information in the database overwrites the DICOM information, and when
the data is saved or exported, it will contain the changed information in the file.
Note that this replacement operation does not apply to weight and hight, as
these properties may change due to treatment and growth.

Ok ” Cancel

Delete Delete the subjects selected from the list and shows an option dialog which
Subject(s) data is to be removed.
Create new Create a new subject in the database, to whom information can be attached if
Subject there is no image series in the database.
Set Project Allows defining three attributes for a subject:
| Locked V] Project [FUSION -

Diagnosis -

[v]Lock: @ Enabled O Disabled
A Project name can be entered, or if it already exists, selected from a list.

Similarly, a Diagnosis can be specified, and the subject can be Locked to
prevent erroneous deleting.

Merge Sometimes several entries are created for a single subject because of a
mismatch in the name/ID information. To merge such entries, select all of
them in the Subjects list (with CTRL+C1ick) and activate the Merge button.
As a result all series end up under a single subject entry.

Split Allows separating series listed for a single subject into different subjects. To
do so, select the series, activate the Split button, and Edit the generate
subject names.

Series Level Operations
When a series of the current subject is selected, the row of buttons below the list becomes active.

Series [3] @ ‘

¥ Subject Mame | Study date |Time Study description | Series description | Modified | LastUse | Maod | nz | v

PKINA 2006.03.01 13:02:26  CPFPX Bolus Dynamic PET 2012-07-27 11... 2019-05-23 11.. PT a1 34

PKINA 2006.03.01 130520 CPFPXBolus MR Anatomy 2012-07-27 11... 2018-05-24 09... MR a1 1

PKINT 2006.03.01 13:02:26  CPFPXBolus Brainmask 2015-03-0313... 2018101212 PT a1 1

[ I | IC
I Add IL Addan €) Delete = & SetProject - ad T T = a B
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Add Enters the selected series of the subject into the Selected for loading area.
Add All Enters all series of the subject into the Selected for loading area.
Edit Opens a dialog window for editing the series information
REFERRING INFORMATION
Referred by |Dr. Bauer
Institution
[ STUDY / SERIES INFORMATION |
Study date 2005 B3N []CurrentDate / 13 [}5 |20 | 000000
Study ID [CPFPX Bolus
Accession Mumber (RIS)
Study description |[CPFPX Bolus
Series number 0
Series description MR Anatomy
Modality.: MR [Magnetic Resonance] * 4 P
Anatomic region:  Brain * 4 P
IMPORT SUBJECT INFO FROM:  INTERFILE = 3
Set Project ||This option button supports several functions
Locked
£ SetProject “' a = T
________________________________________________________________________________________ ¥ Set Project
[J Associate Images
I [0 Associate VOI
[0 Associate Whole blood
[0 Associate Plasma
[0 Associate Parent fraction
Set Project brings up the same dialog window as on the subject level to
define project, diagnosis and locking on the series level. The other entries
allow establishing a relation between the selected image series and a
component such as a VOI or blood curves, see Data Association[ 67,
Delete Delete the series selected in the list.
Serie(s)
DICOM Inspect the attributes of the selected image series in a dialog window.
8 | Search JPEG or TIFF captures stored in the database. They can be opened in
a viewer.
T Option menu for comments.
M w2
1 @ New Comment
[0 Update Comment
—r ¥ Read Comment
New comment opens a text editor. The created comment is added to the
selected image series. Update comment and Read comment allow
searching the database for comments and editing/reading tem.
Show the components which are associated to the selected image series. In
the example below an MR and two blood TACs were associated to the
dynamic PET series.
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B Add A Edi € Delele | AR Ascoclals Flasma

r
I Associsted senelsh =
Tybe | nvama DBID [T |
IAAGE  PKINT | GPEPK Bolus | MR Anatomy =12 Dama = NONE
TAG  Toal GRFPY In Dlaad | PKINT } 201 2-07-27 = 130T mo= WHOLE_BLOOD
A wirih PEPX IN Plasma [ PKINT ) 2012-0727 103019 FLASMA
X Remove azsaciation Setseries TAGGIHG | NONE - 3
[ M NONE
Ok Cadlcel
I PET
DR

[cT
Fi 3ECMENT

Buttons allowing for stepping the subjects through the Subjects list.

Selected for Loading Area

In most situations more than one series (from the same or different subjects) can be added to the
loading area, but there are exceptions when only a single series is allowed. The order in the list is

relevant for the loading order. This is most important for the fusion tool because the first series will

serve as the reference. To change the sorting order just click one of the column headers.

As soon as there are series in this area, the row of buttons below the list becomes active.

Selected for loading [1] r Components Administration [1] ‘

Subject Name | Study date |Time | Study description | Series description | WModified | LastUse | Mod | nz nv | nd A
PKIN1 2006.03.01 13:02:26 CPFPX Bolus Dynamic PET 2012-07-27 11... 2019-05-23 11... PT 81 34 1 Z1
4 I | IC

= Open =€ with Operations () EplE coport - x4 Remove all Remove afterloading [JcTaca [ « €' @
Open Starts loading the image series directly. If the Append flag is on (#), the

selected series will be loaded as additional images to the tool, otherwise the
tool will be cleared before loading.

with Operations

Starts loading the image series and opens a dialog window for specifying pre-
processing options as described in Image Data Transformations during

Loading| 871. If the Append flag is on (), the selected series will be loaded as
additional images to the tool, otherwise the tool will be cleared before loading.

®

This button serves for loading the selected data with a macro.

Replicate

Copy the selected series including components to another database which
can be selected in the appearing dialog window.

Edit and Copy to

This element shows the current entry of the option menu for exporting the
selected series.

[0 E3%EA Replicate
¥ W Edit and Copy to
0 =3 Export
O & Export anonymized
C-Store

4 0 E%E Exportinfoto file
%8 Editand Copy to ®a

| Serieg
Dynami

Iy description
X Bolus

B

> Remove al

C-Store

This button allows sending the selected series directly to a DICOM server
without first loading them into an image area. This has the advantage that no
modifications are done to the original DICOM objects. In contrast, when
loading the images and sending them to a DICOM server, some changes are
applied to the DICOM attributes.
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Remove Removes the selected series from the selected for loading area, but does not
delete from the database.

Remove All Clears the Selected for loading area.

Remove after|If the option box is checked, the Selected for loading area is empty when

loading loading the next time. Otherwise, it will show the same entries, which may be
helpful when working with the same data repeatedly.

CT ACQ Applicable for CT series wich contain images acquired with different
parameters. When opened, such data will be split into different image series.

o€ Buttons for showing/hiding a preview of the selected series.

&1 This button enables sorting the images in Selected for loading by clicking
into the selected column header.

o These buttons shift the series location in the list.

= This button establishes default column order and width.

Other Loading-related Options
In the lower right corner there is a collection of loading-related functionality.

| s DICOM | DCM QIR

24ty Import & @O AUTODETECT

DCM Q/R

Starts the DICOM Query/Retrievel 411 functionality in a dialog window. If the
box left to DCM QIJR is checked, the demographic subject information is
copied to the Q/R dialog window. This convenience helps for retrieving images
of the selected subject from a PACS.

DICOM

Serves for DICOM Part 10 image loading/ 841 from outside the database.

AUTODETECT

Serves for File-based image loading| 861 from outside the database using the
AUTODETECT format. Tuser can just browse to any directory and select any
type of image file. PMOD will detect its file format and load the image, if
possible.

Import

The Import functionality is convenient means for directly importing many
image series at once into the current database.

2 Slice ® Fran| i p1com

0 [J DICOM Conversion (Mew Objects)
ity DICO
[0 AUTODETECT

@4, Import Wha G AUTODETECT | ,

The DICOM option imports the original data, unless any information is
changed in the intermediate dialog window. In contrast, DICOM conversion
loads the images first and stores them in PMOD's own DICOM objects. When
using the AUTODETECT import, dummy demographic information is

generated if it is not available in the image headers.

4.4.2 Component Data

Loading

Access to component data in the database is only available, if the database configuration has been
set to Use Database for Component data.
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The dialog window shown is somewhat different to the dialog window when loading images. The
example below shows the dialog which appears after loading images of a patient PKIN1 into the
PVIEW tool and activating the Load button on the VOI tab.

M. Select for read VOLUME OF INTEREST

Subject Name PKIN1

* Reset Query

X

# RefreshQuery @ @

Birth Date = -
Subject ID Dyn. CPFPX bolus & MRI
Modified: EH = Pip -
Componentname *

[] Current Series LastUse = v Gpr M

VOLUWE OF INTEREST [3] (©
Component name | Subject name Subjectid Series descr. |V Modify time | LastUse File size Sex Birth date
CPFPXBolus 12V0Is  PKIN1 Dyn. CPFPX bo... Dynamic PET 20716-10-10 09:3... 2019-05-24 1... 404760 M 1981.01.01

CPFPX Bolus WholeBr... PKINT
CPFPX Bolus 33 V0Is

Dyn. CPFPX bo... Dynamic PET
Dyn. CPFPX bo... Dynamic PET

2016-10-10 09:2... 2019-05-24 1... 324667 M
2016-10-10 09:2... 2019-05-24 1... 821569 M

1981.01.01

PKINT 1981.01.01

4]

1 [

+ Selectall X

€ Delete @M Export | Repame @ Load from File System

= Retrieve Cancel
| |

First, the database containing the data, here Demo, must be selected. In the filter section similar
options are available as described for image data loading. The Subject Name and Subject ID
fields are normally filled in by the information of the image data which has already been loaded.
The component section lists all data of proper type and matching the selection criteria.

The example patient PKIN1 has three VOIs in the database. When a component in the list is
selected, a row of action buttons below the list area becomes active.

Se
lec
t
all

Selects all components of the list (also CTRL+2).

De
let
e

Attention: Deletes the component data from the database and the disk!

Ex

po
rt

Exports the selected component data out of the database into a disk file. Multiple selections
are supported. A dialog

M. Files of Selected Components X
* Components
@ yoi{CPFPX Bolus 13 VOIs): D:J/Pmodd4.0/data/DATABASES/Demo/data/DYN__CPFPX_BOLUS__ MRIZ0161010/3420206767 44848 voi
Replace special characters in component file name by "_"
| =]
appears, and after the Save button has been activated the user is requested to specify the
destination directory for the data export.

Save || Cancel |

Re
na
me

For changing the component name.

Re
tri
ev

Starts loading the selected component.

Ca
nc
el

Closes dialog without loading.
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4.5

4.5.1

The Load from File System button changes to file-based loading directly from the disk.

Saving Data to Databases
-

Database saving is only possible of if the database functionality is enabled.
Image Data Saving

If the database has been configured the Database entry is available in the list of output image
formats. Image saving can be either done from the Menu of a PMOD tool,

= Select Format and Load Image Data >J
EH saeimageData 4 ! Dicou
pe Close All l C-STORE
Gl  Aogregate VOI Statistics DEELESE
[>- | Batch pipeline INTERFILE
o ECAT
) Create DICOMDIR
_ NIFTI
DICOM QueryRetrieve ANALYZE
= Settings ¥ GRAPHIC
© License TIFF
sEanfll Quit MATLAB
RAY
avViewn | = O3 ANALYZE LPS

or using a Save button.
Save

E Database IZl ] Al

The Save button must be configured to the Database format beforehand using the arrow indicated
in red.

[0 DICOM
[0 C-STORE
M Database
[0 AMALYZE
[0 ECAT

11 GRAPHIC
I3 TIFF

[0 INTERFILE
[0 MATLAB
[0 MIFTI

0 RAW

Saving to the database brings up a dialog window

Select DATABASE
= Demo = 4|k
Project [* -
Group * -

Comment (Name)

=

Transfer Syntax
Modality: PT [PET] - 3

[] Create new study

& save ” Ic=® Edit Info ” Cancel
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which is similar to the dialog window for saving images in DICOM part 10 files or C-STORE to a

DICOM server.

The images are saved to the database as the following DICOM IODs :

= CT images as Enhanced CT,

= MR images as Enhanced MR,
= all other images otherwise as Enhanced PET.

The data can be assigned to a Project. The selection allows choosing from the list of available

project names. Similarly, the subject can be assigned to a Group.

For databases with enabled float storage, images with internal float representation are saved as

private enhanced PMOD obijects.

The Edit Info button can be used for adding/changing descriptive information on the patient and

series level.

4.5.2 Component Data Saving

When saving component data to the database, the principle is that it is attached to the image

series it was derived from. In practice, there are two situations to consider:

1. The component data was derived from an image series loaded from the database. In this case
the patient and the series are already selected in the appearing dialog. After entering a name
for the component, the data is saved to the database and attached to the particular image

study.

T \Write as VOLUME OF INTEREST

DATARASE | [> Demn

Entzrname DASE LeflHemisphere{PET Space]

ﬁ ffi_lﬂ'% [ D&taAase*vo! |

X

* ResetQuery & RereshOusy B &

» W cnangs Subject (Senes)

Automatic selection [Prwzivass st oamecoass rir <as@trmenes |

Sarnes fesor T odify tims
ymamic DASEPET 2018-10-26

M
1]
]
M
]
]
M
]

Subject lame PHIHD Birth s i
Subiect I Dyn. DASE withoul Hoad & MR Modii == .
oomec: = o U] e
Component name [*
] Gurencsenes AT Cfabadites =
WOLUME OF INTEREST [3] (81
Sex |th date

+

o Zeleddzll X | B Delcle S E Expori

Renams

Save o File $ysiem

ol save.

attaching the information to a different series.

2. When the image data was not loaded from the database pre-selection of the series is not

possible.
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T Write as VOLUME OF INTEREST

* Reset Query

X

& RefreshQuery & &

owroc: NI -

Enter name

* | ¥i@ Attach to Subject (Series)

Subject Name *

4.6

4.6.1

PMOD Base Functionality (PBAS)

Birth Date = -
SubjectID *
Modified: = - Pjf -
Componentname *
[[] Current Series LastUse = - Gl M
VOLUNE OF INTEREST [27] @ |
Component name | Subject name Subjectid Series descr. |V Modify ime Last Use File size | Sex
Aneurysm_4DFlow PGEM3 Model & CFD  MAG 2018-10-2213:1... 2018-10-241... 11166 |
CC andEllipse PGEM1 DTl Example DTl Tensor 2018-10-2211:5... 2018-10-251... 12035 L]
DASB Whole Brain PKIMZ Dyn. DASB wit.. Dynamic DASB PET 2018-10-1213:0... 2019-05-241... 217429 L]
BrainAneurysm_Model PGEM3 Model & CFD  Aneurysm 1[2479.. 2017-12-0613:3.. 2018-10-24 1... 982444
BrainAneurysm_ModelSingleContour PGEM3 Model & CFD Aneurysm 1[2479... 2017-12-0510:4... 2018-10-24 1... 889814 [
BrainAneurysm_ModellntersectionLast PGEM3 Model & CFD Aneurysm 1[2479... 2017-12-0509:5... 2018-10-24 1... 886292
BrainAneurysm_Modellntersection PGEM3 Model & CFD Aneurysm 1[2479... 2017-12-0509:4... 2018-10-24 1... 886504
BrainAneurysm_Model PGEM3 Model & CFD  Aneurysm 1[2479.. 2017-12-0508:0... 2018-10-24 1... 902250 =
DASE Regions PKIMZ Dyn. DASB wit.. Dynamic DASB PET 2017-12-04 12:2... 2019-05-24 1... 194960 L]
DASE Cerebellum PKIMZ Dyn. DASE wit.. Dynamic DASB PET 2016-10-1009:3.. 2019-05-241... 6072 L]
DASB Striatum PKIMZ Dyn. DASB wit.. Dynamic DASB PET 2016-10-1009:3.. 2019-05-241... 27585 Moo
CPFPX Bolus 12V0ls PKIM1 Dyn. CPFPX bo... Dynamic PET 2016-10-1009:2... 2019-05-24 1... 404760 M
CPFPX Bolus WholeBrain PKIM1 Dyn. CPFPX bo... Dynamic PET 2016-10-1009:2... 2019-05-24 1... 324667 M
CPFPX Bolus 22 V0ls PKIM1 Dyn. CPFPX bo... Dynamic PET 2016-10-1009:2... 2019-05-24 1... 321569 M7
4] i [ |»]

+ Selectall X ) Delete @%@ Export = Rename G Save to File System

| H save H Cancel |

In this case the Attach to Subject (Series) button must be activated to look for the subject
and selecting one of his image series using the appearing database browser. If the subject is
not yet defined in any of the databases, a suitable subject record with a dummy series can be
created using the Create new Subject button of the database browser.

To save the data outside the database as a stand-alone file, activate the Save to File System
button, browse to a specific directory, and save the component there.

Note: The saved components can be made visible and administered (exported, deleted, renamed)
in the database dialog window by selecting the Components Administration tab.

i' Saries 3] &) |
[= syveciname Tomovoge | ome | swgrgescopoon I_senes geacnpnon Liogneg | Lasiies lygog [z fov
| 20050101 1aUcem  LREPLEDNS DMEMIEFET 20Ty 1. potgus e ts Pl £ 3t |
PHRIF 2005 0.2 01 120520 GPFPA BOUI MR Anat Y 2012021 1. 2018-082411. MR 81 1
PRI 2008 03.01 130226 GPFPK BOU3 BIEINM sk S-0303 1. 208101212 PT 81 1
4 | I |
Al Aidd A Tem Edl ) Delsie & SelProject ool A v T v MoA R

| Se=lected for losding | Compomenis &drmnskation [16] |

| Senes 0 [= Wodined  |rame i [Tope | unils | Parems |'s |  Fienams

E] 2018-10-30 147122 GIFEren i Meinads demmod 3 OYN_GPFPA_B0LUS__M
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3 El: #per dspmod Aual}hed anis2 OYN__GPFF%_BOLUS__M

3 2 Parameiers aemmod 3371 OYH__GPFFI_S0LUS__I

3 depmod cOom pO nents s OYN__GPFPY_BOLUS__ W

3 ass0ciales 56 OYH__GPFFI_B0LUS__I
ALL DATA TYPES ¢7) - B v Seleclal  GHRE Emod 1@ Edttame €3 Dsisle Component(s)

Exporting Data from Databases

Any data in the database can be exported from the image loading interface as described below, or
using the database administration tooll 7.

Image Data Export

To export image series (and all related data) just bring the series to the Selected for loading list
and then use the Export option menu.
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Replicate and Edit and Copy to allow copying the selected content to a different database, the
latter after modifying demographic content. This functionality is described in Replication from one

Database to Another! 72,

Standard Export

Export copies the selected contents to a directory structure. It shows a dialog window as illustrated
below for configuration of the output.

B EXPORT [Data) =

T Senes

o= are not updslted willi an infoemstion
option 45 salactad exporis

madified inihe dalabad e

ain infarmaban moditie din database
nihat i opbona

|
S0P class for expoced image obieds. ORIGINAL STORAGE T 3 ‘
|
|
|

st ] S lepled el e

FrINT

7] T [ Exclude internal compenents W] Replacs zpscial characters in compenent file name " *

E [¥] Craate DISOMDIR. ] <21 oo_arch-2018 05 24-185408 @ Send wFPnods  Jey C-Store Export twFils system || X Cancal ||

SOP class Images are stored in DICOM format in the database. The ORIGINAL
STORAGE setting will export the images unchanged, whereas any other
selected SOP will result in a different image encoding.

Exclude internal|Components attached to the selected image series are also exported. Some

components of them are only useful within the database, but they can also be exported by

unchecking the Exclude ... box.

Replace special|This setting is preferable to avoid the generation of unusable filenames.
characters ...

by ll_ll

Create Each image series will be stored in a dedicated sub-directoryr. Create

DICOMDIR DICOMDIR instructs the export to create a DICOMDIR file in the target
directory of the export to facilitate subsequent image loading.

+ZIP Compress the whole exported directory structure into a zip archive for easy

and efficient copying.
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Send to FTP|Transfer the exported data to one of the configured @ FTP Nodes| 25\
node

C-Store Transfer the exported images to one of the configured DICOM nodes| 33. No
component data is transferred in this case.

Export to File|Save the exported data in a directory to be specified. Result is a directory tree
system as illustrated below, with one folder per image series and a DICOMDIR on the
top level. Each image directory contains a set of sub-directories, depending on
the components attached to the image series. In the example below the actual
image is exported into IMAGE, whereas the VOls are located in VOI, the
PXMOD protocols in DEFPMOD, PKIN files in KM, etc.

v export ~ [ Name
v S1 s1
CRV o
DEFPMOD 53
IMAGE DICOMDIR
KM
VoI
52
53

De-ldentification during Data Export

Export anonymized is useful for removing subject-specific information from the images and the
components (VOI files and statistics, aggregates, kinetic modeling data and parameter files,
PXMOD protocols. It works in the same way as Export, but offers a choice between two de-
identification methods.

Anonymization

) Replace by new data: Subjects Name (L"F) £ Subject ID
@ Replace by algorithm: Mame and Id Keep dates Keep patient characteristics Keep safe private fields | [ | Create name mapping file
(As required by DICOM deidentification process subject's birthdate is always modified)

Replace by new data is a simple option just to change subject name and ID. All other information
is left intact and the result is therefore not real de-identification.

Recommended and default is the Replace by algorithm option which de-identifies the images
according to DICOM PS3.15 Annex E. It implements the E.2 "Basic Application Level
Confidentiality Profile" intended for use in Clinical Trials. It is extremely conservative and removes
all information related to identity and demographics of the patient, his family, personnel and the
organization. Please refer to Batch Anonymization| 3 for the details of the methodology.

C-Cstore

The C-store export option sends the selected image series to a DICOM server as described in
DICOM C-STORE /0. Note that unlike the Export or Replication facilities, only the image data is
transferred.

Generation of Information Listing

The Export info to file option serves for collecting administrative information from images in the
database. After collecting the information it shows a dialog window which allows saving to a text file
or copying to the clipboard.
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4.6.2

i Eyport info *

M s 8 Copy e Sipbeand Doze

Component Data Export

When saving components such as VOls to the database, they are attached to an the image series
they were derived from (if applicable). In the database loading user interface they can be listed and
exported by first selecting an image series, and then switching the panel at the lower bottom to
Components Administration. In the example below 15 components were saved, amounting to 16
components including the image itself.

(Mload | & View | VOIs | Compare | Fusion

I Demo w0y [camnan & New | B0 % ResetOusy B RemesmQuery @ @
Sut]aci Wamy F* Birth Bata: IR T
Buberd 0 ¢ Wadilad =

Subjocis 28] @ Sarlee i3] © L] image Pregiew aeleded "Series)
i[> suspeername [an SNy mEseriEan E | m | my I
2 CPFPY Bolus oy Rl 3
CPFPY Balus 201505 81 1
CPFFX Bolug 28052 a 1 -
[] 1 | [
i Addd l I® Eoil 83 Deleio 44 Sel Frojuct ~ ofthr O v T v 4 4 B

rrioadne | Componems AominisiEen 115]

| Units: | Parzms
;
3
; .
5 CEFPXEBolus 13..
3 CPTPXBoius ..
=3 . GPFPXBoiis 11
3 16-06 1400 GPFPX-Balas-2
3 05 1200 CProd 2
3 =
3 1 L Bliep m) Frama
3 HBafkemd
By HCOM v DM QR
Eai Import - (= AUTODETECT
ALL DATA TYPES (%) - b v Seledall FdE Fipori = 0 Delele Carmponentisy |
3 Appand

Components can be exported by simply selecting them in the Components Administration list
and activating the Export button. Similar to the Image Export/ 63 a dialog window is shown

ik EXPORT [Data] X

¥ Components
9 ® PKIN1(31)
/? - voi
@ D/Pmod4.1/data/DATABASES/IDemao/data/DYN__CPFPX_BOLUS__ MRI20161010/342020676744848 voi
@ DPmod4. 1/data/DATABASES/Demo/data/DYN__CPFPX_BOLUS__ MRI20161010/340679421259903 voi
@ D:/Pmod4.1/data/DATABASES/Demao/data/DYN__CPFPX_BOLUS___ MRI20161010/341821122939887 voi
¢ T km
© D:iPmod4. 1/dataiDATABASES/Demoidata/DYMN__CPFPX_BOLUS___MRI20161006/072199409679745 km

Exclude internal components Replace special characters in component file name by ™_"

[w] +ZIP zip_arch-2019.10.28-155031 @ SendtoFTPnode [ C-Store |l ExporttoFile system || % Cancel
BEp

which indicates the selected information and allows saving or transferring it.
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4.7

4.7.1

PMOD Base Functionality (PBAS)

Data Association

The database interface allows establishing relations between stored data objects which can be

accounted for in some processing tools and in pipeline processing|43.

For instance, the tool for MR-based partial-volume correction| 7 of brain PET data requires the

grey matter, white matter and CSF tissue segments, which can be calculated with an external tool

When this segment image is associated to the PET image, processing is simplified because when

choosing PET the corresponding tissue segments are implicit.

Another example is the absolute quantification of a dynamic PET image using a kinetic model
which requires information about the tracer activity in whole blood and plasma. Such blood curves

can be associated to the PET and their meaning defined by a flag, as explained below.
Image Association

In order to establish a relation between two images please select them in the Series list.

Series [2] @ |
= SubjectName | Study date | Time Study description Series description | Modified | Lastuse | Mad |z [nv
PSEG2 PETICT 2009.06.05 10:01:23  FDG PETICT PET 3D 2010-09-031... 2018-11-3009.. PT 313 1
PSEG2 PETICT 2009.06.05 10:01:23  FDG PETICT CcT 2010-09-031... 2018-11-2614.. CT 313 1
<] il I N [
-
I} Add % Add an Fait € Delete | &% SetProject - a = T = a B
...................................................................................................................................................................................................................................................................................................... ¥ SetProject
Selected for loading r Components Administration [2] | F Associate Images |
10 Associate VOI
21
[J Associate Whole blood Z

[0 Associate Plasma
[0 Associate Parent fraction

Then select the Associate Images entry from the Set Project
operation results in a confirmation window which can be closed.

list as illustrated above. The

To view the images associated with a particular image please select select the image in the Series

list, and activate the # button.

Series [2] @

¥ SubjectName | Study date | Time Study description Series description Modified Last Use | Mad Inz  Jmw |
PSEG2 PETICT 2009.06.05 10:01:23  FDG PETICT PET 3D 2010-09-031.. 2018-11-30 08 PT 32 1
PSEG2 PETICT 2009.06.05 10:01:22  FDGPETICT cT 2010-09-03 1. 2018-11-26 14.. CT 213 1
M Associated serie(s): X
Type | Name | DBID | TAG
IMAGE PSEG2'PETICT [FDG PETICT | PET 3D =14/33/0FDemo> NONE
&
1] Il S [ T»
£ REMEDEREEEETT Set series TAGGING NONEE >
¥ NONE
‘ Ok || Cancel
[ PET /
0 MRI
<] I [ >
0T
- Add L Addan =@ Edit €) Delete &% SetProject ® oMl [ sEeuENT T = a4 B

In the example below the PET 3D is associated to the selected CT series. In order to define its role

in a potential processing pipeline an appropriate entry can be selected from the Set series
TAGGING list.
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4.7.2 VOI Association
VOI association can be used in order to establish the default VOIs for images. Select the Dynamic
PET in the Series list, and open the association list as illustrated below.
{ Series [3] @ |
¥ Subject Name |Studydate Time | Study description | Series description |Mudiﬁed LastUse |Mud |nz |n\f |
PKINT 2006.03.01 13:0226  CPFPXBolus Dynamic PET 2012-07-27 1.. 20190524 18... T 81
PKIN 2006.03.01 130520 CPFPXBolus MR Anatomy 2012-07-271... 2019-05-24 18... MR 81 1
PKINT 2006.03.01 130226  CPFPXBolus Brainmask 2015-03-031.. 2019-05-24 16... PT 81 1
/
] i I [»
I} Add IL Add Al I Edit € Delete | %% Associate VO - oty @ v T v 2 4 B
- [ Set Project
l/ Selected for loading r Components Administration [16] ‘ O Associate Images
™ Associate VOI
) =1}
IJ Associate Whole blood F4
[0 Associate Plasma
[J Associate Parent fraction
Choose Associate VOI to open a dialog window for selecting a VOI. Preferably it is already
available in the database and can simply be selected in the VOLUME OF INTEREST Ilist.
Alternatively, Set from File System can be used to point directly to a disk file. Confirm the
assignment with Set selected.
T Select for read VOLUME OF INTEREST X
DATABASE _.“ [ DataBase/*voi ] ® ResetQuery & RefreshQuery & @
Subject Name PKIMA1 Birth Date: =
SubjectID Dyn. CPFPX bolus & MRI
Modified: = = P -
Component name *
[] Current Series LastUse: = v Gl M
[ VOLUME OF INTEREST [3] & |
Component name | Subject name | Subjectid | Series descr. |V Modify time LastUse File size Sex Birth g
CPFPX Bolus 13 VOIs PKINT Dyn. CPFPX bo... Dynamic PET 2016-10-10 09:3... 2019-05-27 1... 404760 M 19810
CPFPX Bolus WholeBrain  PKINA Dyn. CPFPX bo... Dynamic PET 2016-10-10 09:2.. 2019-05-27 1... 324667 M 1981.0
CPFPX Bolus 33 VOIs PKIN1 Dyn. CPFPX bo... Dynamic PET 2016-10-10 09:2.. 2019-05-27 1... 821569 M 1981.0
<] i D
V Selectall X | €3 Delete EB%ME Export = Repame @ Set from File System
R
4.7.3  Curve Association

The association of curves to an image series works similarly. Select the Dynamic PET in the
Series list, and open the association list as illustrated below.

Series [3] @ |
¥ SubjectName | Study date |Time | Study description | Series description | Modified | Last Use | Mod | nz. | nv |
PKIMN1 2006.03.01 130226 CPFPX Bolus Dynamic PET 2012-07-27 1... 2019-05-2418... PT a1 34
PKIMN1 2006.03.01 13:0520 CPFFPX Bolus MR Anatomy 2012-07-27 1... 2019-05-2418.. MR 81 1
PKINA 2006.03.01 13:0226 CPFPX Bolus Brainmask 2015-03-031... 2019-05-2418... PT 21
i [ \ D
== Edit €3 Delete Associate Images = ofthn . G~ = B 4P
_______________________________________________________________________________________________________________________________________________________________________________________ [0 Set Project
Selected for loading r Compenents Administration [17] | M Associate Images
I3 Associate VOI
21
|5 Associate Whole blood Z
I3 Associate Plasma
I3 Associate Parent fraction
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Choose Associate Whole blood to define a whole-blood TAC for kinetic modeling purposes. A
dialog window opens for selecting a curve. Preferably it is already available in the database and
can simply be selected in the CURVE list. Alternatively, Set from File System can be used to point

directly to a disk file. Confirm the assignment with Set selected.

M Select for read CURVE X
DATABASE _.“ [ DataBase/ *.crv | ¥ ResetQuery # Refresh Query & @
SLIEEENE ) Birth Date: = -
SubjectID [
Modified: = = P -
Component name *
[] Current Series SR =~ G =

CURVE[7] @

Component name | Subject name Subject id Series descr. |V Modify time LastUse File size Sex Birth date
Myocardium Rest TAC  PCARDA MH3 Cardiac P... NH3, Rest 2015-09-22 08:3... 2018-12-061... i} F 1934.07 17
RV TAC PCARDA MH3 Cardiac P... NH3, Rest 2015-09-22 08:2... 2018-12-061... 459 F 1934.07 17
LV TAC PCARDA MH3 Cardiac P... NH3, Rest 2015-09-22 08:2... 2018-12-061... 463 F 1934.07 17
Authentic CPFPX in Pla... PKIN1 Dyn. CPFPX bo... Dynamic PET 2012-07-27 12:1... 2019-05-27 1... 519 ] 1951.01.01
Total CPFPX in blood PKIMN1 Dyn. CPFPX bo... Dynamic PET 2012-07-27 12:0... 2019-05-27 1... 355 ] 1981.01.01
Total FDG in Blood PKIMNZ Dyn. FDG scan... FDG dynamic 2010-09-05 09:4... 2018-10-191... 975 M

H20 Bolus Baseline PKIN4 Dyn H20 brain ... H20 Baseline 2008-10-01 16:1... 2018-10-191... 6207

<] i | [»
V Selectall X | €3 Delete EB%ME Export = Repame @ Set from File System

‘ 1% Setselected H Cancel

4.7.4  Inspecting Associations

To find out which components are associated to an image series please select it in the Series list
and activate the button indicated below.

l/ Series [3] @ |
¥ Subject Name | Study date Time | Study description | Series description | Modified LastUse | Mod | nz | nv |
PKIN1 2006.03.01 13:.02:26 CPFPXBolus Dynamic PET 2012-07-27 1... 2019-05-2418... PT 81
PKIN1 2006.03.01 13:05:20 CPFPXBolus MR Anatomy 2012-07-27 1... 2019-05-2418.. MR 81 1
PKIN1 2006.03.01 13:02:26 CPFPXBolus Brainmask 2015-03-03 1... 2019-05-2418... PT 81 /1
< Il I D
I} Add I Add Al Icem Edit €3 Delete | A% Associate Whole blood = ofthp . O ¢ T a B
[| ® Associated serie(s): X
A
Type | Name [oBID [Tec zl
IMAGE FKIN1| CPFPX Bolus | MR Anatomy =1i2/0/*Demo= MRI
TAC Total CPFPX in blood ( PKINA ) 2012-07-27 =1/3/20#Demo= WHOLE_BLOOD
TAC Authentic CPFPX in Plasma ( PKIN1 ) 2012-07-27 =1/319r/Demo= PLASMA
Remove associatio Set series TAGGING | MNOMNE
‘ Ok || Cancel ‘

Note that if a processing refers to the associates of a series, it will used the first entry in the list if
there are multiple entries with applicable definition.

4.8 Administrative Tools

There are four buttons on the DATABASE panel of the PMOD configuration page for performing

administrative database tasks.

User1 = M Database Administration

PMOD Base Functionality (PBAS)

gl Database Reports
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48.1

PMOD Base Functionality (PBAS)

Their function briefly:

= Data Base Administration: Check database integrity, export data into an external directory or
zip archive, replicate data between databases, modify attributes.

= Database Reports: Investigate the database contents, e.g. find out the number of subjects,
studies, series, and list/print the subjects contained in the database, filtered using criteria such

as gender, weight, etc.

= Aggregate Components: Export the data of certain component types, and generate tables
with the VOI statistics or Kinetic Modeling results from multiple studies.

= Create Norm: Build normal databases from a number of healthy control subjects. There are
two optional tools available, one for brain databases (Brain Tool), the other for cardiac
databases (Cardiac PET Tool). Their creation is explained in the respective User's Guides.

Database Administration

The interface of the Data Base Administration tool is almost the same as explained in the section

image loading from the database! 52
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ur slond & ME et i [
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18310101

W SUDlEt S Proec

B e 1

e et D) Dgfits | AL S Prod

= . B 11 1 e i ——
| Belectad fur replicallon fexpod DICOM C-Sime | Gompangnks Admiriisiatian (20]
CHER I W
Zenez I | Params
i &% cola LAE RN B
3
3 ER ] { T
3 I
3 e ) 51
: 15 = 59 %
X [of&w =+~ [olfz] =
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: o 0 Hlice L1 Frame A1 4
3 /s 13 EEEGE
- +° Check DB integrity
ALLDATA TYPES ) Ld o gaizctan Bl Cpon

The following elements are additional:

wm Corizmie OGP Delsts COMBLnEmiE
| * Cancel

Check DB integrity

When the button is activated the contents of the
currently selected database is checked. If
integrity constraints are violated, a dialog
window is shown which allows fixing the
problem.

Selected for: replication / export / DICOM C-
Store

This tab is used for the backup of data as
described below.

ALL DATA TYPES (¥)

Selection to filter specific types of data, e.g. to
list only VOI definitions, kinetic modeling files,
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etc. This element is not visible on the Selected
fo: replication/... tab.

Note: For switching between databases the Components Administration tab must be selected.
The reason is that only data from a single database can be used in backup procedures.

4.8.2  Export of Database Contents

There are different mechanisms for exporting data maintained by a PMOD database. This
functionality is only visible on the Selected for backup or replication tab. The options can be
found on the configuration button in the lower left bottom.

¥ E3%E Replicate to

[0 B Edit and Copy to

0 EA%E Move to

[T 3% Export DICOM

0 %M Export anonymized DICOM

<] 0 fén C-Store
3% E3 Replicate to a
Replicate to Copy data from one database to another online database.
Edit and Copy to Allows editing and copying data from one database to another online
database.
Move to Copy data to another online database and delete the original information.
Export DICOM Copy data to a directory.
Export anonymized|Copy anonymized data to a directory.
DICOM
C-Store Sends all selected images to a DICOM server.

Export anonymized DICOM
To export images from a database using Export anonymized DICOM option, the following steps
must be performed:

1. Select the source database from which data should be exported. The Components
Administration tab must be selected for switching databases.

Activate Selected for: replicationl.. tab.

"Select the subjects(s) to be backed up, then activate the Set as "Selected for Loading"
button. To incrementally add more data, select subjects/series and then activate the Add or
Add all buttons. Note that image and component data are backed up with this procedure.

4. Configure the operation selection to Export anonymized DICOM. A dialog windows appears
listing the series selected for export. A DICOMDIR can optionally be created which lists all
image data, and the whole information can be packed into a zip archive.
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4.8.3

& EXPORT ANONYMIZED [Data] X

¥ Series

PKIN1(S1)
PKIN1(52)
PKIN1(33)
PKIN2(54)
PKIN2(S5)
PKIN2(S6)
PKIN3(37)
PKIN3(58)
PKIN4(59)
PKIN4(510)
PKING(311)

FET YT YYYYTYY
T T YTTTTTETTVCT

SOP class for exported image objects: ORIGINAL STORAGE ¥ 3

Anonymization

() Replace by new data: Subjects Mame (LF) - SubjectID

@ Replace by algorithm Name and Id Keep dates Keep patient characteristics Keep safe private fields | [| Create name mapping file
(As required by DICOM deidentification process subject's birthdate is always modified)

Notes

& 1.If original storage is selected exported files are not updated with an information modified in the database.
2. If updated storage or object conversion option is selected exported files are created anew and contain information modified in database.
Some information thatis optional according to the DICOM standard may be omitted in the process
3. Conversion is not supported for multi-file series resulting in multiple image data
& 4 Anonymization operation may fail for some compressed data

Replace special characters in component file name by "_"

| Create M v] +ZIP zip_arch- - end to FTP node 4y C-Store xport to File system Cancel
[v] Create DICOMDIR [v] +ZIP i h-2019.05.27-183959 @ Send to FTP nod; EM C-Sti B Export to Fil 1 X C |

5. Finally activate the Export to File system button. The selected components are exported to
the selected output directory and organized in a hierarchical structure, so that all data

belonging to a study end up in a common directory tree.

51
52
v S3

CRV
DEFPMOD
IMAGE
KM
VOI

s4

55

56

IMAGE
s8
s9
510
S11
i zip_arch-2019.05.28-085400

Replication from one Database to Another

Data replication is a method to copy data between two PMOD databases without any interactive
loading/saving operations. The preparation steps are the same as for export DICOM data. But
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instead of selecting the backup option button, the Replicate to button is selected and the
appropriate target database configured among the available ones.

[ Selecled for: ceplication | wxpor /DICOM -Slore [3] (Size of =eleded: 52 WE] | Components Administistion | |
i = |

2005 030 I [Natabase [Dema] Replication X
2 i)
2006 0304 J i

Replicate ta | jabederty (MiPmodd 0dataDATABASE S/Pmad {Lar al)

v Chigck 1T 21 Mles are successiully egiicated [ ] Overwiits exising sores

Tams

B stortRepiication cancel

=)

¥ Bemove al FlRemoveanericamng CoTace | B - &7 ‘7

Activating Replicate to will then copy all selected data to the target database. For instance, data
related to a single project could be copied to a newly created dedicated database, which will
provide a faster response to queries than a big general database.

The Move to button also performs a database replication, but additionally deletes the source data
after successful replication.

4.8.4  External Backup Procedure

For the purpose of having a backup in the case of a disaster, we propose the following simple and
fast procedure:

1. Back up of the database tables. To this end, automatic backups can be defined in the
configuration section of the data sources| 45.
Another alternative is to directly backup the relevant SQL database directory, in Windows for
example:
C:\Pmod4.1\data\DATABASES\dbname for JavaDB databases

2. Back up of the data directory. All data files reside under a common directory. So after the
database tables have been saved, copy this directory to a different disk as a data backup.

4.8.5  Aggregation of Components such as VOIs and Kinetic Parameters

Over time, the database may collect a large amount of data. The Aggregate Components tool
allows summarizing and extracting data of a specific component type such as VOI statistics, kinetic
modeling parameter files etc.

The example below shows how VOI STATISTICS results can be exported. After selecting the
component type VOI STATISTICS all corresponding results are listed.

e Aggregate Components bd
Tvoe: IW STATISTICS 'I ¥ Gotonee | voisTamISTICS - " CDmpDnent type selection
B STATSTIOS
DATABASE [ TiataBasst t il | 01 MABEL FARMMETERS * Ressiouery & Refeshowerny 2 @)
ter attr 1 PET GARCHAG ARALYSIE
SubyctName * - 1 W) GARIDIAG ANALY SIS = L
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The list can further be filtered using demographic or project attributes. Then select the results to be
exported (CTRL+A for Select all), right click on the list, and activate the appearing Export button.
The files are then saved into a directory which can be specified. Similarly, other types of derived
component data can be exported.

More sophisticated operations than a mere file export are available for VOI statistics (.voistat),
Model Parameters (.kinpar), Pet Cardiac Analysis (.pcardRes), MR Cardiac Analysis (.mcardRes)
and Alzheimer Discrimination Results (.palzRes). If either of these types is selected, the Create tab
become active. Its purpose is to compile the results contained in multiple files into a
comprehensive table (.dbTab), which can be exported for further analyses or loaded and sent
directly to Pmod-R interface for statistic analysis. Note that this type of analysis is most effective if
consistent naming conventions (same region names) are obeyed.

5 PMOD Server Administration

There are three types of server processes which can be used as part of PMOD:

= DICOM servers| 32: They are able to receive data from external DICOM systems and store
them in a PMOD database or in a directory structure.

= Database servers: These are processes that interface to actual PMOD databases| 431. They
are called transaction servers| 48 (TS) because they offer to PMOD clients transactions like
retrieving data, saving data, moving data between databases etc.

= License servers|i: They are used for managing the licenses of a PMOD network installation.

For each of the server process a command script needs to be created at the time of system
configuration. In production, the servers need to be started first, before using PMOD for data
processing. This can either be done by executing the scripts individually from a command window
or by calling them from within a system script. An alternative is to use the PMOD server
administration tool described below, which offers the additional advantage to monitor the
processes at runtime. It is particularly valuable when using multiple server processes.

Script for the PMOD Server Administration

The server administration tool can be called by adding the -admin flag to the command for calling
PMOD. Most conveniently, the RunPmod script is copied, renamed to RunAdmin, and edited
adding the flag. Example for the Windows platform:

D:
cd "D:\Pmod4.1"
.\javaljre\bin\java -Xmx16000M -jar pmod.jar —-admin

Server Administration User Interface
When calling RunAdmin, a tailored ToolBox appears.
e, PMOD Version 4.001

[] Auto execution O

@y Manage Servers

%ﬁ} Config

¥ Quit

Config opens the standard configuration| 161 panel of PMOD.

Manage Servers opens the interface for the server administration illustrated below in a situation
where no servers are running.
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Scripts folder |D:/Pmod3.9/Start B Yiew NOTRUMNNL. = 4
Server | Port | -TLS (Cfg:’Scr...| Type | State | Executed | Address Script
Pmod 5200 Mo/ No DATABASE [ BER localhost RunDbSwr_Pmod_5200.bat
DbSwr 5100 No /Mo DATABASE H s localhost RunDbSur.bat
Meuro 5202 Mo/ MNo DATABASE H = localhost RunDbSvr_Meuro_5202 bat
Cardio 5203 Mo/ No DATABASE W s localhost RunDbSwr_Cardio_5203 bat
PMOD 4030 Mo/ Mo DICOM W s localhost RunDcmSvr_4030_PMOD bat
PMOD-Cardio 4032 Mo/ No DICOM W s. localhost RunDcmSwr_4032_PMOD-Cardio.bat
PMOD-MNeuro 4033 Mo/ No DICOM H = localhost RunDcmSwr_4033_PMOD-Meuro. bat
5030 Mo/ No DICOM W s. localhost RunDcmSwr.bat
5000 No /Mo LICEMSE W = localhost RunLcsSvr.bat
A
Script & Output:

cd D\Pmod3.91

\javaijre\bin\java -version

‘\javaljre\binijava -Xmx2G -jar pmisvr jar 5202 JAVA_DB org apache derby jdbc EmbeddedDriver jdbc derby D:/Pmod3 9/datalDATABASES/MNeuro
D:/Pmod3.9/data/DATABASES/Meuro/datal -b[10:15:0-LOOP-MO-TU-WE-TH-FR@D:/Pmod3 9/data/DB_Backup/] -optimize -0 -noL5

v X GET License Server Statistics View log ew output

| [ Execute selected script(s) || Stop selected server(s) || & Refresh H X Close |

Note the Scripts folder which indicates to the tool where the server scripts are located. If needed,
the path can be adjusted using the @« button. The scripts are analyzed and compared to the
running processes to find out about the status of the server.

The Server list summarizes on each row a server process. It indicates the port used, whether
encryption is applied (-TLS), the Type of server (DATABASE, DICOM, LICENSE), the state
(Stopped, Running), whether the script was Executed from the administration tool, the Address
(localhost, or IP number) and the name of the Script. The content of the selected script is shown
in the Script & Output area.

If the Auto execution flag is checked, all non-running servers are immediately started when
activating Manage Servers. With Close after start the user administration user interface is closed
after the starting operation.

Server Starting/Stopping

To start a server process which is not running (Stopped) select it in the list, then activate Execute
selected script(s). The script contents, which is shown in the Script & Output section is
executed, and the list updated. lllustrated below is the situation after three servers were selected
and executed.

Scripts folder |D:/Pmod3.9/5tart/ b G View ALL |Z| 3
Server Port | -TLS (Cfa/Sc... | Type | state Executed Address Script ¥ ALL
Pmod 5200  MNo/MNo DATABASE B Stopped localhost RunDbavr_Pmod_ [ RUNNING
DbSvr 5100 Mo/ Mo DATABASE B Stopped localhost RunDbSvr.bat
Neuro 5202 No/No DATABASE P> Running  YES localhost RunDbSwr_Neuro |~ NOT RUNNING
Cardio 5203 Mo/ Mo DATABASE = Running YES localhost RunDbSvr_Cardio_5203.bat
FPMOD 4030 Mo/ Mo DICOM I Running YES localhost RunDcmSvr_4030_PMOD bat
PMOD-Cardio 4032 Mo/ Mo DICOM B Stopped localhost RunDcmSvr_4032_PMOD-Cardio.bat
PMOD-Meuro 4033 Mo/ Mo DICOM B Stopped localhost RunDcmSvr_4033_PMOD-Meuro.bat
5030 Mo/ Mo DICOM B Stopped localhost RunDcmSvr.bat
5000 Mo/ Mo LICENSE B Stopped localhost RunLcsSvr.bat
B
Script & Output:

cd D'\Pmod3.9%

Ajava\jre\bin\java -version

Ajavayjretbinijava -Xmx1000M -jar pdcmsvr.jar -port[4032] -aetPMOD-Cardio] -std tmpsalD:/Pmod3.9/data/dicomitmp/] -deltmp -conv{database@Cardio]
~ansQueryDatabase@Cardio] -o

WX GET License Server Statistics View log ew output

| [ Execute selected script{s) ” Stop

” & Refresh ” ¥ Close

Note the View filter in the upper right which allows listing only servers in a specific State.
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When selecting a Running server, its output during startup is shown in the Script & Output area.

Server | Port | -TLS (Cfgs’Sc...l Type | State | Executed | Address | Script
Pmaod 5200 Mo/ Mo DATABASE B Stopped localhost RunDbSvr_Pmod_5200.bat
DbSvr 5100 Mo/ Mo DATABASE B Stopped localhost RunDbSvr.bat
Meuro 5202 Mo/ Mo DATABASE P> Running YES localhost RunDbSvr_Meuro_5202.bat
Cardio 5203 Mo/ Mo DATABASE > Running YES localhost RunDbSvr_Cardio_5203.bat
FMOD 4030 Mo/ Mo DICOM > Running YES localhost RunDecmSvr_4030_PMOD bat
PMOD-Cardio 4032 Mo/ Mo DICOM B Stopped localhost RunDcmSvr_4032_PMOD-Cardio.bat
PMOD-Meuro 4033 Mo/ Mo DICOM B Stopped localhost RunDcmSvr_4033_PMOD-Meuro.bat
5030 Mo/ Mo DICOM B Stopped localhost RunDcmSvr.bat
5000 Mo/ Mo LICENSE B Stopped localhost RunLcsSvr.bat

T T T O TV ST ST T T T T T
(c) 1996 - 2017 by PMOD Technologies

Verbose: false, Secure: false

Messages redirected to: D:/Pmod3.9/systemilogs/pmtransvr_5203.1og
Log size: 1 kB

—= Transaction Server starting [Fri Jul 14 11:12:59 CEST 2017]

v X & Viewlog & Viewoutput X

| B Stop selected server(s) ” i Refresh ” X Close |

This information can also be opened in a dialog window using the View output button. If the script
contains the -o option, the server output at runtime will be directed to a log file, pmtransvr_5203.log
in the example above. View log opens a window for inspecting this output conveniently, as

illustrated below.
s » X

Server log

[»]

TS5 GET Log successful.

Address = localhost
Port= 5203

Secure =false
Compressed =false

Py

Transaction Server [Version 3.901W 11.05.2017]

(c) 1996 - 2017 by PMOD Technologies

Verbose: false, Secure: false

Port: 5203

Started on: PMOD-CB2/192.168.55.105

Database type: JAVA_DB, Sql syntax: 4

Database driver: org.apache.derby jdbc EmbeddedDriver
Database connection: jdbc:derby:D:/Pmod3. 9/data/DATABASESCardio
Storage area: D:J/Pmod3. 9/data/DATABASESI/Cardio/datal
Database is working properly.

2017.07.14 11:13:06 [6203} : 127.0.0.1 == TS ECHD

2017.07.14 11:13:07 [5203}: 127.0.0.1 == GET TS Version -= 3.901
2017.07.14 11:13:07 [5203} : 127.0.0.1 == HEALTH

2017.07.14 11:13:08 [5203}: 127.0.0.1 -== TS ECHO

2017.07.14 11:14:07 [5203] : 127.0.0.1 -= GET TS Version -= 3.901
2017.07.14 11:14:07 [5203] : 127.0.0.1 == HEALTH

2017.07.14 11:15:07 [5203] : 127.0.0.1 -= GET TS Version -= 3.901

To stop a running server select it in the list and then activate Stop selected server(s). It will be
shut down gracefully, completing first any pending transactions.

Ending the Administration Interface

The Close button ends the current administration session. However, it will not shut down any
server processes. They will continue running until they are explicitly stopped from the interface or
from the system level. Correspondingly, they will be shown as Running processes the next time
the server administration tool is started.

6 Data Loading and Saving

The PMOD tools are able to read and write different types of image data. It is important to
understand that correct data units and acquisition timing information is required for quantitative
processing steps to derive meaningful results. As an example: In quantitative PET studies a tracer
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6.1

is injected at time 0. At the same time a series of image acquisitions is started, and arterial blood
samples are withdrawn in certain intervals. The images are needed to monitor the time-course of
tracer distribution in tissue. The blood samples are analyzed to determine the unchanged tracer in
plasma, the input curve during the acquisition. The tissue response and the input curve are fed into
kinetic models to quantify certain properties of the tissue under investigation. For applying the
model, the image and blood units must be calibrated and the times must be measured in a
common time scale.

In some image formats the data units are saved with the data (eg. DICOM, Ecat). With these
formats the units are automatically detected upon loading into PMOD. Otherwise the user must
select the correct units for the data and specify the acquisition timing. During loading, PMOD
converts activity concentration data to its internal units, ie. kBg/cc and seconds. The appropriate
scale factor is derived from the specified input units. As a result, PET images are always displayed
in kBg/cc, and images are always saved with the displayed units. This has the consequence that if
PET images residing in an Analyze format are loaded with units nCi/cc specified, and then again
saved in Analyze, the values in the file are different, namely calibrated in kBg/cc. If this file is
loaded, the units must therefore be specified as kBq/cc. These considerations do not apply if the
image data are in DICOM. Therefore we highly recommend using the DICOM format, preferably in
combination with the PMOD database.

Multiple transformations of the image data are supported during loading. The pre-processing
capabilities include re-orientations such as orthogonal reslicing, rotations, mirroring, data
processing such as smoothing or averaging over time, as well as the selection of subsets of the
available slices and time frames.

Besides actual image data files PMOD is able to read and save a information needed for kinetic
modeling from column-delimited text files (component data). These files may hold Volume-of-
Interest definitions, kinetic modeling data, the configuration of the PMOD tools etc. They are either
directly written as files into a directory, or to the database which saves the actual data into an
internal directory and adds access information to the database tables. Component data
reading/writing uses a unified interface which looks identical for the different component types.

It is helpful to remember that PMOD maintains three paths which are related to data
loading/saving:

=  DICOM path: the directory which PMOD scans in order to look for DICOM part 10 data files.
= Data path: the directory to load other image data types.
= Database path: the directory where to look for component data.

PMOD maintains a separate history for each of the three paths to rapidly switch between frequently
used locations. If databases are used to manage the data, access to all types of data can be done
through the database user interface.

Image Data Formats

PMOD supports numerous image data formats in reading, and a subset also in writing. As
described below the image formats have different properties. Some formats support information in
addition to the image pixels such as:

= demographic subject information;

= subject positioning information which allows the derivation of the anatomical orientation in the
images (anterior/posterior, left/right, head/feet);

= acquisition parameters such as the timing of a dynamic series which is essential for the
modeling of the uptake;

= radiotracer information such as dose and radionuclide;
= image unit information.
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6.1.1 Format Overview
The following formats are supported by PMOD. Their properties are summarized in the different
columns.
Format Read Write Units Times Write Patient Suv
Precision |Info Calculatio
n Info
AFNI yes no no only - no no
identical
duration for
all frames
ANALYZE |[yes yes no only 16bit int no no
identical (scaled),
duration for [32bit float
all frames
ANALYZE |no yes Compatibility version to write images suitable for older PMOD
LPS versions
ANALYZE |[yes no Compatibility version for reading SPM-generated images so that
SPM they are shown in HFS orientation (however, left and right are
dependent on SPM settings)
AVW yes no no no - no no
BrainVISA |yes no
DICOM yes yes yes yes 16bit short |yes yes, post-
(scaled), injection
private values only
objects with on private
32bit float GE tags
precision
ECAT 6 yes no yes yes - yes yes
ECAT7 yes yes yes yes 16bit int yes yes, during
(scaled), save no
32bit float support for
post-
injection
information
GE Advance|yes no yes yes - yes yes
Graphic bmp, jpeg, |jpeg no no RGB no no
tiff
HIDAC yes no no yes - no no
Interfile yes yes yes for dynamic |16bit int yes, some |yes, on save
study (scaled), information |only
32bit float |on private |standard
tags elements
including are
patient size, |populated
weight, (no time
study values or
description, |postinjection
body part  |values)
Matlab yes yes yes yes 32bit float |patient no
name, id
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6.1.2

and study id
only

MicroPET |yes no yes yes - yes yes

Neurostat |yes no -

NifTI yes yes PMOD Files [PMOD files, |16bit int only no
otherwise |(scaled), comments
identical 32bit float [supported
duration for as series
all frames description

MINC 1 yes no yes (yes) - yes yes

Philips yes no no yes - yes yes

ImagelO

Philips yes no no yes - yes no

par/rec

version 4

Paravision

Raw yes yes no no 8bit int no no

(scaled),

16bit int

(scaled),

32bit float
TIFF yes yes no no RGB no no
Varian FDF |[yes no -

Format Descriptions

Autodetect (Read only)

For users working with different image formats it may be cumbersome to remember the data
format of the different files, which may have similar suffixes. The Autodetect format makes it
unnecessary to select a specific format before image loading. The user can just select the file(s)
he wants to load, and PMOD will try to find out the appropriate format based on the file contents
(not on the suffix) when loading.

DICOM (Read/Write)

Image data according to the DICOM standard. As input data, the following Information Objects
have been tested: CT, Enhanced CT, MR, Enhanced MR, NM, PET, Enhanced PET, SC, SC multi-
frame true color, US.

PMOD's DICOM Conformance Statement describes in detail the DICOM support implemented in
PMOD. It can be downloaded from the Support page on the PMOD Website.

Database (Read/Write)

Data loading/saving with a PMOD database. Image data are saved based on the modality: CT as
Enhanced CT IOD, MR as Enhanced MR 10D, other images as Enhanced PET IOD.

Query (Read only)
This loading "format" is a shortcut for retrieving images from a remote DICOM server and directly

loading them to the image display.

Interfile (Read/Write)
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Interfile is a file format developed for data in Nuclear Medicine (Todd-Pokropek A, Cradduck TD,
Deconinck F, A file format for the exchange of nuclear medicine image data: a specification of
Interfile version 3.3, Nucl Med Commun. 1992 Sep;13(9):673-99).

There are two basic variants of Interfile. One variant has separate header (.hdr) and image (.img)
files. This variant has the advantage that the header file can be viewed and edited with a simple
text editor. The other variant includes all the information in a single file (.hdr). Both variants are
supported in reading and writing, restricted to the subset of data objects which are relevant for
PET.

Ecat 6/7 (Read/Write)

Data format of PET data from older CTIl/Siemens systems. It is a self-contained format containing
all acquisition information.

When loading Ecat data an additional choice appears to explicitly define the units of the subject
dose values. This facility was introduced because Ecat files without well-defined units were
encountered. Experience has shown that the Bqg unit should be selected to arrive at the correct
doses, but other examples were also encountered. The dose value is important for the SUV
calculation and can be checked on the SUV-related panels.

» ECAT Format Loading Parameters

Study Name
= DD PC20hlund_2097_bad98_4.v

|Malr\x Size (x,v,z,0:128,128,63,1 Pixel Size (x, v, Z[mm): 2.0594, 2.0594, 2419 Scale: 9.1418304E-4
PARAMETER!

Units [kBog/cc

Activity [2.96E8]|Bg

When saving data in the Ecat format, after the specification of the file name, a dialog is presented
to the user with a choice of transfer syntaxes. They define the byte ordering used for saving the
data. In case you want to read the images using a program other than PMOD, you are
recommended to select a big-endian (BE) encoding.

MicroPET (Read only)

Data format of the Siemens Inveon and MicroPET preclinical systems. It is used both for PET
and CT data.

NifTl (Read/Write)

Extended variant of the analyze format by the Neuroimaging Informatics Technology Initiative.
Both single file (.nii) and double file (.hdr + .img) images are accepted but only in uncompressed
form.

PMOD reads the following NIfTI data types:

8-bit unsigned and signed byte (DT_UINT8 and DT_INT8), 16-bit unsigned and signed short
(DT_UINT16 and DT_INT16), 32-bit unsigned and signed int (DT_UINT32 and DT_INT32), 32-bit
float (DT_FLOAT32), 64-bit double (DT_DOUBLE) and 24-bit RGB (DT_RGB). 64-bit double data
are rounded to 32-bit float representation. Up to 4D data is supported, meaning PMOD does not
accept files with the 5th dimension greater 1. Only a single value or a single RGB triplet per pixel is
supported. If gform_code > 0, PMOD uses gform matrices, otherwise if sform_code > 0 sform
matrices will be used. When neither is defined data orientations remain undefined in PMOD.
PMOD does not support any extensions nor NIfTI statistical codes. Gzipped images must be
uncompressed prior to their usage with PMOD.

NIfTI images produced by SPM require A/P mirroring (TOP to BOTTOM sorting) to get them into
HFS position. Other NIfTI images should best be loaded with Reorient to Standard Orientation
enabled | 88\,

In writing, PMOD supports the variants with two files (header information in *.hdr, image data in
*.img) or a composite file (*.nii). The single file variant is required when preparing atlas template
images.
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Analyze (Read/Write)

Data in the Analyze 7.5 format consists of two files. The header file (*.hdr) contains information
about dimensions, pixel representation (transfer syntax) and value scaling. The data file (*.img)
contains the pixel data itself without any header offset. Value units and information about
acquisition timing must be manually entered, or can be loaded from definition files.

SPM produced Analyze files are usually L/R mirrored. Such files require a 180° rotation about the
z-axis s to get them into the radiological head first supine (HFS) position which is the PMOD
default.

Note: Analyze has the possibility to include timing information, but only for a single frame. If a
timing is specified in the file it will be applied for all frames of a dynamic study, even if a different
timing was specified using Edit Times in the user interface. In such cases it is advised to load the
image data, change the timing, and save the images again in a format wit better timing support
(DICOM, Ecat, Interfile). PMOD writes Analyze files without timing information.

AVW (Read only)
Newer version of the Analyze format.

Raw (Read/Write)

A raw image file which holds only the pixel data. All additional information must be edited manually.
Different types of number encoding (byte, signed and unsigned short integer, float) and byte orders
(big/little endian) are supported.

Graphic (Read/Write)

Graphic images in jpg, gif and bmp can be read. When writing as a Graphic file, the jpg format is
used.

TIFF (Read/Write)
The graphic tiff format is treated separately and can be read and written.

Matlab (Read/Write)

Image data can be read which has been prepared and saved in Matlab using the save -V4
command (Note: only Matlab version 4 format is supported, thus the requirement of the -v4
option). The following Matlab variable names/contents are expected:

= dim[nx,ny,nz,nTime] (number of columns, rows, slices, acquisitions)
= vox[xSize,ySize,zSize] (voxel sizes in mm in all 3 dimensions)

= orig[xOrig,yOrig, zOrig] (position of the origin measured in mm from the top left corner
of the first slice)

* time[l,...nTime] (times when the acquisitions started)
= timeEnd[1l, ...nTime] (times when the acquisitions ended)

= a series of value vectors named v1sl till v21s35 when nTime=21 and nz=35 (v denotes
acquisition number and s slice number)

= subjectName[] (string with subject name)
* subjectId[] (string with subject ID)

=  vUnits[] (string with value unit name)

*  tUnits[] (string with time unit name)

Note that only the variables dim and v1s1 etc. are mandatory.

Neurostat (Read only)
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6.2

Neurostat uses the Interfile format (.hdr, .img) to save the 8 surface projections into an image file.
Please note, that this is not a volumetric data set, and therefore should be viewed in a planar
layout such as 2x4.

AFNI (Read only)
AFNI (acronym for Analysis of Functional Neurolmages) creates two-file data ((HEAD, .BRIK).

GE Advance (Read only)

Data format of PET data exported from GE PET systems (Advance, Discovery) with the
Investigator utility. It is a self-contained format with all acquisition information.

Philips (Read only)
Mosaic data format of PET data from Philips PET (Allegro, Gemini) and older GE Quest systems.
When PMOD recognizes more than one unit defined in the file the loading dialog window shows a

choice selection for the user to choose which units will be loaded from a file, providing different
range of values.

’l_? Mous Anony / /[1] p6199s0_RUM_Cs.img: BRAIN_RAMLA3D-SUV.r

Matrix Size (x,y,z,1): 128,128 90,1 Pixel Size (x,y, Z)[mm]: 2.0, 2.0, 2.0 Scale: 1.0
rPARAMETER!

File Units [SUY |v|© Rescale factors available in file

Units (2 Define data units as selected

HIDAC (Read only)
Data format of the (historic) animal PET system HIDAC (Oxford Positron Systems). To be retired.

BrainVISA (Read only)
Format used by the Brainvisa software.

Varian FDF (Read only)
Flexible Image Format of Varian MR systems.

Image Data Loading
- -

In most tools there are four different ways to load image data:

1. By dragging an image file from the desktop onto the title bar of the PMOD tool, or onto a tool
button on the PMOD tool bar. PMOD will try to recognize the data type and read the images
accordingly. If it is a data format without header information the information from the last
successful loading operation will be applied.
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2. By selecting the appropriate format from the menu View/Load Image Data, eg
Autodetect
DICOM

Database

MIFTI
INTERFILE
ECAT
MicroPET
RAW

TFF
GRAPHIC
AFMI
BrainVISA
AV
AMNALYZE
Query

GE Advance
HIDAC
MATLAB
Aggregate VOI Statistics MEUROSTAT
Batch Mode Pipe Processing Philips
Warian FDF

Load Image Data ¥

=

Create DICOMDIR

=
=

DICOM Query/Retrieve Buffer

-

Settings

o

License ID

el Quit

|‘“ewx]¢= a M

3. By configuring a multi-function Load button

Load

| i@ MicroPET 3 |1 [E14 Overwrite/Append

[0 Autodetect
[0 DICOM
[0 Database

Tools

0 AFNI |Z|
[J BrainVISA GIS |Z|
0 AVWY

[0 ANALYZE |z|
[0 Query T
[0 ECAT

0 GE Advance

[0 GRAPHIC

[0 HIDAC

[0 INTERFILE

[0 MATLAB

T WicroPET 2

[ MIFTI

0 NEURDSTAT

IJ Philips

0 RAW

D TIFF

I3 Varian FOF

[0 Picker

Save

IJ Buffer
to the correct type. The loading operation will be immediately started.
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6.2.1

6.2.2

PMOD Base Functionality (PBAS)

4. By selecting and configuring the appropriate format in the lateral taskbar using the Load button

[0 Autodetect =
[0 DICOM
¥ Database

]

\

D MIFTI

[0 INTERFILE
0 ECAT

5 MicroPET

0 RAW

D TIFF

I GRAPHIC

[0 AFNI

[0 BrainVISA
o Aavw

I AMALYZE

[0 Query A
[0 GE Advance

I HIDAC

I MATLAB

0 NEURDSTAT
[J Philips -
IJ WVarian FDF

=
EX

[0 Buffer

In many situations (indicated by the pin besides the format selector, 4) it is possible to load several
files into a tool. In this case multiple file names can be selected in the file selection box, or multiple
image series in the database loader. If images have already been loaded and the pin is fixed ¥,
the newly selected studies will be appended to the present one(s). Otherwise the prior studies will
be overwritten.

Data Units

For any quantitative PET work you have to make sure that the right input data units are specified if
the data is not read from DICOM, ECAT or the database. Activity concentration values are always
converted to the internal representation of kBg/cc during a read operation. If the data is saved
again, the values after conversion will be stored. Additionally, the acquisition times must also be
specified. There is a facility for saving/retrieving timing protocols in all tools which load image data.

DICOM Loading

When loading DICOM data, the directory of the last DICOM loading operation is referred to. If the
Skip scan at start box is not checked, PMOD searches for DICOM images in the directory when
the dialog windows opens. In case there are many files in a directory, the scanning process may
take substantial time. This is annoying if the data to be loaded resides somewhere else. To avoid
initial file scanning, the Skip scan at start box can be checked. The user can then locate the
proper directory with the Change Folder button and activate the # button to initiate scanning for
DICOM files. If no DICOMDIR exists, all files of the directory are scanned and all valid DICOM
series listed.

If a DICOMDIR file exists in the directory, it is parsed and the registered image series presented
for loading. As a consequence, all non-registered DICOM files in the same directory are neglected.

The DICOM loader presents the selection of the available image series in a dialog window as
illustrated below.
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I Select DICOM Series

| sees 2t @ |

01000 alaliC OM = ChafgeFalder | | Skp oeanaleted &

i Mams | on aze | mozaimy | stacvio | seniez | wrneeisict

SHIHA
FRIMT
PRIHT
FrIH1
PEIHT

“HRIMT CPFF?
PHIM1 PT  GPFPAE

“HIMZ MR DA 3B P
FHIMZ
ITP(IH'
| FHIN

Booconco

ohis

File: 000 TNCOLPRIR {86 AW AGE M,

an - Study Desaiption: GRERX Bol

ciphon v_logan |

2 and B potan O Dsigs| cE0n nm

| Balacsi o laading [1] | L £} bl 106 :[3]

Hame | Ririh date | Wodality | Sty I | J o it ol sie} | Seres ! SHudy deso | Stucly dai= | F |T
FrIE 1961.07.01 CFFPEEdlus 0 Vi logan [ Dsnamic FET Onig Cr.. | 2008.03.07 | 4

4 _ 1 0| 400 moos (3o 2 CT)
@ Open | @ with Operations. () By csmre %y DuereReiee R ¥ Hemnoue all

[ = 1
| = Lamoal |

Select the series to be loaded, Add, and activate the Open button. Use Remove or Remove all to
remove series from the Selected for loading area. Depending on the context, several series can
be loaded at once, or the selection is restricted to a single series. Please note the with
Operations button. If it is activated, the dialog window specifying loading transformations
explained below is opened.

Sometimes the information shown in the list may be insufficient to identify a series unambiguously.
To find out more about the selected series activate the DICOMInfo button which opens a full
DICOM data inspector. Another alternative is to use the Image Preview to the right: if the Image
preview box is checked, the images are loaded as soon as a series is selected.

The ACQ mode (Split by CT) box allows grouping the images in the selected series by the
acquisition number, an optional sub-level beneath the series. This is required to properly load
some DICOM series, for example with CT studies which contain different reconstructions (different
area/pixel) in a single series. With other series, however, acquisitions need to be displayed
together, for example with whole body SPECT data covering subsequent bed positions in separate
acquisitions. As there is no way for PMOD to determine the right interpretation, the user may
choose between the two loading modes to solve unsatisfactory loading results.

DICOM Query/Retrieve starts the dialog window for querying a remote DICOM node and pulling
images from it as explained above/ 41,

C-Store is a utility for sending selected data sets directly to a remote DICOM server without the
need to open it for viewing, and then selecting the C-Store saving button. Direct sending has the
advantage that the original DICOM images are transferred. Otherwise, if loaded images are sent,
they contain information modified by PMOD.

Use the Delete button to remove all files belonging to the currently selected series from the disk.

Note: A new DICOMDIR including all DICOM studies in a directory tree can be generated using
the Create Dicomdir entry in the menu of the PMOD viewing tool (PVIEW).
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6.2.3  File-based loading
For all non-DICOM type of image data the loading dialog looks like this example using the
Autodetect format.

e Pmod (open): AUTODETECT: Select header file(s) >

* & @ Lookin HiPmodd FrosouseestemplalesvokomplkstesMausa (Ma-Bemven sto-Wimana)i bl =BE SRE CRE
_'FiiJeSIZ‘ Flles 31 ¥ Image Previgw -

& Addio Selected gudn\\m1::;:|:: T o Befectall X € Drlebe
=

-;-.:*F 014 ‘:I,:,a!iu: ‘I:T o [Me DerwenisbsMinione s nil |_’iﬂ; Ad [Hres anreeale mplsie sialle mpiotea®iaus e (la Rervenisi I,II! Qli 'é:-:}‘ ﬂ::r ] ; .|_r|-! 0T

olE -+ - [E] -

3 Tl o% - I.g
| @ Open i @€ wilh Dperations. (8} ] Resnore afler loading ¥ Canoel i
Use the navigation elements at the top to browse the directory hierarchy. The files to be viewed
need to be brought to the Selected Files area by double-clicking, or by using the Add to Selected
or the Add all to Selected button. Note that in some contexts multiple file selection may not be
possible. In that case, only one file can be brought to Selected Files.

The images will be loaded in the order they appear on the list. This may be relevant in the fusion
tool where the first image will serve as the reference, or if multiple static images are to be
combined into a dynamic study. To modify the list order use the Sort by selected column button

i
Ay orUp = and Down = buttons , or Remove from selected % a file and add it later back to the
end of the list. Optionally, Remove all from selected using the = button allows removing all
images available in the Selected Files area.

A preview facility allows inspecting images in the Image Preview to the right before loading them
and continue processing. When the box Image preview is checked, the images are shown as
soon as an item in the Files list is selected.
When Open is activated, the selected files are loaded directly. If with Operations button is
activated, a dialog window is opened specifying loading transformations to be applied to the image
as explained below.

6.2.4 Database Loading
Database loading of images has already been described above |52\,
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6.2.5

6.2.6

6.3

Loading Macros

Macros are applied as a data transformation during loading. To this end select one or several
images for loading. Then, instead of using the Open button, use the ® button next to it.

| Eeleclador loading 110 [ Comgonents Admini stration {37
\ Subject Mams \ Sty dat= | Time | Study Aescripbion | Senes a8 zeniption Mo difi e | Last Use |rmrf |nr ‘
PFUS1 2006 0228 1£3010 | Uagnstic Resanance im . MR1 2014-09-21 11_ | 2010-05-2812 MR Bl ?l'

L()ad Wlth M acro 7 Gaues Filtert PFUST ) 2019-05-28

4 \ 2 Leag [ ¥

= opan B¢ win operauonS 00| SRR oo - # Bemove el ramoveamrioa. [loTa. [l « & =

A list opens showing the currently available macros. To load a macro from a different source, use
the Load entry. As soon as a macro is selected, the data is loaded, the processing steps applied,
and finally a confirmation window MACRO FINISHED shown as illustrated below.

MACRO FINISHED X

Mo | Operation | Date | Tool | User
1M+ LOADING TOOL 2019.05.28 12:10:53 PVIEW User1

(1]

| X Close |

Macros can be prepared based on the image history/+16) of a representative data processing
session.

Buffer Loading

Note that to be able to load from the Buffer, the images need to be initially loaded in a PMOD tool
and then saved to the Buffer. The procedure is described in the Buffer Savingmﬁ section.

Image Data Transformations during Loading
- - -~

There are two basic ways how images are loaded:

1. Direct loading: if the Openl & Qeen | button is selected on the image selection dialog; the
images are immediately loaded without any data transformations.

2. If the with Operations B+ with Operations ptton js selected, an intermediate dialog window is
shown which allows configuring the image data properties as well as optional pre-processing
steps. Initially, the settings of the last loading operation are shown.

The example below is an illustration of the loading dialog after three NiFTI files from the
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templates directory have been selected for loading.
T Autodetect Loading Parameters X
Study Mame
T DJPmod4 Ofresourcesftemplates/PET nii gz
I*  DJPmod4.Ofresourcesitemplates/T1.nii.gz
Tl D:JPmod4.0iresourcesitemplates/SPECT nii.gz
Matrix Size (x, y,z, 191, 108, 91, 1 Pixel Size (x, y, z) [mm} 2.0,20,20 Global Scale: 0.0034284503
Units: 141 e [Scale=1.0] Units in file = [NONE]
[[] Use Qform for Qrientations
[] Select FRAMES: Eh EditTime [10f1] [] Select SLICES: Select [910f91]
[[] Set Acquisition Start Time to zero
(/8 INITIAL OPERATIONS | PREPROCESSING TOOLS |
|4' Reorient to Standard Orientation || Tilt Correction o " 4 :Q:' b
Sorted: S e 4
Z axis perpendicular to @ Cold (4 b [ & -
Flip according to: 0.0 € 87451
- ﬁ Save Device fransformation - -
Rotation around Z axis: O _DT:- i
pEMOREGE
Operation | NONE - 3 [ Mo Operation Parameters | - ) e |
(®) Frame 3 All \i/
‘ & Load ||@| * Resetloading parameters * Cancel
In the upper part the list of images selected for loading is shown. The rest of the dialog window
allows defining the properties of the images and transformations which are to be applied to the
selected image during loading.
The check boxes allow to select a subset for configuring the transformations. In this way, different
transformations can be establish for the different studies. Before the actual loading with Load,
however, all studies should be selected.
6.3.1  Changing the Image Orientation
Note that in the above SPM template example the anterior-posterior (AP) direction is opposite to
the standard convention, and in fact patient right is on the right image side.This image can be
brought into radiological HFS orientation by enabling the Reorient to Standard Orientation
setting.
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W Autodetect Loading Parameters X

| Study Name [¥] Image Preview:
[® DuPmod4.Ofresourcesite mplates/PET.nii.oz
® Di/Pmod4.Ofresourcesitemplates/T1.nii.gz

Ix DiPmod4.0fresourcesitemplates/SPECT. nii.oz

Matrix Size (x, y, .ty 91, 109,91, 1 Pixel Size (¢ y, z) [mm]. 2.0, 2.0, 2.0 Global Scale: 0.003921569
Units: 11 LK | [Scale=1.0] Unitsinfile = [NONE]

[] Use Qform for Orientations

[ selectFRAMES: B[ EditTime [10f1] [] select SLICES: select 191019

[_] Set Acquisition Start Time to zero
(" INIALOPERATIONS | PREPROCESZINGTOOLS |

| 43 Reorientto Standard Orientation || Iiltcurremion|
[}
Sorted: -
f X Reset
Z axis perpendicular to: @ Cold wlajp @ > -
Flip according to: ONE 0.0 Q 1.0
E Save Device fransformation
Rotation around Z axis: —]
o =lJ—= 100 [£]
D@~ =~ O®]~
Oy fi MNONE - ] Mo O tion P i = =
peration [Mo Operation Parameters | ® Frame ) All QJ
| &> Load H@‘ * Resetloading parameters X Cancel

The following image re-orientations are supported

= modification of the sorting order to interchange left-right, top-bottom in the image, and front-
back (slice ordering);

= rotation about the z axis;
= orthogonal sections such as coronals or sagittals.

As there are many possible combinations, activating the Image Preview function helps verifying
how the images will look like after loading.

If data are loaded which contain consistent information about the orientation of the acquired slices
(eg. DICOM, NiFTI, Ecat), the following steps allow bringing the image into standard anatomical
orientation:

1. To start activate the Assistance button (1).

2. A selection window (2) appears allowing to choose the image type to be load: Human or
Animal (3).

To select the original orientation in the image file the Down = arrow (4) need to be activated.

A dialog window pops up (5) allowing to select the original orientation in the image file (in the
example FFP-Trans 6).

5. To set the selection for the original orientation in the file, the selection dialog window need to
be closed with OK (7).

6. The result of re-orientation is immediately reflected in the Image Preview section if the
corresponding checkbox is enabled (8).
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7. Finally, Close the orientation selection (9)window and load the image with the Load button.

More information and help about human and small animal matrix coordinates and real world
coordinates are provided activating the question mark button next to the Assistance button.
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6.3.2

It Coordinates Help

! Close ||@ F'rint!

The re-orientation settings may be easily canceled activating the Reset button next to the
Assistance button.

Reorient to Standard Orientation: This option will arrange the data such that the subject position
is closest to the head first supine (HFS). The subject's head is directed into the display, looking up
the display and left subject hand to the right side of the display. This adjustment is performed
without reslicing, using only rotations by 90 degrees or multiplications of this value. It requires that
enough subject positioning information is available in the image file.

Tilt Correction: If this option is selected, the corners of the slices are checked whether they are
located on a line perpendicular to the slice plane. If this is not the case, as with CT data acquired
with a tilted gantry, they will be resliced such that the new top left corner of the image are aligned.
The default reference frame is the frame closest to the origin. If Reorient to Standard Orientation
is active tilt correction will always be checked and performed prior to data reorientation. As a result
of this correction the orthogonal planes will not show displacement artifacts.

Defining the Acquisition Timing

The specification of the acquisition times is important for using dynamic data in a quantification
process. The times can be inspected and the definition overwritten using the Edit Time button,
which shows the following dialog window.
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FRAME selection

From [1 to 1 inc [1 B select
Frame selection: from |1 to 34
Samples: duration 1.0 increment [1.0

Set to Frame selection
Offset to zero

+ Add Offset (0.0 X
H save Time

Selected Frames: 34 of 34

[FRAME] [START]
1 0.0

2 10.0
3 20.0
4 30.0
5 40.0
6 50.0
7 £0.0
8 80.0
9 100.0
10 120.0
11 150.0
12 180.0
13 210.0
14 270.0
15 330.0

Check time consistency

lﬁ:l From End Select All Unselect All

Convert as mid times

X

seconds 7

Set to all Frames

& Retrieve Time

Viewtime in: seconds
[EMD]
10.0
20.0
30.0
40.0
50.0
60.0
30.0
100.0
120.0
150.0
180.0
210.0
270.0
3300
390.0 ~|

Trim durations Remove gaps & overlaps

| o |

Cancel |

For DICOM, Ecat, MicroPET, Interfile and GE Advance data the times are read from the selected
file and shown in the list. Note the Save Time/Retrieve Time buttons which allow saving/retrieving
the timing of the dynamic frames to/from a file. If the Select FRAMES box is checked when

opening the dialog window, it is additionally possible to arbitrarily select a subset of frames for

loading.

The Trim durations button ensures that the end times are not after the following start times.

The Remove gaps & overlaps button shifts start and end times in order to eliminate gaps and

overlaps in the acquisition timing.

6.3.3 Initial Operations

The INITIAL OPERATIONS tab offers several other Operations.

Operation | NOMNE

- P [ Mo Operation Parameters

¥ NONE

| ~

(@ Load

[0 ADD_VOLUMES

l’SeIectedf-Jrl-Jading i rCc"n:cnents Administration [23] |

T INTEGRATE_VOLUMES

[0 AVERAGE_VOLUMES (time weighted)

[0 AVERAGE_FRAMES (mean by number of frames)

PKINZ 2006.03.21 15:15:07  DASB SER]

[0 MASK_VOLUMES_IN
0 MASK_VOLUMES_OQUT
[T INTERPOLATION

4] i

O REDUCTION

Open with Operations

0 RESLICE VOLUME

The operations are summarized in the table below
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ADD_VOLUMES

Allows performing the frame summation for a dynamic acquisition.

INTEGRATE_VOLU Allows calculating the area under the curve.

MES

AVERAGE_VOLUME Allows performing time weighted average for a dynamic acquisition. The

S
(time weighted)

frame values are weighted by the relative frame duration.

AVERAGE_FRAMES Allows performing normal unweighted average.

(mean by number of

frames)

MASK_VOLUMES_| Allows masking inside existing VOlIs with value of 0. The values outside the

N

VOlIs remain unchanged.

The user needs to specify the .voi file to be used for the masking procedure:
Operation | MASK_VOLUMES_IN ¥ 4 p VOI TumorVOl(PFUS1T ) 2019-06-03 =EI9554’5138:\

The selection list displays only VOls files available in the database. It is
mandatory that the VOIs are in the same space as the image to be masked.

Please note that all the VOls available in the specified .voi file will be
masked in.

MASK_VOLUMES_O Allows masking outside existing VOIs with value of 0. The values inside the

)

INTERPOLATION

REDUCTION

RESLICE VOLUME

VOlIs remain unchanged.

The user needs to specify the .voi file to be used for the masking
procedure.The selection list displays only VOls files available in the
database. It is mandatory that the VOls are in the same space as the image
to be masked.

Please note that all the VOls available in the specified .voi file will be
masked out.

Allows calculating a new image volume by specifying a new pixel size in
each direction. The matrix size results from the division of the volume sized
by the pixel sizes.

Allows reducing the number of pixels in each direction. It is intended for
situations where the number of pixels is divisible without remainder by the
selected reduction factor.

Allows reslicing a volume with different slice spacing. The value entered in
the text field will be used as reslicing in z axis.

Operation | RESLICE VOLUME LR | [mm]Iv1|n|mals\|ceth|ckness[mm]

With the Minimal slice thickness box enabled the minimum value for the
slice thickness can be specified in the dedicated text field. The slices with
slice spacing value lower than the Minimal slice thickness will be resliced
with the specified value.

The example below illustrates how the last seven acquisitions of a dynamic study can be averaged
by selecting the frames sub-range and setting the Operation selection from NONE to
AVERAGE_VOLUMES (time weighted).
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6.3.4

PMOD Base Functionality (PBAS)

|| DBload [ & Wiew [ wols | compars " Fusion
lem FRAME selection 5.4
From 1  tof inc | Bl Sslect | Kl From Endl SelectAll  UnselectAll
Hutjerthsmal Frame selecion  ram 1 1 i3 |
Subjed 1D | - o
: Samples: duratlon 1.0 mcremem (1.0 1 SECONAS i
1= $oi 10 Frame seleciion Solio ali Frames
SIS | i DIee Loading elers 1 Offsarto zera CORVErT as mid omes
[ S | [ — + nitomsat 07 %
ket | ¥ PN [ DASS SERT | Dynamic DASE PET <81 Fflismes Dynamic
E H sava Time & Relrieve Time
ecled F 70493 =
| W 3 Sice v, 1. 50, 79, 29,33 Pinel Sizm f‘-. 1][T| Selecled Frames: J of 33 Yiew btme i seconds b
= | [FREME] [BTRAT] [EMDY =
| |Be—— unms:  EBpemd LR | jepaie =
sees @ o | L
§ = | L] 20
r—“., Surjes Nome |SeIEnFR-‘-IdEE€‘ [El, Belect Edit Time | [330f 33 | R
PRINGE |
SRIG ] SetAcnuisition Start Time to 780 [ 22 | |
PhINZ Sy NITAL CPERATICNE I PREPROCESSING TOOLE [l 2
1 24
[l 25
128
| . Reorentio Slandard Orig ] 27 =
28 | 5700 0
Soried. MATURAL > 22 | sooo o |
T Z wicperpendicularte: TRANSYERSAL = b 30 | 5300.0
e vl 31 BAO0 1
i Flip accwding b, HOWE - bl e
iid 3 el 32 BHO0 1 £00.0
Retafion around Z ais: 0_degres > el 33 000 1 | 73000 1]
[¥] Check me cansistency Tram durations  Remove gaps & overlaps.
p;“,;,,. T ; S
I Ouerdlion  AVERACE_VOLUMES Mime welahlady L] bl o | Cancel
2 = T
o 5 @ Loac ‘ ‘@ ® Essﬂ\-:;n\n?-:aramsbm % Cancel }
= S T—
BN < o ecaions = ST B ; Lot

Enabling Pre-Processing Operations

The tab PREPROCESSING TOOLS makes su
the data.

[ INITIAL OPERATIONS | /&, PREPROCESSING TOOLS |

pports the application of two

1. Data Preprocessing Tool . 3D Gaussian - 4

FWHM in x |5.0 [mm] (0.0-500.0)
FWHMiny |5.0 [mm] (0.0-500.0)
FWHM inz 5.0 [mm] (0.0-500.0)

b 2 Data Preprocessing Tool :

NONE - 3

¥ NONE

[0 2D Boxcar

[0 3D Gaussian

[J Logarithm

[T Normalization

I3 Wavelet filter

[0 PET Heart Reorientation

Data Normalization

successive filters to

Normalization is a facility for transforming reconstructed image counts into activity concentration

values calibrated in kBg/cc.
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(

INITIAL OPERATIONS | /&, PREPROCESSINGTOOLS |

1. Data Preprocessing Tool . Mormalization = 4 b

Half Time 120 [min]
Calibration [1.0 [~kBgicps]
Normalize Time []
Normalize Volume []
Decay Correction []
Value scaling (calibration) []

The following parameters are applicable during the calibration process:

Half Time is used for a correction of the physical decay to the acquisition start, if the Decay
Correction box is enabled.

Calibration is a factor for the conversion of the measured counts - which represent only a
fraction of the emitted photons - into the true number of physical decays. It is applied it the
Value Scaling flag is enabled.

Note: The calibration factor can be determined using a phantom filled with a known,
representative activity concentration. Phantom images are acquired, corrected and
reconstructed using the same protocol as the research study. Then, the image values are
decay corrected, time and volume normalized, resulting in images with counts per ml per
second. As the next step, a homogeneous VOI is outlined and the average pixel value
calculated. Finally, the calibration factor is calculated by dividing the known true phantom
activity concentration by the VOI average.

Normalize Time is needed, if the pixel values represent total accumulated counts during the
acquisition. If the box is checked, the image values are divided by the acquisition duration.

Normalize Volume is needed, if the pixel values represent activity, not activity concentration. If
the box is checked, the values are divided by the image voxel size (known from the image
header).

Decay Correction: If the box is checked, the pixel values are decay corrected to time zero.
Note that under normal circumstances the start of the first frame will correspond to time zero,
so decay correction is to the acquisition start. If this is not adequate, for instance in a PET
image which is to be analyzed by an autoradiographic model, the frame start/end times should
be edited (e.g. set to 40min and 50min for a 10-minute scan starting 40 minutes after
injection), the image saved, and then loaded again for decay correcting to the injection time.

Wavelet filter

Wavelet is a time-domain filter for dynamic data which de-noises the time vector in each pixel
separately.

1. Data Preprocessing Tool ;. Wavelet filter * 4|k

Coefficients 4 = » [4,12 20] (0-20)
Retained 20.0 [%a]
Resample to [128.0 [samples] (4-4096)

The wavelet filter uses the configured number (4, 12 or 20) of Daubechies Coefficients.

Retained specifies the percentage of frequencies retained before applying the inverse wavelet
transformation. The smaller the percentage, the smoother the result.

Wavelet filtering requires a signal length of a power of 2. Therefore, in most cases signal re-
sampling has to be performed to a 2" number specified in the Resample to field. Re-sampling
uses linear interpolation.
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Heart Reorientation

The PET Heart Reorientation is a facility that allows heart images re-orientation in short axis
during loading. Please refer to the Cardiac PET Tool User Guide for the motivation of this tool.

(

INITIAL OPERATIONS | /&, PREPROCESSINGTOOLS |

1. Data Preprocessing Tool . PET Heart Reorientation = | 4

Type HUMAN = P

Myocardium start frame 12 [0=lasi]
Myocardium end frame 0 [0=lasi]
Blood start frame |1 [0=lasi]
Blood end frame g [0 =las]
Blood * factor 0.05 [11]
Smooth
FWHM (5.0 [mm]

The following parameters need to be defined:

Type is representing the heart model type and can be selected from the available selection list:
HUMAN, RAT or MOUSE according to the image to be analyzed.

Myocardium start frame and Myocardium end frame are used to define the frames average
range for creating the myocardium averaged image.

Blood start frame and Blood end frame are used to define the frames average range for
creating the blood averaged image.

Blood*factor: as there may exist some activity in the cavities, a fraction of the blood volume
image can be subtracted to improve the contrast. In the example above a fraction of 0.05 of
the blood averaged image will be subtracted.

Smooth and FWHM: optionally, the blood and myocardium averaged image can be smoothed
with a 3D Gaussian filter with full-width half maximum value defined in the FWHM text box.

Note: The preprocessing tools are plug-ins and can be configured in the main configuration dialog.

6.4 Image Data Saving
- -

There are four types of image saving procedures:

File formats: The user selects a file format and the directory wherein the image files are
saved.

C-STORE: The images are directly sent as DICOM objects to a DICOM server.

Database: The images are saved to one of the configured databases (local or remote). To do
so, they are converted to DICOM.

Buffer: The images are saved to the buffer and can be loaded in any module with the Buffer
option for loading.

The saving of image data is in analogy to the data loading operation. It can be started from the
application File menu or from a Save multi-function button

—
save: [H Database a Al

with the selections
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0 DICOM
[0 C-STORE
¥ Database
[0 INTERFILE
[0 ECAT
[0 MIFTI
[0 ANALYZE
[0 GRAPHIC
D TIFF
[0 MATLAB
0 RAW
[0 ANALYZE LPS
[0 Buffer
6.4.1 File-based Saving
Saving as a file involves selecting a destination directory and specifying a file name. In some cases
further input is required and an additional dialog box pops up. For the Analyze and Raw formats a
dialog such as
Study Name |
PKIN1 [CPFPX Bolus] CPFRPX Bolus Dynamic PET [Aver Volumes]
Matrix Size (x, v,z t}: 83, 106,81, 1 Pixel Size (x, ¥, z} [mm]: 2.0,2.0,2.0
Sawe in folder [Dotmpl Ll
(® Create save names from root ) Create save names with prefix
Save as AveragePET &
& Transfer Syntax. SIGNED WORD (LE) = P
¥ SIGNED WORD (LE)
H save || STED [ SIGNED WORD (BE}
I3 FLOAT (LE)
[0 FLOAT (BE)
[0 RGB
is shown and requests the definition of the number encoding in the Transfer Syntax selection.
The accuracy of the data representation - and the disk space requirements - increases from top to
bottom. If the dynamic range in the images is large, you are recommended to use a FLOAT
format. For PMOD the number encoding does not matter. For other programs, however, there may
be preferred formats. BE and LE are related to the byte ordering which is different among
processors (LE = little endian, on Intel and DEC Alpha processors; BE = big endian, for most other
processors).
The Transfer syntax validated string is shown in case there is no precision loss for the selected
transfer syntax. Otherwise (for the Raw format when saving short to byte or float to short) a
warning message Selected transfer Syntax will cause rounding error is shown.
6.4.2 DICOM Saving
When storing the data in DICOM (part 10) files, a dialog window appears and allows selecting the
destination directory, defining the name of the created DICOM file and the DICOM Image
Information Object type into which the data will be stored.
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T SAVE [ DICOM ]

Study Name

PKINZ [DASB PET] DASB SERT Dynamic DASB PET [Aver Volumes]

Save in folder

Dotmpld

Matrix Size (x, y,z,t): 59, 79,32 1 Pixel Size (x, y, z) [mm]. 2.5, 2.5, 425

@ Create save names fromroot O Create save names with prefix

Save as LD
/&, Transfer Syntax:
Output SOP:  ORIGINAL STORAGE -
Modality. PT [PE 13
. e FaL Dicom objecttype
| & save ” I=® Edit Info ” Cancel |

The Output SOP determines compatibility with other systems that may not support all types of
objects. The list contains all DICOM 10Ds supported by PMOD. Initially, a suitable definition is
proposed, but the user may change the list selection. For RGB image data and screen captures
only Secondary Capture (SC) objects are available as an Output SOP.

' Output SOP: JENHANCED PET IMAGE STORAGE

Modality:  PT [PET]

Cre

ate new study

o i]RIGINAL STORAGE

Ic=@ Edit Info ” Cancel

D CT IMAGE STORAGE

[0 ENHANCED CT IMAGE STORAGE
D MR IMAGE STORAGE

[ ENHANCED MR IMAGE STORAGE
[0 SC IMAGE STORAGE

[T NM IMAGE STORAGE

[0 PET IMAGE STORAGE

¥ ENHAMCED PET IMAGE STORAGE
[0 ENHANCED US VOLUME STORAGE
[J 8C MF GW IMAGE STORAGE

[0 SC MF TC IMAGE STORAGE

Please see our DICOM Conformance Statement for details.

The Modality type is just a descriptive string. It can be selected from the long list of modalities that
are defined in the DICOM standard:

I'I'v10dalihf:| PT[PET]

g{ F

Create|

I=® Edit Info

= |f the Create new study box is checked, PMOD generates new study UIDs when saving the

¥ PT [PET]

[J MM [Muclear Medicing]

[J CT [Computed Tomography]
[J MR [Magnetic Resonance]
[0 CR [Computed Radiography]
[0 US [Ultrasound]

[0 OT [Other]

DICOM objects.

= |f the Create new study box is not checked, PMOD uses the study UIDs of the original data
when saving the DICOM objects. In this case please do not change subject or study level
information with Edit Info. Otherwise the receiving system may create a new study anyway.

For non-DICOM data PMOD will always generate new study UIDs.

Editing DICOM Information

PMOD Base Functionality (PBAS)
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The Create new study box is only relevant for data originally loaded in DICOM:
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DICOM has the ability to save administrative information with the image data. By activating the
Edit Info button some of the important attributes can manually be edited:

Series Information & Editing Window X

Subject / Study Info Modality Info

Subject name :

SubjectID :

Study 1D -

Age, Weight, Size / Position :

Subject comments :
Image comments :
Study description :
Series description :

Size (x, v, z, frames):
Voxel spacing (x, y, Z):

PKIM1

Dyn. CPFPX bolus & MRI
CPFPX Bolus

25 Y], 75.0 [ka], 1.79 [m] / HFS

CPFPX Bolus
Dynamic PET

83, 106, 81, 34
2.0,2.0,2.0 [mm]

=450, 211.0=, =-231.0,-19.0=, =<55.0, 217.0= [mm]
-46.0,-20.0,-56.0 [mm]

Bounding box <X=, <Y= <Z=:
Qrigin :

Units (value, time). kBg/cc, seconds

Memory representation: [SHORT] Convert to FLOAT Caorrections
@ Manufacturer f Model / Version PMOD Technologies / PMOD / 3.4002

File name /DB ID YN__CPFPX_BOLUS___ MRI20060301/41884445| / KIN1 | CPFPX Bolus | Dynamic PET =<1/3/21/*/Demo=

Edit Image History

Qrigins [mm]
® Original Center Defined i
X Y zZ 4 SetOrigins
Pixel Size [mm]
X 20 Y 20 Z 20 4 SetPixel Size
Value Units
kBqgicc - 3 4 SetUnits
Edit Frame Times View Slice Times [3 View Slice Positions Ice® Edit Subject / Study Info

X Close

The elements on the SUV PARAMETERS pane are explained in the SUV section below|2#. The
Subject POSITION panel allows the selection of Subject type: BIPED or QUADRUPED. For each
type the panel displays an array of buttons which allow defining (or correcting) the subject
orientation.

REFERRING INFOSMATION
P

STUDY I SERIES INFORMATICN HIDE FARAWETERS

SUW PARAMETERS |

o | ®
T I L
CRia P
= | e = Dmfm
‘?F ' 'E LPFQJ:E - “_3 o
EEE
MPEORT SUBJECST INFO FRON INTERFLE ™

ok Lancal
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6.4.3

6.4.4

6.4.5

Note that after activating one of the buttons the anatomical annotations in the image overlay are
adjusted. Please identify the button which generates an appropriate labeling. This information will
then be saved with the data.

The buttons should only be needed for data loaded in other formats than DICOM, or if there was
not enough orientation information in the loaded DICOM data. This situation is clearly indicated by
the lack of anatomical annotations. If you are not sure about the anatomy, please use the
UNDEFINED Subject Position button.

DICOM C-STORE

When storing the data in C-STORE, a similar dialog window appears as for DICOM Saving|e7), but
included is also a list of DICOM servers to which the data can be sent.

d= SAVE [ C-STORE] X

Study Name
PKINZ [DASB PET] DASB SERT Dynamic DASB PET [Aver Volumes]

C-5TORE Modes
I PMod Server I " IF'MOD I " [ PMOD =192.168.55.105:4030 ] Feen KA

/&, Transfer Syntax:

Output SOP:  ENHAMNCED PET IMAGE STORAGE v 4 b
Modality:  PT [PET] - b

Create new study

| H save ” I Edit Info ” Cancel |

For details regarding DICOM support in PMOD please refer to the PMOD DICOM Conformance
Statement.

Database Saving

The saving of images into a PMOD database is described above| 61,

Buffer Saving

Saving to the buffer does not involve selecting a destination directory or specifying a file name. All
the images processed in, e.g., the View module can be saved to the Buffer and then loaded in a
different module with Load from Buffer option. Additionally, a new module can be opened during
the loading from buffer procedure as shown below:
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6.5

6.5.1

PMOD Base Functionality (PBAS)

I Select study from already loaded: X
l Subject Mame I Study Description I Series Description | nx | ny nz nv I [ " |
[PKINA CPFPX Bolus Dynamic PET 83 106 B 34 | =l ‘
PKIN1 CPFPX Bolus MR Anatomy 83 106 81 1 —
PKIN1 CPFPX Bolus Brainmask 83 106 81 1

. -
Images list save to buffer
E3
; %
Image selected for loading .
o€ [ & |
H 41 1 « =} == »
P (| @7 1 ¢ =L }—
LB
g &5 cold v 4lp e v
w00 € 120
48 [%] :Q: 56 [%]
|- |=]-[O]a]-

Module selection

[

o Bf
1 £5 PXMod

Dpen with: |r',]} View

( 1 Study selected for loading.
@ 44 view

™ % Fuse It

Cancel O g8 segment

When Load from Buffer is activated a dialog window as above appers. In the uppermost part the
images saved to buffer are displayed. More then one image can be selected with CTRL + click.
On the right side of the image preview display, an Open with button allows choosing the module
where the selected images are going to be loaded. Finally, click Open to load the images.

[ Y 30

o1 [l cardiac per
o B card MR

0 [ Flow
0§ Azneimer

(] ﬁ Neuro

Component Data Loading and Saving
- -

Component data such as pixel-wise modeling protocols (.defpmod), volume-of-interest definitions
(.voi), kinetic modeling files (.km), matching transformations (.mat) etc. can be saved as disk files

or database data using the component saving buttons * in the user interface.

If the database option is active, the database loading/saving dialog always appears first.

Loading/Saving without Database Option

Loading

If there is no database installed or it is not enabled for component data, a dialog of the following

type appears when loading component data.
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6.5.2

6.5.3

T Choose component X
~ & 3B LookIn D:/Pmod4.0/data/DATABASES/DemoldatalDYN__CPFPX_BOLUS__MRI/20161010/ b a4k @& x
File name [342020676744848.v0i

[ Folders [1] [ Files3)

| [340872421259903.v0i

i|| [341821122939887 voi

|| [242020676744848 voi

* Vol 3953 kB, Modified: Mov 22, 2018 0 Delete

I = Open I | X Cancel |

In the upper part the current search directory is indicated. Initially, it points to the directory of the
last successful loading operation. To change the search directory, use the navigation buttons in the
Folders section (.. indicates up one level).

All files suitable for loading (having the right suffix, such as .voi for VOIs) in the search directory
are listed in the Files section. The Open button starts loading the selected file, Cancel quits the
operation, and Delete erases the file from the disk.

Saving
When a component is saved, a dialog appears which is very similar to the loading dialog.

T Pmod (save): Choose component X

~ & @B Lookin D:tmpl ~ fa k & x

File name VOIs
[ Folders [1] [ Files
EF New Folder “voi

I E save I | X Cancel |

It has the same elements for changing the directory. The File name field allows specifying a name
for the new data file, and the Save button will start saving.

Loading/Saving with Database Option

Database loading| 581 and saving| 621 of component data is described above.

Loading of Vector Data

The input of vector data is required at different places. The most important example is kinetic
modeling where the plasma and the whole blood curves are time vectors. Another example is
quantitative autoradiography whereby a vector contains the table to convert from optical image
units to radioactivity density. Such data is expected as a two-column text file in the form below.
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sample- value[value_unit]
time[time_u

nit]

0.0 0.0

1.0 27.0

2.0 123.1

Typical time_units are seconds, minutes, and hours. Typical value units are kBg/cc and uCi/cc.

Note: The header line is required - otherwise the values on the first line will be skipped. If valid
units are found in the file header the values are converted to the internal representation [sec] and
[kBg/cc]. If there are no valid units in the header line, the import procedure assumes that the data
units are equal to the ones in the configuration settings of the tool.

Tabular data such as the tissue time-activity curves in kinetic modeling can be loaded from a text
file with multiple columns in the form below.

start[time_unit] end[value_unit] [frontal temporal cerebellum
0.0 10.0 0 0 0

10.0 20.0 12.3 13.5 7.8

20.0 30.0 28.6 31.9 15.5

PMOD Base Functionality (PBAS)

Again the header line is required, and the units are considered if they are recognized. Please note
that the activity units are defined after the header of the second time column, not after the first
value header.

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

Image Display and Basic Processing

The same image display object is used in all PMOD tools. It consists of an image viewport, ie. the
black area for the images, a set of image presentation and layout controls to the upper right of the
viewport, and some tools grouped along the image.

(C) 1996-2019

pmod



Image Display and Basic Processing 104

| DBload [ © wew | wOis | Compare | rusion
PFUS1FDGPETFDRG . = |
O -
1 4 Tt v
@ cao ~lap AE =
i, t\ﬁ j 285

olE|r s » O|f|"

Main controls

Load. @ Dalabase r 2

| Tools | Convert Anomym |

A7 spiE sices -
P Shoe Aignment -
save: [l Dicos a A

Crop/ Interpolation

[1Crop:

| interpoiarz i

13 Woahe (v wao& afp |a o] a b VOl

The viewport shows one or several images of a series, depending on the image layout which can
be modified by use of controls. Most PMOD tools allow for loading more than one image series.
The image display may then be switched between the available series with the selection at the top
of the controls, eg.

1 PFUS1 FDG E b x
M 1 PFUS1 FDG

2 PFUST MRI Close
3 PFUS1 FET
4 PFUS1 FCH Study

There are two arrays of buttons next to the images themselves. The vertical row in the upper right
presents auxiliary tools for inspecting the image data currently displayed. Their functions are:

@ Shows information related to the displayed image series and also allows
changing timing and subject/study information.

= Selection between the stacked image series.

=2 Start the Data Inspector to examine the pixel values, time vectors of dynamic
studies, the acquisition times, standard uptake values (SUV), and the origin.

C Start the Volume-of-Interest tool to outline VOIs and calculate statistics on
the currently shown images.

€© Button to hide/show the image controls. Hiding the controls after the images
are in a suitable presentation has the advantage of a larger viewing area.

=) Generate a Report for printing or saving.

3 Activate the mouse-operated zooming mode.

8 Show the external tools list.

The horizontal button row in the lower left embodies the following functions (starting from the left):
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(4] This toggle button enables/disables the preview of slices neighboring the
active one along the left side of the image viewport (in 1x1 and orthogonal
layouts only).

O This box is only functional for dynamic studies. In this case the user can
select between stepping through the slices at a certain time (no check), or
through the times for a fixed slice (check).

Hdafia v w Buttons to step backward/forward in increments of an slice or a page (for
multi-image layouts), or to jump to the begin/end. Entering a number allows
positioning the display immediately. Note that slice scrolling can also be done
using the mouse wheel.

& & [134 |[x] Buttons for zooming and resetting the zoom. The sliders appearing in zoom
mode below/besides the image allow positioning the zoomed images.

The image presentation can be modified in many ways by means of the control panels, which can
be brought forward by clicking on the corresponding tab. Note that depending on the context some
of the panels (e.g. oblique reslicing) and buttons may be missing.

Image Cropping and Interpolation

If the image field-of-view is larger than the structure of interest, the data set should be reduced in
order to save RAM and optimize processing. This can be achieved by enabling the Crop box and
defining the size of the box which appears as yellow rectangles in the image overlay. Species
selection triggers pre-defined sizes for the cropping box.

¥ €9 HUMAN
0 2% PRIMATE
] PIG

0 28 RAT

[0 sz MOUSE

[v] Crop: __ﬁ‘sme [mm]: B 12]:

420 4 ¢ 320 4 b 750 1 b

[] Interpolate [mm]

| F VOIs |

Proceed placing the yellow crop box by clicking at the center of the anatomical structure of interest.
The structure of interest should be fully enclosed. If this is not the case, the edge size in [mm] can
be adjusted for each direction by selecting the size in the corresponding list. An alternative is
entering the edge sizes using the button indicated below:

[v] Crop: &4 Size [mm; tl:
1400 4 1800 4 1800 4

[ interp|

L1

Confirmation X
Do you want to set crop box size 7

K size [mm] Y size [mm] Z size [mm]
140.0 150.0 180.0

| v Yes ” X No |

The ! button initiates cropping, whereby the original data are replaced. If cropping is not
activated manually, a request will be shown when proceeding to the next step with teh VOI red
action button. Note: The cropping operation is irreversible and only allowed once.

With All input series box enabled the cropping is applied to all images available in the list.
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To have a smoother appearance, an interpolation can be configured. To this end, activate the
Interpolate box and specify the voxel dimensions in x,y and z in mm.

7.1 Viewing and Changing Study Information

In PMOD, each loaded image series has a set of attributes. Depending on the loaded image format

they may be partly empty. Using the button, the information can be shown in a dialog window
as illustrated below, and edited.

Series Information & Editing Window *

[ Subject/Study Info | Modality Info |~ De-ldentificaion Info |~ Gradient Table

Subject name : PKIN1
Subject D : Dyn. CPFPX bolus & MRI
Study ID . CPFPX Bolus
Age, Weight, Size / Position : 25 Y], 75.0 [kg], 1.79 [m] / HFS

Subject comments :

Image comments :

Study description . CPFPX Bolus
Series description : Dynamic PET

Size (x,y,z, frames): 83, 106, 81, 34
Voxel spacing (x,y,z): 2.0, 2.0, 2.0 [mm]
Bounding box <X=, <¥= <Z= <450, 211.0=, =-231.0,-19.0=, =55.0, 217.0= [mm]
Origin : -46.0, -20.0, -56.0 [mm]

Units (value, time). kBgicc, seconds

Memory representation: [SHORT] Convertto FLOAT Corrections
@ Manufacturer / Model / Version PMOD Technologies/ PMOD [ 3.4002
File name /DB ID YN__CPFPX_BOLUS___MRI20060301/41884445 | / 'KIN1 | CPFPX Bolus | Dynamic PET =1/3/21//Demo=

Edit Image History

Origing [mm]
® Original O Center (O Defined
X Y Z 4 Set Origins

Pixel Size [mm]

X =20 Y 20 zZ 20 4 SetPixel Size
Walue Units
kBqgicc - 3 4 SetUnits
Edit Frame Times View Slice Times [5] view Slice Positions I=® Edit Subject / Study Info
| X Close |

Note that after changing the information the data set needs to be saved to make the changes
permanent.

7.1.1 Modality Info

The Modality Info tab shows information related to the acquisition and reconstruction of the data,
which is very dependent on the content of the loaded image.
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[ Subject/StudyInfo | Modality Info | I

Energy Lower / Upper limit [1] : 435/585
Radiopharmaceuticals / Radionuclids : Fluorodeoxyglucose FA18" / “18Fluorine
Administered dose : 181.78 [MBq]
Decay correction time : Thu Jun 13 15:53:00 CEST 2019
Convolution kernel © All-pass
Reconstruction method : PSF+TOF 4i5s

7.1.2  Image Properties

Memory Representation

Images with short Memory representation can be converted to float by the Convert to Float

button. This requires more RAM, but avoids rounding problems.

Edit the Image Origin

The Origins area shows the coordinate of the image origin and allows setting it to a different

location. The origin is relevant for the definition of volumes-of-interest, because they are defined

relative to the origin. They are also relevant for image fusion. In hybrid imaging, the origin of the

different modalities is set to the same anatomical location, so that the images can be aligned by

simply aligning the origins. An origin of (0,0,0) indicates the upper left corner of the first slice.

The Origins radio button has three positions with the following meaning.

= Original: With this setting the origin obtained with data loading is used. This is the standard
setting.

= Center: By selecting this button and activating Sets Origins, the center coordinate of the data
volume is defined as the new coordinate origin.

= Defined: When this button is set, the origin coordinate can be entered manually into the X, Y
and Z fields, for instance the values from an other study. As an alternative, the triangulation
point can be set to the intended location of the origin, and then the button Get from Hotspot
activated. This will transfer the triangulation coordinate to the origin to the pixel. Sets Origins
has to be activated for making the coordinates actual.

Edit the Pixel Size

The X, Y and Z fields of Pixel Size shows the current pixel size. To change them edit the values

and then activate Set Pixel Size.

Edit Value Units

The Value Units selection contains the list of supported image units. To change the units select

the correct unit from the list, and then activate Set Units. Note that only the interpretation of the

values is changed, but that there no scaling applied to the data values.

Edit Frame Times

Correct acquisition times are very important for using dynamic data in a quantification process. The

times can be inspected and overwritten using the Edit Frame Times button, which shows the

dialog window below.
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Edit Time *
Frame selection: from 1 to 34

Samples: duration 1.0 increment 1.0 seconds -

Set to Frame selection Set to all Frames
Offset to zero Convert as mid times
+ Add Offset 0.0 X Convert as time ave
H save Time & Retrieve Time

Selected Frames: 34 of 34 Wiewtime in: seconds 7
[FRAME] [START] [END] Z

1 0.0 10.0

2 10.0 20.0

z 20.0 30.0 1

4 30.0 40.0

5 40.0 50.0

G 50.0 60.0

¥ G0.0 30.0

3 30.0 100.0

] 100.0 120.0

10 120.0 150.0

11 150.0 180.0

12 180.0 210.0

13 210.0 270.0

14 270.0 3300

15 330.0 390.0 -
Check time consistency Trim durations Remove gaps & overlaps

| Ok ” Cancel |

Note the Save Time/Retrieve Time buttons which allow saving/retrieving the timing of the dynamic
frames to/from a file. If changes are required, the values can be overwritten and then saved with
the Ok button.

View Slice Times

In some situations the slices in an image volume can have different timing, for instance when using
a scanner with limited axial field to acquire dynamic whole-body data by multiple passes. As
encoding of such timing information in the data may be vendor-dependent, the View Slice Times
button allows inspecting the timing PMOD extracts from such data.

A dialog window is opened which lists the reference time per slice (horizontal) and frame (vertical).
In the example below is apparent, how the slice reference times increases starting from slice one
due to the continuous acquisition mode. The frames are separated by about several minutes
representing the time between the passes.

T Slice reference times X

vohsic [ 1 2 3 4 5 6 7 8 9 10 11

1 6.106 6.2645 6.4065 6.478 6.63 6.7785 6.928 7.076 7.2295 7.302 7.4505

2 157.105 157.2545 157.4055 157.478 157.6295 157.7795 157.9275 158.075 158.2285 158.3035 158.453

3 309.1015 309.2535 309.402 309.4795 309.6275 309.7755 309.924 310.0755 310.2225 3103 310.4485

4 460.1065 460.255 460.404 450.481 460.629 460.7775 460.9295 461.0785 481.227 451302 461.4515

5 §11.1045 611.256 §11.4045 611.482 §11.6305 611.779 611.9285 612.076 612.228 612305 612.454

8 762.098 762.246 762.3995 762.4715 762.6235 7627715 762.919 763.0725 763.2205 763.2975 763.4425

7 921.984 92235 922716 922 895 923.2615 923 6285 923.995 924 3605 9247238 924 9065 925.272

8 1261.9855 1262.3505 1262717 1262.8945 1263.2615 1263.629 1263.995 1264.361 1264.728 1264.907 1265.272

9 1803.985 1604.3505 1604.717 1604.9055 1605.261 1605.6285 1605.995 1608.3605 1806.7275 1608.917 1807.272

10 1943.995 1944.3605 1944 7165 1944.9055 19452715 1945.6385 1946.005 1948.3715 1946.739 1946.9165 1947.2825

11 2282984 2283.3505 2283717 2283.9055 22842615 2284.6285 2284995 2285.361 22857275 2285.9175 2286.272

12 2621.984 2622.35 2622.7165 2622.905 2623.2715 2623.628 2623.9945 2624.36 2624.7265 2624.9165 2626.282

13 2962.98 2983.345 2963.712 2983.8895 2964.2555 2984.6225 2964.989 2985.355 2965.7225 2985.901 2966.2665

14 3301.984 3302351 33027175 3302.9055 33032715 3303.6285 3303.995 3304.3605 3304.7265 3304.9165 3305.2825

15 3640.985 3641.3505 3641.718 3641.9055 3642.273 3642.6385 3642.9955 36433615 3643.7275 3643.9165 3644.283

] ID
| Close

View Slice Positions
The View Slice Positions button opens

PMOD Base Functionality (PBAS)

a viewer to inspect the slice positions.
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7.1.3

Mk Slice positions *
vohsle | x |y |z | dist
i -360.217 512508 568.5 0.0 ||
12 -360.217 -512.608 571.5 3.0 =]
3 -360.217 512508 574.5 30
T -360.217 -512.608 577.5 30
15 -360.217 512508 520.5 30
16 -360.217 -512.608 583.5 30
7 -360.217 512508 526.5 30
18 -360.217 512508 5289.5 30
19 -360.217 -512.508 5925 30
M0 -360.217 512508 5955 30
T -360.217 -512.608 598.5 3.0
2 -360.217 512508 601.5 30
a3 -360.217 -512.608 604.5 30
V14 -360.217 512508 607.5 30
115 -360.217 -512.608 610.5 30
V6 -360.217 512508 613.5 30
M7 -360.217 512508 616.5 30
18 -360.217 -512.508 619.5 30
9 -360.217 512508 6225 30
120 -360.217 -512.608 625.5 3.0 =
<] 1 | [+

| Close |

Subject, Study and SUV-related Information

To modify the study information use the Edit Subject / Study Info button which displays the

following data editor:

ik Subject and Study Information X

SUBJECT INFORMATIOM
Subject Mame (L*F) % PKIN1 o
Subject!D % Dyn. CPFPX bolus & MRI

Birth date 1981 1N [yyyy.mm.dd] Sex M =+ |4 |k

Size [m] [1.79 Weight [kg] [75.0 Subject: - b

REFERRING INFORMATION

Referred by Dr. Bauer
Institution ECAT

l/ STUDY / SERIES INFORMATION r SUV PARAMETERS r BID3 PARAMETERS r SUBJECT POSITION

2006 .3 |1 | []CurrentDate / [12 [2 [}26 | 000000

Study date

Series date 2012 .7 126 | [] CurrentDate / 15 [{36 :[13 |.161000

Acquisition date E 2006 3 |1 []CurrentDate / 13 [2 |26 |.[760000

Study ID |[CPFPX Bolus
Accession Number (RIS)
Study description (CPFPX Bolus
Series number 0
Series description Dynamic PET

Modality: PT [PET] - b
Anatomic region:  Brain * 4 P
IMPORT SUBJECT INFO FROM:  INTERFILE = b
| Ok ” Cancel |

Note the SUV PARAMETERS tab which houses the information relevant for the SUV calculation.
All these fields must be completed. In the example below the decay correction was performed

relative to the administration time, therefore the alert sign at the bottom.
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7.1.4

STUDY / SERIES INFORMATION I SUVPARAMETERS I BIDS PARAMETERS SUBJECT POSITION

Date / Time (of decay correction):

(® Series (3 Acquisition © Scan ) 2019 |6 |13 |/ 15 |59 |26 ||000000

Image decay correction Date / Time 2019 |6 |13 |/[15 [:53 [0 | 000000

o

Radionuclide half-life [sec] G586.2 18 F (109.77 m) * 4 b

Radiopharmaceutical:  Fluorodeoxyglucose F* 8% v 4 b

Calibrated dose in syringe [MBq] [181.78
Dose calibration Date / Time 2019 |
Administration Date / Time 2019 |.
Dose remaining in syringe [MBq] (0.0
Remaining dose Date / Time 2019 .6 |.[13 [/[15 [53 [0 |.[000000

=]
||

115 |53 0 | 000000
/115 153 |10 000000

=]

Dose atimage decay correction time: 181.78

& Image correction time was calculated based on a decay factor.
Image data is not corrected to the selected scan start time.

For more information on SUV please refer to the section Inspecting SUV Values |12+,

If the anatomical annotations are not correct, the SUBJECT POSITION tab can be used for
correction purposes. First, the correct Species type has to be set, BIPED or QUADRUPED. Then
the button representing the correct position of the subject has to be selected. The icons represent
the view when looking at the transaxial images. As soon the settings are changed, the annotations
in the images are adjusted for confirmation.

Butudale | Sg] 010 B 18 pwymmdd Sex R w40k

S0 ] 0.0 Weight [knf p2.0 Subject OUADRUF -

2 Y | REFERRING INFORMATION
Feeft

ETUDY! SERIES INFORMATION | SUW PARAMETERS | HIOZ PARSMETERS

oy " E] S | e

_i >
Bla= g =a] ¥ ]
L e

MPORT SUBJECT INFOFROK.  INTERFLE. ™

ok Lancal

Image History and Macros

PMOD keeps a record for all operations applied to an image in a structure called Image History.
The history starts with loading the data, and then a sequence of operations for which the following
information are recorded:

= The Operation name.

= Date and time when the operation was applied.

= The PMOD Tool in which the operation was performed.

= The PMOD User who performed the image analysis.

= The Details of the operation such as filter sizes, rotation angles etc.

An example history is shown below.
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7.2

Edit I Image History I

Mo | Operation | Date Tool User
1 == LOAD 2019.05.29 11:28:51 PVIEW User1
2 FILTER 2019.05.29 11:55:24 PVIEW User1
3 EXTERNAL TOOL 2019.05.29 11:55.57 PVIEW User1
4 SCALE \ 2019.05.29 11:57:32 PVIEW Usert

E
|Detai|s | Scale Values by scale = 0.05, offset = 0.0 All volumes, All slices
B saveMacro £ Print Report

The information can be printed or saved as an image using the Print Report button.

Macros

In some situations, the user may have to repeat the same sequence of image transformations with
many data sets. In this case, he can convert the image history of a representative data processing
session into a macro by saving it with the Save Macro button.

Macros can be applied as a data transformation during loading! 871 or in Pipeline Processing| 3.

Changing the Image Presentation
- - -

The first tab in the main controls contains most functions to modify the way how the images and
the overlay information look like.

© 8| T8

mli7 |1 |« =0 » Slice control
sz |1 |« == » Frame control

& cou v «» @ ® =~ Colortable

Valuel/color range
Gamma correction

v ®| @ * |Interpolation, Overlay infos

Control of Slice(s)

The slice control section allows scrolling through the images using the increment buttons, the
slider, or directly by entering a slice number. The value right to the number of the active slice
controls incrementing. This is particularly relevant in multi-image layouts. For example, if the
increment value is set to 2, only every second image will be displayed.

Instead of selecting slices using the controls, the user can also scroll slices by dragging the left
mouse button over the image holding the CTRL key in the Up/Down direction (see the summary of
shortcuts below), or with the mouse wheel.

The frame control section only becomes active for dynamic studies with multiple time frames and
behaves the same way as the slice control. To allow for mouse-operated scrolling over time, the

time box on the left side below the image must first be checked. @[]

Note: There is a quick way for jumping to the particular slice/frame containing the maximal pixels
value: just click the buttons B/@ next to the slice/frame selection.

Color Tables

There is a selection of pre-defined gray and color tables which can be chosen with the list
selection.
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| &P Cold =)
S Gy [cal
v H Cold

o I W ucLa
O HotwPl

C @ nferno

C I Cool

= I FeTCT

Z PR Bronson

Z I 10 Steps

= I PM Farcel

= JHNINNNI Random
C Il Z-5core

iy M Spiit BWR
- I it BBR
=y Head VR
- Heart VR
il | Step VR
CE Wl AstoJet

DT W Sokoloff
Ol M Rainbow
] 1 Hue

=y Hot

o NIH Fire
O Magma

C Y Flasma

o I virdis

C @ Blue Green
= I R d

= N Green

C I e

= PP a4 Linear ,

Note: A new user defined color table can easily be be added. Create a 3-column text file with the
RGB values and saving it to the sub-directory resources/colortables (see the examples there).
They are appended to the lower section of the color table list such as PETCT in the example
above.

A minimal/maximal threshold value defines the range of displayed values. The thresholds can be
entered numerically, or the handles in the color bar can be dragged with the mouse. Additionally,
the user can modify them by dragging the left mouse button over the image holding the SHIFT
key. Left/Right movements modify the lower threshold, while Up/Down movements modify the
upper window.
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75853574 |

G =

Note: Double-clicking into the lower end of the color bar sets the lower threshold to zero. Double-
clicking into the upper end of the color bar sets the upper threshold to the maximum.

Zooming into Color Table

In some cases, the range of image values of interest only covers a small part of the color bar which
makes it difficult to adjust the brightness precisely. In this situation, the user can zoom the color

bar into the current sub-range of values. Clicking the right mouse button into the color bar pops up
the context menu

0.038641 e 0.252414
I A N

D B Expanded Itiut

¥ B Normal range

=2 Fullrange  (0-100)%

o e Lower range (0-33)%
e Middle range (33-66)%
—# Upper range (66-100)%

Copy Colorbar Image to Clipboard

The first menu entry Expand It/ut then performs the desired task and makes the color bar change
to

121574 | % |s9308385 |

6% # 65%

The second entry performs the reverse operation, and the other entries are just shortcuts which
may be helpful. The last option in the list allows copying the colorbar image to clipboard.

Color Table Modes

Several modes are available for the color table application. They can be selected using the option
button

:|Co|d 4 @e =]

[0 B [2D] Scale to Slice [minimum, maximum] <Ctrl+S=

[0 @ [3D] Scale to Frame [minimum, maximum] <Ctri+G=
¥ @ [4D] Scale to Series [minimum, maximum] =Crl+A=
[0 & [FIX] Scale to Fixed value range =Ctrl+F=
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The different modes are:

L}

Inversion of the color table order.

Slice mode: The same % threshold is applied to each individual slice. Hereby the
dynamic color range is fully exploited per slice. However, the same color will represent a
different value in different slices. Therefore, this mode is not recommended in most cases.

Frame mode: With this setting, the minimal/maximal value in an entire frame is
determined, and the % threshold applied to them. As a consequence, the colors represent
fixed values when inspecting the slices of a frame. However, as the absolute
minimal/maximal value will vary at different times of a dynamic acquisition, the same color
will most likely represent different values when comparing different frames. This setting is
recommended for static studies.

Study mode: With this setting, the minimal/maximal value in the entire series is
determined, and the % threshold applied to them. This setting is recommended for
dynamic series and movies because the same color represents the same value at all
times and in all slices.

Fixed mode: This setting allows the user entering arbitrary minimal/maximal values which
need not belong to the data range.

This button allows saving or retrieving a color table configuration.

During saving a dialog windows appears allowing to choose the thresholding save option:
% Maximum-Minimum or Absolute values. Finally activate OK to save the level
settings. Different level settings can be define and saved in the database as Absolute
values for CT images and used for CT image presentations. These settings are available
on the list when the button is selected. Alternatively, the predefined color properties can
be retreived from the file system selecting the Load button.

' [€] | =
_‘ 0.043189 0.252414

Spine window ( CT Level Settings ) 2011-08-22 <77/453M1507F/Pmod=
Mediastinum window ( CT Level Settings ) 2011-08-22 <77/453/1506/*/Pmod=
Head window { CT Level Settings ) 2011-08-22 =77/453M1505/*/Pmod=
Vertebra window { CT Level Settings ) 2011-08-22 <77/453M1504/*Pmod=
Lung window ( CT Level Settings ) 2011-08-22 <77/453/1503/Pmod=
Abdomen window ( CT Level Settings ) 2011-08-22 =77/453M1502#/Pmod=
[3] cold O 13 <76/452M1499//Pmod>

EH sae

& Load

Image Display in SUV Units

If all the relevant information is present for a data set the display units can be switched from
original units to SUV 24 with the button indicated below.

© (8 [T @8

| 41 1 "
LJ

(9 Gray s ilr@AE -

'w |oo € 0.086175

¥ Original I T

I g/mKSUVbw} S [

10 g/mKSUVIbm} @ -

[0 g/mi{SUVIbm{Janma)}

I3 %ID/mI

| @ cm2/mi{SUVbsa}

The image unit symbol changes and the color bar units are converted accordingly.
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@ Gray
0.0

50 [%]

- [ =R

€ 0.023083

I$ 100 [%]

Information Overlays and Image Smoothing
The lowest row contains several control buttons.

oI - [=]- Bl

All of the buttons can be on or off, and some might have some configuration options attached.

O T Patient Annotation
[0 T  Study Annotation
¥ sf. Anatomical orientation

ra
[0 |, Image Comners
ra
¥ |, Actual Image Corners

(] = Image Port Focus

¥ -i- Orthogonal Crosshair

[0 BT Color Bar

Their functionality is:

I

Smoothing: Enables a temporary 9-point smoothing filter. The smoothing is only for
display purposes and does not affect calculations.

|

Interpolation: Enables image interpolation. Interpolation is needed because in most
situations the resolution of the display viewport differs from the original image matrix.

r. |-

}‘\

If this button is off, the original rectangular pixels are shown.

e

The three interpolation options are Triangle, BSpline, Mitchell (Default).

Note: the smoothing/interpolation functions serve only for image display enhancement.
Statistical analyses are always performed with the original pixel values.

Grid: Enables a grid centered at the origin of the data set. Bold lines indicate the location
of the image origin. The grid size can be defined by the option (50,20,10,5,1mm or from 1
pixel to 10 pixels with 1 pixel increment).

VOIs: Enables the displays of VOI contours, if there have any been defined for the
current series.

Overlay: A toggle to switch off all overlay information at once.

Its option menu allows defining the level of information included in the overlay display as
illustrated above.

Yo This option enables Display of the anatomical annotations in the images:
H - head, F - feet, A - anterior, P - posterior, R - right, L - left
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For oblique orientations the letters are combined whereby the first letter indicates the
direction closest to the current row/column direction.

Allows displaying the colorbar selected for the image.

7.3  Configuring the Layout
-

Volumetric images can be displayed in many different ways in the PMOD tools. The layouts are

accessible by the second control tab, on the first sub-tab Layout.

CRE-D BN
B A& [3D [ ko |
B s @
w Efoxe <« || a
P
mmo o o [§F 2

Slice Orientation
The buttons in the first row allow defining the orientation of the displayed images.

:

z-Plane: Corresponding to the major slice orientation of the loaded data. Usually axial
images. Keyboard shortcut: CTRL+2.

&

y-Plane: Usually the coronal images. Keyboard shortcut: CTRL+Y.

ﬁ

x-Plane: Usually the sagittal images. Keyboard shortcut: CTRL+X. The x-plane image can
be shown in two different ways depending on the modifier buttons.

r

Orthogonal Planes: Layout showing three orthogonal slice images. The intersection

point can be moved by clicking into the images.

The plane orientation can rapidly be switched by first activating an image (click into image), and
then entering the keyboard shortcut.

The direction z, y or x indicates the normal to the shown plane shown. The y-, x- and orthogonal
buttons are not active if the study is planar only and can thus not be resliced in an other than the
original direction.

Tiling Layouts
The second and third rows allow configuring the number of images shown concurrently.
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If the radio button in the second row is enabled, a dedicated row x column layout is used for the
different orientations.

B & ¢
Mala

This is particularly helpful for a whole-body study where the coverage in z is much larger than in
the other directions. The definition of the layout per plane orientation is done in the particular tool

configuration ¥ Config

Otherwise, if the radio button of the third row is enabled, the same layout is applied for all
orientations and the arrangements are accessible through the selection

@ [E] axe | :l
(0 [ 1x
o J 22
= @l
=
o & exs
=N R
o B 2
=y
Keyboard shortcuts allow to quickly switch arrangements. After clicking into an image enter
= CTRL+1 for 1x1
= CTRL+2 for 2x2
= CTRL+3 for 3x3
= etc.
To change from a tiling layout to 1x1 just click on the image to be enlarged holding down the CTRL
key. To change back to the multi-image layout just CTRL and click once more.

The radio button in the fourth row is only applicable for image tiling with dynamic studies.
o [@w] -
WS OSRTOT
If the radio button is in the position of
= S: only slices acquired in a single time frame are shown in the image window.
= T:only the images of a single slice are shown at different acquisition times.

= S&T: the images are sorted by slice (vertically) and time (horizontally). Consequently each row
corresponds to a slice at different times, and each column to the slices of an acquisition. An
example is shown below. Note that increments >>1 have been set to cover the brain and the
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acquisition duration.
5 ~ .’.
L 4 4 r 5

Orthogonal Layout

If the orthogonal layout is selected, three quadrants show the orthogonal slice images intersecting
at the point indicated by the cross centered in the blue slice indication lines (triangulation point). As
soon as the user clicks into an image, the images are updated by the slices intersecting at that
new point.

The fourth quadrant is available for different information. It can be configured by activating the
button located in the upper left corner of that quadrant, indicated in red in the screen capture
above. A dialog appears
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7.4

| 2 Empty  Locator @ MIP

MIP properties
0.0 H

| = |
1.0 H

Gray - [3C: |

| Show VOIs

| X Close |

which lets choose between an Empty quadrant, a Locator display showing the slices location
schematically, and a MIP (Maximum Intensity Projection). Note that there is a marker in the MIP
image, which indicates the current slices intersection. It can be moved, and the slice images will
follow. This function may be helpful to track vessels showing up highlighted in the MIP.

Positioning of Visual Slices

Several functions are available for discretely defining the slice images visible in the viewport(s).
lllustrated below is the Triangulate Center option button for positioning at the center of the image
volume. Each image also has a coordinate system with an origin| 107 which can be addressed with
the Triangulate Origin button.

+ [T |
Fi ¥ + Triangulate Center
[0 & Triangulate Origin

i

The box

mmio o o =

allows entering offsets in mm of the origin. The defined position is addressed with the #! button. If

the pushpin 2 right to this button is set to #, the defined coordinate will be maintained when
switching between different series which have been loaded in a viewport. This functionality is
particularly useful for spatially normalized or images from a hybrid scanner.

Rotations and Mirroring

Image reorientation operations such as mirroring and rotations can be done using the buttons in
the dedicated pane.

[Z[m[&[@[@[ﬂ
(@[a&] 0 ko

Rotations: Ak &b P

Mirors: Ak B

—

If the display is in the orthogonal viewing mode, first activate the appropriate plane by clicking onto
the corresponding image (holding down the CTRI. key avoids new reslicing), and then activate the
appropriate button.

Note: For data with enough information about subject positioning PMOD will keep track of subject
orientation and update the annotations accordingly.

Image Zooming

Sometimes it will be helpful to zoom the shown images, for instance during VOI outlining. Image
zooming can be operated in different ways
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Scrollbar Zooming

Often images ports have a scrollbar area around them. Then the zoom buttons can be used for
zooming/shrinking, or a zooming factor can directly be entered. * resets zooming. If the scrollbar
is not visible, it can be shown by the indicated button to the image right.

Elo!
Lt
o
1=
e
s
g
4
-
Dl 0« a3 [»»H Zooming buttons [& =7 - 7] a

If there is no such button, the image context menu (click right mouse button in image area) can be
used instead.

@ Info
T Inspector
O vois
H  Largeview
&  Print
o4&  ZoomiMove
@ ]  Hide/Show Zoom
®  Zoomin <Ctrl +=
& Zoom out =Ctrl->
* Resetzoom
-
e

The visible part of the image can be adjusted using the scrollbars around the image which appear
as soon as the full image is not visible any more.

Mouse-driven Zooming

There is also a mode for mouse-driving zooming which can be entered by the # putton from the
image border or the context menu.

When the cursor is moved over the image, it changes its shape:
T+

L3
1. In left and right border area (zooming area) it has a - shape. To zoom in/out click the left

mouse button and drag up/down.

k
2. Inthe central area (panning area) it has a ¥ shape. To adjust the visible part of the image
click the left mouse button into the center of the image and drag the image around
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ez ven(mah =l ] Ho

After appropriate zooming, the zoom mode should be quit by pressing [ once more, because
some of other mouse-operated functions might not work.

Zooming with Mouse-Wheel

Similar to the zooming mode in other programs PMOD supports zooming with the mouse wheel
while holding down the CTRL key. Note that in the orthogonal mode the triangulation point will be
kept within the visible area.

7.5 Data Inspector

The data inspector tool is opened using the button
T

and initially shows the dialog window illustrated below.
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PFUS1 FDG PETFDG v 4|p %
(€ [ [ 2]w @8]
mhe |1 ¢« ——F

€2 Hot rar @A v
W 0.0 € 1720065
10 [%] —— .. 100 [%]

M Data Inspector [FDG] X
x(34) = 77.34[mm], y(24) =-53.91[mm], z(18) = 72.25[mm] [] View probe
M. Value: 9.634176, Time: 500000.0 (0.0 : 1000000.0) [seconds] Unit:  kBglcc - B
¥ Distance: 3.815 [cm] [¥] View line
Close I » I
" % slice Alignment v ‘
i}
save: [ picom a AN

When the cursor is moved over the images, the information about the cursor location (in pixels,
and mm from the coordinate system origin) and the pixel value at that location is continuously
updated. A locator is shown in the image, marking the last position where the left mouse button
was clicked into the image. The distance from the locator to the current cursor position is
continuously updated. If the View line box is checked, a line indicates the measured distance. If
the View probe box is checked, the pixel value is also shown close to the cursor and the units
displayed. If one of the SUV option is selected in the Unit list while View probe box is enabled, the
selected e.g. g/mI{SUBbw} is automatically calculated and displayed for each pixel. Note that in
order to calculated the SUV, the subject weight and size as well as the injected dose are
requested.

The >> button extends the dialog window to show more information
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¥(64) = 172 0[mm], y(19) =-56.0[mm], Z72) = 198.0[mm] [v] View probe

\+ Value: -1.21059, Time: 300.0 (270.0 : 330.0} [seconds]
ﬁ Distance: 10.925 [cm]
r TAC | Profiles | 3D plot&histogram | SUV | VOI Seftings

Unit:  kBgicc

[¥] View line

[] &cale Time Vector To Global Minfiax
kBygicc

14[50,5.4] - 34875, 0.8]
6.9 ;

Time activity curve of single pixel

53+

3T

20.

-1.21 |
0.1 17.6 35.0 525 70.0 87.5
minutes

_./‘\. a
=] - E| [¥] Time vector

Time vector's name Point ROI

&8 sendto Kinetic Modeling [SET] %] Send to Kinetic Modeling [ADD] Send tO
[ ] Append TAC data klnetIC tOOI

[ Data with slice-wise timing [¥] Zero time &t adminiztration

| :
« »
|| ||..._ ..................

! Q_ose-

Using the TAC tab the time-activity curve of single pixels can be inspected (for dynamic studies
only) and sent to the kinetic modeling tool. It gets updated as soon as the user clicks at a pixel.
With the Data with slice-wise timing box enabled the pixel-wise TAC uses timing of the individual

slice for the TAC transfer to the kinetic tool.
The Profiles tab displays the horizontal and vertical profiles at the current location of the locator.

pmod
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7.5.1

[ TAC | Profiles | 3D plot&histogram | SUV [ VOl Seftings |

[] Scale Profiles To Global Min/Max
kBygicc kBygicc

64 [172.0,5.4] 1 [-230.0,0.0]

Th: 915

59

7.0

43¢ 49

26 284

0.8

07, \ 13l

46.0 788 111.6 144.4 177.2 2100 -230.0 -188.0 -146.0 -104.0 -62.0 -20.0
_mm mm

S e TR
| -] mwoe  Horizontal @ - wwae  Vertical
On the 3D plot & histogram tab a 3D plot and the histogram of the slice values are shown,

whereas the SUV tab allows inspecting the pixel values in SUV rather than kBg/cc, provided that all
activity information is available. The SUV tab is explained in the next section.

The VOI Settings tab allows quick settings for the keyboard-driven definition of the Peak VOlIs and
isocontouring VOls. The functionality is described in a dedicated section 221,

SUV Value Inspection and Statistics

Standard Uptake Values (SUV)

The information contained in PET and SPECT images is related to the physical concentration of
tracer in tissue. If all images distortions are corrected by the reconstruction procedure, the value
units are activity concentrations, for instance Bg/ml. The uptake in tissue is dependent on many
factors, but it is directly proportional to the injected activity, and inversely related to the mass within
the tracer can distribute. To calculate a measure of tracer uptake which is better comparable
among subjects ("Standard Uptake Value" SUV) the measured activities are therefore divided by
the injected dose and multiplied by the body mass.

SUV Calculation Methods

Different variants of the SUV calculation are used. The most straightforward directly uses the
subject weight entered in the demographic subject information. Because tracer uptake in fat is
typically low, normalization to lean body mass has been found to be a preferable measure.
However, recently it has been found that the lean body mass calculation using the James method
breaks down for obese subjects, and the Janmahasatian method should be used instead [1]. An
additional variant is normalization to the body surface area. A variant used in preclinical imaging is
normalization to the injected dose.

The formula applied by the PMOD SUV calculation are:
1. SUV Body weight [g/ml] = (A/D)*W*1000.
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2. SUV Lean Body Mass [g/ml] James method (normal BMI range) = (A/D)*LBM*1000.
LBM(Female) = 1.07*W-148*(W/H)?,
LBM(Male) = 1.10*W-128*(W/H)2.

3. SUV Lean Body Mass [g/ml] Janmahasatian method (also for extreme BMI) = (A/D)
*LBM*1000.
LBM(Female) = 9270*W/(8780 + 244*W/L2).
LBM(Male) = 9270*W/(6680 + 216*W/L?2).

4. SUV Body Surface Area [cm?/ml] = (A/D)*BSA*10000.
BSA = (W0425 x H0725) x 0.007184.

5. Injected dose per ml [%ID/ml] = A/D*100.

The variables in the formula are defined as follows:

A Activity concentration in the image [Bg/ml]. Note that it has to be decay corrected during
reconstruction to a common time for all acquisitions of a whole-body or dynamic scan.

D Applied dose [Bq] at the time the image is corrected to, see below.

w subject weigth [kg]

H subject height [cm]

L subject height [m]

Usually, the activity of the dose to be applied is measured at a time before injection. Therefore,
PMOD needs the following information for calculating the effectively injected dose at the time of
image decay correction:

o the half-life of the radionuclide;
o the time when the activity was calibrated before injection;

o the activity remaining in the syringe after injection and when it was calibrated (only available in
GE data);

o the time of image decay correction.

The activity remaining in the syringe will be subtracted from the calibrated activity, taking the
different decay times into account.

PMOD tries to extract the information needed from the image header. For various reasons
(information entered by technician, file format, manufacturer) however, it may be incomplete. In
this case the information has to be entered or corrected manually before the SUV can be
calculated.

SUV Value Inspection Window
The SUV (Standard Uptake Value) button

Uy

below the data inspector button is a shortcut for opening the data inspector with the SUV tab
selected

or [D namic PET [Aver Volumes]]L

*¥B0) =164.0[mm], ¥(55)=-128.0[mm], z(41}=136.0[mm] [[] view probe
M. Value: 0.6572, Time: 2700.0 (0.0 : 5400.0) [seconds] Unit.  SUY
ﬁ Distance: 0.0 [cm] [ Wiew line

Close | »

The window can be extended to show the SUV-related elements with the >> button.
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%(110) =-0.52[mm], y(82) = 245.31[mm], 2(329) = 1552.5[mm] [] view probe
M. Value: 0.8079, Time: 3783.536 (3626.0: 3941.072) [seconds] Unit.  g/mi{SUVDbw} * 4 Pk
ﬁ Distance: 29.106 [cm] [] View line

[ TAC | Profles | 3D plot& histogram | SUV | VOI Settings |

Subject weight [kg] G0
Subject height [m] 1.7
Subjectsex F =

Date / Time (of decay correction):

2019 |6 |.13 | /|15 |59 [26 [ 000000 B
() Series ® Acquisition ) Scan ) e

Image decay correction Date / Time 2019 |6 |[13 |/[15 53 [0 | 000000

Radionuclide half-life [sec] |6586.2 18 F (109.77 m) v 4 b

Radiopharmaceutical Fluorodeoxyglucose F*18" * 4|k
Calibrated dose in syringe [MBq] [181.78
Dose calibration Date / Time 2019 |6 13 [F[15 |53 [0 000000
Administration Date / Time (2019 /6 .13 |/[15 |53 |10 000000
Dose remaining in syringe [MBq] (0.0
Remaining dose Date / Time 2019 |6 |.[13 |/ 15 253 [0 | 000000

Dose atimage decay correction time: [181.78

SUV (body weight) ®  0.8079 g/mI{SUVbw}
SUV (lean body mass) ' 0.6162 g/mi{SUVIbm}{LBM estimated by James method)
SUV (lean body mass) ) 0.5409 g/mi{SUVIbm(Janma)}(LBM estimated by Janmahasatian method)
SUV (body surface area) ) 0.2282 cm2/ml{SUVbsa}(BSA estimated by Du Bois method)
% injected dose perml 0 0.0013 %ID/ml

4 Copy to Study Info

& Image correction time was calculated based on a decay factor.
Image data is not corrected to the selected scan starttime.

| Close ” « |

The upper part of the SUV panel shows the elements which are relevant for the SUV calculation.
They should be essentially be self-explanatory. The lower part shows the different SUVs of the
current pixel. The SUV values change whenever the cursor is moved over the image.

SUV Parameter Details

Unfortunately, the information regarding the time point of decay correction is unreliable in the
images. In cases when it is explicitly encoded, it is shown in the Image decay correction Date /
Time field. Otherwise, the Date / Time option should be specified such that the time shown
represents the image decay correction time. Per default, it is set to the Acquisition time field of
DICOM, which however is not always correct. Therefore, it is possible to alternatively select the
Series or the Scan time DICOM information. As a convenience the Copy to all button copies the
selected Date / Time to all other date and time fields and no correction will be applied to the
specified dose.

Series Date/Time Abstract time point which defines zero for the time vector of a dynamic
series.

Acquisition Date/Time |The actual time the data acquisition started (default setting).

Scan time Private GE field; should be used for SUV calculations with other GE
fields.

Image decay correction [May be contained in Enhanced PET objects, a copy of Administration
Date/Time time, calculated from decay factors in some situations, or copied from
the selected Date / Time.

Administration Standard DICOM time at which radiopharmaceutical administration
Date/Time started. According to the DICOM standard PET images can be also
decay corrected to this time point. (Please note that in this case the
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7.6

SUV values will change compared to previous version as an additional
factor for the delay from the administration to the scan start will be
calculated.)

Calibrated dose Private GE fields for SUV calculations. They are set to the standard

Dose calibration total dose and administration time for non GE data.

Date/Time

Dose remaining... Private GE fields for SUV calculations. Are set to 0.0 and

Remaining dose Administration time for non GE data.

Date/Time

Note: Because of the uncertainty of the SUV-related information in DICOM it is recommended to
verify PMOD's SUV values with the values calculated by software of the hardware vendor.

Image Display in SUV Units

If all the information required for SUV calculation is present, the display units can be switched from
the original activity concentration units to SUV values using the button/:+# near the lower color
table threshold.

SUV Statistics

The calculation of statistics in SUV units is directly supported on the original image by the VOI
functionality |2t provided that all required information is available. Explicit SUV images can be
calculated with the SUV Image Calculation external tool.

Reference

1. Tahari AK, Chien D, Azadi JR, Wahl RL: Optimum lean body formulation for correction of
standardized uptake value in PET imaging. J Nucl Med 2014, 55(9):1481-1484. PMC

Handy Image Processing Tools

The processing tools pane offers a substantial range of image transformation methods.

€ (8 [ & [ e [ @ Q"

Gaussian Smooth 3D - 3
FWHM 6.0 6.0 6.0 [mm]

it | A | sdl | Rel | Rdc | Ex |
[ ] .
[] Replace Bh Run

There are 5 methods which can directly used via the sub tabs, and many other external tools| 21
via a list on the Ext tab. To process the current image select a sub-tab, configure the parameters
of the method which appear in the pane, and then activate the Run button. If the Replace box is
checked, the original data is overwritten, otherwise a new image series is created and added to the
list.

The directly accessible functions are:
*  FIt: Image filtering 141 in the spatial and temporal domain.
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= Avr: Averaging of a contiguous range of image frames or slices between the From and To.
€ (@8 [ & # E!

[c] =] [}

To X [34 H
) Slices @ Frames: T {

wT
[ Ft Scl | Rpl | Rdc| DN

] .
[] Replace Bh Run

There are two variants of Frames averaging for dynamic series, time-weighted averaging T,
and normal averaging N.

= Scl: Scaling| 50 of the pixel values, for instance for calibration or to calculate relative uptake.
* Rpl: Replacing| 45 of pixel values which satisfy a certain condition by a constant.
= Rdc: Simple function for matrix size reduction | 7.

7.7 External Tools

External tools are data processing plug-ins which take one or several images as input, and return a
result image. The tools can be interactively called on individual images, or they can be used as
stages in a processing pipeline| +13.

Tools Selection
External tools can be called interactively using the & button in the image sidebar.

#l=ll:® O 1§ 106

As a result, the list of available tools appears
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I3 Filter

[0 Standard

[0 Reduce Matrix
[J Replace Values
[0 Scale Values

Orientation

[0 CT Table

[0 ImageJ

0 PVC (VOI

[0 Resize

[0 Average (Frames & Slices)
I3 Automatic Brain VOIs

[J Background Removal

[J Edge Enhancement
[J Endian Switching

[J Energy Masking

[0 External Script

[0 Gradient Vector Flow
[J Histogram

[J Interpolation

[0 ITK Image Filters

I3 Motion Correction

[J Morphological

[0 MRI DWI Parameters

[J MRI Probability / Innomogeneity
[J MRI Signal to Concentration
[J MRI Skull Stripping

[0 MRIT1 Map

[T Noise Addition

[J Mumeric Operations

[J Principal Component Analysis

[J PVC (Brain MR based)
[0 R Console
[J Registration and Mormalization

[J Segmentation
¥ SUV Image Calculation
[0 Wavelet Filtering

Removal

based)

[0 Macro

from which a tool can be selected.

Alternatively, the list can be obtained as illustrated below by the Ext tab in the tools section and
activating the selection arrow.

€ (@8 (2w @ [§]

Yolume interpolation

Interpolation \' |Z|

Flt | Awr

Scl Rpl | Rdc | BExt

[]Replace

[

Tool Operation
After selecting a tool from the list (and activating Run in the tool version), a specific dialog window

is opened with a short explanation and the parameters needed for processing. Shown below is the
Filter dialog window as an example.
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7.7.1

7.7.2

i Interpolation ,

Interpolation Method:  Trilinear - [ Mirror

|" Number of Pixels | Pixel Size i’Transformation [’Reference

X A z
[pixels] 256 256 1256 4 Setfromimage

The buttons at the bottom are common to all tools. If the Replace box is checked, the current
images are overwritten by the results. Otherwise, a new image series is created for returning the
results and added to the series list. ? provides help information of the tool functionality. Ok start the
actual data processing.

The functionality of the external tools is described below, except for the Partial Volume Correction

(PVC)l s tools which are explained separately.

Average (Frames & Slices)

an% Average (Frames & Slices)
N - =

From 1 =]

=
[WSlices @] nNumberofresultslices 1 Average

To X f1 =

From 1

= _
[V]Frames 8@ ] MNumberofresultframes |1 Time [T] E
e | Tlid
To X [1 = —
N
[] Replace | v Dk |>< Cancel D Efae Noll

Allows simple averaging within a time range and/or within a slice range. The number of generated
slices/frames can be entered numerically.

Automatic Brain VOIs (PFUS Option)
The tool allows generating contours VOIs in the input space according to the selected VOI

Template. If the tool is called from pipe processing, the VOI statistics will also be evaluated and
can be saved.

VOl Template:  AAL-Merged hd »  []Add background as VOI
Mormalization Template | PET - P
Average frames (from [to) 1 E 34 E

l/ Method r Mormalization Parameters |

R §6 606

HUMAN RAT MOUSE
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The Method is available for HUMAN, RAT and MOUSE studies. The Input study is normalized to
the chosen Normalization Template. The algorithm applied is Brain Normalization and the inverse
transformation is calculated. In case the input study is dynamic, an averaged input is created for
the selected frame range Average frames. The selected template VOIs is transformed to the input
space using the inverse transformation calculated during the normalization procedure. Finally the
transformed VOlIs are outlined.

Notes: This procedure is crucially dependent on a successful normalization.

7.7.3  Background Removal
¥ Mean
[J Histogram
Background Removal o Optimal
A— I User defined
Thresholding method: Mean E b H
Mew background value: Zero
Threshold Value ¥ Zero
IJ Separation Level
® currentFrame O Al W5 Frame Minimum
[]Replace WHX? pelibiand
Methods to perform image background subtraction. The Thresholding selection contains Mean,
Histogram, Optimal, and User Defined. The selected method determines a separation value, and
all pixels below it will be replaced by the value specified with the New background value.
7.7.4  CT Table Removal
The tool allows removing the table from the CT images and organ cropping.
I WHOLE BODY
i en D_ HEAD B ¥ milimeters Pi”[
d O LUNG : 5
¥ LIVER —1 1 slices -]
From X 4125 |
I f Id milimeters E { Relative to Head )
— " To X 875
[ Mask by VOI: 3 Table (inside @
[v] Automatic Body Masking (morphological detection) il Bepoaswig
— i Table thickness 40.0 [mm]
[¥] Outline Body Mask VOI
Threshold 300 [HU]
[] Crop to Body Mask
@ ? [|Replace !_V_%_!Li_g_ancel !
The tool requires as input a CT whole body image HSF oriented. The algorithm is applied to the
WHOLE BODY or to the selected body part: HEAD, LUNG or LIVER. The cropping box for the
selected organ is automatically defined Relative to Head based on the millimeters or the slices
values available in the From and To fields. The values can be entered numerically, or the handles
can be dragged with the mouse.
The Mask by VOI option allows masking the image with the specified VOI. There are two options
available:
= Table (inside VOI): allows removing the table form the CT study by replacing the voxels
inside the VOI with the minimum value.
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= Body Outline (outside VOI): allows cropping the organ of interest if the Crop to VOI
checkbox is enabled. It replaces the voxels outside the selected VOI by the minimum value.
The Automatic Body Masking (morphological operation) is using the Table thickness and the
Threshold parameters for the automatic algorithm. Optionally, the Denoising can be applied. The
result of the morphological operation is used to Outline Body Mask VOI. In addition, the Crop to

Body Mask can be enabled.
It is recommended to use the default settings and only experiment with other parameter values if
the procedure fails. The default settings are available by activating the default settings button .
7.7.5 Edge Enhancement
i Innef gfac'rierit
I5 Quter gradient
I Gradient (morphological) i
Sl Top hat
Method: Inner gradient
Structuring Element. 2D SQUARE : P ofsize: 3 F pixels.
[T20SQUARE |
wopcRelE BT i
11 3D CUBE :g—k”x Cancel |
3D CROSS |
I 3D SPHERE
Performs an edge enhancement operation based on different Methods: Inner gradient, Outer
gradient, Gradient (Morphological) and Top hat. Structuring Elements of 2D SQUARE, 3D
CUBE and 3D CROSS are available at the sizes of 3, 5, 7, and 9 pixels.
It is a morphological contouring tool and the processing is based on voxel wise morphological
operations: erosion and dilation and image subtraction. The Methods are summarized in the table
below:
Inner gradient the difference between the input image and its erosion using the
specified structuring element
Outer gradient the difference between the dilation and the input image using the
specified structuring element
Gradient (morphological) [the difference between the dilation and the erosion using the
specified structuring element
White Top hat the difference between the input image and its opening using the
specified structuring element
Black Top hat the difference between the closing and the input image using the
specified structuring element
7.7.6  Endian Switching
Switches the endian of the pixel values:
Allows switching the endian encoding of the pixel values.This can be helpful if the wrong
endianness was assumed during image loading.
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7.7.7

7.7.8

Energy Masking

Performs the masking of an image series based on the signal energy.

% pixels to mask [10.0

? [ Replace :v Ok I| = Qanceli

The tool calculates the pixel-wise energy (sum of the squared signal values), determines the
histogram of this energy map, and masks the specified percentage of pixels with lowest energy
values based on a histogram analysis.

External Script

External scriptto execute:  matlabScript.sh -
(Placed in the Pmod4.0fresources/exlibs/scripts folder.)

Seripts Input: [ DICOM v 4

out In folder |D:/Pmod4.0/datatmp/ X

Scripts Output: g& DICOM v 4

inp In folder |D:/Pmod4.0/datatmp/ o X

This tool allows running an external program, which needs to be placed in
Pmod4.1/resources/extlibs/scripts. It then shows up in the External script to execute list as a new
entry. Input to the script is an image file with the name defined in the Script's Input field. The
script may apply any processing to the image and needs to save the resulting image under the
name defined in the Script's Output field. Note also the image format definitions for the input and
the output which must meet the file content.

When the external tool is executed, it will first save the current image with the Script's Input
definition, call the script, and then try loading an image file with Script's Output definition.

Example: Execution of Matlab Script

A Matlab script example which requires Matlab's Image Processing Toolbox is available in
Pmod4.1/resources/extlibs/scripts. It consists of two files:

= matlabScript.sh which starts Matlab and lets it execute the code in the mFile script. It
essentially contains a system-specific matlab call:
matlab -nosplash -r testScript

= mfiles/testScript.m which contains proper the actual image processing, eg
% Read data from disk. Info metadata is needed to preserve
% important image features, e.g. timing.
data = dicomread('C:/Pmod4.1/data/tmp/out') ;
info = dicominfo('C:/Pmod4.1/data/tmp/out') ;
% Processing.

Write data to disk. This will be input to PMOD.
To save data in DICOM multiframe mode, use

'Create Mode' option with 'copy' wvalue.

dicomwrite (fData, 'C:/Pmod4.1/data/tmp/inp"', info, 'CreateMode’',
'copy')

quit

o o° o° .
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7.7.9

7.7.10

Filter

The Filter tool

-
Gaussian Smooth 3D /a I H -

X [mm] m] 4 ¥ Gaussian Smooth 3D
FWHM |5.0 6.0 & [0 Median Smooth 3D
[T Non-local Means Smooth 3D

[J Canny Deriche Edge 2D

-
@ [Replace E I Median Frames 1D

IJ Gaussian Frames 1D
[T Despike MADS Frames 1D

4F7 split Slices [J HYPR-LR Smooth 4D
1 Gaussian Smooth 4D

offers the following image filters:
= Gaussian Smooth 3D spatial filter with a full-width at half maximum (FWHM) in mm;
= Median Smooth 3D spatial filter with a width in mm;

= Non-local Means 3D non-local means image denoising filter with Low, Medium and Strong
settings;

= Canny Deriche Edge 2D edge enhancing spatial filter;
= Median Frames 1D smoothing filter in the time domain for dynamic images.
= Gaussian Frames 1D smoothing filter in time domain for dynamic images.

= Despike MAD9 Frames 1D despiking filter in the time domain based on 9-points
neighborhood. If value differs from the median more than MAD (Median Absolute Deviation) it
is replaced by the median

= HYPR-LR Smooth 4D complex denoising method for the dynamic PET series.
= Gaussian Smooth 4D Gaussian smoothing with kernel in spatial and temporal dimension.

Gradient Vector Flow

The Gradient Vector Flow tool allows calculating the image gradient in a specified direction [1],
which is for instance used for active contours algorithms.

Gradientvector flow (GVF) - by - [¥] Image Preview |

lterations 1200 i«’s’ Refresh |i |

Smoathing 0.2 N
Time step [0.05 .
— 24 1 4 = = »
|| Parameters restriction - 2 o
 §] i
% | @ coud “lap @B =
0.213461 € os0s713
Gradient Field Visualization O
It 0 [&] #: 36 [3]
I‘_) — T — |—
= |®|E‘:|v|@|v‘o‘|@‘v
[} S O S| i) e

[] show gradient fisld

Different algorithms are supported:

= GVF: calculates the gradient using the gradient vector flow algorithm;

= General GVF: calculates the gradient using a generalized gradient vector flow algorithm;

= Differential gradient: calculates the gradient by subtracting values of neighbouring pixels;
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= Sobel operator: calculates the gradient by convolving filter mask with matrix consisting of
image pixels.
During the estimation procedure the following parameters can be set:
= Gradient width: distance (in pixels) between two points, the intensity difference which defines
the gradient value;
= Ilterations: number of iterations performed during GVF and GGVF calculation;
= Smoothing parameter (u): regularization parameter governing the trade-off between the first
and the second integral term. Smoothing parameters should be set according to the amount of
noise present in the image: the higher the noise the bigger the value.
= Time step (A): is representing the time length for each iteration.
In order to guarantee algorithm convergence, the smoothing parameter and the time step should
satisfy the following expression: u<-1.36*At+0.22. Therefore, the Parameters restriction box
should be enabled.
By enabling Image Preview and the Show gradient field, the gradient vectors can be visualized.
Cradientvector flow (GVF) bxvz = | ] Image Preview |
lterations 200 :@ Refresn-‘:-
Smocthing [0.125 B il © 08
e ?;cF'arameters restriction = 2 : : == Qi .
€ LY
* Gray = P E -
0.002107 Q 0.377323
G 36 (4]
[o][&]- =] - [off=] -
Gradient Field Visualization — — — -
Level 035 |4 =Lk b
Scale 2575 |4 E.‘.’.VJ' =
Distance 1 (o 3
@ Colortable | RANDOM v 4
) Single color
|v| Show gradient field
1 & |10 |«
Reference
1. Chenyang Xu, Jerry L. Prince. Snakes, Shapes and Gradient Vector Flow, Transactions on
Image Processing, March 1998, p. 359-369.
7.7.11 Histogram
Calculates the histogram of the pixel values in the whole Volume or within a VOI. An existing VOI
can be selected, or created with the Edit and save VOI button.
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Resolution: ® Number of bars [128 3 Bar width |

InVOIl | Mo VOLUME OF INTEREST selected

Select VOL: 1ole Brain () Edit and save VI
[¥] lgnore values smaller than 0.0) | (Background)

Wolume; 1 - P o(1:34)
[
v Ok ||>< Cancel |

If Number of bars is enabled, the value range is divided into the specified nhumber of equal
intervals (e.g. 128). With Bar width, the interval size is directly specified. Values below a
Background level can be excluded by checking Ignore values smaller than and specifying the
Background level.

The number of occurrences in each interval are counted and plotted as a curve. Additional curves
(2nd derivative, Cumulative, Smoothed Histogram) can be enabled in the control area. Note
that the numeric values of the histogram can be exported using the context menu (right mouse
button in curve are, then View Values).

1

-128 (468, 0.0]
14626.0
11700.8
a77h6
5850.4
2925.2

1.89 282 375 468

kBugicc

E rL = & MHistogram(val. 1) Bl DL ¥ - [] Cumulative (Vol. 1)
B oL ~ [=][J2ndderivate (vol. 1) [l DL = -s- [] Smoothed Histogram (Vol. 1)
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7.7.12

7.7.13

Imagel

[ = 1.0 a

o [|]

H 41 1 4 @:; 3

@ oy hd b [ & v
w -1.09218 O 5.372303
L

0 [%] ﬂ: 100 [%]

[o]&] -[=] - OIlE] -

[5i)

0

&» cold sar AE v

W e

o [%]

1 (ﬂ:l)

0.0 & 550

:Q: 100 [%]

- o] - [ -

| Send to ImageJ P

4 GetFrom Image.] |

[] Current slice [] Current frame

Path to ImageJ installation |D./Pmod4.0iresources/extlibs/imaged LD

? [ Replace |v Ok !>< gancel|

This tool allows transferring image data to ImagedJ with the Send to ImageJ button, process the
images with dedicated procedures in Imaged, and retrieving the results with the Get from ImageJ

button back to PMOD. Included in the distribution is a basic Imaged version. For using a different

version with dedicated plug-ins please point to your own installation using Path to ImagedJ

installation.

Interpolation

The Interpolation tool serves for calculating a new image volume by an interpolating values from

the current image volume. It consists in three main parts:
1. The Interpolation Method.

2. The Background value.

3. The Border sampling.

™ Inmepli¥dokground value Border Sampling

PO E 4| b Miror = »
Number of Pixels | Pixel Size [ Transformation {0 Min fnce | ¥ Wirror
7 7 T (v I Background
X ¥ Fil I Nearest
[pixels] 256 256 258 | 4 setfromimage

? [IReplace |v Qﬂ X Cancel

There are five choices for the Interpolation Method which is applied when calculating the new

image.
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Interpolation Method:  Trilinear E il

fNumberofF‘ixels Pixel Size [| ¥ Trilinear

10 Cubic Spline
X I Sinc (W 5)

[pixels] 256 o4 11 Sinc (W 7)
I Mearest

Default is Trilinear which is a simple and fast interpolation using all 8 enclosing pixel values. The
truncated sinc interpolations Sinc (Window 5) and Sinc (Window 7) are more accurate, but
considerably slower. Nearest neighbor interpolation just uses the value of the closest pixel, so it is
very fast but in most cases does not provide satisfactory quality. However, it is the method of
choice if an object map image containing integer values needs to be resliced. The Cubic Spline
interpolation avoids oscilations that can be introduced in high order polynomial interpolations and
is continuous.

There are two options for the Background value: 0 or Min.

There are three options for the Border sampling: Mirror, Background and Nearest. The
selection is not available for the Cubic Spline and Nearest interpolation methods. In case of the
trilinear interpolation the selection is limited to the background or the nearest image voxel, as the
mirror for the single value produces the same results as the nearest choice.

Matrix Size Specification
Using the Number of Pixels method

- Number of Pixels Pixel Size rTransformation rReference

X Y Z

[pixels] 256 256 256 4 Setfromimage

the existing image volume is sampled into a new number of pixels in each direction. The new pixel
size is the result of dividing the bounding box by the new number of pixels. Set from image copies
the current numbers into the pixels number fields.

Pixel Size Specification
Using the Pixel Size method,

(NumberofF’iers FF’ier Size ITransformation r Reference

X Y z

[mm] 1.5 1.5 1.5 4 Setfromimage

a new pixel size in each direction can be specified. The matrix size results from the division of the
volume sizes by the pixel sizes. Note that due to rounding the bounding box might change. Set
from image copies the current pixel sizes into the mm number fields.

Spatial Transformation
Using the Transformation method

rNumberofF‘iers rF‘ier Size !'Transformaﬁon ! Reference

PET_2_MR =68/5101775//Pmod= @& Load & View

Resliced image space: 0Original Reference E: 3

I
¥ Original Reference
Full Transformed Input

a spatial transformation matrix calculated by the fusion tool can be applied to the image. Resliced
image space has two settings:
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e Original Reference: The transformation is applied with the resolution of the reference image
used during matching, and the result is in the bounding box of the original reference image.

o Full Transformed Input: The affine part of the transformation is used to calculate the space
of the transformed box of the input image. The result is in the transformed space of the input
image, i.e. the voxel size is that of the input image.

Interpolation to Reference
Using the Reference method

f Mumber of Pixels r Pixel Size rTransformation |‘| Reference |

Image file: /

~u

W ¥ D/Pmodd.Ofresourcesitemplates/T1.nii.gz L2

the image is interpolated to the space of the selected reference image assuming identity
transformation. The resulting image will have the dimensions, pixel size, and the origins of the
reference image and the pixels at zero of the real coordinates will coincide.

7.7.14 ITK Image Filters

‘ Discrete Gaussian (Blurring) - P ” x |I ?I

¥ Discrete Gaussian (Blurring)
I3 Binamial Blurring (Blurring)
[0 Recursive Gaussian (Blurring)

[0 Gradient Anisotropic Diffusion (Edge Presenving Smoothing)
[0 Curvature Anisotropic Diffusion (Edge Preserving Smoothing)
[0 Curvature Flow (Edge Presemnving Smoothing)

[J Min Max Curvature Flow (Edge Presemning Smoaothing)

[J Bilateral (Edge Presemning Smoothing)

[0 Gradient Magnitude with Smoothing (Gradients)

[0 Gradient Magnitude (Gradients)

[0 Derivative (Gradients)

[0 Second Order Derivatives Recursive Gaussian (Gradients)
[0 Laplacian (Gradients)

[0 Laplacian Recursive Gaussian (Gradients)

[J Canny Edge Detection (Edge Detection)
[0 Zero Crossing Based Edge Detection (Edge Detection)

[0 Median (Statistical)
[0 Mean (Statistical)

[0 Grayscale Erode (Morphological)
[0 Grayscale Dilate (Morphological)

[0 General Thresholding (Threshaolding)

[0 Rescale Intensity (Linear Intensity Mapping)
[0 Shift Scale (Linear Intensity Mapping)
[0 Mormalize (Linear Intensity Mapping)

[0 Sigmoid (Mon Linear Intensity Mapping)

I Binary Median (Binary)
[0 Hole Filling (Binary)
[J Iterative Hole Filling (Binary)

This tool provides an interface to 28 image filters provided by the ITK (Insight Toolkit) libraries. For
each filter there is a short description which can be viewed with the ? button. The ITK is under an
open-source BSD license which allows free usage. For more details please refer to the The ITK
Software Guide.

Note: PMOD Technologies can not be held liable for permanent support of the ITK interface, nor
for the performance of the provided libraries.
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7.7.15 Macro

This tool allows applying an image macro! b which is most useful in the context of Pipe

processing| 13,

7.7.16 Motion Correction (PFUS option)

The motion correction in the external tools is mainly for the use in pipe processing. It is only
available if the image fusion option is included in the PMOD license.

| Method [’MatchingF’arameters rReference |

REFEREMNCE:
From =

[0

To

Averaged

CORRECTION:
From |
O ]

To =

Please refer to the PMOD Image Fusion Guide for details about the matching options.

Reslicing Interpolation method:  Trilinear

[v] Replace |v Ok |>< Cancel

7.7.17 Morphological

Operation: Erosion

01 2D CIRCLE
I0 3D CUBE

[ 3D CROSS
¥ 30 SPHERE

I Erosion

| 30 sprEre 2] 1 pivel

Morphological operations process images based on shapes. It applies a structuring element

I Dilation

? 1A opening E Cancel |
L1 Closing :
|5 Close Open
:D Deblur

1 In gradient
1 Out gradient
!

defined by a shape (2D SQUARE, 2D CIRCLE, 3D CUBE, 3D CROSS and 3D SPHERE) and a

size in pixels.

Erosion removes pixels on object boundaries, darkens small bright areas, and very small bright
areas like noise spikes or small spurs might be totally removed.

Dilation adds pixels to the boundaries, brightens small dark areas, and very small dark spots

might be totally removed.
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Opening (Erosion-Dilation) removes small objects from an image while preserving the shape and
size of larger objects in the image. It darkens small bright areas, and may entirely remove very
small bright spots like noise spikes.

Closing (Dilation-Erosion) brightens small dark areas, and may entirely remove very small dark
spots.

Close Open combines the effect of an opening and a closing.

Deblur is a sharpening filter based on an erosion and a dilation.

In gradient uses an erosion to enhance edges in the image towards the inner.
Out gradient uses a dilation to enhance edges in the image towards the inner.

MRI DWI

The purpose of the MRI DWI Parameters tool is to load gradient vector information for diffusion
weighted MR images which are not contained in the image data. This information is required for
the calculation of diffusion maps and diffusion tensors. When the series is saved as a DICOM
object after using the tool, the gradient information is stored together with the images.

M. MRI DWI parameters [ﬁ

Gradients and B-Values file: Camino bvector scheme # 7

Buvalue 0.0 [mis] (When not presentin file)
[ Replace |v Ok i ¥ Cancel |

Several encoding types are supported and can be chosen from the Gradients and B-Values file
selection:

¥ Camino b-vector scheme
[0 DS Studio b-table

I FSL b-vector

[0 DTI parameter file

[T Gradient directions

D Paravision

[0 NRRD header

[0 PMOD DB

= Camino b-vector scheme: Text file containing four columns of data: x, y, and z coordinates of
b-vectors and a b-value (last column) in s/mz2.

= DSI Studio b-table: Text file containing four columns of data: b-value in s/mm?, then x, y, and
z coordinates of b-vectors.

= FSL b-vector: Text file containing b-vector coordinates in three rows: x, y, and z values
respectively. As PMOD does not support b-value files as a separate input you may add the b-
values from b-value file as a fourth row in s/mm2.

= DTI parameter file: Text file (.dpf) from DTI Studio containing b-vector directions and b-
values.

= Gradient directions file: General option for text files with three to five columns. Three-column
files are assumed to contain x, y, and z coordinates of b-vectors. Four-column files are
assumed to have b-values in the last column. Five-column files are assumed to have gradient
indexes in the first column. This option accepts gradient tables exported from the PMOD Info
dialog window. B-values are in s/mm2,

= ParaVision: For loading b-vectors directions and b-values from a Bruker ParaVision
Parameter List file.

= NRRD header: For loading b-vectors directions and b-values from the DWMRI section of a
NRRD format header file.
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= PMOD DB: For loading b-vector directions and b-values from the gradient table files stored to
a PMOD database. The data in the file is arranged in five columns as in Gradient directions
file. A comment line starts with #.

7.7.19 MRI Probability / Inhomogeneity

The MRI Probability/Inhomogeneity tool allows applying the unified segmentation methods of
SPM8 or SPM12 to the loaded T1-MR image. Depending on the Output setting, the Grey Matter,
White Matter, CSF probability maps are saved as frames in a dynamic series, or the MR image
corrected for the spatial inhomogeneity.

Method | 6 Probability maps -
Species: [J 3 Probability maps
¥ & Probability maps
Denoising strength: None—'
Sampling 3.0 [ pix =]
Bias regularization: Light ¥ G0 -
Cleanup: Light -

Output: ® GM & WM & CSF Probability ' Inhomogeneity corrected

Method Two SPM-type segmentation variants are supported, the 3 Probability Maps
(SPM8) and the 6 Probability Maps (SP12) variant. Note that the
normalization transform which is obtained as part of the segmentation can be
applied for the spatial normalization of the subject brain anatomy in later

stages.
Denoising Denoising of the MR image may improve the segmentation of gray matter,
strength white matter and CSF. If a Denoising strength other than None is selected,

a non-local means denoising algorithm is applied which preserves structure
boundaries unless the strength is too high.

Sampling Density of pixels considered in the calculation. It can be specified in pixel or
mm units.

Bias Serves for compensating modulations of the image intensity across the field-

regularization of-view. Depending on the degree of the modulation, a corresponding setting

can be selected from the list. The parameter to the right indicates the FWHM
[mm] to be applied. The larger the FWHM, the smoother the variation is
assumed.

Cleanup Procedure for rectifying the segmentation along the boundaries.

It is recommended to use the default settings and only experiment with other parameter values if
the segmentation fails. The default settings can be recovered by the & button.

7.7.20 MRI Signal to Concentration

The MRI Signal to Concentration tool was developed for converting the signal of dynamic MR
sequences into concentration measurements of the contrast agent used. Three different
acquisition sequences are supported

Dynamic Contrast-Enhanced MR (DCE)
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DCE MR - ]
Flip Angle 15.0 ]
Repetition Time 0.0 [milisecs]
Relaxivity 4.1 [L'mmaolisec]
Mumber of baseline points 5 (MO}

The DCE method requires that in addition to the DCE data a matched T, map has been loaded. It

is recognized by being a static series, whereas the DCE is dynamic. Note that there is the MRI T1
Map!| s tool which supports the calculation of T1 images from a sequence of gradient echo images
acquired with variable flip angles q (FLASH sequence).

The equilibration magnetization M, is also required for the calculation. It is determined from the
baseline average of the DCE signal before contrast arrival by

1.— COS(Q)Ew , Elo _ e(,TR.'Tm)

sin(0)(1 - E,)

0

where S is the steady state signal, and T,, the pre-contrast longitudinal relaxation time. Using M,
and T,, the relaxation rate R,(t) during the DCE scan can be calculated by [1]

R1(r)_ilﬂ( 1=+ 5) ), A(t) = S(I)fS(O), B— 1-F,
TR \1-cos(€)(A(t)+ B) M, sm(0) 1-cos(6)E,,

where S(t) is the DCE signal, and S(0) the baseline signal before the Gd contrast agent arrives in
the tissue. Finally, using R,(t) and the relaxivity r, of the contrast agent used, the concentration of
the contrast agent can finally be calculated by [1]

1
C(t) = ;(le ~Ry)

1

where r, is in [L/mmol/sec] units. Carbonaro et al. [2] provide the following relaxivity values for

1.5T:

Brand Name Acronym R1-relaxivity [L/mmol/sec]
Magnevist Gd-DTPA 4.1

Dotarem Gd-DOTA 3.6

ProHance Gd-HP-DO3A 4.1

Omniscan Gd-DTPA-BMA 4.3

Gadovist Gd-BTO3A 5.2

OptiMARK Gd-DTPA-BMEA 47

MultiHance Gd-BOPTA 6.7

K-t SENSE Sequence
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k-t SEMSE v 4 b
Flip Angle 15.0 ]
Repetition Time 0.0 [milisecs]
Prepulse delay (0.0 [milizecs]

Excitations 20
Mumber of baseline points 5 (MO}

The k-t SENSE method [3] requires that in addition to the dynamic data a matched T, map has
been loaded. The relaxivity R, is first calculated from the model function of the signal by an
iterative fit.

Far the signal intensity S/ including readout trajectory, we have for each dynamic scan /:
w1
1—(cos(a)exp(-T.R ) |
1-cos{er)exp(-T,R ) |

ST(R ) =M, sin(e ]! [1-exp(-ToR, )] [cos(a)exp(~TLR,)) ™ +[1-exp(-T.R, 1]
|L ] L

where SI{R;) is the model for the signal intensity for each scan as a function of tissue relaxivity B, i.e. the current TACs
M, is the equilibrium magnetization (which must be guessed/evaluated from a scan)
T is the flip angle used (DICOM fisld: (0018,1314): Flip Angle)
Tn is the timea from saturation prepulse to the centre of acquisition space (=k-space center)
[Private DICOM field: {2001,101h]))
Ty is the repetition time (DICOM field: (0018,0080): Repetition Time)

n is the number of excitations (readout lines) processed before k-space center is reached, no DICOM field exists

The R, obtained is then used in the equation below, which is solved for the contrast concentration

().
Rife() =———=-—1 4 ()R
1 TJ.‘-C‘:r}TJ Tibase
where Tibase is the T1 value without contrast (which we measure with the T1 scan)
c (L) is the concentration of the contrast medium [here as fcn of time)

mmoly "L ’ . .
R=45 (SJ—) is the relaxivity of the pure contrast medium

Ry(c(t)) = —

Ty(clth)

1s the relaxivity of the tissue with contrast medium applied,

which changes as contrast concentration changes with time.

Dynamic Susceptibility Contrast MR (DSC)
This tool calculates the contrast concentration for data acquired with the FLASH sequence [4].

DSC MR AR |
Echo time (TE) 150.D| [milisecs]

Mumber of baseline points |5 (S0)
K [1.0 (constant)

A linear relationship is assumed between the tissue contrast-agent concentration C and the
change in T,” relaxation rate, AR,*. The concentration of the contrast agent is given by

(50

C(t)=———
O="17r S,

S, is the precontrast baseline signal, S(t) the postcontrast signal, and TE the echo time, and k a
proportionality constant.
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MRI Skull Stripping (PFUS option)

This tool serves for extracting the brain part from human anatomical MR images which need to be
provided in HFS orientation.

There are three processing variants available:

1.

Mask (Normalization): This procedure is based on the Brain Template Normalization
method implemented in the fusion tool. Depending on the setting Template to MR or MR to
Template + Inverse, the normalization between the MR and the MR MNI template is
calculated, and then applied to transform the standard MNI brain mask to the MRI space.
Select the T1 or the T2MR template, depending on the type of input data.

I‘Mask[NormalTsaﬁon}I Mask (Segmentation) rSumofmaps |

® Template to MR ) MR to Template + Inverse
Sampling distance [mm] 8.0
MR template: T1 = 3

Mask (Segmentation): The normalization between the MR and the MR MNI template is
calculated based on the 3 Probability Maps segmentation method (Unified Segmentation,
SPM8). It is then applied to transform the standard MNI brain mask to the MRI space.

fMask(Normalisation} ! Mask (Segmentation) ! Sum of maps |

Sampling distance [mm] 5.0
Bias regularisation: Light |E| 4 Pk

[0 None
[0V Light
¥ Light
[0 Medium
0 Heavy
The Bias regularisation serves for compensating modulations of the image intensity across
the field-of-view. Depending on the degree of the modulation, a corresponding setting can be
selected from the list: None, Very Light, Light, Medium, Heavy, Very Heavy. The parameter to
the right indicates the FWHM [mm] to be applied. The larger the FWHM, the smoother the
variation that is assumed
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3. Sum of maps: The MR image is segmented using the 3 Probability Maps method. The
mask is created by applying a threshold at the Binarization level to the summed segments.

fMask(Normalisation} r Mask (Segmentation) !'Sum of maps !

Sum of:  Gray+White L AR |
Sampling distance [mm] 5.0
Bias regularisation: Light IE‘ 4 P
Cleanup: Light L

Binarization level [0.05

Finally, the mask is inverted and applied to the MR image for removing all non-brain pixels.

MRI T1 Map

This tool supports the calculation of T, maps from dynamic MR series acquired with two different

pulse sequences. The Lower and Upper limits serve for restricting the calculated values to a
physiological range.

Variable Saturation Data (FLASH)

T1 Map (Variable Saturation, FLASH) - 3

Flip Angle [10.0 I
TR 2.349 [ms]

Sequence name; N/A

61 1 L L O
1 L

Lower limit 0.0 [ms]

Upper limit [20000.0 [ms]

The equation for the signal intensity using a FLASH sequence can be rearranged such that T, may
be calculated as the slope of a linear regression fit. See Buckley et al, equation (5.7).

Inversion Recovery Data

T1 Map (Inversion Recovery) * |4
Echo [141.841 [ms]
Delay [67.766 [ms]

MO: inthe firstimage frame. [A/m]

Sequence name: MNiA
—

61 1 4 LN ]
1 .

Lower limit 0.0 [ms]

Upper limit [20000.0 [ms]

It is assumed that the first frame contains the equilibration magnetization M,. T, is then estimated
using a linear regressioin as described by McVeigh et al [2], using equation (2).
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Dynamic Contrast-Enhanced Magnetic Resonance Imaging in Oncology, Springer, Berlin,
2005, pp. 69-79.
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7.7.23 Noise Addition
Adds Gaussian noise with zero mean and a standard deviation Sigma to the image.
7.7.24 Numeric Operations
-'m_,? Basic OperationsL
Operation "
Replace value Infv)
B expiv)
| Ok = vl
— | Current Frame Minimum
-log10{v)
Applies the numeric function configured as Operation to every pixel value, and uses the defined
Replace value if the operation is mathematically undefined.
7.7.25 Principal Component Analysis
No input is required for this function which is only applicable to dynamic series. The PCA performs
a principal component analysis in the time domain. The generated series consists of the
components sorted according to decreasing eigenvalues. The expectation is, that the PCA groups
pixels with a similar uptake pattern over time in different components (representing "frames" in the
generated series). The eigenvalues are written to the console.
7.7.26 PVC (VOI based)
General tool for partial-volume effect correction based on VOlIs as explained in detail in a separate
section [ ssb).
7.7.27 PVC (Brain MR based)
Tool for the partial-volume effect correction of a human brain PET based on the Muller-Gartner
method as described in a separate section| ssb.
7.7.28 R Console
Allows loading the image data displayed in the view port in the PMOD R interface for further
statistic analysis.
7.7.29 Reduce Matrix
The Reduce Matrix tool serves for reducing the number of pixels in each direction.
Kby 2 * Yby 2
Zby 2 -
[ ] Replace !L% X _gancel !
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It is intended for situations where the number of pixels is divisible without remainder by the
selected reduction factor. If this is not the case, a warning is shown indicating that the bounding
box is changed by the operation, and the Interpolation function should rather be applied.

7.7.30 Registration and Normalization (PFUS Option)

The matching in the external tools is mainly for the use in pipe processing. It is only available if the

image fusion option is included in the PMOD license.

Coregistration method | Rigid Matching

PET HFS
Reference . DICOM

[] Use Database associated images

] Average —~]

[ Input: use Matched

[w] Average 10 E ® ® 20 E

| Method | Matching Parameters |

o0 WY

HUMAN {Constant) RAT (Constant)

Qe §6

HUMAN (Changing) RAT (Changing) MOUSE (Changing)

Reslicing Interpolation method:  Trilinear

[l Replace |v ok || X gancel|

Please refer to the PMOD Image Fusion Guide for details about the matching options.

7.7.31 Replace Values

The Replace Values tool

Replace Values

Value: = * 0.0

replace by value = 0.0

i) Z Slice ) Frame @ All

| []Replace |v Ok |>< gancel|
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7.7.32

serves for replacing pixel values whic

criteria
Value: = |z| 0.0

replace by value |0 =

) Z Slice

[]Replace |+

=

0O O

=

O

vf=

O

Jvl=
MNaM

O

are

= larger than (>) the specified value;

= equal to (=) the specified value;

h satisfy a certain condition by a constant. The available

= smaller than (<) the specified value;

= within a value range (> <)|L|L|“-” 00 I specified;
= absolute value larger than (|v|>) the specified value;

= absolute value smaller than (|v|<) the specified value;

= is a NaN value (Not a Number).

Resize

The Resize tool has two tabs.

| Add Border | GetBoximm] | SpiitSlice |

Border type |i .

X ¥ Z

[pixels] |0 [ o]

‘Values outside original data:
® Zero ) Minimum O Free

[]Replace |v Ok ! % Cancel |

Add Border serves for padding pixels around the current series. There is a symmetrical and an
unilateral variant. The number of padded pixels can be specified for each direction separately, and
there are different options for the filling value.

Add Border | Get Box [mm] Split Slice

Setto Bounding Box of.  VOI Current Study
["] Add slice thickness to Z VOI size
(Compatibility mode with VOI cropping function)

X Y z
Minimum [mm] 45.U| -231.0 55.0
Maximum [mm] [211.0 -19.0 217.0

Get Box allows extracting a sub-volume of the current series (cropping). To this end, the new

bounding box must be specified.

One way is to activate the Current Study button, which populates the Minimum and Maximum

coordinates with that of the current study. Then the user can adjust the values appropriately to get

a sub-volume.
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7.7.33

7.7.34

PMOD Base Functionality (PBAS)

Ana alternative way is to base the extraction on the bounding box of a suitable VOI, which has
been defined beforehand. Using the VOI button a VOI can be selected, its bounding box is read
from the file and applied for sub-volume extraction. Note that the same functionality is also directly
available in the VOI tool. Additionally, the slice thickness can be added to the Z VOI size enabling
the Add slice thickness to Z VOI size box.

Scale Values

The Scale Values tool

Scale Values

¥ 1.0

Offset[+] 0.0

[] setunits: ¢

2 Z8lice O F e ) All

[] Replace :v Ok I_>< Qancel!

can be used for transforming the pixel values by the following operations in the Scale selection.

[ Replace o ol

= *:multiply with a constant and add an Offset which defaults to 0;
= /. divide by a constant and add an Offset which defaults to 0;

= ->1: transform the value range to the interval [0,1];

= ->255: transform the value range to the interval [0,255];

= ->CU: transform the value range of CT Hounsfield numbers to the value range used in the
template image of the clinical toolbox [1]. Values in [-1000..-100] are scaled to [0..900], values
[-99..100] are scaled to [911...3100], values i>100 become [i+3000].

= /VOI: divide by a VOI average and add an Offset which defaults to 0; the VOI has to be saved
beforehand and needs to be selected.

If Set units is enabled, units appropriate for the scaled image can be selected from the units list.
Reference

1. Rorden C, Bonilha L, Fridriksson J, Bender B, Karnath HO: Age-specific CT and MRI templates
for spatial normalization. Neuroimage 2012, 61(4):957-965. DOI

Segmentation

The Segmentation tool is a method for simple mask creation similar to the segmentation in the 3D
tool. It opens the following dialog window.
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By Qring ponal Manes selecion I At background Vol
m (10 =
dlow v | mResHOLD v < || PR O o {biiice | Hsigram |
Input pro®a oy 2}
L o ‘ |1 Addifional results:
- = = [l Sepalsts SEQmErs In Fremas
ol 1 In [ Mam e ot clusters L A Tt ot sl o M el A oy k]
Tinir luster size [od]
T onph & Iogi Cal w ossln g,
| | Reglace !7.; Ok %éfﬂ Cil:ILelJ
The following segmentation methods are available.
HOTTEST The HOTTEST PIXELS segmentation allows obtaining the (often
PIXELS disconnected) pixels with the highest values. The number of included pixels
can be specified in the Num of pixels field.
HOTTEST PIXELS v 4 |b V[Owr ¥ ? @
Mum of pixels 50|
REGION REGION GROWING is a method by which the user defines a starting point
GROWING (seed) within the object of interest, and the algorithm tries to find all connected
pixels which fulfill a certain criterion. It is required to triangulate the seed point
with the orthogonal plane layout as illustrated below.
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I”DBLoad I'E) Segmentation I_-SDRendering P

(Timput |

&2 Cool s 4 Q& =

0.0 € [10210

100 [%]

o|&]|- =]~ [o]x] -

Load: & Database » 3

From

REGION GROWING [ b Segmentation
| | Use VOI{s)formasking= (O Edit

[ Mgegments in Separate Frames

Threshold 600.0

Direction (O = @ == (0 ==
Deviation
Probe value (xy.z)
Input (37, 31, 112) = 963.0
Segment (37, 31, 112)=1.0
[] Calor (Seed for Region Growing by Planes)

The inclusion criterion is formed by the Threshold value and the Direction
specification:

= = include all connected pixels with a value Threshold + Deviation;
= >=include all connected pixels above the defined Threshold value;
= <=include all connected pixels below the defined Threshold value.

Note the Probe value which displays the image value at the position of the
cursor, which is useful for finding appropriate Threshold setting.

THRESHOLD

The THRESHOLD segmentation is conceptually simple. All pixels with value
above or below the threshold are included in the segment, depending on the
condition settings.
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THRESHOLD hd b o[v[Owr = ? @

Threshold 5.0 H
D= == (0> @ ==
Thresholds 1 |[]Inc

Sometimes it is helpful to segment at several threshold levels at once. This
can easily be realized by setting the number in the Thresholds field
accordingly, and entering the threshold values in the appearing Set dialog
window.

Threshold 5.0 "::

(R S —
Thresholds 2 'v?ﬁc 5 ﬁ
- .
T Set o

Threshold

154

or 2 10,0
.

J‘a @] '| Ok ” Cancel |

Multiple threshold values can be incremented with a constant value enabling
the Inc box and specifying the step in the dedicated text box.

IN RANGE

The IN RANGE segmentation is similar to the THRESHOLD method, except
that two limits are defined. The boundary values are included or excluded,
depending on the radio button settings. The complementary criterion is
obtained by checking the Invert box.

IN RANGE > 4|» Jow ? ®

Range [1500 2500
| @ O m |
= == ; == < |:||n\.l

Ranges |1 inc

Similar to the THRESHOLD segmentation, multiple Ranges can be defined
and segmented at once.

Otsu Threshold
(ITK)

The OTSU THRESHOLD method is based on the analysis of the pixel
histogram and is described by The ITK Software Guide as follows: "Another
criterion for classifying pixels is to minimize the error of misclassification. The
goal is to find a threshold that classifies the image into two clusters such that
we minimize the area under the histogram for one cluster that lies on the other
cluster’s side of the threshold. This is equivalent to minimizing the within class
variance or equivalently maximizing the between class variance."

The Number of histogram bins defines the resolution of the histogram
shape, whereas the Number of thresholds defines the number of distinct
clusters. With the mouse CT, Otsu with the settings below finds appropriate
thresholds for the skeleton object and the soft tissue, as illustrated below.
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Note that the threshold values can be inspected only after the actual
segmentation by the View Otsu button.
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Neighborhood
Connected (ITK)

NEIGHBORHOOD CONNECTED is a region growing method which applies
two grouping criteria:

1. Anincluded pixel must have a value in the range between the Lower and
Upper threshold.

2. All pixels in its neighborhood within the specified pixel Radius must also
be within the value range.

By the combination of these criteria small structures are less likely to be
accepted in the region.

HEIGHBORHOOD CONNECTED (ITK) v 4 b [V]Owr = ? @

Lower Upper
188.0 840.0
Radius 2
| m O m |

A single seed is provided by the triangulation point of the orthogonal planes.
Multiple seed points can be specified by the use of markers.
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The number of structures found depends on the number of seeds.
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Confidence
Connected (ITK)

From the The ITK Software Guide: "The criterion used by the Confidence
Connected method is based on simple statistics of the current region. First,
the algorithm computes the mean and standard deviation of intensity values
for all the pixels currently included in the region. A user-provided factor
(Multiplier)is used to multiply the standard deviation and define a range
around the mean. Neighbor pixels whose intensity values fall inside the range
are accepted and included in the region. When no more neighbor pixels are
found that satisfy the criterion, the algorithm is considered to have finished its
first iteration. At that point, the mean and standard deviation of the intensity
levels are recomputed using all the pixels currently included in the region. This
mean and standard deviation defines a new intensity range that is used to visit
current region neighbors and evaluate whether their intensity falls inside the
range. This iterative process is repeated until no more pixels are added or the
maximum number of iterations is reached.

The number of Iterations is specified based on the homogeneity of the
intensities of the anatomical structure to be segmented. Highly homogeneous
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regions may only require a couple of iterations. Regions with ramp effects, like
MRI images with inhomogeneous fields, may require more iterations. In
practice, it seems to be more important to carefully select the multiplier factor
than the number of iterations. However, keep in mind that there is no reason
to assume that this algorithm should converge to a stable region. It is possible
that by letting the algorithm run for more iterations the region will end up
engulfing the entire image."

The initialization of the algorithm requires the user to provide a seed point. It
is convenient to select this point to be placed in a typical region of the
anatomical structure to be segmented. A small initial neighborhood Radius
around the seed point will be used to compute the initial mean and standard
deviation for the inclusion criterion.

CONFIDENCE CONNECTED (ITK) v |4 b [V]Owr *= ? @

Multiplier 2.3
lterations |G
Radius 2

Connected
Threshold (ITK)

Connected Threshold is a region growing method with the criterion that
(similar to the IN RANGE method) the included pixels must have values
between a Lower and Upper threshold.

O'v'r‘ Connected Thresho... * 4 b H ?‘

Lower Upper
[1488.9538 | [3935.925 |
[ 1] 5] []

[[] Smooth result segments

As usual with region growing methods, the user has to specify a seed point by
clicking into the image. The ITK region growing methods are particular in that
multiple seed points can be specified at once by the use of markers as
illustrated below.
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Once the markers tab has been activated and the Set button enabled, a
marker is created as a seed point for each clicking into the image. When the
segmentation is started, the region growing with the specified value range is
performed from each marker.
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SCATTER in VOI

This particular method for localizing pixels from 2D scatter plots is described

in a separate section| 1ss.

After specification of the segmentation method and its parameters, the segmentation can be
started with the Segmentation button. The result is shown in the right image display port. Note
that if the study is dynamic, an additional box All Frames appears. If it is checked, segmentation
will be performed for all frames separately, otherwise with the frame which is currently shown.

The segmentation result can be used in different ways:

= Save as Template Atlas directly saves the segmented series in an atlas format in the directory
Pmod4.1/resources/templates/voitemplates. Subsequently, it can be used for statistics using
the Atlas tab of the Templates pane in the VOI definition function.

= The Outline button allows creating VOIs for each generated segment. Optionally, the
background can be added as a VOI by enabling the Add background VOI box. The outlined
VOlIs can be saved as files and later used for statistics by the Save icon next to the Outline

button.

With the Ok button the segmentation is performed again and the resulting segment returned as an
image series which is binary for a simple segmentation and an object map in the case of a
clustering method. The following Additional results can be returned.
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1. Create VOI Template/Mask: With this setting, the segments are also returned as a VOI
template which can be activated by the Mask tab of the VOI Template function.

2. Create VOI Template/Mask and View Statistics: As 1), but the statistics on the current image
are additionally calculated.

7.7.34.1 Mapping of Pixels from Scatter Plots

Scatter plots are a convenient method for exploring tissue function, if matched image series are
available. With the brain PET example illustrated below,

we get the following scatter plot of the pixel values in the blue VOI box.

PFUS1 Choline PET FCH |» MATCHED to FD
i L]

7T

59

42

24

0.6 -

-1.8 14 58 96 124 17.2
PFUS1 FDG PET FDG

The FDG uptake of a pixel is plotted on the x-axis, and the corresponding PCH uptake on the y-
axis. The Segmentation tool allows defining areas of interest in the scatter plot plane and
mapping the enclosed pixels back to the image. The procedure converts the scatter plot to an
image, in order to apply the standard PMOD VOI functionality for the area definition.

Segmentation Procedure
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Please proceed as follows:
1. Load the two matched image series.

2. Define one or multiple VOlIs on the first image series which enclose the tissue of interest, if
needed the whole volume.

Select the Segmentation external tool, and chose the SCATTER in VOI method.

# & 7

‘j'_"_io-«r SCATTER in VOI v (4 |p|? :C

Study A | PFUS1 Choline PET FCH |= MATCHE... +

Study B | PFUS1 FDG PET FDG =

PN 0 SetScatter ROIs

4. Using the list selection arrow, define the series with the defined VOI as Study A, and the other
series as Study B.

5. Activate Set Scatter ROls to create the 2D scatter plot.

PFUS1 Choline PET FCH | MATCHED to FDG %
7T ]

H[= ]
B — [ 1dentity line (x=y)
B — [¥] Linear regression (y= 0.0*+0.81)

Deselect All Select All a | Inverse

Linear regression parameters

Intercept: 0.8078246

Slope: -0.004373

PFUS1 FDG PET FDG

e} Chi 2: 60385411438

H Segmentation: Rectangle X (width) 200 Y (height) 150 (J) Set Segmentation ROIs

=1 & | B || Print | Close

6. Convert the plot into an image by Set Segmentation ROIs. The X(width) and Y(height)
define the number of image pixels in the two dimensions. The image value is given by the
number of scatter points in the area of each image pixel.

7. A window appears showing the generated image together with the VOI definition interface.
Adjust the color thresholds for localizing pixels with a specific uptake pattern and draw the
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ROls.

ol rame )

=]
7]
B

8. Closing of the VOI interface with OK returns to the scatter plot which now also displays the
ROls.

kBy/cc
7.7

69

42

24

0.6 -

seconds

9. Complete the definition by the Close button to return to the Segmentation tool.

10. Now the scatter pixels can be mapped with the Segmentation button. The interpolation should
be disabled to better see the generated segments. The result indicates that the tumor pixels
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were well characterized by the red ROI in the scatter plot.
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Rectangle ROI

A quick alternative to going through scatter plot rasterization and ROI outlining is to use a simple
rectangular ROI. This functionality is enabled by the Rectangle box. A red-shaded area appears,
which can be adjusted by dragging the edges. Segmentation will map the pixels in the defined
rectangle.

kBaicc

77
9.

42

24

06 -

seconds

= | | L Segmentation: X Full X (width) 200
7.7.34.2 Skeletonization

PMOD implements an improved fully parallel 3D thinning algorithm [1]. It uses a 3D binary image
obtained by a segmentation method and generates unit-width curve skeletons. The skeletonization
algorithm extracts the "center-lines" of an object and uses them to efficiently represent the object.
[2] The skeletonization algorithm is complementary to the segmentation.

The curve skeletons are well suited to describe tube-like anatomical structures, e.g. vessels,
nerves, and elongated muscles [3].

The steps required to generate e.g. a skeleton for the brain vessels based on an MRI image are
illustrated in the capture below:
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7.7.35
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First, the segmentation method is selected in the Segmentation panel. It is recommended to
enabled the Ovr button in order to preview the results of the segmentation algorithm in the upper
left viewport. Second, the Skeletonization check box is enabled. Finally, the Segmentation
button is activated to perform the actual skeletonization of the previewed 3D segment. The result is
shown in the upper right viewport. It is recommended to visualize the skeletonization results using
the 3D volume rendering layout.

Reference

1. Kalman Palagyi, A 3D fully parallel surface-thinning algorithm, Theoretical Computer Science
406, October 2008, p. 119-135, DOI

2. Tao Wang, Skeletonization and Segmentation Algorithms for Object Representation and
Analysis, PhD Thesis, Spring 2010, Edmonton, Alberta, University of Alberta

3. Tagliasacchi A., Delame T, Spagnuolo M., Amenta N., Telea A, 3D Skeletons: A State-of-the-
Art Report, EUROGRAPHICS 2016, Volume 35 (2016), Number 2

Standard Orientation

Reformats the loaded images such that they are displayed in the standard radiological head first
supine (HFS) position illustrated below. This function requires that correct subject positioning
information is available in the image data header.
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An HFS orientation of the images is mostly relevant for the automatic generation of VOls.

7.7.36 SUV Image Calculation

Explicit SUV images can be calculated with the Calculate SUV Image entry of the external tools. It
shows a dialog window with information related to the administration of the tracer dose explained
above.

SUV:  body weight - F
Subject weight [kg] 75.0
Subject height [m] [1.79

Subjectsex M +

Date / Time (of decay correction):

- - &
() Series @ Acquisition ) Scan ) 2006 |.3 [[1 [/[13 |2 [26 [[760000

Image decay correction Date / Time 2006 |3 |1 [/[13 |2 |26 | 760000 e
Radionuclide half-life [sec] |5586.2 18 F (109.77 m) v 4 b
Radiopharmaceutical: = v 4

Calibrated dose in syringe [MBq] 280.0
Dose calibration Date / Time 2006 .3 |1 | /13 [2 |26 |[760000
Administration Date / Time 2006 .3 |1 | /13 2 [26 |.[760000
Dose remaining in syringe [MBq] (0.0
Remaining dose Date / Time 2006 |.|3 [1 |[/[13 [|2 |26 |[760000

Dose atimage decay correction time: [280.0

4 Copy to Study Info

The SUV selection determines the SUV type to be calculated. The Ok button starts the calculation.
A new image series with changed units ([g/ml], [cm2/ml] or [%ID/ml]) is created if the Replace box
is unchecked, otherwise the original series is overwritten.

Note:

For regional statistics the explicit SUV image calculation is not necessary. The statistics output|zs#
can be switched to SUV units, provided that all required information is available.

Using the Copy to Study Info button the corrected information can be saved for later use, and for
saving it together with the data.
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7.7.37

7.7.38

7.7.39

Temporal Resampling

Allows resampling a dynamic series according to the timings specified.

© (82 @8]

according to the timings specified.

Temporal Resamplin EE
& p pling

i Temporal Resampling X

-
e
O
€ Resamples a dynamic series
=]
]

Resamples a dynamic series according to the timings specified.
Downsampling: The area under the curve in each pixel is maintained.
Upsampling: Using spline interpolation between frame mid-times.

IDeﬁneSampIingTimes I

In case of down-sampling the area under the curve is maintained.

In case of up-sampling it uses spline interpolation between frames mid-time.
Texture Analysis

If at least one VOI has been defined 25 texture features|zss within them can be calculated using
the Texture Analysis entry in the external tools.

Wavelet Filtering

The Wavelet tool performs de-noising of dynamic data, whereby the x and y image dimensions
must be a power of 2. Note that if the z and the time domain sizes are not a power of 2, they are
extended or reduced to the closest 2" value.

T — aubechies
VR . Battle-Lemarie

Method [Daubechies | [|°°

2D +time
Domain (2D * N0 +time

Coefficients to keep 5.0 o1
i [7] e

Wavelet filtering has been adapted from [1] and can be applied with two sets of coefficients:

e Daubechies using 20 coefficients [1];

o Battle-Lemarie using 71 coefficients obtained from Narayan Kovvali, at that time working at
Duke University.

There are four different filtering modes:

e each plane separately (2D),

¢ each frame separately (3D),

e each plane over time separately (2D + time),

e or the entire volume over time (3D + time).

The coefficients to keep determine the level of smoothing: the lower the % value entered, the

smoother the image.

Reference
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7.7.40

7.8

1. William H. Press, Saul A. Teukolsky, William T. Vetterling, and Brian P. Flannery. 1992.
Numerical Recipes in C (2nd Ed.): The Art of Scientific Computing. Cambridge University

Press, New York, NY, USA.

z-Score in VOI

This tool performs calculation of z-score values based on the average and the standard deviation
of the values within a specifed VOI. When more than one VOI is available on the VOIs list the
algorithm will consider as VOI the VOlIs union selected on the Group tab.

The operation works frame-wise for dynamic data.

[¥] Mask outside byvalue: [0.0

M z-Score in VOI X

e
? Cresos [v 0

Masking outside the VOI is optional. It can be easily achieved enabling the Mask outside by value
box. The masking value can be specified in the dedicated text field.

The Ok button starts the calculation. A new image series is created if the Replace box is
unchecked, otherwise the original series is overwritten.

This preprocessing is recommended for transforming the data as input to the supervised clustering

algorithm implemented in the PGEM module.

Reslicing of the Images at Oblique Orientations

To calculate slices at oblique orientations or rotate images the reslicing pane must be activated.
Reslicing is defined by a transformation consisting of translations in all directions, rotations about
all axes, and potentially scaling along the axes. Each of these transformation components has its

own sub-pane.

€ (@& (& |8
| Move | Rotate | Scale |
L X Ly ¥z
15.313 9.077 5.4938
0.938 0.938 22
F 4 a v H k
T EHe @ By

Human Heart

Reslicing

Kind of Transformation

Direction of Operation
Total

Increment
Incrementing

Save, Retrieve, Invert, Reset, Apply

| Move !'Ro'[a'[e ! Scale |

Rat, Mouse Heart le"Z LG X &y
1" e808  |19.983  |Foo
1.0 1.0 1.0
C3a 4 ¥ b4
| Move | Rotate FScale '
= =
F e X vy # z
1.0 1.0 1.0
0.1 0.1 0.1
4 4 b 40
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Note that Scale values of 1 indicate that the pixels sizes read from the image header are correct.
Any other number will scale the pixel size accordingly.

The transformation parameters can be specified in different ways, on the corresponding sub-panes
Move, Rotate, Scale:

= by entering values for the shifts or rotations in the number fields, or

= by clicking on one of the arrows to increase/decrease the values by the shown increments.

In the Rotate tab a help re-orientation button is available for heart studies £%. This option button
allows re-orienting the heart data such that is closest to the short axis orientation (SA).The heart

type can be selected when the button is activated. Two options are available: Human Heart and
Rat Mouse Heart.

After changing the transformation, new slice images are immediately calculated and shown.
However, the entire data set is only generated when needed, for instance to save the images. The

B b tton serves for enforcing the reslicing process for the whole data volume.

The * button resets the transformation parameters. A transformation can be saved to disk using
E, and later retrieved with & if needed.

Important Notes:

1. The facility buttons in the reslicing panel for Save, Retrieve and Apply transformation are not
always available.

2. The manual transformations are not fully equivalent with the automatic rigid matching transforms
of the fusion tool. Manual transformation can be used in PFUS activating the LoadTransformation
button in the Auto panel available on the Initialize/Match page. In PFUS, the Inverse
transformation is possible to calculate for any type of transformation activating the dedicated button
M Inverse |

Mouse-driven Reslicing
As soon as the reslicing pane is activated, handles appear in the image overlay. They allow for
interactive, mouse-driven reslicing.

Before Reslicing After Reslicing

Symbols alwas stay in image center

Y
Translation: Move the mouse pointer to the open white rectangle. The cursor changes to .
Click the left mouse button down, and then drag along the direction you want to move the image to.

Rotation: Move the mouse pointer to the filled small white rectangle. The cursor changes to k@.
Click the left mouse button down, and then drag while the image gets rotated. To get finer control
of rotation, the rectangle can first be dragged radially outward, so that the handle distance from
center increases.

Per default, the reslicing handles are shown as long as the reslicing tab is selected. If another tab
is selected, they disappear. To make them appear permanently in the images and enable mouse-

driven reslicing at all times, the pin button # can be fixed to #. A quick alternative to show/hide
the reslicing controls in the active image is the CTRL+R shortcut.
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7.9

7.10

Adding Iso-Contour Lines to Images
- - ]

The fourth tab
RN R

2 a4 5618415 a/p .E

is used to overlay iso-contour lines onto the images. A histogram of the pixel values is shown, and
the value at which the iso-contour lines are drawn can be adjusted by entering a numerical value,
or by dragging the marker highlighted in the graphics above. The selection on the right allows
choosing among several colors for the contour lines.

Per default, the iso-contour lines are shown as long as the iso-contour tab is selected. If another
tab is selected, they disappear. To make them appear permanently in the images the pin button #

can be fixed to #.

Showing and Saving Movies

The movie player allows showing movies of slice images through the volume or through time
(dynamic studies only), as well as rotating MIPs if the 3D button was selected in the layout.

PMOD Base Functionality (PBAS) (C) 1996-2019 pmod



Image Display and Basic Processing 168

€ (8T & Movie player

__ Through space or time
o = |ﬁ Save Movie

Image interpolation

From (1 13
i o Range of slices or frame
To 11 |4 to play
1 ¢ D E 4 Play direction, speed

Please use the Q box to enable image interpolation when working with low-resolution images. If
the save movie button is activated at the time the user hits the start button, a dialog window

appears requesting information for movie generation.

e Save video X
Save as
@ QuickTime = -
. DICOM; ) File () C-Store
.} Animated GIF
Frame Rate: 4 frame/sec LA BN J
@ Active Area () Full Display | Gy |

[v] Delete JPEG files, located in;

C:/Pmod4. 1/datal/dspCaptures! P& X

! Start || Cancel |

The movie formats include Quicktime or DICOM, and the active image or the entire image viewport
can be captured. The movies are generated from intermediate JPEG files, which can optionally be

kept for other uses.
A movie of the active image can also be started/stopped with the CTRL+M shortcut without the
need to open the movie tab.

7.11 Image Capture
-

The capture button @ located in the lower right corner of the image viewport allows creating
various types of captures:

Capture Display <Ctrl+E>
Capture Full Screen <Ctrl+Shift+P>

Scientific Output <Ctri+0>
O o

Capture Display (Ctrl+E)
The capture output is defined in the dialog window that appears.
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"Eaptire [Dispiay] aomm

iy

Graphics: 1.0 JPEG L} TIFF
| Dicom: & File 5 c-Store [

! Clipboard @ Console

7+ Attive Area ® Full Display

MITV: 98 559 oo

] 4

Active area only captures the content of the selected quadrant, whereas Full Display captures the
whole image area, including MIP.

] M ® a3 [» B N & @10 a %4 ]

The output format is selected in the upper part: either a DICOM secondary capture image can be
saved or directly sent to a PACS system (C-Store), or a graphic image file format can be specified
for saving.

Note the Console output, which sends the capture to an image buffer in the console. When
opening the console later on, the captured images can be inspected and the relevant ones saved.
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6:26.654 [PETCT*Example]

S PR

X Close

4 E-Mail to Support

Capture Full Screen (Ctrl+Shift+P)
This options creates a capture of the entire screen (not only the PMOD window):
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Capture [Full Screen] as: >

Graphics: ® JPEG (U TIFF O Clipboard ) Console
DICOM: (O File () C-Store

| ﬂ Save ||>< Cancel |

which can be saved as JPEG, TIFF or copied to Clipboard. The Console option automatically
appends the capture to the buffer for problem reporting| 311.

The DICOM output supports two options:
1. with the File the DICOM SC images are saved to disk

2. with the C-Store option supports direct network transfer to a DICOM server.
Scientific Output (Ctrl+0O)
This option creates scientific captures of predefined sizes:

Confirmation X

Do you want to create Scientific Output #

[v] Annotated
[v] Color Bar:  WERTICAL LR

Precision 1
: . 4 p

Output width: 1024

1 256

D 512 :I
| v Yes || [0 768
¥ 1024 [E—

[0 2048
[0 Actual size (pixel to pixel)

The Output width defines the capture size. The Actual size option allows obtaining exactly the
same appearance in the capture like in the viewport. Optionally, Annotated Color Bar can be
added to the capture enabling the dedicated check boxes. The annotation Precision can be
specified in the dedicated text field. Two options are available for the color bar position: VERTICAL
and HORIZONTAL. The color bar annotations correspond to the lower and upper threshold set for
the image display while the units are read from the image header.

The Yes button opens a Scientific output settings window as illustrated below:
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Ik Scientific output

Zoom Annotations
100% ¥ @[ i-ri 1oy alr o vl 5% v oalp | % oy w B
View
¥ ¥ e
Faokor brinic . m M Image frame [v] Color Bar In Border Color

[v] Anatomical Annotation [¥]VOIs [] Grid: &

B | []image Number [¥] Slice Number [] Time in seconds

Strioke: 1 =

1 ]
Ch Capture ||X Qancel|

It allows adding the Image frame, Slice Number, Anatomical Annotation, Grid of predefined
size, etc. Optionally, VOIs (if available) can be overlaid on the image. The Capture button allows

saving the capture as JPEG, TIFF or to the Clipboard:

Capture [Display] as: *

Graphics: ® JPEG ) TIFF i) Clipboard
DICOM: ) File () C-Store

I E save !|>< ganceul

The DICOM output supports two options:
1. with the File the DICOM SC images are saved to disk.
2. with the C-Store option supports direct network transfer to a DICOM server.

The Save button starts the final saving procedure.

pmod
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7.12

Reports

Reports of the current configuration in a single image display can always be generated using the
report button & next to the image. In more complex configurations such as image fusion (PFUS)
or image comparison (PVIEW) a dedicated report button is available which creates a composite
report.

The report button opens a dialog window consisting of a header part, the image area, a comment
field, and control buttons for adding annotations, saving and printing.

The logo and the institution address of the header can be configured using the HC Confia button in
the PMOD ToolBox. The subject demographic information is extracted from the image header. It
can only be changed by changing the image information itself with the Edit subject/Study Info
function.

The central part contains the image(s) in the layout and color as on the image viewing port(s). As
long as the presentation is not fully satisfactory, the user can change it in the application and then

activating the & button again.

W Print preview X

a

Institution
Address

NAME PFUS1 E.DATE ID Multimodality PE°

Report: 2015.05.31 (16:47:20) Study: 2006.03.01 |1 of 1 [PFUSEIT 4.0 |

[v] Overlay

‘ @ Print || Ol Save As 1188 x 1684 pixels E: X Cancel |

SEHHJ# o & TE & @@% LoadProtocol [EE# Save Protocol P

In addition to the provided content the user may add annotations. This can be achieved by
enabling the T toggle button in the Annotations area

and then clicking into the report. A dialog window opens for entering a comment title and body.
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Comment title
Comment texd]

Text . H Background &
| Ok ” Cancel ” E save ” ﬁ’yﬁetrieve|

After closing with Ok, the comment text is shown together with a circular marker, connected by a
line.

Both the text and the marker can be dragged around so as to properly label a point of interest
without obstructing the view on relevant information. By changing the opacity and font size in the
Annotations area, the comment appearance can be adjusted appropriately. To stop adding
annotations, the 'T" toggle button must be set to off by clicking it again.

When the report content is satisfactory, the page can be sent to a printer using the Print button.
Alternatively it can be saved in different graphic formats using the Save as option button. Note that
there are two resolutions available: 1188x1684 and 594x842. With 1188x1684, the generated
graphic files have notable better quality (particularly the text), but are considerably larger in size.

Several saving formats are available in the appearing dialog:
Graphics: ® JPEG O TIFF

Buffer: _ Clipboard

DICOM:  File 0 C-Store
Preview

| EH save ” Cancel |

The report page can be saved as a graphic file (JPEG or TIFF) or copied to the Clipboard (for
pasting it into a different application). Another alternative is to create a DICOM Secondary Capture
object which can be can be saved to disk (DICOM File) or directly sent to a DICOM server
(DICOM C-Store).

7.13 Presentation of Fused Images
-]

There are multiple places in PMOD where two different image sets can be combined into a fused
image. Depending on the context, there are two arrangements for performing the image fusion.
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Fusion Images not Visible at the same Time as the Source Images
In this layout only the fusion of two source series is shown.

A
1 fa ==
@ cray = P[P -
U0 & o1
= — = 22 [%

Fusion
controls

To adjust the presentation of either source image, select the appropriate tab Source A or Source
B, and use the image controls. During such adjustments it will sometimes be helpful to only see

the image you are working on, not the fusion. This can easily be achieved by moving the balance
slider to one of the end positions left or right.

Separate Source and Fusion Images

In this layout both the input images and the fusion images are visible at the same time, as in the
example shown below.

PMOD Base Functionality (PBAS) (C) 1996-2019 pmod



Image Display and Basic Processing 175

@6 [(m [ =]/ | 8] o
gl T 1 ¢ ==
& o - F A -
oo £ 01
- =
oy == 22 18]

o ' 1
w5 - =] - o] -

b0

=)

¢ 8 3[m [0

B A oon Qo & W O FE kG oA
= =
| @] <]
I [
|4

se-—wsTH

Fusion controls

- 5 Fusion |

In this example the first row shows a T,-weighted MR image, and the second a matched '8F-

Choline PET image with a highlighted tumor. To the right of the images the controls are available
for changing the way how the images are displayed such as the color table, the thresholds, and the
layouts. The third row shows the result of the fusion, depending both on the renderings of the
source images, and on choice of the fusion controls located to the right.

Image Fusion Methods
The image fusion control

(o]

reecoory  FUSion method
1w« =—=1)» x @ Balance

Blos esons | 4 Iso-contours

consists of three rows. The first row contains the selection(s) for choosing between the different
fusion renderings, the second row allows enabling the balance to blend the contributions of the two
images in the fusion, and the third row allows enabling the iso-contour overlays.

The fusion methods available are:

MIX Alpha Blending: weighted addition of the RGB values of both source images
according to

Rfusion = RA*X + Rb*(1-x)
Gfusion = GA*X + Gb*(1-x)
Bfusion = BA*X + Bb*(1-x)
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MEX | =] (RGB Color)

03 |4 = F—— » x @

o

=QTunom

e
1w ) MOSEE

The slider allows defining the relative contributions of the source images. In

the example shown image A contributes 30%, and image B 70%.

MERGE

RGB merging uses the maximal RGB value of both source images according
to

Rfusion

G
B

=Max(R,, R,)
=Max(G,, G,)
= Max(B,, By)

fusion

fusion

Example:

-

B
T

u :

s I']'v1ERGE ¥ (R+G+B CDIOF}I
; .
o

n

[@]oa @8 0A

This fusion mode is most adequate for data arising from RGB sources, or
when encoding the images with the [R]ed, [G]reen, [B]lue color tables.

ovL B

Shows the images A as background and a part of the images B as the
overlay.

(e (88 |[®[s]a|

-

Blss 1[4 .

& cold v dlp AP v

@ 20 £ 5
EEEDE = o
25 [%] e 56 [%]

boAoce G ®E O K

L R ] |

With the >Lt setting, all pixels in the PET image (B) below the lower threshold
of the color table are replaced by the MR (A) values. Additionally, some
transparency is added in the lesion by the balance slider. See below the
description of the different threshold options.

OVL A

Is equivalent to OVL B except that the role of the images is reversed.
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WIN A

Shows the images B (PET) as the background. When clicking into an image a
rectangle appears which overlays the image A (MR).

F(e] a]
F
i I o)
o I\.'
I —
!G;M (@ B ) AFE

WIN B

Shows the images A (MR) as the background. When clicking into an image a
rectangle appears which overlays the image B (PET).

When the OVL A or OVL B methods are selected, different threshold settings are available in the
selection to the right:

> Lt

Only the pixels (in A for OVL A, in B for OVL B) with values above the lower
threshold are displayed. This is the most useful setting when a hot lesion is to
be blended into an anatomical image (see example for OVL B above).

< Ut

Only the pixels (in A for OVL A, in B for OVL B) with values below the upper
threshold are displayed.

>Lt Ut<

Only the pixels (in A for OVL A , in B for OVL B) with values between the
lower and upper threshold are displayed.

<Lt Ut>

Only the pixels (in A for OVL A , in B for OVL B) with values outside the lower
and upper threshold are displayed. Note that only the first and last color of the
selected color table are applied in this setting. A suitable selection in this

configuration is the Split color table.

An example of the <Lt Ut> method is shown below.

-2.0

| ®

Image A represents normalized subject images,
and image B the deviation from the normal pattern
expressed as z-score values. The color table
configuration of image B is

&® spitBER

v()mav

and the fusion settings

Ovl Z-5CORE ¥  =ltUt= w7

1.0 4

Jr x @
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7.14

PMOD Base Functionality (PBAS)

Only z-score values < -2 and > 2 are shown,
without transparency. Because only the minimal
and the maximal colors are use, the result has a
binary character. Red are all pixels with an
activation of more than two standard deviations,
and blue all the pixels with the uptake reduced by
at least two standard deviations. This is probably
the most useful configuration for exploring the

deviations from the standard pattern.

Iso-contours in Image Fusion

The contours radio box allows overlaying iso-contours derived from the source images A or B or
both onto the fusion result. In the example below an iso-contour circumscribes the lesion clearly
delineated in the FCH PET image. The iso-contour for the image B can be generated automatically
selecting the Optimal option in the list in the Contouring tab. Setting the radio box B displays this
contour in the fusion, which has been set to show mainly the MR image (A) by moving the balance
slider to the left end. Another helpful application of the contours is in image matching.

O €[@ 2|m e[ a

[

sa-—wcm T

3D Volume Rendering, Rotating MIP Images

Instead of showing individual slice images, a volumetric data set can be volume rendered. Simple
volume rendering can be enabled in the 3D sub-pane

€ || & W &8
| Ak [0 | ko

MIP (Spatial) = || &

0.1 4 F X
U@ & @
1.0 q

@ 3DTool

There are four methods to choose from the selection

= MIP (Maximum Intensity Projection) being the most known one
= MinlP (Minimal Intensity Projection)

=  ACCUM (Accumulation of color and opacity)
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(C) 1996-2019



Image Display and Basic Processing

179

= SOLID

As soon as the rendering button indicated in red is activated (or CTRL+V on the image) the image
display switches from slice display to volumetric display, with the projection direction orthogonal to
the image plane. Three renderings of an example PET using the same color table are shown
below. Note that the value range considered in the renderings is somewhat different.

[0.099773 | 0909773 3L
% 0.1 =
Lt/ Ut
1.0 =1

@ 3DTool & Rotate

(e EXzlefsa
CRPTS == LN

ACCUM = < [» MY

X 016 =

Alpha

1.0 =

@ 3DTool & Rotate

backwards

(e Bz (@8 | a |
(@ | b [0 ke |

S0LID E« Y 4l

[2.601426 | 11.00422]
% 0.3 =]

Lt/ Ut _--:-_ &
1.0 =

@ 3DTool & Rotate

b= ™2 OB M e E &= ™ O M8 =m0 E B

The button to the right of the 3D selection is a toggle to perform the 3D operation from backwards,
which will result in a different image in the case of a depth-dependent weighting function.

Note that image scrolling is still enabled in 3D mode. When CTRL+Drag the left mouse button over
the image, the 3D rendering disappears and the slice images are shown until the mouse button is
released.

Rotating MIP
To create a rotating coronal MIP movie please proceed as follows:

= In the Layout pane select the Coronal orientation (or CTRL+Y in the image).
= In the 3D pane enable MIP and 3D, then adjust the upper/lower thresholds.

= |n the Movie pane the number of slices has been replaced by the number of projections with a
default value of 40 angles. Increase the number to get smoother rotations. Start playing.

MIP images will be calculated from different viewpoints and displayed as a rotating cine. If you

would like to save a movie, enable the saving button as explained in Showing and Saving
Movies| 17,
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Transfer to Full 3D Rendering

The @ button in the 3D pane is only functional if the PMOD 3D option is installed. When this
button is activated, the current data set is loaded into the full 3D rendering tool for advanced
processing.

7.15 Markers

The Markers sub-pane serves for the definition of landmarks in the image.

o) : ¢
51 Magne
PFUS1 MagneticResonanc.. = |4 X
..... = e -
TlelElE s w s | g
2l ® | 4x [ 30 %=}
= ——— % X
|
O ||| | get | Edgit | [y X X (=]
. - |
= ] (Z)
S bl 2@) = B
v
Bl sote: 2(2) v 4
& e
g + |F1 " H & [Append i
IJ Distance between markers
[0 Distance between markers from 2 files
W Value Profie. |
v
W
-

The best way to define landmarks is to operate in the orthogonal layout. If the Set button is active
the user may click into an image to define anatomical landmarks which are shown as squares in
the image. Using the + button, a landmark can be defined by entering its coordinates in a dialog
window. To avoid marker generation, hold CTRL+SHIFT when clicking, or disable Set beforehand.
The slices can be scrolled by the mouse wheel or by CTRL+DRAG. The spatial arrangement of
landmarks can be saved for later use with .

The defined landmarks are numbered and organized in a list. The planes can be centered on a
defined landmark by the Go to list selection. There are three types of landmark-based
measurements:

= Distance between markers calculates the distances between any two landmarks and shows
them in a table.

= Distance between markers from two files allows loading a second landmark set and
calculating the distances between corresponding landmarks.

= Value Profile generates a plot of the values between the landmarks, connecting them them
sequentially with lines.

1

01025
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7.16 Curve Display

A common curve display object is used in all PMOD tools. It consists of a curve area and a
controls area underneath.

S =
| ISR _?50'0’Y 6'91965?_3_"2__ |..--10[11.115,5.98?]-1?[45.883,4.358] ........... .
36.8 s < == T < - 5
20.4 L
Right mouse button
Range {Zoom )
l Reset Zoom =Click=
- Select Active Curve <Ctrl+Click=
' Toggle Point =5hift+Click=
Switch OFF all Points in visible area
Switch OM all Points in visible area
a5 ~ € Hide/Show Controls
’ ! Hide/Show Grid \ '-.-\._
\cursor
73 k) _
-h—hﬁ-‘-'—-_.ﬁtwe curve
H [m}
; o R
o0 o—_
0.0k e — = = = = i
0.n 12.0 240 36.0 4a8.0 60.0
minutes :
-] a
E oL~ Ellnputcurwe model [ |OL|~ El Plasma model Curve Controls

& oL |~ [[2] o whole blood moder B oL
EH o VEMeasured =& oo

- EID Parent fraction model
- Model Curve

[T

In some contexts the control area may initially be hidden. The context menu can be used to show it

Curve Area

The curve area shows the curves which are enabled for display. There is always an active curve,
which is shown in bold. A curve can be made active by holding down the CTRL key and clicking at
one of its points, or by pushing its button in the controls area as illustrated with the Model Curve

above.

The definition of the active curve is relevant for the tools which interrogate the curve values:

= There are two small handles at the top of the curve area: a little rectangle to the left, and a line
to the right. These are handles which can be moved left/right using the mouse, and the gray
vertical lines move with them. The values at the top center of the curve area represent the
interpolated (x/y) values of the active curve at the location of the handles. To get the

measurements of a different curve just CTRL+C1ick at that curve to get the values updated.

= Onlyin some curve displays: When the cursor is brought close to a point of the active curve, its
x/y value pair is shown at the upper left of the curve area.

To zoom into an area of the curve just click the left mouse button to the corner of the area of
interest and drag a rectangle. After releasing the mouse button the display is zoomed into the
defined rectangle. An alternative is to define the axes Range in the context menu. A single mouse
click into the curve area is sufficient to reset the zoom.

Context Menu
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By clicking the right mouse button into the curve area a context menu with some additional options
can be opened.

Range { Zoom )
Reset Zoom =Click=
Select Active Curve =Cirl+Click=

Toggle Paint =Shift+Click=
Switch OFF all Points in visible area
Switch ONM all Points in visible area

€ Hide/Show Controls
Hide/Show Grid
Hide/Show Density
Hide/Show Markers

View in Separate Window

FProperies
n Save All Curves ¥ Onecurve in one file
View Values (visible curves) Allin one file

Switch all curves ON

Switch all curves OFF

The functions are:

Range (Zoom) Set the range of the x- and y-axis by entering a numeric value.

18.22485
-1.65517

[seconds]: [0.0 3944_3§

Fix as curves display range

If the box is checked, the range is maintained during all manipulations.
Otherwise, a single click resets the range to the default.

Reset Zoom To reset the curve range to the default full range. It is grayed if the display is
not zoomed or the range is fixed.

Mouse operation: single C11ick into curve area.

Select Active[Selects the curve nearest to the point clicked with the right mouse button to
Curve open the context menu.

Mouse operation: CTRL+C11ick at a curve.

Toggle point Disable a measurement of the active curve. This is reflected by setting the
symbol to gray.

Disabled measurements
(Shift + Click)

In the context of model fitting measurements marked in gray are regarded as
outliers and not considered when evaluating the cost function.

Mouse operation: select the relevant curve to active, then SHIFT+Click at
measurement.
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Switch ON/OFF|In combination with zooming this option allows to quickly disable/enable
all points in[contiguous points of the active curve.
visible area

& Hide/Show/|Allows hiding the controls if the curve display area is small, and to show them
Controls again.

Hide/Show Grid |Controls the display of the grid lines.

Hide/Show Reflects the density (coded distance) of points in the graph as a colored map.
Density More points close together produce a "higher" color.

Hide/Show Controls whether the measurement markers are shown.

Markers

View in Separate|With this option, the curve display can be opened in a separate, large window
Window to closely examine the plot.

Properties With this entry a configuration dialog is opened for setting the annotation Font
size, and for enabling curve Antialiasing (smooth curve appearance).

Save All Curves |Allows saving the numeric data of all curves in a single or separate text files.

View values Opens a dialog window which shows the numeric values of all visible curves in
(visible curves) |a dialog window. The window contents can be copied to the Clipboard and
pasted to a different application.

Save All Curves|To quickly change the visibility of all curves. When switching all off, the active
ON/OFF curve is still shown.

Curve Control Area

The control area lists the curves which are available for display. There are several elements to
modify the curve appearance:

style visible

= Model Curve
save aéﬁue
values
Show/Hide To show/hide a curve check/uncheck the visible box.
Active curve To set a curve to active click at the active button, or directly CTRL+Click on

the curve itself. The line/symbols get bold.

Style The list selection can be used to change the style of a curve:
DL | -
L Normal line
L2 Bold line

D Dots only

oL |Dots and line
FL Filled area

Further useful interface elements:
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Connections |Changes the shape of the lines defined by the measurements:

I Linear
SN Cubic

o 4~ | B-Spline
7~ [2]

Note that calculations are not based on the display representation of a curve.

X Saves the numeric data of a curve as a text file with two columns. These files
obtain a .crv suffix and can easily be opened in Excel or a text editor.

When working with a database the curve can be attached to a particular image
using the Attach to Subject (Series) in the appearing dialog.

T Write as CURVE X

DATABASE | = Demo = 4 "B [ DataBasel/*.crv | * ResetQuery & RefreshQuery @ @&

Entername |Authentic CPFPX in Plasma| = ¥ Attach to Subject (Series) |
@ If this button is enabled, each curve is normalized to its own maximum and shown

as percent values. This mode is helpful for comparing shapes when the dynamic
range of the curves is very different.

i Creates a capture of the curve area. The captured image can be saved as a JPEG,
TIFF or DICOM file. It can also be copied to the Clipboard to paste it into some
office application.

8 Volume-of-Interest (VOI) Analysis

The main purpose of a VOI analysis is to calculate the distribution of pixel values within delineated
tissue structures. There are several VOI definitions available in PMOD which are described below.

8.1 VOlI Interface
1

Starting a VOI Analysis

PMOD supports the access to VOI analysis in almost all situations when an image is displayed.
The VOI button in the tools list next to the image

4= 0o m[0]M ¢« B

immediately switches to the VOI definition environment with the current images. In the PVIEW tool,
there is a separate VOlIs page for entering the VOI definition mode.

VOI Layout Variants

PMOD supports different VOI Ia%%uts. In most of the PMOD tools, the preferred layout can be
selected in the tool configuration| 27
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Toolbar orientation:  VERTICAL 7

Toolbar layout:  In Line ) Mixed (® Compact

Default is the Compact layout, which uses a single vertical column for VOI definition and
modification tools, with an additional configuration tab. This layout will be used in the following for

the explanation of the VOI functionality

vUva‘a

PKIN1 [CPFPX Bolus] CPFPX Bol... + X

- a =1 VOls

- | Mo. | P | MName |

1 Whole Brain
Cerebellum re
Cerebellum i
Striatum re
Striatum li
Caudatus re
Caudatus li
FPutamen re
FPutamen i
Frontal re
Frontal li
Temporal re
Temporal li

@ 10

11

I=
-
PN NN NN N NN

# New VOI Xx x OB T

VOls from ==  PKIN1 [CPFPX Bolus] CPF
€© (8 [F [ W@ 8

%
v
&2 Gray - b [ & v
olo 0.0 € 931073
M
0 [%] ¢ 18 [%]
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[o]f&]- (=] - [ol&] -
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(0 [ [ (3] =

VOlIs configuration sl

Classification mode: D =

Contours

Mo. | 0| MName |
1 + Contour 1

Compact layout

# Mew Contour X X % cDm ©

VOI overlap control: @ &

VOI display options: &
VOI statistics in overlay
Rl O

[ Minimum [] Maximum =

*
= [] Average []Volume (MTV)
B

[] Peak (1 ccm sphere)

W OX
ofo

VOIs defined by hotkeys
B
PeakVOl =<CTRL+Q= search diameter:

- [mm] 30.0

Isocontour VOI <CTRL+L=:
Thr[ % ofMax = ]45.0

List LGroup LTempIate |
0 s = [JF ®c OA

The Mixed layout is kept for compatibility reasons and uses three vertical toolbars.
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= VOIs
| P | MName 5 )
Z  Whole Brain
Z  Cerebellumre +
Z  Cerebellumli
Z  Striatumre B
Z  Striatum li
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Layout Overview

Most of the interface is related to the creation and editing of contour-based VOls. The illustration
below indicates the grouping of functionality using a simple example with 13 contour VOls. The
details are described in the following sections.
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When clicking at a VOI in the VOIs list, the lesion is triangulated in the display. If some VOI
statistics in the overlay elements are enabled [1e7), the results for the selected VOI are shown in
the overlay. Double-clicking at a list entry additionally changes plane selection such that the
contours can immediately be edited.

Alternative to selection in the list VOlIs there is an mode for directly selecting the VOI in the image

Inilh

Vo

"El

= Meutral
™ Select VOIs in display <Cirl+Click=

Tool Hiding Options

or the MIP. To this end the Neutral toggle has to be switched to Select VOIs in display.

If during image inspection space is too much reduced by the VOI tools, there are two ways to

reduce the tool area:

€ Activating

this button right to the i

mage

hoA o= Q®|H O KW B

will hide all the tools. Activating it again recovers the original layout.
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This toggle button removes the column with the VOI and contour lists. The VOI list is
- added as a new panel, but the contour list and VOI loading/saving/statistics are not
anymore available. To return to the complete layout the button has to be activated again.

o] /

5 [ © [ [1e, 8 [ ®= [ vos

b a v =] VOls

; | Mo. | P | Name |

1 Z  Whole Brain \3’

=20 Z  Cerebellumre b

- Z  Cerebellum li o

Z  Striatumre e

‘S Z  Striatum i

RERR Z Caudatus re

- 7 Z Caudatus i ojo

Z Putamenre
Z  Putamen li
10 Z  Frontalre
< 11 Z  Frontalli e
Z Temporal re

Z  Temporal li

- 14 14

® Vevol  x x 2OE T

\ |-n s = WFil: )G @A =

b Compare

8.2 Using Contour VOIs

In PMOD a contour VOI is defined as a stack of planar, closed polygons which are named ROls
(region-of-interest). The contours are manually or semi-automatically outlined on the loaded
images, and the pixels contained within the contour boundaries are considered for the VOI
statistics.

There are a few principles to bear in mind when working with contour VOls.

= The coordinates of the contour vertexes are defined as the (x/y/z) triples. The x and y offsets
are in [mm] from the image origin, whereas z represents the slice number. This makes the
definition independent of the planar image resolution and the zoom factor. However, note that
modification of the origin coordinate results in a shift of all VOIs defined for the image study.

= A contour VOI can be defined in each of the orthogonal directions. Naturally however, a single
VOI can only consist of contours in the same direction. There exists a tool for changing the
direction.

= Contour VOIs consist of one ROI per slice. This ROI can have one or multiple independent
contours.

= A contour is a closed polygon which appears in PMOD as below with vertexes marked by
squares and connected by straight lines.
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8.2.1

8.2.1.1

For each contour the user can define, whether the included pixels should be included into the
statistics or excluded from it. By defining contours with exclusion, VOIs with hollow parts can
be created.

Single pixels are a special case of contours. They can be easily added to or removed from the
contour VOI.

For dynamic data the VOI can be extended to the temporal dimension as well. This means that
the VOI may have a varying shape or location at different acquisitions over time, allowing to
track moving organs over time. As long as the VOI has only been defined at one time point, it
is applied equally at all times (static VOI). When defining the VOI differently at different times
(dynamic VOI), care must be taken that a VOl is defined at all times.

Many studies can be loaded and processed in parallel. Hereby it is possible to have individual
VOIs for the different studies, but the VOIs can also be shared among spatially matched
images.

VOI and Contour Properties

The hierarchy of three levels

VOI, consisting of ROls in different slices
RO, consisting of contours within a slice
Contour, one closed polygon

reflected in the VOI user interface. Each level has a corresponding tool bar for object

manipulations. For instance, when selecting the VOI button and shifting, the contours in all slices
will be shift. When selecting the ROI button and shifting, only the contours in the current slice will
be shifted.

VOI Level Properties

VOI List

The VOIs section on the List tab contains the list of defined contour VOlIs, and VOlIs which are in
the progress of outlining.
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F Ely Sortinq NS T ]
No. | P | Name MoveISCale

] Z  Whole Brain |
hz cerevelum €lear contours, =
B ;  cereoellumii | :
B : ctiatumre COpy‘
Z  Striatumli
= Z Caudatusre p_aSte|
7 Z Caudatus i Mirror, ol
Z Putamenre
Z Putamenli propagate
10 Z  Frontal re
11 Z  Frontalli ¥
Z Temporal re
Z Temporalli W
14 1 2 ’b.a% S
8 d“\e‘ea& e
S & LR
& A O% O D
LR LN
# New VOI xx 2 @B T

VOI Properties

VOI properties can be set while creating a New VOI if the Open properties check box is enabled:

“Newvo " x x O B T

Static / Dynamic VOl
Filled ' Tape voI [ @ |1
Full I Sector VoI [ &)

Organ volume Mah [cem]
Organ mass |[NaN [a]

Tracking: MEUTRAL + |4 | B

Setplusiminus contours: + =

Lockiunlock VOI: |f &
B-spline: g 7;{: 73 %

i VOI properties X

VOl name [14 4 List

| Ok ” Cancel

or can be changed using the Do button. It shows the VOI properties dialog window illustrated below.
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ik VOI properties

VOI name Temporal Ii|
Static/ Dynamic VOl
Filled ' Tape voI [ @ |1
Full I Sector VoI [ &)

Organ volume Mah
Organ mass Mahl
Tracking: SEED -

Setplus/minus contours: + =

Lockiunlock VOI: ,?

[cem]
[a]
3

4 List

B-spline: i'i 7;: TT X
Operations History
L X by ¥ Z
X 171.5867 |-143.2133 |[124.0
Location:
1.0 1.0 1.0
4 F T A E =
L X L' £ Z
) 42.24 104.1067 |58.0
Size:
0.1 0.1 0.1
4 F T A E =
2 L% X A
Rotation:
1.0
& a

o

” Cancel |

The window allows changing the properties and immediately updates the display for providing a
visual feedback. The property elements have the following meaning:

VOI name

Allows assigning a name to the VOI in the list either interactively or from
predefined name lists. The List button allows using pre-defined names stored
in name lists and is described below.

Static/Dynamic
VOI

This property is only relevant for dynamic series. If a VOI is defined static £,
the same VOI definition is applied and shown at all times. If a VOI is defined
dynamic # a different VOI definition can be used at different times. Note that
a dynamic VOI is only shown when viewing the images of the time frame it
was defined on. As long as only one VOI is defined, statistics calculation will
apply this VOI at all times as with a static VOI. However, as soon as VOls
have been defined at more than one time, it is required that VOIs are defined
at all times. Here the VOI propagation functionality may be helpful.

Filled/Tape
VoI

Filled VOI J: All pixels enclosed by the contours belong to the VOI.

Tape VOI @: The contour is interpreted as the center line of a VOI which
includes pixels inside a band along the contour. The number of pixels inside
and outside can be specified. This type of VOI was introduced for myocardium
VOQOls.

Full/Sector
VOI

Full VOI £l: Uses pixels from all directions.

Sector vVoIdl:; Only the pixels in a defined angular sector will be considered.
The sector angle can be defined in the VOI Action Mode using the handles at
the angle corners. This type of VOI was also introduced for myocardium VOls.

Organ volume
Organ mass
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Tracking

Allows defining the role the VOI would have in a module which calculates
tracks such as PGEM.

Tracking: SEED - P
Set plus/minus contours: + = ¥ SEED
Lockiunlock VOI: E BEZ
10 WAY
Bspline: b 2o [0 EXCLUDE

[0 NEUTRAL
Operations I p——

The role of VOlIs in tractography:

e SEED: Tractography is started from the pixels in the seed VOlIs, following
the local vector directions.

e END: Only tracks ending in this VOI will be used. To avoid excessive
pruning of tracks, an END VOI should have sufficient volume.

e WAY: Only tracks passing through the WAY VOI will be used.
e EXCLUDE: Tracks passing through an EXCLUDE VOI will be removed.

e NEUTRAL: Such VOIs have no impact on tractography. Setting VOIs to
NEUTRAL allows assessing the effect of END, WAY and EXCLUDE VOls
without the need of removing them.

Set plus/minus
Contours

The + and - buttons set all contours of the VOI to positive and negative,
respectively, see ROl and Contour Level Properties [+s4. The main purpose of -
is to remove parts of an enclosing VOI. This is done by merging the enclosing
(positive) VOI with the enclosed (negative) VOI.

Lock/unlock
VoI

Unlocked F VOIs can be modified, whereas no changes are allowed for
locked [8 vOls.

B-spline

The action buttons allow converting a polygon into a curved b-spline contour,
and reverse. {1 generates a b-spline which passes throught the original

vertexes, whereas pan reduces the vertex number if the vertexes are very
dense (e.g. generated by iso-contouring). dn returns the definition to polygon.

Location

X, Y and Z position of the VOI relative to the origin in [mm]. The location can
be changed by entering new coordinates or using the incrementing arrow
buttons.

Size

Size of the VOI bounding box in mm. The sizes can be changed and result in
a proportional scaling in the corresponding direction. The sizes can be edited
or incremented by the arrow buttons. Note that for contour VOIs consisting of
planar ROIs the scaling is only supported within the ROl planes, not
orthogonal to it. Object VOIs can be scaled in all directions.

Rotation

The VOI can be rotated in space. Note that for contour VOIs consisting of
planar ROls rotation is only supported around the axis orthogonal to the ROI
plane. Object VOIs can be rotated around all directions. The angles can be
numerically specified in degrees, or incremented using the arrow buttons.

The illustration below illustrates the effect of the different properties on the pixels used for VOI

statistics.
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Sector

Color Definition

Colors are randomly assigned to created VOls. To change the color, the VOI in the VOIs list, then

activate the palette button B and change the color. Note that all contours belonging to a VOI have
the same color.

Use of Name List

For consistent VOI naming, the use of name lists is recommended. To use list naming, please
select the VOI in the VOIs list, then activate T'. It opens the dialog window illustrated below.

& Enter VOI name and Color

V-
DICOM (SNOMED) o 5 ’TH_‘

Abdomen ¥ DICOM (SNOMED)

Abdomen and Pelis | [0 gMALL ANIMAL

Adrenal gland [ DOSIMETRY IDAC Human (Adult Male)

::2;': Joint 7 DOSIMETRY IDAC Human (Adult Female)

Arm [0 DOSIMETRY OLINDA Human (Adult Male)

Axilla [0 DOSIMETRY OLINDA Human (Adult Female)

Back

Bladder

Brain

Breast

Bronchus

Buttock - |

e

WOl name Abdomen * .
ORGAN volume 0 [ccm] mass [0 [al
P Set VOI name and color ” Append (label) VOI name ” X Cancel |
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Six lists with pre-defined organ names are available: DICOM, SMALL ANIMAL, and four
DOSIMETRY variants. Select the appropriate one in the list selection in the upper left and proceed
as follows:

1. Select an organ name from the selected list.

Note: In the SMALL ANIMAL list, organs with trailing >> such as Tumor>> offer a
substructure list. Other organs like the Kidneys offer a Laterality choice. Select as
appropriate.

1. The VOI name shown in the text entry field is composed from the selections, but can be edited
or completely redefined.

CAUTION: An existing VOI with exactly the same name will be overwritten. In this case please
add a suffix to differentiate (e.g. CerebellumLeft in the example above)

2. The ORGAN volume and mass are relevant for dosimetry studies. There are predefined
values for DOSIMETRY selection lists. These values can be edited if necessary for any
selection.

Change the VOI color.
The Set VOI name and color button replaces the current VOI name, whereas Append (label)
VOI name appends the string to it.

Custom VOI List

To create a custom VOI list please populate the VOIs list with a set of VOIs using the proper

names. Select any of the VOIs and open the VOI properties dialog window. Activate List and in the

appearing dialog the + button, to define the name of the new list.
ﬁ’“ N
: VOI name [Tempaoral li
T,
SMALL ANIMAL v |4
Bod sl
Blad & Enter list name >
::]ani Enterlistname
Fat| | WHOLE BRAIN T
Gen | CEREBELLUM RE
Glaf | CEREBELLUM LI
Hed | STRIATUM RE 1
Inted | STRIATUM LI
Isch | CAUDATUS RE
Join | CAUDATUS LI
Kidrl | PUTAMEN RE
Leg| | PUTAMEN LI ~|
== |FRONTALRE | e
FROMNTAL LI =
B TEMPORAL RE L .
Of | TEMPORAL LI [a]

’—,| ok | Cancel |m

From then on, this list can be used alternatively to the pre-defined lists.

8.2.1.2 ROl and Contour Level Properties

The Contours section contains the list of the contours defined in the current slice of the image

series for the VOI selected in the VOIs list. All contours belonging to a VOI in a single plane form

together the planar ROI.

Changing between ROI and Contour Level

Note the vertical bar to the right, initially with a button ROI at the top. This indicates that operations

(e.g. scaling, shifting, clearing, mirroring, etc) will be applied to all contours of the ROI. When the

PMOD Base Functionality (PBAS) (C) 1996-2019 pmod



Volume-of-Interest (VOI) Analysis 195

button is toggled, it is labeled as CTR. In this configuration, the operations will be applied only to
the selected contour.

" Contours
Mo. 0 ! Name | { 5] o]
1 + [Contour 1 L = =
2 - _lcontour2 3
Rel O | cTr O |
Include/exclude x | X
2
ojo ojo
fb‘\\ + +
L@ - W
0 o - -
&
# New Contour X X (]
Properties

Contour Properties
The ROI properties button illustrated above opens a dialog window with the following elements.

M. Contour properties X

Contour name (Contour 2

Setplus/minus contours: + =

Closed/Line @H

Operations
L X oy ¥ Z
X -2.0 -15.0 16.0
Location:
1.0 1.0 1.0
4 F v a E 7
L X vy £z
i 90.0 116.0 0.0
Size:
0.1 0.1 0.1
4 b T o4 £
[ L% X &y
Rotation:
1.0
E a3
| Ok ” Cancel |

The Set plus/minus contour allows defining whether the contour adds to the VOI (+ contour), or
subtracts from it (- contour). This contour property is also reflected in the O column of the contours
list. The Closed/Line button toggles between interpretation as a filled area vs. an area along the
contour line.

The Operations panel shows the Location and Size of the selected contour. By changing the
values in the text field or using the arrow buttons, the contour can be moved or scaled.
Furthermore, with the Rotation parameter, it can be rotated within the definition plane.

ROI Properties

The ROI properties are very similar to the contour properties. However, here the +/- buttons will
impact all contours in the list.
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M. ROl properties X
Set plus/minus contours:  + EI
Operations
L X oy ¥z
) 20| -18.0 3.0
Location:
1.0 1.0 1.0
4 b T oa E =
L X vy £ Z
i 146.0 178.0 156.0
Size:
0.1 0.1 0.1
4 b T oa E =
s L% X v
0.0
Rotation:
1.0
Ea
| Ok || Cancel |
Hollow VOI

The purpose of the "minus" contours is to support VOIs with exclusions. The example below
illustrates, the situation of a "plus" Contour 1 which was obtained by hot iso-contouring. The inner
Contour 2 was obtained by the cold iso-contouring. It was then set as "minus" contour using the -
button in the contour properties.

CAUTION: The first contour in the Contours list must be a "+" contour. If needed, the arrow
buttons at the list top allow changing the location of the selected contour.

O B - H v bk v &
- [
2 Vol
Mo. | P [ Name |
p ‘&n FEE _vow‘ﬁl
& x
-
] E2)
* |
= ‘ & ‘ alo
-
@ -
-
—
rl
3D
-
‘ ) ‘ [¥] % New Vol xx & B T
<20 || ax
- - Contours -
Mo [ o] name | || I ‘
= :I : + Contour 1 ._R?'_\
2 - Contour2
- rol 8
[#] .
i
-
! @ ! u|||
T =
%] -
Ao
@ % New Contour xx O 8 ®
~ | tist | croup [ Tempiate |
O M aps [pwd & &ty |a =[] Il [ ] G n s = [Wrr ®c OA
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8.2.1.3 Contour Display Properties

The configuration panel houses properties defining how the VOIs are displayed in the image
overlay.

(@ [ (i (1]

YOls configuration

Classification mode: |] w7

[J VOl names in overlay

VO! overlap control: (] ‘/, 13 Name of VOI under cursor in comer

VOI display options: o IJ Hide VOI action handle

¥ Data driven display
WOI statistics in overlay

¥ Triangulate VOI center after selection
I Minimum [] Maximum .

[] Average [] Volume (MTV)
[] Peak (1 ccm sphere)

v X

The following properties can be configured in the option menu:

VOI names in Shows the VOI names next to the contours in the image overlay.
overlay Note: The location of the names cannot be changed.
Name of VOI Shows the names of the VOIs below the cursor in a separate section at the

under cursor in |top of the image. Overlapping regions are shown as a list of names.
corner

Hide VOI action |Hides the handle for moving the VOI to avoid obstructing the view with small
handle VOlIs. The VOI shifting/rotation operations have to be performed with the
keyboard arrow cursors.

Data driven Determines the behavior of the image layout when switching between different
display series. If the box is checked, each image has its own properties such as
layout, zoom, color etc. Otherwise, the images are shown with the same
layout properties.

Usually contours are outlined on images displayed with interpolation, often combined with image
zooming. In such a representation the images look smooth, even if the original pixels are big as
with modalities suffering from low spatial resolution relative to the structure being outlined. To
make sure that the right pixels are included in the VOI it is recommended - especially for small
structures - to examine the VOI pixels as follows:

1. Check the S box. The display shows only the contours of the currently selected VOI to avoid
confusion in the presence of multiple VOls.

Check the = icon. The VOlIs vertexes are hidden.

Check the Fill box. The display now shows a grid with the VOI pixels (G). The grid can also be
filled by setting the radio button to A (opaque filling). The degree of opacity can be change
using the UP arrow = right to the A button, whereby 100% indicates full opacity.

4. Disable image smoothing by disabling the

&)

button in the image control section.

5. Modify the VOI contours with the Fill box checked, for instance by moving a vertex. The grid is
updated as soon as the changes are completed.
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ROI Fill ROIFill ROI Area Fill 100% ROI Area Fill 30%

Note: PMOD only considers the pixels for the statistics calculation which are visualized with the
Fill functionality.

8.2.1.4 Inclusion Criteria for Pixels

Because the contours are defined by polygons, the contour lines may not exactly follow the edges
of the image pixels, but cut across the pixel area. PMOD supports different ways of handling this
situation. Consider a contour which was manually drawn in the interpolated image.

Switching interpolation off

DEYOMECE

shows how the contour lines intersect the pixel area.

Classification Selection
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The list selection illustrated below allows choosing between the different classification modes.

‘o[ [n [1[*] |-

¢!

VOIs configuration -

-

Classification mode: [ [+

& ) L
VOI overlap control: @ D Fraction mode (area weighting)

(] |] Binary mode (=50% inclusion)

VOl display options: &4 5 72 ginary mode (100% inclusion)

|'V0| statistics in overlay ————| [0 Accelerated binary mode (center inclusion)

The Fill mode can be used for visualizing the classification effect.

List LGroup LTempIate |
A Os = [FFr Oc @A 4]

The G option represents the classified pixels as a grid, the A option as an area.

Fraction Mode (Area Weighting)

In Fraction mode, all pixels with any part enclosed by the contour are classified as VOI pixels. In
statistics, the fractional area included is used as a weighting factor in the average calculation| 220,
Note that when the Fill A option is activated, the color intensity of a pixel corresponds to the
included fraction.

Binary Mode (>50% inclusion)
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In >50% Binary mode, all pixels are included for which the enclosed area is >50% relative to the
full pixel area. The statistics is unweighted using all classified pixels.

Binary Mode (100% inclusion)

In 100% Binary mode, only fully enclosed pixels are included. The statistics is unweighted using
all classified pixels.

Accelerated Binary Mode (center inclusion)

This classification variant has recently been added to improve performance for large VOlIs, not only
for the statistics, but also for the generating the overlays in the orthogonal layout. Classification
criterion is inclusion of the pixel center in the contour. The performance gain can be several factors
for large structures. Therefore, it is set as the default mode for the PNEURO and PSEG tools,
which result in a big number of VOIs following the pixel edges.

Default Classification

The default VOI Classification mode to be used can be configuredmﬁ for each user as illustrated
below.

PMOD Base Functionality (PBAS) (C) 1996-2019 n.pmod



Volume-of-Interest (VOI) Analysis

201

8.2.1.5

ik PMOD Configuration and User Settings

[ userRs | Ky picom | iy DATABASE | @ FTPNodes | [T] On Star

@ User1 = T Editusername % Addnew user - Remove user

Login enabled [+ & User settings are saved when switching the user.
SETTINGS | PXMODmodels | PKINmodels | READ/WRITE plugins | LOADINGTOOLS | COLORTABLES | MODULES |

| REPORT | DATABASES | FTPNodes | APPEARANCE | STATS |

Hottest Pixels Analysis Number of pixels 5 Hypoxia Index threshold 0.0 (Absolute value) Probability threshold 0.5 (0-1)
Peak VOl volume 1.0 [cem]
SUV Scan Date / Time @ Series () Acquisition ' Scan

WOI Classification mode: D =

Recommendations
The following hints may be helpful for selecting an adequate classification:

e For VOIs derived by automatic methods (iso-contouring, PNEURO, PSEG) the statistics results
will be the same for all classifications, because the contours follow the pixel edges. In this case
use of the Accelerated mode is preferable.

e For small VOlIs using manual outlining, use of the Fraction mode will provide the most accurate
results, particularly in terms of volume.

Overlapping Control

When defining several VOlIs, the user may want to control whether they can overlap, or not. To this
end, the editing can be set to one of three different modes as illustrated below.

(@ [ [ |5 [ #=]

VOls configuration

Classification mode: D 7

B

VOI overlap control: @ &

Their effect is as follows.

By |No control of VOI overlapping, contours can intersect arbitrarily.

(L1 [Trim new/modified VOIs along existing VOIs. The existing VOIs have priority. The new
VOl is modified by removing any intersection area with the existing VOls.

[ [Trim existing VOI along new/modified VOIs. The new VOI has priority. The existing VOIs
are modified by removing any intersection area with the new VOI.

The example below illustrates the effect when shifting the green ellipse left in the different control
modes.
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8.2.1.6 Overlay Statistics

It is possible to overlay a limited set of statistics directly in the image. This behavior can be
configured in the VOI statistics in overlay section of the VOI configuration panel by checking the
statistics of interest. Note that activating the Peak should be used with care, as for large VOIs it
may incur visible calculation delays.

(@ [ (i (1]

VOIs configuration

Classiﬂcationmodezlj hd
VOl overlap control: [Bj] =

VOI display options: &

VO statistics in overlay
] Minimum [¥] Maximum
Average [¥] Volume (MTV)
[] Peak (1 ccm sphere)

¥ OX

After enabling overlay statistics (illustrated below), the results are updated whenever a VOI is
modified.

Note: Only the statistics of the VOI selected in the VOlIs list is shown in the overlay to avoid
cluttering of the image area.

8.2.2 Contour Definition Tools

There is a large variety of tools which generate contour VOIs and are described in the following
sections.
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¥ Neutral
|2 SelectVOIs

Neutral

¥ Qutline polygan, adjust existing ve

in display <Ctrl+Click= | i

ices

[0 Qutline polygon with vertices on grid, adjust existing vertices

Edit vertex

IJ Insert new vertex next to selected one B

12 Click at individual voxel to add to VOI
l 10 Click at individual voxel to remove from VOI

O &
= &

CUBE (Analytic Object)
SPHERE (Analytic Object)|

Regular objects - =

CUBE (Contour VOI)
SPHERE (Contour VOI) [
SQUARE (Contour ROl
CIRCLE (Contour ROIy |

(=T
3D contouring 0o
® = Hot 3D (Cirl - add volume) = I
[0 = Cold 3D (Cirl - add volume) o .--\‘r

| [0 = Equal 30 (Ctrl - add volume)

[0 =Hot 3D Interactive with holes (Shift- continue, Cirl - add seed)

[0 = Caold 3D Interactive with holes (Shift - continue, Ctrl - add seed)

O = Equal 3D Interactive with holes {Shift - continue, Cirl - add seed)

[ < Hot 3D Interactive without holes (Shift - continue, Ctrl - add seed)
1 = Cold 3D Interactive without holes (Shift - continue, Cirl - add seed)
| [0 = Equal 3D Interactive without holes f_Sh\ﬂ— continue, Cirl - add seed}_

E @ Isocontour

oftest enclosed Pixels VOI

O [p ) Sphere at Maxin VOI (Max VOI)

Sub-VOI

POINT

| ¥ = Hot 2D (Ctrl - add contour) |
| < Cold 2D (Ctrl - add contour) i
|J= Equal 20 (Crl - add contourll

2D contouring

b

(= \;' Sphere with Max Average in YOI (Peak VOI),

= ‘/@ Tumor Volume Segmentation

[ [« | Hottest Connected Pixels VOI

8.2.2.1 Preparations

Before starting contour definitions it is recommended to first locate the slice of interest, zoom and
pan, so that the structures to be delineated are clearly seen. Also, it should be decided which of the

orientations is best suited for the outlining.

VOIs for Dynamic Studies

Often the anatomical information in dynamic studies is not sufficient to delineate VOlIs. In some
cases, averaging of a part of the acquisitions provides a clearer picture. A quick way for time-

w v EH ~ b v &
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1|/ No. [P ] nName |
X Z  \Wnole Brain wel O
' B cCorcoclumre %
" ||/ cCerebellumii s
B ctistumre
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Z  Caudatus re
& T |7 Caudatus li oo
|| B - rutamenre
Z  Putamenli
6\’ 10 Z Frontal re
g |IREE! z  Frontalli =
- |||z Temporalre
=il  FERCET
Bl
= 30
o VOI creation tools
% New VOI bl
Contours
No | o[ Name | &}
i + Contour 1 L i
‘- Ed
-
& # Mew Contour X X % QR
| st | Group | Tempiate |
Undo/redo « Os = [Ifl: ®¢

averaging is to select the tools tab and average some frames without replacing the study.

€ (@8 (&[S @ R
From (10 4 P X
[ 0 = m ]
To 20 4 r X

) Slices ® Frames: T =

Fit pAvr | Scl | Rpl | Rdc | Ext

[ -
[ ] Replace |&— R""l

Another method is to define the VOlIs using matched anatomical images of the same subject. Such

a set of VOIs can then be applied to the dynamic study for calculating time-activity curves.

Using Multiple Files Simultaneously
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When multiple images have been loaded (or additional ones have been created by averaging
frames as shown above), each of them has its own set of VOIs. The image series and the VOls
can be switched using the selection at the top

Pﬂﬁ [CPFFPX Bolus] CPFPX Bol... E 4 X

[w[VOIs from == PKIN1[CPFPX Bolus] CPF.. =
Please note the synchronization box VOIs from. If it is checked, the studies and the VOlIs can be

selected independently from each other. If it is not checked, each study uses its own VOls, and the
VOI selection is not active.

CAUTION: If VOIs are to be defined in one study and used in another, the two studies must be
matched beforehand, meaning that both of them have the image origin at exactly the same
anatomical location. This type of matching can be performed with the PMOD Image Fusion tool.

8.2.2.2 Contouring Workflow
In general, the following sequence is used for defining a contour VOI:
1. Create a VOI with the New VOI button. It appears as a new, empty in the VOIs list.
VOIs
No. P [ Name |
Z 1 ‘

2. Select one of the VOI definition tools. The cursor shape will change accordingly. Contours are
generated by clicking into the image, whereby the behavior depends on the selected tool. If it is
an automatic tool like iso-contouring, the VOI will be recreated with each click into the image.
With interactive tools such a the paintbrush, the existing definition will be continued. Note that
the orientation of the image which is clicked into also defines the primary plane of VOI which is
inidcated in the P column of the VOIs list. Contours can only be modified in this primary plane
orientation.

3. top contour modification when clicking into the image select the Neutral button.

E zZ 1

4. Activate one of the tools to continue or adjust VOI definition.

5. Continue to create new VOIs contour them as described above.

6. When selecting a VOI in the VOIs list with a single click, the program changes the slice
position, so that the VOI can be shown in the image. When double-clicking into the list, the
active slice direction is also changed, so that the contours are shown in the primary plane
direction and can directly be edited.

Finally, the VOIs can be saved and the statistics created.

8.2.2.3 Neutral Mode

Browsing the image in the orthogonal layout involves clicking into the image. When VOI definition

modes such as iso-contouring are active, clicks may introduce unwanted changes to the VOI

definitions. This can be avoided by changing to Neutral Mode enabling the R button.
8.2.2.4 Undo/Redo

VOlI definition is a tedious task, and many situations may occur where the user would like to undo a

change. To this end an Undo/redo function for most manipulations of contour VOIs is available

via the buttons.
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8.2.25

[~ ]=

The left arrow undoes operations (goes back through history), while the right button redoes
operations (goes forward through history). The number of possible undo steps saved can be
configured.

Note: The Undo function is not applicable to changes to the image information itself.

Outline Polygon

The most basic approach for contour outlining is direct editing of a polygon.

Mo, P | Name |
7T

-

¥ Qutline polygon, adjust existing vertices
[0 Qutline polygon with vertices on grid, adjust existing vertices

[T Insert new vertex next to selected one
I3 Click at individual voxel to add to VOI
[0 Click at individual voxel to remove from VOI

There are two variants of Outline polygon, one which directly connects the vertexes, the other
placing the vertexes on the pixel grid and connecting them along the pixel edges.

Polygon Definition

Create an empty VOI, localize the proper plane for contour definition, and click with the left mouse
button into the image. Contour definition is immediately started and the first vertex appears.
Additional clicks add more vertexes to the ROI in the current plane which are connected by lines.

Note that while working in vertex editing mode, the VOI functionality can momentarily be disabled
by holding down CTRL+SHIFT during clicking.

There are two possibilities to close the contour,
1. by double-clicking
2. by selecting the finish button below the Contours list or in the context menu (right-click into

image).
#% MNew Contour X M %, ?TR

Closing connects the last defined vertex with the first vertex. This operation can be undone by the

unfinish button ™. Once a contour is closed, no vertexes can be added any more, but the existing
one can be moved by clicking at them and dragging them around.

It is recommended to complete the definitions of one VOI before the next is created. To this end,
the user should work through the slices containing the object: In each slice outline the required
contour(s) and then step to the next slice using the mouse wheel. Alternatively, if the contours are
similar in neighboring slices, the contour(s) can be propagated to the next slice and then adjusted.

With the grid version of polygon contouring, the vertexes and their connections follow the pixel
edge grid.
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8.2.2.6

8.2.2.7

Note that in the illustration above image interpolation has been switched off to see the native
image pixels.

o] =]~ [of=] -

Multiple Contours per Plane

Once the contour has been closed, polygon drawing becomes inactive. For adding another contour
in the same slice, please activate the New Contour button. Now a polygon can be created.

Adding/Removing individual Pixels

Whenever working with contour VOIs, the user can interactively add or remove individual pixels by
just clicking at them. To do so, the corresponding tool has to be selected as illustrated below.

Mo. P | MName |
2

-

|: ¥ Qutline polygon, adjust existing vertices

[J Qutline polygon with vertices on grid, adjust existing vertices
[T Insert new vertex next to selected one

[T Click at individual voxel to add to VOI

[0 Click at individual voxel to remove from VOI

The example below illustrates the operation. A first Contour 1 was generated using iso-contouring.
Then with Click at individual voxel to add to VOI the pixel represented by Contour 2 was
added. Finally with Click at individual voxel to remove from VOI the pixel represented by the
"minus" Contour 3 was removed. The resulting ROI is the shaded area.

% New VOI x % O H

Contours
| Mo. | 0 | Name |
+ Contour 1
+ Contour2
Contour 2

Draw Contour

Instead of clicking along a structure, the draw tool can be used.

e Y

By holding the left mouse button and dragging the cursor along the desired trajectory, a polygon
with dense vertexes can be generated.
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8.2.2.8

8.2.2.9

ROls generated in ,.Draw Mode*

Vertices shown Vertices hidden

The contour is closed, as soon as the mouse button is released. This contouring mode generates
many closely spaced vertexes. To view the contour more clearly, the vertexes can be hidden.

Paint ROI

The paintbrush tool consists of a circle which can have different sizes.

-
¥ x4
D x3
Jx5
Dx7
Dx9
Dx11

Dx13
|: O x15
D x17
D x19

A ROl is generated by holding the left mouse button and dragging the brush over the desired area.
The program generates as many contours as necessary for enclosing the areas covered.

i

It is noteworthy that the painting tool can be used in all plane directions, although the contours are
always generated in the primary plane.

Regular VOIs

The PMOD VOI functionality supports the easy generation of regular geometric objects. They are
helpful for creating bounding boxes and for statistics based on regular objects like spheres of a
certain size rather than free-form contours.

Regular VOlIs can be generated using the multi-function button illustrated below.
O

0 & CUBE (Analytic Object)
¥ (@ SPHERE (Analytic Object)
0 & CUBE (Contour VOI)

0 (& SPHERE (Contour VOI)
|:|j O SQUARE (Contour ROI)
O <= CIRCLE (Contour ROI)

/B <+ PONT

| —

The list contains two sections. The CUBE (Analytic Object) and the SPHERE (Analytic Object)
are based on an analytical definition of the shape and the center coordinate. The other VOlIs are
generated from an analytical description, but the result is a set of standard outline contours.
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The regular objects are defined by the center location as well as some shape-dependent
parameters. These definitions can be modified in a dialog window which is shown an which also

gives access to the VOI properties.

Predefined

Do you want to create SPHERE (Analytic Object) ?

Radius [mm] 20.75

Location (X.Y,Z) 2040 |-1360 [1360

=
E [vIsphere

VOI name
Static / Dynamic voI [E& 1
Filled / Tape VoI [0 @ 1
Full / Sector VoI [& &)

Organ volume NaN
Organ mass NaN

Lock/unlock VoI [

[ Operations | History |

[ccm]
[a]
Tracking: NEUTRAL <= |4 P

4 List

L X Loy
) 132.0749 |-125.0
Location:
1.0 1.0
4 F T a4
b X vy

) 60.0517 | 60.081
Size:
0.1 0.1

1 bk ¥ a
(=4 e X
Rotation:

G a

¥z
136.0

1.0
E w

#z
2.0

0.1
E w

&y

Create New VOI || Apply

Close

Create New VOI creates an new VOI with the defined properties in the VOIs list, whereas Apply
replaces the definition of the currently selected entry in the VOls list.

Analytic VOIs

The shapes can be scaled, so that ellipsoids of arbitrary sizes can be created from a SPHERE
(Object), and cuboids from a CUBE (Object). The dialog window contains Location and Size
fields for the exact object specification. If the box for proportional is checked (Cube in the
illustration above), only one size field is shown. The Create New VOI button generates a new VOI
in the list with the specified sizes, while the Apply button overwrites the currently selected VOI.
The illustration below shows an example result with a sphere object.
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To change the location and size of the object please ensure that the VOI Action button is active

ofe , so that the handles for object manipulation are shown. The center of the object can then be
dragged by the central handle with the left mouse button, and the shape can be scaled by dragging
the sides or the corner of the bounding box in any direction. Note that holding the SHIFT key
during dragging will maintain the aspect ratio in two dimensions. The result is an object with the
shape of an ellipsoid.

Regular Contour VOIs

The non-analytic regular VOlIs are formed out of planar polygons. The example SPHERE (Contour
VOI) illustrated below has been created with the axial plane active. Therefore circular contours
were generate in the axial planes which together form a sphere. Such VOIs can be edited in the
same way as normal contour VOIs. For instance they can be scaled within the definition (axial in
the example) plane, but not in the other dimension.
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8.2.2.10 Interactive 3D Iso-contouring

There are different variants of 3D iso-contouring, which can be selected as illustrated below.

|
=3D
: I
¥l = Hot 3D (Ctrl - add volume)

= Cold 3D (Ctrl - add volume)

= Equal 3D {Ctrl - add volume)

= Hot 3D Interactive with holes (Shift - continue, Cirl - add seed)

= Cold 3D Interactive with holes (Shift - continue, Ctrl - add seed)

= Equal 3D Interactive with holes (Shift - continue, Ctrl - add seed)

= Hot 3D Interactive without holes (Shift - continue, Ctrl - add seed)

= Cold 3D Interactive without holes (Shift - continue, Cirl - add seed)
= Equal 3D Interactive without holes (Shift - continue, Ctrl - add seed)

Automatic Variants

The top three entries are automatic procedures starting from the pixel, at which the user is clicking
and looking for the largest connected iso-contour passing through the pixel.

¢ Hot 3D, the area with values above the clicked pixel value is enclosed
e Cold 3D, the area with values below the clicked pixel value is enclosed

o Equal 3D, the area with the clicked pixel value is enclosed (useful for label maps).

Structures are best contoured by clicking at their boundaries, as illustrated below.
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e
No. | P | Name
Z Hot3D

|2 Z cold3D

Note: With each click in the image, the contour is replaced by a new iso-contour. To get an
additional contour please hold down the CTRL keyboard key while clicking.

Interactive Variants

The interactive variants are based on region growing as long as the mouse button is hold down.
As for the automatic versions, there are Hot, Cold and Equal variants available. The illustration
below shows, how the region is growing radially from the clicking point, including pixels with values
= the clicked value. By repeating the interactive growing from different points while holding the

CTRL keyboard key, multiple segments can be combined.

2
s -
W
sl
i}

* —
& ]
o
-

Note the variants with holes and without holes. The first one will allow cavities, while they will be
filled in the second.

8.2.2.11 Interactive 2D Iso-contouring

Similar to the 3D Iso-contouring described above| 211, 2D iso-contouring can be applied in individual
planes. The variants for Hot, Cold or Equal contouring are available in a menu list.

i| ¥ = Hot 2D (Ctrl - add contour)
'| I3 = Cold 2D (Ctrl - add contour)

Select the appropriate tool, and clicking at the boundary of an object in an arbitrary plane.

Note: With each click in the image, the contour is replaced by a new iso-contour. To get an
additional contour please hold down the ctr1 keyboard key while clicking.
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Again, while holding down CTRL, multiple contours can be defined. However the iso-contouring
value of the different contours can not be numerically controlled and may differ.

Mo. | Dl MName |

Contour 1
+ Contour 2

8.2.2.12 Controlled/Restricted Iso-contouring

The controlled iso-contouring tool serves for the contouring of structures based on a well-defined
intensity threshold. The region-growing process can be restricted within an existing VOI, otherwise
it will work on the whole image volume.

% New VOI x x DB

=90 || e v,
o Contours

Hottest enclosed Pixels VOI

Sphere at Max in VYOI (Max VOI)

Sphere with Max Average in VOI (Peak VOI)

Tumor Yolume Segmentation

Hottest Connected Pixels VOI

Contouring without Restriction

The whole image volume will be processed, if the Isocontour tool is started without selecting a
non-empty VOI in the VOIs list. This situation is given before VOI definitions have started yet, or by
creating an empty New VOI.

The situation below illustrates the initial situation when starting auto-iso on an FDG Brain image:
One single Hot contour is shown at a threshold level of 50%. without allowing Inner holes. The
procedure operates in 2D and defines the contours in the Z plane, because this plane was active at
the time the tool was started.
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There are various parameters which change the behavior of the algorithm:

Threshold options: The user can chose between various types of threshold definitions using
the radio boxes. With Value the iso-contouring value should be entered in display units into the
threshold number field. With Percentage, the value entered in the threshold field is interpreted
as a percentage of the dynamic range (Max-Min) of the whole Study, the current Volume, or
the enclosing VOI, respectively. Instead of the Max-Min, the percentage can also be related to
the Max only. There are two alternatives to entering the values manually: From colortable
copies the value of the lower threshold in the color table. With the From cursor check box
enabled, the value is updated with the pixel value whenever one clicks into the image.

Searching dimension: 2D processes each slice individually, whereas 3D performs the
searching in all 3 dimensions.

Target type: Hot (Cold, Equal) is including pixels above (below, equal to) the threshold value,
respectively.

Inner holes: In the case of Yes, pixels not meeting the criterion which are fully enclosed are
removed from the resulting VOI. With No, the VOI will be completely filled.

Multi contours: With Yes, the generation of multiple VOlIs is allowed. Otherwise, only the
largest VOI will be returned.

Seed point: Automatic is starting region-growing with the aim to detect structures of maximal
volume, whereas From cursor allows starting the search from a manually defined location. In
the latter case the From cursor box should also be enabled.

The updated contours are shown in the image, whenever a parameter is changed. For a complete
visualization, Preview isocontours on all slices should be enabled. To accept the VOI definition,
close the dialog window with the Ok button.

Contouring with Restricting VOI
The process described above can be restricted to the volume of an existing VOI. To do so, select

the restricting VOI in the VOIs list, and start the Isocontour tool {2 and enable Restrict to
selected VOI. Regular VOIs|207 are convenient restrictions as the can easily be positioned and
scaled. The example below illustrates contouring in a box VOI placed on the left brain
hemisphere.
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Depending on the setting of Replace actual contour, the bounding VOI will be overwritten, or a
new VOI will be created with the contouring result.

Contouring with Smoothing

In order to get smoother contours than the original data supports, the procedure can work on a
smoothed copy of the data. This functionality is activated with the Use smoothed data box.If the
Smooth button is activated, the data copy is filtered with a Gaussian function using the three
numbers as the FWHM in mm along x, y and z. By adjusting the filter sizes appropriately and
repeat filtering, a smooth copy and correspondingly smooth contours in the original image can be
generated. The Smoothed/Hide toggle button can be activated to show or hide the smoothed

copy.
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Contouring with Histogram

A histogram can be used to set the threshold Value for the iso-contouring. This functionality is
activated with the Histogram button. A histogram of the pixel values is shown, and the value at
which the iso-contours are drawn can be adjusted by dragging the marker highlighted in the
graphics below. The threshold value is updated each time the marker position is changed and the
updated contours are shown in the image. The Hide button collapses the histogram part of the
dialog window again.

& Set Threshold X
) voxels
[] Restrict to selected VOI  [] . 40714, 1967]
100186 -
Searching dimension: O 2D ® 3D
Target type: ) Cold @ Hot ) Equal
Inner holes: ) Yes ® Mo 8014 -
Multi contours: ) Yes @ No O

Seed point. ) From cursor ® Automatic

|

@ value | [SUVDW] [1.06544

4 From colortable [] From cursor

() Percentage : 0 [%] 2004-
1] ! 4 3
Min, Maxvalue in study: -0.6984639, 6.430617, average: 1.1240427 18 0 5.8 8.6 13.4 173
SUvhw
Preview isocontours = on all slices S e B

8.2.2.13 Contour Interpolation

The Contour interpolation tool is located in Contour Generation section of the VOI tools panel.

© [ i, l_.Itlllfa

STEITYS WS ITTIOTT HIaimes.

Erosion / Dilation of VOIs:
Remove staircase effect: \

Make DICOM RTSS compatible: [RT'

Remove invisible ROIs:

Contour Generation

I Contour interpolation: g

Segmentation interface: (0

VOIs from label map: Q

Its purpose is to allow ROI definition on a few slices and interpolate the ROIs in between as
illustrated below.
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To perform an interpolation, first select the VOI in the VOIs list, then activate the Contour
interpolation tool. The resulting VOI replaces the original VOI.

Note: The interpolation only uses the contours, not the image itself.

8.2.2.14 Outline Segments

As segmentations also results in objects which can be described by contours, the VOI environment
includes as shortcut to PMOD's Segmentation functionality/sol. It can be started via the
Segmentation interface button in the VOI tools panel illustrated below

@ | I, l&.lﬂl#ﬂ

CENYE USIIOT prane.
Erosion / Dilation of VOIs:
Remove staircase effect: ‘ﬁ

Make DICOM RTSS compatible: [RT
Remove invisible ROIs: =

Contour Generation

Segmentation interface: @

VOIs from label map: Q

The appearing dialog window works as described in the Segmentation/+st section. What is
specific, that the VOIs direction can be specified. When closing the window with Ok, all segments
are converted to contours and returned to the VOI environment as VOlIs.
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8.2.2.15 VOIs from Label Maps

A map is a file which contains integer pixel values called object labels. The labels identify different
objects in the image volume. Such maps are often the product of segmentation procedures.

If a label map has been loaded as image, contours of the objects can be obtained with the VOIs
from label map button in the VOI tools panel.

@ [ li, I_.I!IIlta

SITENTYE WU PIans. e

Erosion / Dilation of VOIs:
Remaove staircase effect: \
Make DICOM RTSS compatible: [RT'
Remove invisible ROIs: £

Contour Generation

Contour interpolation: g5

Segmentation interface: 0

VOIs from label map:@

The Step value of 1 usually works. The file is scanned and for each label found a contour VOI is
created.

lllustrated below is the example of an atlas label file after contouring. Note that in this case the
names are synthetically generated and have no relation to the anatomy.
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8.2.3

PMOD Base Functionality (PBAS)
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At the end of this procedure the names can be edited and the VOls saved.

An alternative for creating the label VOIs without loading the label map as image is described in
Using Label Maps Files| 275l

Special-purpose Sub-VOls

Existing VOIs can be used as boundary restrictions when generating certain types of VOls. Iso-
contouring within a VOI is an example described abovelz12. Five other approaches are available
via the selection illustrated below.

Isocontour

[0 [« Hottest enclosed Pixels VOI
Hli=] @ | Sphere at Max in VOI (Max VOI)
7| 1D (@ | Sphere with Max Average in VOI (Peak VOl)

] @ Tumor Volume Segmentation

[J [« ) Hottest Connected Pixels VOI

A sub-VOI is generated by first selecting the bounding VOI in the VOIs list, and thereafter one of
the tools in the list. They will generate a new VOI with a name containing the bounding VOI name
in brackets.

v 5 Vols
MNo. P | Name
() Lesion
2 Z  Hottest pixels in [Lesion]
3 {0 Waxin [Lesion]

@ Peak[Lesion]
5 Y  AVG-BRT [Lesion]
Z HCP_10_direct [Lesion]

The name in brackets works as a grouping criterion on the Group panel.

YOI Group

[v] = [ Lesion

T Hottest pixels in
Max in
[v] l Peak
AVG-BRT
[v] [l HCP_10_direct
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8.2.3.1 Hottest Pixels

The Hottest enclosed Pixels VOI function is useful for localizing the pixels with highest values in
the selected VOI. The actual number of pixels can be specified in the interface window.

i Hottest enclosed Pixels VOI

Mumber of hottest pixels 5

? Cancel

x

Find the specified number of hottest pixels in the selected VOI

Result is a new VOI called Hottest pixels in [enclosing-name] with a separate contour for each
of the pixels as illustrated below.

8.2.3.2 Sphere at Max

- H - W - %

a w5 VOls

1 (1] No. P | Name

&7 Lesion

) IQ 2 £ Hottest pixels in [Lesion]

& > Maxin [Lesion]
@ Peak[Lesion]
Y | AVG-BRT [Lesion]

|5
|| N z  HcP_10_directLesion]

Contours

| No. | o] Name
i1 +  Contour 1

The Sphere at Max in VOI function creates a sphere object VOI with defined volume and centers
it at the maximal pixel of the selected VOI. The actual volume can be specified in the interface
window. Default is 1ccm, corresponding to the PERCIST peak value definition.

Ik Sphere at Max in VOI (Max VOI)

Sphere volume 1.0

+ [0 oo

X

Sphere VOI centered at the maximum pixel in the selected VOI

[ccm] (1 ccm ~= 6,2 mm radius)

The resulting sphere is called Max in [enclosing-name].
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@ v @ v bk v &

a v E] Vois
| no. | P | Name
I ecion
Z  Hottest pixels in [Lesion]

|2

[BIE  Maxin [Lesion]
@ Peak[Lesion]

153 Y  AVG-BRT [Lesicon]

7 || Iz  HcP_10_direct [Lesion]

[ % NewVoI x % o B

Contours

Mo | 0] Name
¢ 1 + Contourl

8.2.3.3 Sphere with Max Average (Peak VOI)

The Sphere with Max Average (Peak VOI) function creates a sphere object VOI of defined
volume and places it in the bounding VOI such that the average is maximal. Beyond specification
of the Sphere volume (default: 1ccm = PERCIST peak), the appearing dialog window offers
additional options.

& Sphere with Max Average in VOI (Peak VOI) *
Sphere VOI placed in the selected VOI such that the average is maximal.

(@) Activity in entire peak VOI () Activity in intersection of parent and peak VOI

Sphere volume 1.0 [ccm] (1 cem ~= 6,2 mm radius)
[] Background threshold Wy
[] Minimal Peak VOI inclusion [%] O

With Activity in entire peak VOI, the average calculation uses all the voxels intersecting the
sphere. With Activity in intersection of parent and peak VOI, the average calculation is
performed using only the voxels intersecting both parent and peak VOI. The average calculation
always uses the fraction mode which weighs the voxel value by the included fraction (see Inclusion
Criteria for Pixels)/ 195\

With Background threshold enabled, the algorithm only considers spheres centered a voxels
with value above the threshold. With Minimal Peak VOI inclusion [%] enabled, only spheres with
sufficient overlap with the bounding VOI will be considered.

The resulting sphere object is called Peak[enclosing-name].
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& T Eﬂ, VOIs

| No. | P | Name }
& Lesion

|2 Z Hottest pixels in [Lesion]

= | & Maxin [Lesion]

B @ Feakilesion]

5 Y  AVG-BRT [Lesion]

B 7 HCP_10_direct[Lesion]

Contours
| no. [ O] Name |
|@‘- 1 + Contour 1

8.2.3.4 Tumor Volume Segmentation

There are various approaches for outlining a lesion in a PET image. The PET Tumor volume
segmentation method implements an automatic model-based approach [1, 2] for determining an
iso-contouring threshold which is independent of the signal-to-background ratio and provides
accurate volume measurements down to the resolution of the PET scanner.

Principle

The method performs an iterative adjustment of the iso-contouring level, taking into account the
scanner resolution and the background activity. In this process, the lesion geometry is
approximated by a sphere and the appropriate threshold level determined by a lookup procedure
which refers to a homogeneous sphere imaged at scanner resolution. During the iterations, each
threshold setting results in a new tumor volume obtained by iso-contouring, which allows
calculating the next threshold approximation. The process is repeated until the tumor volume
becomes stable.

Required for applying this segmentation method is:

1. An initial approximation of the tumor VOI.

2. The background activity level which is subtracted.
3. The PET scanner resolution.

Use without Background VOI

If the tumor is isolated from the surroundings, the background can easily be obtained from the
initial VOI definition. Please define a VOI enclosing the tumor, with sufficient distance to the rising
edge. A sphere is used in the illustration below.

Start the Tumor Volume Segmentation procedure. In the appearing dialog window
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& Tumor Volume Segmentation X

PET Tumor volume segmentation

Replace VOI
@ Averaged BRT ) Maximum BRT

Spatial resolution 7.0 [mm]

Tumor Vol:  Tumor v 4

[] Background VOI:

? Cancel

enter the Spatial resolution of the image. There are two different approaches implemented. With
Averaged BRT (Boundary-Reproducing Threshold) the average activity in the iteratively
segmented VOI is used [1], with Maximum BRT the maximal activity [2]. According to Jentzen [1],
the Averaged BRT is preferable for larger objects, and it is less sensitive to noise and non-uniform
uptake.

Check Replace VOI, if the initial VOI is not used any further and start the iteration with Ok. The
program first calculates the background activity by dilating the bounding VOI by 3 pixels and
averaging the pixels along the extended contour. Then the optimal iso-contouring threshold is
calculated as outlined above. The results obtained with the different criteria are illustrated below.

Enclosing
VOlI

Averaged
BRT

Maximum
ERT

Use with Background VOI

If higher uptake than background is close to the tumor, the initial VOI should be close to the tumor
boundaries, and an explicit background VOI should additionally be outlined. Note that the
Background VOI box needs to be checked, and the proper VOI selected from the list next to it.
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e = VOls
© Mo P | Name
& Tumor
= g Z Bck
f
J #*
=
ik Tumor Volume Segmentation X
PET Tumor volume segmentation

=30 [¥] Replace VOI
@ Averaged BRT () Maximum BRT

Spatial resolution [7.0 [mm]

— =D Tumor VOl Tumeor = b

I!Z! Background VOI:  Bck -4 I

i 1
? | 0Ok || Cancel |

() . ()

Note: The Tumor Volume Segmentation is called while the Group tab is active, all selected VOls
will be processed. If a background VOl is defined and named "Bck" it will be automatically
considered by the algorithm.
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8.2.3.5 Hottest Connected Pixels

The Hottest Connected Pixels (HCP) method has been used to outline the locus
coeruleus/subcoeruleus in T, weighted MRI images [2]. Another potential application is the

extraction of the image derive input function. The HCP method finds a specified number of
connected pixels with maximal average.

With the bounding VOI selected, start the Hottest Connected Pixels (HCP) tool. Besides the
Number of connected pixels, the appearing dialog window includes two definitions related to
neighborhood and connectivity.

Tk Hottest Connected Pixel... X

Hottest Connected Pixels in the selected VOI

Mumber of connected pixels [10

Neighborhood: @ Direct  Bridged

¥ & - connected
2
) [ 18 - connected

[0 26 - connected

With Direct mode enabled, only immediate neighbors defined by the Connectivity setting are
compared, whereas in Bridged mode neighbors of the immediate neighbours are also involved.
The Connectivty options are illustrated below.
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8.2.4 Hot-keys Based Lesion Segmentation
Three types of VOIs can be generated by pointing at the center of a hot lesion and activating a
keyboard key:
1. Spherical Peak VOI (Ctrl1+Q);
2. Isocontour VOI within a bounding space at a specified level (Ctrl+L);
3. PERCIST-type Iso-contouring VOI based on a reference VOI (Ctr1+U).
The settings for the generation of these VOIs are arranged in the VOI configuration panel as
illustrated below. A similar panel is also available via the data inspector.
(@ [ [ [s [ ]
[v] Average [v/Volume (MTV)
[]Peak (1 ccm sphere)
v oX
VOIs defined by hotkeys
PeakVOl <CTRL+Q= search diameter:
[mm] 30.0
Isocontour VOI <CTRL+L:>:
Thr[ % of Peak ¥ ] 500
Restriction type: Box =4
Size [mm] 100.0
The different VOI types are described in the following sections.
Notes: The keyboard-driven definition of the VOIs is working only when the VOls functionality is
active. The generated VOls are initially locked, as they are intended as objective measures. They
can be unlocked in the VOI Level Properties| 128 dialog window.
8.2.4.1 Peak VoI
The peak uptake of a lesion is defined as the average uptake in a 1ml sphere, which is positioned
such that the average is maximal (see also Sphere with Max Average (Peak VOI)/22). So the peak
sphere VOI requires the definition of an enclosing boundary. The hot-key peak variant uses a
simplified boundary defined as a sphere with diameter defined in the configuration illustrated
below.
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VOIs defined by hotkeys

PeakVOl <CTRL+Q> search diameter:
[mm] [30.0

The procedure for placing a peak VOI in a lesion is as follows:

1. Activate the VOI functionality.

2. Triangulate the lesion center in the orthogonal layout, potentially using the MIP for fast
localization.

3. Hit the ctr1l+Q keyboard keys. This places the enclosing sphere (VOI in dashed line) at the
triangulation point and determines the location of the 1ml peak VOI with maximal average (VOI
with solid line) as illustrated below.

The search diameter may need to be modified depending on the actual situation in the image for

excluding neighboring structures.

! oy it o P
© MITV: 1018 foum)
Triangulation
Point Peak VOI

Note: The average calculation in the Peak VOI uses area-weighted statistics, corresponding to the

Fraction classification mode| 1. For the peak VOI only spheres are considered with center inside

the bounding sphere.

8.2.4.2 Isocontour VOI

The hot-key based Isocontour VOI follows the same idea of segmentation within a boundary as

the Peak VOlI|224. Here a Box or a Sphere can be selected as Restriction type. The iso-

contouring level is defined as % of Max or % of Peak within the bounding VOI, or on an absolute
threshold Abs SUV. Note that for the latter, the values are interpreted in display units. So in order
to apply iso-contouring on a defined SUV level, one of the SUV display units has to be active. An
empty VOI will result if the threshold is above the maximal enclosed value.
0 % of Max
Isocontour VOI <CTRL+L>: ¥ % of Peak
Thr [ % of Peak |*]]]50.0 I Abs SUV
Restriction type: Box %
) ¥ Box
Size [mm] 100.0
0 Sphere

The procedure for generating an Isocontour VOI enclosing a lesion is as follows:

1. Activate the VOI functionality.

2. Triangulate the lesion center in the orthogonal layout, potentially using the MIP for fast
localization.
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3. Hit the ctrl+L keyboard keys. First, the bounding box or sphere is generated and shown in
dashed lines. If needed (for % of Max or % of Peak), the threshold is determined, and the iso-
contouring is applied.

The generated isocontour VOI is added to the VOlIs list with a name Iso followed by the threshold
value and type, e.g 45% of Max. In case of the absolute threshold the units are appended at the
end of the VOI name: e.g. Iso 2.5[g/mI{SUVbw}]. The parent VOI does not appear in the VOIs list.

The Size of the enclosing Box or the Diameter for the enclosing Sphere may need to be modified,
depending on the actual situation in the image for excluding neighboring structures.

The capture below illustrates the results of a Peak VOI within a sphere of 15 mm radius and an
Isocontouring VOI with a threshold of 45% of Max within a cubic box of 40 mm for the same hot
lesion.

POVETORts | FEPCT T
Wit By Pomes Wihits Dady Tomeas

:
\
|

| Triangulation
i Point Peak VOI &

|
|
Iso-contour VOI!
|
i

8.2.4.3 PERCIST-type Iso-contouring VOI based on Reference VOI

Instead of basing iso-contouring on the values in the lesion itself or an absolute SUV, the threshold
can be obtained from the uptake in reference tissue. The PERCIST (PET Response Criteria in
Solid Tumors) [1,2] obtains the reference activity from a 3cm diameter sphere placed in the right
side of the liver, midway between the dome and inferior margin, excluding central ducts and
vessels. If the liver is diseased, background is to be measured in the descending thoracic aorta
(cylinder: 1cm diameter, 2cm long, avoiding wall).

The procedure for a PERCIST-conformant assessment using hot-key based VOis is as follows:
1. Activate the VOI functionality.

2. Reference sphere: Triangulate the point in the liver as described above. Use keyboard shortcut
Ctrl+sShift+U to place the 3cm diameter reference sphere. An entry VOI named PERCIST
ref appears in the VOIs listt The minimal level of tumor uptake is calculated as
1.5%AveragelLiver+2*StandardDeviationLiver. This value is used as iso-contouring threshold in
the subsequent lesion assessment.
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F

2. Lesions: For each of the lesions triangulate its center, and then use keys Ctr1+U. A region
growing algorithm is applied and the lesion outlined on the threshold level calculated from
PERCIST ref. If the lesion is below the minimal tumor level, no iso-contouring VOI is found. In
this case the lesion is not measurable with PERCIST. Otherwise a VOl is enteredd using
4 t

FETETSample
il Body Tomas

L. / VOLPERCIST iso (2)

For each measurable lesion a corresponding entry will appear in the VOIs list named PERCIST
iso followed by a number through round brackets, e.g. (3), indicating the order of the outlining.

VOI Sorting| 247 can be used for bringing the most relevant lesions to the top. For individual lesion
documentation it is recommended to enable Overlay Statistics [2021 and then click at the VOls in the
list and perform an Image Capture| 8 with Ctrl+E.
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8.2.5 Adjustment Tools for Contour VOIs
Once a VOI has been defined, several tools are available for its modification. The tools operate on
the different definition levels:
e Operations on the entire VOI level like scaling change all contours in all slices at once.
¢ Operations on the ROI level change all contours in one slice at once.
o Operations on the contour level only change the selected contour in the current slice.
For each of the levels there is a toolbar illustrated below. Note that the ROl and CTR toolbars need
to be toggled as they share the same location. To switch them please activate the indicated button
at the top.
DBlcan | @ Wew | VNS | Compara FIERINS
s = ~ B - b ~ 8= CPFPX Bol PREal. = ]
IL, .;: iVG-I;o;nurreo\?glr:ﬂan ot PE T BT
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& E p.a & 054083
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Operation an &ll
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Contour VOIs are formed from a stack of planar ROIs, which themselves consist of a set of
contours per slice. On each of these three levels a set of similar operations are supported via the
toolbar:
e Scaling: The shape can be adjusted by dragging the edges of the object bounding box.
o Clearing: The contents of the object is cleared, but the object continues to exist and can be
used again for a new definition.
o Copy/Paste: An object can be copied to the clipboard, and then pasted into an empty object on
the same hierarchy level.
¢ Mirroring: An object can be mirrored with respect to the central axes of the image volume.
o Propagation: The aim of propagating an object is to easily get a copy of an existing object in a
neighboring slice or frame. Propagation can work in both directions.
8.2.5.1 Editing Contour Shapes
The following tools are available for adjusting the shape of completed contours.
Moving Individual Vertices
When the Contour Drawing Mode | 206 is active, the user can click at individual contour vertices and
then drag them to more appropriate positions. Clicking at contours from different VOIs will
automatically select the corresponding VOI in the VOIs list.
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Deleting Vertices

The vertex eraser can have different shapes and sizes which may be selected from the option list
below the eraser button.

|: ¥ Square 1x1

[0 Square 2x2
[0 Square 4x4
[J Square 8x3
[0 Square 16x16
[0 Circle 1x1

[0 Circle 2x2

N [0 Circle 4x4

[0 Circle 8x8

[0 Circle 16x16

To delete vertexes from a contour VOI:

1. Select the VOI in the VOIs list and the contour to be edited in the Contours list. In the usual
case of a single contour per slice it is automatically selected

Activate the eraser button.

Drag the vertex eraser shape against the contour vertexes. As soon as a vertex is crossed, it is
removed and the neighbouring vertexes connected by a line.

Erase Pixels from VOI

The pixel eraser works like an "pencil eraser". When moved across pixels included in a VOI, all
crossed pixels are removed from the VOI. The eraser has two modes, as can be seen from its
option menu.
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In 2D mode, a circle size can be defined depending on the adjustment needed. The illustration
below shows the effect when dragging such a circle across a contour.

With the Interactive 3D selection, pixel removal is based on a sphere region growing algorithm.
Click into a corner of the area within the contour to be deleted. Hold the mouse button while the
'growing' sphere deletes the targeted pixels. This operation can be repeated for incremental
deletion of VOI parts.

Note that the eraser works in any plane direction, not only in the primary direction where the
contours were defined.

Inserting Vertexes

It is also possible to insert vertexes at any location into contours. The vertex insertion tool can be
selected from the outlining list as illustrated below.

M_II I

[0 Qutline polygon, adjust existing vertices
[0 Qutline polygon with vertices on grid, adjust existing vertices

¥ Insert new vertex next to selected one
[ Click at individual voxel to add to VOI
[0 Click at individual voxel to remove from VOI

The contour to be edited can be selected in the Contours list or directly at the vertex where the
insertion shall be performed. The connection to be divided is indicated by the emphasized vertexes
at both ends. When moving the cursor, the prospective two new segments are indicated by two
faint lines. When the user clicks, the vertex is placed and the two new segments added. This
procedure will continue for one of the created segments. To modify a different part of the contour
please click at one of the vertexes there. Note that the vertex locations cannot be changed in the
insertion mode.

Contour Shape Deformations

For the shape adjustment of densely populated contours arising from iso-contouring or drawing, a
dedicated "hammer" tool is available. Similar to the eraser tool it is a circle and can be configured
for different sizes.
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To change the contour shape with the hammer tool:

1. Select the affected contour by selection in the Contours list.
2. Activate the hammer tool.

3. Drag the circular towards the contour vertexes which are pushed radially away.

8.2.5.2 CTR Toolbar

The contour toolbar

Contours \
No. | O] Name |

1 +  Contour 1

facilitates the operations related to entire contours. It is sharing the space right to the Contours list
with the ROI Toolbar!2s5. The two toolbars can be switched using the indicated button at the to.

Note that only all selected contours are affected, whereas the others remain untouched.

CTR Action. If this button is selected, contours can be selected and then moved or scaled
as described below.

Clear. Clears the selected contours of the selected VOI in the current plane. The contour
remains in the list, but has no defined polygon associated.

Copy. Copies the selected contours to the clipboard.

Paste. Pastes the contours from the clipboard into the current contour (which must be
empty, e.g. created by New contour).

00 |Mirror. Opens a sub-menu for mirroring the selected contours in the current slice relative to
the vertical or horizontal center line.
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0fo wirror leftiright
£ Mirror up/down

® |Propagate option button. Propagation copies the selected contours of the current VOI and
pastes it to a neighboring slice. Note that all existing contours in the target slice are
overwritten. The different propagation variants are described below.

CTR Action

In the CTR Action mode an entire contour can be translated, rotated or scaled within the plane. If
a VOI has multiple contours, select the target contours in the Contours list. As illustrated below,
the operations can be performed using mouse dragging. The handle in the center of the contour
allows translations and rotations. When dragging the edges of the bounding box, the contour is
scaled.

Scale

_ Rotate

Alternatively the keyboard cursor arrows can be employed:

ARROW UP, DOWN, LEFT, |Move contour accordingly
RIGHT

CTRL + ARROW UP, DOWN, |Scale the contour
LEFT, RIGHT

SHIFT + ARROW UP, Rotate the contour
DOWN, LEFT, RIGHT

ALT + one of the above Perform the operation 5 times faster

Individual vertices cannot be moved in CTR action mode.

CTR Propagation

The following propagation options are available:

Contour Propagate - Pastes to the next slice in one direction (depending on the plane
sorting order).

Contour Propagate + Pastes to the next slice in the other direction.

Contour ApplyToAll Pastes to all slices of the series.

Contour SmartApply Pastes to all neighbouring slices which have no defined contours.

Contour Follow Max - Pastes to the next slice in one direction and centers the contour at

the maximal value in the slice (eg to follow a vessel).
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Contour Follow Max + Pastes centered at the maximum in the other direction.

Contour propagation may have advantages in the following situations:

o if it is easier to adjust the propagated contour than to outline it from scratch, and

e to create a bounding VOI which roughly encloses a structure, and then using the iso-contouring
tool.

8.2.5.3 ROl Toolbar

The ROI toolbar

Contours
No. | O] Name | \‘ o)
1

+  Contour 1

works in analogy to the CTR Toolbar! 2%, except that all contours of the selected VOI in the current
slice are changed at once.

5 |ROI Action. If this button is selected, all contours in the slice can be moved or scaled as
described below.

Clear. Clears the contents of all contours of the selected VOI in the current plane. The user
can immediately begin defining a contour.

Copy. Copies the contours to the clipboard.

Paste. Pastes the contours from the clipboard into the current ROI (which must be empty).

o0 [Mirror. Opens a sub-menu for mirroring the contours in the current slice relative to the
vertical or horizontal center line.

olo mirror leftright

£ Mirror up/down

8 |Propagate option button. Propagation means copying all contours of the current slice and
pasting it to a neighboring slice. Note that existing contours in the target slice are overwritten.
The different propagation variants are described below.

ROI Action

As illustrated below, a bounding box enclosing all contours of the selected VOI in the current slice
appears together with the move/rotation handle in the center. When dragging the edges of the
bounding box, all contours are scaled.
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a Scali 4

Alternatively the keyboard cursor arrows can be employed:

CURSOR UP, DOWN, LEFT, RIGHT Move contours accordingly

CTRL + CURSOR UP, DOWN, LEFT, RIGHT |Scale the contours

SHIFT + CURSOR UP, DOWN, LEFT, |Rotate the contours

RIGHT

ALT + one of the above Perform the operation 5 times faster

Individual vertexes cannot be moved in ROl action mode. To edit individual vertexes first switch

back to the Edit Mode by selecting the corresponding button in the toolbar.

ROI Propagation

The following propagation options are available:

ROI Propagate - Pastes to the next slice in one direction
(depending on the plane).

ROI Propagate + Pastes to the next slice in the other direction.

ROI ApplyToAll Pastes to all slices of the series.

ROI SmartApply Pastes to all neighboring slices which have no
defined contours.

ROI Follow Max - Pastes to the next slice in one direction and
centers at the maximal value in the slice (eg to
follow a vessel).

ROI Follow Max + Pastes centered at the maximum in the other
direction.

8.2.5.4 VOI Toolbar
The VOI toolbar
a = VOls
| Mo. | P | MName |
1 Z  Whole Brain ol @
Z Cerebellumre 4
Z  Cerebellumli 5
Z  Striatumre 2
Z  Striatum li
Z  Caudatus re

7 Z  Caudatus li oo
Z  Putamenre
Z  Putamen li

10 Z  Frontal re -

11 Z  Frontal li
Z Temporalre
Z  Temporal li

PMOD Base Functionality (PBAS) (C) 1996-2019 pmod



Volume-of-Interest (VOI) Analysis 235
supports operations related to the entire VOI definition. Note that all the contours are affected, not
just the ones in the visible slice images.

g% |VOI Action. If this button is selected, a VOI can be selected and then moved or scaled as
described below.

* |Clear. Clears all ROls and contours of the selected VOI, leaving empty definitions.

Copy. Copies the VOI to the buffer.

Paste. Pastes the VOI from the buffer into the current VOI (which must be empty).

B8 (Mirror. Opens a sub-menu for mirroring the selected VOI relative to the image center in the
three directions. The clone variants first create a VOI copy, which is then mirrored.
0fo wirror leftrright
& Mirror up/down
ufﬂ Mirror across plane
0l0 Clone and mirror lefiright
% Clone and mirror up/down
|]f|] Clone and mirror across plane

||u|_u| || 0.0

The down arrow button allows to select a variety of further tools.

0 ;2 center VOl to Min

0,2 Center VOl to Max

& |Propagate and Apply option buttons. Propagation for VOIs means copying a VOI from one
time frame to another. This function is only available for dynamic series and VOIs which have
the property set to dynamic. The different propagation variants are described below.

B 1Center VOI to Min. Positions the center of the VOI bounding box at the pixel within the
current VOI which has the minimal value. Note that multiple activations of the button may
result in different positions.

w3 [Center VOI to Max. Positions the center of the VOI bounding box at the pixel within the
current VOI which has the maximal value. This function can be applied during a PERCIST
evaluation to center the spheres at the lesion maxima.

VOI Action

With the VOI Action mode all contours of a VOI can be modified at the same time. In most cases it

will be advisable to use the orthogonal layout as illustrated below. After selecting the VOI by

clicking at its contour or the entry in the VOIs list, several elements are shown in the overlay: the
bounding box of the contours in the active slice, the bounding box of the VOI (maximum of the
contour bounding boxes in all slices), and a handle for moving and rotating.
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To move the VOI, drag the handle in the center with the left mouse button. Use the small rectangle
for a rotation. To scale the VOI, drag the bounding box lines. After releasing the result will be
updated in the other views. Note that not all operations are available in all directions:

= Scaling is only supported within the primary plane which was used for the contour definition.
The reason for this behavior is the lack of contour interpolation across slices.

= Rotation is also only supported within the primary plane.

= Moving is supported in all directions. While it is arbitrary within the primary plane, shifts in the
orthogonal direction (across the slices) are only possible in increments of the slice thickness.

Referring to the example above, the frontal VOI can only be scaled in the L/R and A/P directions,
but not in the H/F direction. In the sagittal plane, there is no rotation handle, and the scaling is only
active for the bounding box lines indicated in the illustration below (A/P).

VOI Propagation

The VOI Propagate multi-function button serves for propagation over time and is therefore only
active if

= the study is dynamic,
* and the properties of the VOI have been set to dynamic ().

In this case, the VOI can consists of a differing definition at the different times. The button has the
following options:
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VOI Propagate -

Copies the current VOI, goes to the prior acquisition of the dynamic series,
paste the VOI.

VOI Propagate +

Copies the current VOI, goes to the following acquisition of the dynamic
series, and paste the VOI.

VOI ApplyToAll

Copies the current VOI and pastes it into all acquisitions.

VOI SmartApply

Copies the current VOI and pastes it into all subsequent acquisitions until an
acquisition is encountered which already contains a VOI definition.

4D VOI Operations

When working with dynamic VOls in dynamic series, an additional dimension needs to be
considered, the time. Therefore, an area is available with similar tools as described above for the
ROIls and VOils. It is located on the Tools pane and allows a dynamic VOI to be cleared, copied,
pasted, and mirrored in all frames at once.

[(nfo | Hist | TAC [ Tools |

lE‘v\.l'u +

| @ INSIDE " B outsipe ” ool |

L& Transform selected VOIS

& Crop to VOIs Bounding Box

4| | x By

wol O

0j0 Mirror leftright
S Mirror up/down

i@ Duplicate

o0 Mirror in main direction

8.2.5.5 Spatial Transformation of VOIs

Spatial transformations can be applied to VOIs in order to transfer them from one image space to
another. For instance, if VOIs were outlined on an MRI, and the MRI has been matched to a PET
scan, the matching transformation can be applied to the MRI VOls in order to adjust them to the

PET image.

A transformation can be directly applied at VOI loading time as described in the VOI Save/Load 24
section, but it is also possible to just load the VOIs and apply the transformation using the Spatial
transformation of VOIs facility in the VOI tools panel.

(0 [ [ [2] # |

Contour Modification

Spatial transformation of VOIs:

Splitvol: =

Change definition plane: ﬁ

Erosion / Dilation of VOIs: &2

Remaove staircase effect: \
Make DICOM RTSS compatible: [RT'

Remave invisible ROls: £

When activating the button, a dialog window appears for selecting the transformation.
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Transformation loading

® Load transformation
) Load deformation field (Nifti)
) Load deformation field (Database)

Do you want to load transformation?

The user has to choose among the different types of transformations:

e Load transformation refers to .mat file transformations which result from rigid, affine or
template matching procedures

¢ Load deformation field refers to probability matching which returns a transformation in form of
an image, which can be read from the file system (Nifti), or from a PMOD Database.

Then, a corresponding transformation needs to be loaded.
8.2.5.6 Split VOI

The Split VOI function
(© [ [ [5] & |

Contour Modification

Spatial transformation of VOIs: L&
Split VOI: E
Change definition plane: ﬁ
Erosion / Dilation of VOIs: &2
Remave staircase effect: \

Make DICOM RTSS compatible: RT'

Remove invisible ROls: £

allows splitting a VOI in ROI or contours based on the selected option :

LT

¥ & Split VOl to ROIs
[0 2k Split VOI to Contours

Split VOI to ROIls: generates a VOI from each ROI in the selected VOI;

Split VOI to COntours: generates a VOI from each contour in the selected VOI.

8.2.5.7 Change Definition Plane

The shape of contours can only be modified within the definition plane. The facility Change
definition plane in the VOI tools
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(@ [ [ [5] |

Contour Modification

Spatial transformation of VOIs: L&
Splitvol:. =
Change definition plane
Erosion /Dilation of VOIs: X2
Remaove staircase effect: \
Make DICOM RTSS compativle: [RT'

Remave invisible ROls: £

supports the conversion of the definition plane. A dialog window

Do you want to change the direction of selected WOI?

( Selected VOIs are replaced by the new outlined one. )

mx OY Oz

allows selecting the target plane direction. The original VOIs are replaced by VOIs enclosing the
same volume, but with contours in the selected plane direction.

8.2.5.8 Erosion/Dilation
The Erosion/Dilation of VOI function

(@ @ (& [2] &

Contour Modification

Spatial transformation of VOIs: L
Splitvol: =
Change definition plane: ;'g
Erosion / Dilation of VOIs:
Remove staircase effect: \

Make DICOM RTSS compatible: [RT

Remove invisible ROls: =

is useful for shrinking or inflating VOls. It shows the interface described for the morphological
operations | 140

i Erosion / Dilation of VOIs X

Operation:  Erosion \' 2DCIRCLE = -1 pixel LA

[]Replace a 1 Ensn iew on all slices
[T Dilation
[J Opening a
[J Closing
[J Close Open

When applying an operation, the VOI is converted to a binary image, the operation applied, and
then contouring applied to get a contour VOI. Therefore, object VOIs are converted into contour
VOls. The resulting VOI replaces the original VOI. Note that the operations can be applied to a

whole group of VOlIs at the same time.

8.2.5.9 Remove Staircase Effect

Contours using automatic outlining result in polygons following the pixel edges. The jagged
appearance can be smoothed using the Remove staircase effect, located in the VOI tools panel.

PMOD Base Functionality (PBAS) (C) 1996-2019 pmod



Volume-of-Interest (VOI) Analysis

240

PMOD Base Functionality (PBAS) (C) 1996-2019

(O [ [ [8] & |

Contour Modification

Spatial transformation of VOIs:
Split VOI:

Change definition plane:
Erosion / Dilation of VOIs:

Remaove staircase effect:

HQ:@“S

Make DICOM RTSS compatible: RT'

Remave invisible ROls: £

The example below illustrates the effect.The original contour is shown in green, the result of
Remove staircase effect in blue.

8.2.5.10 Make DICOM RTSS compatible

The PMOD VOI tools allow constructing VOIs which are more complex than supported by DICOM
RT structure set (RTSS) definition. The Make DICOM RTSS compatible function located in the
VOlI tools panel converts the VOI representation into a form compatible with RTSS.

(O [ [ [8] & |

Contour Modification

Spatial transformation of VOIs: L&
Splitvol: =
Change definition plane: ﬁ
Erosion / Dilation of VOIs:
Remaove staircase effect: q@q

Make DICOM RTSS compatible:

Remave invisible ROls: £

For instance, VOIs defined as analytic spheres are converted into a polygon representation. The
RTSS compatible can then be used by other imaging workstations or radiotherapy (RT) plannin
systems. Note that the conversion is also supported as part of the DICOM RTSS savinglzs

functionality.
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8.2.5.11 Remove Invisible VOI

This function

(@@ (& 1] &

Contour Modification

Spatial transformation of VOIs: L&
Splitvol: =
Change definition plane: ﬁ
Erosion / Dilation of VOIs:
Remave staircase effect: qﬂq

Make DICOM RTSS compatible: [Fﬂ'

Remove invisible ROIs:

allows removing invisible VOIs from bigger resolution.

8.2.6  VOI Sorting

Once the VOIs have been defined, they can be ordered according to different criteria, such as size,
MTV, SUVmean, SUVpeak, SUVmax. In this way, particularly for oncologic applications, the most
relevant lesions are easily brought to the top of the list for further evaluation and documentation.

Sort by SUVmax
Sort by SUVmean
Sort by SUVpeak

_ | sortby MTV i
i [ h Sort by longest diameter
41 Sort by name i
~ Wy o

ho. Pl T[ Name
D S PERCIST ref
2 PERCIST iso

@ s

e

Y 8 PERCISTiso(2)

Y 'S PERCISTiso(3)
5 'Y S PERCISTiso(4)
DEE S PERCISTiso(5)

In contrast to RECIST, which employs the largest diameter in the measurement plane to quantify
lesion size, PMOD supports the longest oblique diameter in three dimensional space.
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8.2.7

The Group tab shows a list of all List VOlIs with a selection box.

=l

VOI Grouping

VOl Group

=

]
[x]

[x]

¥
IR
)
Lt S B B B B B B B B B B

ﬁﬁ.

L 0. | E | Mame
= 1 Whole Brain

Cerebellum re
Cerebellum i
Striatum re
Striatum li
Caudatus re
Caudatus li
Putamen re
Putamen li
Frontal re
Frontal li
Temporal re
Temporal li

&, | VOI properties

B | VOI color
&% | Atlas creation

e

Scale, move, rotate
% | Clear contours
oo | Mirror/clone

Inplane: OX OY O Z ®ALL Selection
€3 Remove ! MName ” g
Inverse | Overlap
| Intersection H 252 Union ‘

| List | Group | Template |

Initially, all VOIs are selected. The selection can be changed by dragging over the selection boxes

and using CTRL+Click to selectively enable/disable VOls. Additonally, CTRL+A,

selects all

entries, and the Inverse button reverts the selection. The In plane radio buttons restrict the
selection to the VOlIs defined in the plane selected.

Operations on Selection

In general, if the Group panel is selected, operations (e.g. erosion, scaling, translations etc) are
applied to all selected VOls, if possible. Some operation buttons are arranged to the right of the list
and correspond to the VOI Toolbar|2s#), others are located below.

gl

Changing properties to a common value.

Changing to a common.

Create an atlas from the selected VOIs.

Scale, move and rotate the selected VOIs interactively.

Clear all contours of the selected VOlIs, leaving empty VOls.

Remove

Remove the selected VOlIs entirely.

Name

Names the selected VOIs with the provided string, adding a running number.

T

Set a name from a predefined name list, as described for the VOI Toolbar |24

Inverse

Shortcut to invert the list selection.

Overlap

Creates a new VOI consisting of all pixels which are included in any of the selected
VOls.

Intersectio
n

Creates a new VOI consisting of all pixels which are included in at least two of the
selected VOlIs.
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Union Combines the contours of all selected VOIs, whereby the +/- propertyl+sil of the
contours is maintained. A common application is to create a VOI with a hollow space.
The example below illustrates the situation, that iso-contoring was used to create a
brain VOI and a white-matter VOI. The latter is converted to "minus" contours with the
- button in the VOI Level Properties| 1.
= --E-- E v B vk v % 3
L R Yois
€ 7'2;?' | Ma, | P |:F.<grr|§
& — II}’% '\:\:;:lna-maﬂsr
5 VYOI properties X
WOl narme [While matie d Lisi
Static A Dynamic VOl (25 AR
Fill2ct ¢ Taps oI E ik
Full i S2ctar ol ’7 |
Qrgan v MaN oy
Qrgan ms MaN iol
Track MNEUTRAL = 4 | B
581 plusminug conlolrs” 4+ -
Lo kunlock WoL E =] 1]
Ecpline: g :";‘ N =
| O i | =
X Y iz
Locaton: i'E: = 12 :‘..[Iu
l- L] " - En
kg X oy - 2
- 2T
L& 7 L X By e
The Union of the two VOls results in the difference VOI shown below.
8.2.8 VOI Save/Load
Saving
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Once a set of contour VOIs has been defined for an image study the VOI definition can be saved

using one of the Save option buttons

% v[@fm - e
= P save
a F o @k save Group
No. [P | Nam '~ g e 2 picOM RTSS
o % c-Store DICOM RTSS
The buttons have the following function
Save Saves all of the VOlIs together with their names and color in a .voi file.
Save Saves only those VOIs which are checked on the Group tab in a .voi file.
Group
Save as ([Saves all VOIs as DICOM structure set objects in a file. Such DICOM structure set
DICOM objects can be used in image workstations and radiotherapy (RT) planning systems.
RTSS As the PMOD VOI tools allow constructing VOIs which are more complex than
supported by DICOM RT structure set (RTSS) definition, a dialog window asks
whether a conversion should be applied
Do you want to save VOIs as a DICOM RT Structure Setfile?
Some VOIs are not DICOM RT structure set compatible:
@ Convert VOIS to a DICOM RT structure set compatible representation
{Z) Ignore VOIs which are incompatible to DICOM RT structure sets
C-Store |This function also creates DICOM structure set objects, but allows to directly send
DICOM them to an image workstation or an RT planning system using the DICOM network
RTSS protocol. A dialog box pops up for selecting the target system among the configured
DICOM nodes.
Loading

Conversely, contour VOI definitions can be retrieved from files using the Load option buttons

a S 0 g, Append
No. 0 g@ Load with Transformation

[0 g@ Load with Deformation Field (Nifti)

0 @& Load with Deformation Field (Database)

0 g2 Load RTSS
5 13 g8FT Append RTSS

The buttons have the following function

Load First removes all current VOI definitions and then loads the ones from the selected
VOl files.

Append |Loads the VOIs from the selected file and appends them to the current VOI
definitions.

Load with |First removes all current VOI definitions, loads the ones from the selected VOI files,

transform [and requests a spatial transformation which is applied to the VOlIs. All transformations

ation calculated in the PMOD Image Fusion tool are supported, rigid and elastic ones.

Load RT |First removes all current VOI definitions and then loads the VOIs from a file
containing DICOM RT structure set objects.
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Append (Loads the VOlIs from a file containing DICOM RT structure set objects and appends
RT them to the current VOI definitions.

8.2.9 3D VOI Visualization

If the P3D option is installed on the system the Start 3D rendering of VOlIs button is available at
the bottom of the VOI tools.

(O [ i (8] %]

CITETYE WSO prans. e

[»]

Erosion / Dilation of VOIs: €2
Remove staircase effect: \

Make DICOM RTSS compatible: [RT'

Contour Generation

Contour interpolation:  gu

Segmentation interface:

® o

VOIs from label map:

4D VOls with time dimension:

I Start 30 rendering of VOIs: ©F I -
-

When it is activated, the contours can be rendered as ribbons with a width of the slice thickness, or
as full surfaces. The example shown below is a rendering of the VOIs derived from outlining the
AAL template.

In the 3D tool, the VOlIs are organized in a tree

- \0ls

¢ D SR

Precentral_L_o
Precentral_R_o
Frontal_Sup_L_o
Frontal_Sup_R_o
Frontal_Sup_Orb_L_o
Frontal_Sup_Orb_R_o

cooooo

so that each structure can individually be shown, hidden and colored. This might be helpful for
interactive demonstration purposes to visualize the spatial relationship of the structures.
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8.3

8.3.1

Using VOI Atlas Files

A VOI atlas is an image file which contains numeric label information for the different anatomic
structures as the image information. This VOI information can be loaded into PMOD and used for
statistics. The atlas VOI approach has the advantage that the structures can be arbitrarily complex,
and that the results of external segmentation programs can easily be used within PMOD. The
disadvantage is that the VOI definition cannot be modified. However, in PMOD it is simple to
convert atlas VOlIs into contour VOlIs.

Brain atlas images are representative images of the (human, rat, etc.) brain imaged with a certain
modality (PET, SPECT, T1 MR, T2 MR, etc.) showing a normal brain. Usually, the images of many
normal subjects are brought into alignment and are then averaged. This results in somewhat blurry
template images which show the characteristic pattern of the brain in the particular modality. The
template images are used as a basis for the standard analysis of individual images. First, the
images are spatially normalized (elastic warping) to the template, and then a set of standard VOls
is applied to the normalized images to obtain regional statistics. Typically, the VOIs in the atlas
space are universally applicable, ulike contour VOIs which are program-specific.

The PMOD software includes several human, primate, pig, rat, and mouse atlases with
corresponding normalization templates. For using the atlas VOIs a user should first spatially
normalize the individual brain images using the corresponding normalization template.

Structure of VOI Atlases in PMOD

A VOl atlas in PMOD consists of the following components:

1. Atlas image: Image which encodes the atlas VOlIs in a stereotactic space as numeric labels.
Human atlases are defined in the MNI space (Montreal Neurological Institute).

Label list: Text file mapping the label values to the VOI names shown in the user interface.
Manifest: Text file for the defining the properties of the atlas.

Normalization templates for calculating the transformation between the subject anatomy and
atlas anatomy.

The atlas information has to be organized in a sub-directory of resources/templates/voitemplates
exactly as illustrated below for the AAL-Merged atlas.

v templates ~ [ Mame

N

apriori [ AAL-Merged.manifest
clinicaltoolbox | AAL-Merged.nii
ICBM =| AAL-Merged.tet

tpmaps

usertemplates

voitemplates 4
AAL-Merged
AAL-VOIs

The atlas name (e.g. AAL-Merged) has to be used as the sub-directory name, the atlas image
name (AAL-Merged.nii), the label list name (AAL-Merged.txt), and the manifest name (AAL-
Merged.manifest). If the atlas is not a human atlas in the MNI space, it needs to include an
additional normalization folder for the templates as described below.

By conforming to this structure it is possible for users to prepare their own VOI atlases. In
PNEURO, all atlases can be used for the Maximum Probability Atlas approach, whereas the
Brain Parcellation approach only supports human atlases in the MNI space.

Atlas Image

The atlas image must be prepared as a NifTl file and encode the atlas VOIs as numeric labels.
Each pixel has a value of O if it is a background pixel, or otherwise an integer number. We
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recommend using the HFS anatomical orientation (head first, supine = radiological convention) for
human data.

Label List File

The label list text file has the minimal form:
namel outlined namel label valuel
name?2 outlined name2 label valueZ
where each VOI is represented by a line.

The list can be extended with additional information for the VOI presentation as illustrated below
for the AAL-Merged.txt. The first column starts with the name followed by a bracket construction
which encodes a tree structure. For instance, Precentral belongs to the Frontal_lobe which is
located in the left Left or right Right_hemisphere of the Cerebral_cortex. The second column
indicates the name of a generated contour VOI. The third column contains the label value in the
atlas file. Each pixel in AAL-Merged.nii with value 1 will belongs to the Precentral_| VOI, pixels
with value 2 to Precentral_r, etc. The fourth column specifies the RGB color values for showing
the VOI, and the last column the text to be shown as a tooltip.

Name Qutlined Label Color Tooltip
Precentral[Frontal_lobe[Left_hemisphere[Cerebral_cortex]]] Precentral_I 1 {100,0,255) Precentral gyrus left (PRE)
Precentral[Frontal_lobe[Right_hemisphere[Cerebral_cortex]]] Precentral_r 2 (100,0,255) Precentral gyrus right (PRE)
Rolandic_Oper[Frontal_lobe[Left_hemisphere[Cerebral_cortex]]] Rolandic_Oper_| 3 (93, 188, 255) |ROIandic operculum left (RO)
Rolandic_Oper[Frontal_lobe[Right_hemisphere[Cerebral_cortex]]] Rolandic_Oper_r 4 (93, 188, 255) Rolandic operculum right (RO)
Supp_Motor_ArealFrontal_lobe[Left_hemisphere[Cerebral_cortex]]] Supp_Motor_Area_| 5 (0,114,255) Supplementary motor area left (SMA)
Supp_Motor_Area[Frontal_lobe[Right_hemisphere[Cerebral_cortex]]] Supp_Motor_Area_r 6 (0,114,255) Supplementary motor area right (SMA)
Olfactory[Frontal_lobe[Left_hemisphere[Cerebral_cortex]]] Olfactory_| 7 (100, 100, 255)  Olfactory cortex left (OC)
Olfactory[Frontal_lobe[Right_hemisphere[Cerebral_cortex]]] Olfactory r 8 (100, 100, 255)  Olfactory cortex right (OC)
Frontal_Sup[Frontal_lobe[Left_hemisphere[Cerebral_cortex]]] Frontal_Sup_| 11 (0,0,255) Superior frontal gyrus left (F1, F10, F1M)
Frontal_sup[Frontal_lobe[Right_hemisphere[Cerebral_cortex]]] Frontal_Sup_r 12 {0,0,255) Superior frontal gyrus right (F1, F10, F1M)

Note: For all rows, all columns need to be filled. Spaces in the Name field are not allowed.

The corresponding atlas VOI structure is illustrated below.

Template VOIs

= Cerebral_cortex
[ = Left_hemisphere
e * Frontal_lobe
[#] ll Precentral
Rolandic_Oper
B Supp_Motor_Area
B Orfactory I
B Frontal_Sup
[i7] M Frontal_Mid
Frontal_Inf B
Rectus
Paracentral_Lobule N
s ¥ Insula_and_cingulate_gyri
Insula
Cingulum_Ant Iig
Cingulum_Mid
[#] M Cingulum_Post -

[»]
>0 0 ®g[R

[+] ll Hippo_Parahippo
Amygdala
Fusiform

Heschl
Temporal

@
EIRIEE

i
¥ 4]

U
[ X | Aflas | Mask | map |

& - AAL Merged -

@ Changefolder & € &

4 Outline a 7 v P

[ List [ Group I Template
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There are additional options to be added to the columns for use in PNEURO:

E: Excluded from masking by the grey matter threshold.
O: Indicates that the VOI is not brain matter.

H: Indicates that the VOI should initially be hidden, i.e. not selected on the Group panel.

L, R: Indicates that the VOI belongs to the left (L) or right (R) hemisphere. This information is
used in sulci deformation.

C: Indicates that the VOI belongs to the cerebellum. This information is also used in sulci
deformation.

Example as shown in Excel:

S_nigra[Central_structures[L]] S_nigra_l 74 (127,127,1 Substantia E
S_nigra[Central_structures[R]] S_nigra_r 75 (127,127,1 Substantia E
Insula[Insula_and_cingulate_gyri[L]] Insula_l 20 (143,175,2 Insula left L
Insula[Insula_and_cingulate_gyri[R]] Insula_r 21 (143,175,2 Insula righ' R

Cerebellum[Posterior_fossa[R]] Cerebellum_r 17 (250,239,5 Cerebellun C
18 (250,239,5 Cerebellun C
19 (151,72,6) Brainstem C
45 (219,238,2 Lateral verE
46 (219,238,2 Lateral verE
47 (183,221,2 Lateral ver E
48 (183,221,2 Lateral verE

49 (146,205,2 Third venti E

Cerebellum[Posterior_fossa[L]] Cerebellum_|

Brainstem[Posterior_fossal Brainstem
FrontalHorn[Ventricles[R]] FrontalHorn_r
FrontalHorn[Ventricles[L]]

TemporaHorn[Ventricles[R]]
TemporaHorn[Ventricles[L]]

ThirdVentricl[Ventricles]

FrontalHorn_|
TemporaHorn_r
TemporaHorn_|
ThirdVentricl

o0 oo om
I T T T T

Manifest File
The following entries are supported in the manifest text file describing the atlas:

TS T The supported species include HUMAN, PRIMATE, PIG, RAT, MOUSE
SPACE = MNI Only the MNI (Montreal Neurological Institute) space for humans is supported.
If this line is present, a common set of template files with 2x2x2mm resolution
is used.
APPLICATION = T . . )
NO PNEURO If this line is present, the atlas is not listed in PNEURO.
TYPE = The range specified for the data will be scaled to a probability value in the
PROBABILISTIC
range [0,1]
, RANGE 0 /
100

Spatial Normalization Methods

Atlases can only be applied to images if they have the same resolution and show the anatomy with
the same geometry. Therefore, images originating from real experiments first need a normalization
step for the atlas to be applied. This is done by calculating a normalization transform between the
subject image and a "template" image representing the standard anatomy imaged with a certain
modality, and using it for warping the VOlIs to the subject anatomy.

Name of method
in PMOD

Methodology and template

Template-based
normalization

Implementation of the spatial normalization in SPM5. It requires a template
image in the atlas space which has a similar pattern as the image to
normalize. The usual reference images are the PET, T1 and T2 SPM5
templates. The appropriate template has to be selected by the user.

3 Probability
maps

Implementation of the unified segmentation normalization in SPM8. It requires
tissue probability maps of grey matter, white matter and CSF in the atlas
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normalization space, which is organized in a dynamic file called tpm.nii. This normalization
is mostly applicable to T,-weighted MR images.

6 Probability Implementation of the unified segmentation normalization in SPM12. It uses
maps three additional probability maps (bone, tissue and air), which are organized in
normalization a dynamic file tpm_6.nii. This normalization is mostly applicable to T,-

weighted MR images.

Template Files for Template-based Normalization

For atlases of the human brain anatomy which are defined in the 2x2x2mm MNI space and which
have the entry SPACE = MNI defined in the manifest file, a common set of template files for the
Template-based normalization is available in the resources/templates folder.

resources » templates

[ Name

apriori

-

clinicaltoolbox
ICBM
tpmaps

usertemplates
voiternplates

| AV45-AD_brain.nii.gz

| AV45-Controls_brain.nii.gz

| EPLnii.gz

| FDG-AD.nii.gz

_| FDG-Controls.nii.gz

| PET.nii.gz

=| README.bet

| SPECT.nii.gz

| Ttniigz

| T1_brain.nii.gz

| T2.niigz

| T2_brain.nii.gz

For atlases in other spaces than MNI corresponding normalization templates have to be included in
a normalization sub-folder. As an example, for the Mouse (Ma-Benveniste-Mirrione) atlas
illustrated below an FDG and a T2 MRI template are available.

-~

v voitemplates A [ Name
AAL-Merged mask
L\\) AAL-VOIs _| Mouse (Ma-Benveniste-Mirrione)-FDG.nii
Amyloid Cortical Composite _| Mouse (Ma-Benveniste-Mirrione)-T2.nii
Centiloid

Cynomelgus (CIMA-UN)
Hammers-M30RE3
v Hammers-MN30R23-1MM
normalization

v Mouse (Ma-Benveniste-Mirrione)

normalization

Normalization works best if the information is restricted to the relevant image part. Therefore,
normalization should contain a mask sub-folder with a mask file mask.nii containing 1 for all
relevant pixels and O for all others.

Resource Files for Probability Normalization Methods

Again, for a human atlas defined in the MNI space the tissue probability maps are already available
in the templates/tpmaps directory.

PMOD Base Functionality (PBAS) (C) 1996-2019 pmod



Volume-of-Interest (VOI) Analysis 250

templates A [ MName
aprior || esfonii.gz
clinicaltoolbox [ grey.niigz
ICEM |=| README.bdt
tpmaps L\\: | | tpm.nii.gz
usertemplates ._1 tpm_6.nii.gz
voitemplates || tpm_6_2mm.nii.gz

| | white.nii.gz

PR

To use the methodology for other than MNI atlases, a normalization/tpm sub-directory has to be
added to the atlas directory with the corresponding tissue probability maps. An example can be
found in the Pig (CH.Malbert) atlas folder as illustrated below.

<« voitemplates » Pig (CH.Malbert) » normalization

Pig (CH.Malbert) A [0 MName
normalization [ tprm.nii
mask

minipig_2yr_age

tpm
8.3.2  Tree Organization of Atlas VOlIs

Atlas VOIs are structurally organized in a tree. The selection of a VOI subset is supported by a
dedicated user interface illustrated below. It appears on the Template panel when selecting an
atlas, and on the Group panel after the atlas VOIs have been converted to contour VOls.

ﬁ Tree Template VOIs Template VOls * Flat Template VOIs
» Cerebral_cortex [ ] = Cerebral_cortex = 0 | Mame
¥ Subcorlical_regions ? = Left_hemisphere N Precentral_| |~
b Posterior_fossa O [ = Frontal_lobe 0 ] N Precentral_r O
W Precentral = 5 : :u:ang?c_gper_l
) =
Unfold branch . potandleoper I N Supe. Hotor Area |
pp_Hotar_Ares =]} N Supp_Motor_Area_r T
[¢] M Orractory m =] N Olfactory_|
a B Frontal_Sup a o i Olfacluz_r a
] M Frontal_mid =] N Frontal Sup_l
B Frontal_Inf 31} = N Frontal_sup_r H H
Reclus = N Frontal_Mid_|
N Paracentral_Lobule N = N Frontal_Mid_r N
* ? * Insula_and_cingulate_gyri . [ 13 N Frontal_Inf_| -
Insula [ 14 N Frontal_Inf r
Cingulum_Ant " 15 N Rectus_|
Cingulum_Mid * 16 N Recus_r
[v] @ cingulum_Past [* 17 N Insula_|
9 [¥] = Temporal_lobe [x 18 N Insula_r
[+l Hippo_Parahippo [*/ 19 N Cingulum_Ant |
Amygdala [« 20 N Cingulum_Ant_r
Fusiform [* 21 N Cingulum_Mid_|
Extend/Collapse whole Tree Heschl [< 22 N Cingulum_Mid_r
Temporal - I} N Cingulum_Post |
—_ . 5] =]} N Cingulum_Post_r =
v x @ = v X ® H = ST : [Tl |
L L LJ

X Atlas Mask Map X Atlas Mask Map = Allas Mask Map
‘ . AAL-Merged ~ ‘ AAL-Merged ~ ‘ : AAL-Merged -
& Changefolder & €3 H @ Changefolder & €3 H @ Changefolder & €3

The branches on the top level in the example above are the Cerebral_cortex,
Subcortical_regions, and the Posterior_fossas as illustrated in the left panel above. The full tree
can be opened easily by the button indicated below the tree area. The tree view can be flattened to
a simple list by the button at the top indicated in the right panel. The statistics will only be
calculated for the selected VOls.

Tree Manipulations
Branches in the tree can be opened/closed with the little arrows left to the branch names.
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[¥#] = Cerebral jcortex [¥] = Cerebral_cortex
¥ = Le'%emisphere [ = Left_hemisphere
o~ [v| b Frontal_lobe ¢ [vl = Frontal_lobe

? ¥ Insula_and_cingulate_gyri Precentral
¥l [ Insula Rolandic_Oper
[¥] & Cingulum_Ant [v] B Supp_Motor_Area

Tree Selections

The structures of interest are the ones with checked boxes to the left of their color code. Simply
click into a box for changing the selection. In the example below the Precentral VOI has been de-
selected.

8

& ~ @ - ph v &

Y = Template VOIs

& | [¥] = Cerebral_cortex
¢ = Left_hemisphere

4

[+]

% [¥] = Frontal_lobe
& sy |l Precentral
¥] B Rolandic_Oper
(] [l Supp_Wotor_Area
& [v] M Oifactory =l
(]l Frontal_Sup
[v] M Frontal_Mid

#ooe B ™ |E

[~ ] Frontal_Inf
¥] Rectus
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| ¢ [¥] *Insula_and_cingulate_gyri
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[¥] = Cerebral_cortex
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8.3.3  Atlas-based VOI Statistics
When an (presumably spatially normalized) image series has been loaded for which a suitable

atlas exists, its use for VOI statistics is straightforward. First activate the VOI functionality, select
the Template tab, and chose the atlas in the list on the Atlas pane.
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[ DBLoad | ® View | VOIs | Compare | Fusion |
il Sta%géﬂgsﬁ
@ Template VOIs Overlay
[¥] = Cerebral_cortex E
v| = Left_hemisphere
[ LﬂfFrontal_lone
Precentral =
Rolandic_Oper
Supp_Motor_Area
Olfactory —
Frontal_Sup
Frontal_Mid
Frontal_Inf
Rectus N
Paracentral_Lobule
[ EE'!nsu\a_and_cmgulate_gwl #*
& I(rlwliug‘f\ll|.|r7'|_¢«m
Cingulum_Mid
Cingulum_Post
mporal_lobe
Hippo_Parahippo
Amygdala
Fusiform
Heschl
Tsfn?plnral }
o H &
LW ast [ wee | Atlas selection
4
& - AALMerged -
@@ Changefolder & € B
| 4 Outline a Z v P ‘
‘il Group | Template I
The atlas description is read and the list of VOI labels populated. Initially, all regions are selected,
and an overlay on the images marks their locations. The overlay can either show an open or a
filled pixel raster, depending on the setting of the radio box below the Ovr check. To hide all
template VOlIs at once please un-check the Ovr. To stop using the template VOlIs select the X tab
left to Atlas.
VOI Selection
Only the selected atlas regions are shown as VOIs and used for statistics calculations. The usual
operations can be applied to select or de-select entries in the VOI list.
= CTRL+A: Select all entries.
= CTRL+Click: Check or un-check an entry without changing the others.
= SHIFT+Click: Select the range until the clicked entry.
VOI templates can co-exist with the standard VOI contours.
i -d"';‘!‘ |N
|
8
To modify the contour VOIs, select the List tab and use all of the functionality described for the
contour VOIs sections above. Statistics|2e01 calculates the statistics of all contour VOIs and the
selected atlas VOls.
Using Atlas VOIs as Masks
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In addition to using template VOls for statistics, they can also be applied for masking contour VOlIs.
lllustrated below are a contour VOI from the List tab and a selected VOI from the Template tab
which overlap.

# oo M3 40
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©
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Mo Q | Mame ¥l
M Precentral_| |~| owr
T ' Precentral &
T8 N Rolandic_Oper_| r
T4 N Rolandic_Oper_r (E
B 1 Supp_WMotor_Area_| 1 L]
T 1 Supp_Motor_Area r = A
T N Oifactory_|
CEE . Offactory_r -
T 1 Frontal_Sup_|
I 1 Frontal_Sup_r — B
AR - Frontal_Mid_|
CHEEl 1 Frontal_hid_r \ "
13 N Frontal_nf| o ¥
I 14 M Frontal_Inf_r
T 15 N Recus_| .
™ 16 M Rectus_r
CEAE N Insula_| -
18 N Insular
048 N Cingulum_Ant_|
1200 N Cingulum_Ant_r
U210 N Cingulum_Mid_|
122 N Cingulum_Mid_r
T Cinguium_Post |
Tl Cingulum_Postr =
EFN Hinna_Parahinnn | hd
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If the operation mode is changed to * for Mask operation by the indicated button, the atlas VOI acts
as a mask for the contour VOI and a corresponding contour VOI is created.

8.3.4  Converting Atlas VOIs to Contour VOIs using Outline

Unlike contour VOIs, atlas VOIs cannot be adjusted. Therefore, a mechanism has been
implemented in the PMOD VOI tool to convert atlas VOIs into contour VOlIs. The procedure is very

simple:

1. Load an image with the geometry of the atlas space.

2. Select the atlas VOIs for which contours should be generated (Template/Atlas/AAL-VOlIs).

3. Activate the Outline button.
4. Save the contour VOls.

The illustration below shows the example of an image in the MNI space with the AAL atlas

selected. The AAL VOlIs are organized as a tree structure.

PMOD Base Functionality (PBAS)

(C) 1996-2019

pmod



Volume-of-Interest (VOI) Analysis

254

v @ v v e

Template ¥OIs

@& Change folddyr g Oufiine
Ny 074 Normalize

| = Cerebral_cortex [l v
Y eft_hemisphere Owr
< Frontal_lobe il
Precentral = g
Rolandic_Oper -
Supp_Motor_Area ‘A'
Ifactory =
Frontal_Sup a
Frontal_Mid
Frontal_int H
Rectus
[#] | Paracentral_Lobule N
¢ [¥] ®Insula_and_cingulate_gyri &
¥l [ Insula
Cingulum_Ant
Cingulum_Mid t
Cingulum_Post -
g [ mporal_lobe
Hippo_Parahippo
Amygdala
Fusiform
Heschl
]| Temporal |~
v X @ H &
[ % | Attas | Mask | Map |
%  AAL Merged -

‘ 4 Outline - -

2

[ List [ croup | Template |

Using Outline results in contour outlines which still maintain the tree structure, as can be seen on

the Group tab.
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Ththere the task of selecting parts in the tree is supported by shortcuts in the area at the tree

bottom:
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v X ® EH =

Ny Set the selection check of all VOIs

P Remove the selection check of all VOls.
E |Save the current selection set to a file.
& |Load a selection set from a file.

8.3.5 Converting Atlas VOIs to Contour VOIs using Normalize

A mechanism has been implemented in the PMOD VOI tool which allows transforming atlas VOls
into the original subject anatomy. Note, however, that the normalization procedure may fail if there
is no template image available with a similar pattern than the target image, and that the resulting
VOIs may need adjustment. As the normalization methods originate from the PMOD image fusion
tool, please refer to its documentation for the normalization details.

The procedure is as follows:

1.

2
3.
4

7.

Load the original image of the subject (which is not in the atlas space).
Select the atlas on the Template/Atlas panel (e.g. AAL-Merged).
Activate the Normalize button.

A dialog window appears to configure the normalization procedure which establishes a
transformation between the subject and the atlas anatomy.

In the uppermost part of the window the Normalization Template can be set according to the
image. In case dynamic data are analyzed, an Average frame range can be defined to be used
for the normalization.

The algorithm performs the data normalization using the Basic and Advanced settings
available in the Normalization Parameters tab. More information about the settings is
available in the Deformable Registration section of the PFUSIT documentation. It calculates
the inverse transformation which is then applied to the VOI atlas. Optionally, the image
background can be added to VOIs if Add background as VOI checkbox is enabled.

Finally, the transformed VOI atlas is outlined.

The AAL atlas with grid filled overlay looks as follows:
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Note the misalignment of the atlas and the image before transformation. As a result, contour VOIs
appear on the List panel as illustrated below.
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On the Group panel the atlas tree structure is maintained, whereas on the Template panel the

atlas has been switched off
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[ % | Aflas | Mask | Map |

Mot selected

8.3.6 Probabilistic VOI Atlas

Atlas Structure

Regular VOI atlases in PMOD are based on a label image which specifies for each pixel to which
VOlI it belongs. The situation is different for a probabilistic atlas. There, each pixel has a probability
value assigned for belonging to a specific VOI. Therefore, probabilistic atlases require a real-
valued image for every VOI in the atlas. In PMOD, the probability images are arranged as frames
in a dynamic series. In the label list file the third column therefore corresponds to the frame
encoding a VOI's probability, rather than its label number in a static image.

Name Outlined Frame Color Tooltip
Precentral[Frontal_lobe[L]] Precentral_| 1 (100,0,255) Precentral gyrus left (PRE)
Precentral[Frontal_lobe[R]] Precentral_r 2 (100,0,255) Precentral gyrus right (PRE)
Rolandic_Oper[Frontal_lobe[L]] |Rolandic_0per_l 3(93,188,255) Rolandic operculum left (RO)
Rolandic_Oper[Frontal_lobe[R]] Rolandic_Oper_r 4 (93,188,255) Rolandic operculum right (RO)
Supp_Motor_Area[Frontal_lobe[L]] Supp_Motor_Are: 5 (0,114,255) Supplementary motor area left (SMA)
Supp_Motor_Area[Frontal_lobe[R]] Supp_Motor_Are: 6 (0,114,255) Supplementary motor area right (SMA)
Olfactory[Frontal_lobe[L]] Olfactory_| 7 (100,100,255) Olfactory cortex left (OC)
Olfactory[Frontal_lobe[R]] Olfactory_r 8 (100,100,255) Olfactory cortex right (OC)
Frontal_Sup[Frontal_lobe[L]] Frontal_Sup_| 11 (0,0,255) Superior frontal gyrus left (F1, F10, F1M)
Frontal_Sup[Frontal_lobe[R]] Frontal_Sup_r 12 (0,0,255) Superior frontal gyrus right (F1, F10, F1M)

Note: Probabilistic atlases can only be applied to already normalized images. The normalization
functionality is not supported.

Statistics

When applying a probabilistic atlas for statistics, calculation takes the probabilities into account as
describe for the different measures|z2e5. For some of them a threshold criterion is required, which
can be entered in the Probability Threshold field. The example below illustrates the functionality
using a probabilistic atlas with seven Thalamus sub-regions.
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Outline Definition
The conversion of probabilistic VOIs into contour VOlIs requires specification of a discretization
threshold in the Set threshold of probability field of the outlining window.
S ) x | Anas | wask | waps |
Cutline of probability template ‘ MRS PIOD a2 %
[¥] Setthreshald of probability: f0.1] @ Changefolder &= €3 &
S
“ % No | ] 4 Outline a zZ v O
Note that with multiple selected VOIs the outlining procedure constructs non-intersecting VOIs by
assigning a pixel to the VOI with the highest p-value.
8.3.7 VOI Atlases included in PMOD
Several atlases are included in the PMOD distribution. Beyond their direct use, they may serve as
examples for user-defined atlases or form the basis for user-specific adjustments like the merging
of VOIs. Human atlases are defined in the MNI space (Montreal Neurological Institute).
8.3.7.1 Single-Subject AAL Human Brain Atlas
For the analysis of human brain data the AAL-VOIs VOI atlas is available. It is the result of an
automatic anatomical labeling [1] of the spatially normalized, single subject, high resolution T, MRI
data set provided by the Montreal Neurological Institute (MNI)[2]. The atlas is provided in HFS
orientation (radiological convention) in the MNI atlas space. All images which have been spatially
normalized to one of the HFS templates in the fusion tool can be analyzed with the AAL atlas.
Spatial Normalization
Several normalization templates are available in the fusion tool as menu entries Fusion/File/Load
Brain Template as illustrated below.
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The user should select the reference which is most similar to his experimental data. The images of
these templates can be found in the resources/templates directory.

AAL VOI Atlas

For the statistical analysis, the AAL-VOIs VOI atlas can be selected in the list of included VOI
atlases. The corresponding files can be found in the resources/templates/voitemplates/AAL-VOlIs

directory.

There is also the VOI template AAL-Merged available wherein some of the small AAL regions

have been combined.

Note: There is a slight asymmetry in the AAL template VOIs which corresponds to the natural
asymmetry of normal brains and which is also part of the MNI template. The resolution of the AAL
atlas is 2mm in all directions. Stereotactic data with other resolution must be interpolated to 2mm
and brought into HFS orientation in order to apply the AAL template within PMOD.
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8.3.7.2 Amyloid Cortical Composite Atlas

In the last years the analysis of the amyloid deposition in the brain using composite cortical VOI
became common. There have been slight variations regarding which brain regions are included in
amyloid cortical composites. The most common amyloid cortical composite includes frontal,
temporal, and parietal cortices, including cingulate regions as well as precuneus [1-8]. These
amyloid cortical composite regions have been published and validated using various amyloid PET
radioligands such as and not limited to [11C]PIB, [18F]Florbetapir (Amyvid, Eli Lilly), [18F]
flutemetamol (Vizamyl, GE Healthcare) and [18F]florbetaben (NeuraCeq, Piramal Pharma).

Various reference regions have been used to calculate standardized uptake value ratio (SUVr)
such as whole cerebellum, cerebellar grey matter, pons, brainstem and white matter. In addition,
an amyloid cortical composite combined with a composite reference region (e.g., whole
cerebellum, brainstem/pons and white matter) has been shown to improve the longitudinal
measures of amyloid [3, 9].

Thus, we provide our users the most common pre-defined amyloid cortical composite template
including various reference regions used for calculating SUVT.

VOI Atlas

The VOI atlas Amyloid Cortical Composite can be selected in the list of included VOI atlases.
The corresponding files can be found in the resources/templates/voitemplates/Amyloid Cortical
Composite directory.

The capture below illustrates the VOls structures overlaid on the gray matter probability map in
MNI space.

There are 5 brain structures included in the Amyloid Cortical Composite atlas. In comparison to the
the original Hammers N30R83 atlas the Cortical Composite and the Cerebellum listed structures
were created pooling the specified regions. The even label numbers denote left structures, the
uneven numbers right structures in the Hammers N30R83 atlas. The Midbrain, Medulla Oblongata
and the Pons were manually segmented from the original Hammers N30R83 Brainstem structure.
The segmentation was performed in such manner to avoid contour overlapping in the new
structures.

1. Cortical Composite [1-9]

28; 29 Middle frontal gyrus
52; 53 Straight gyrus

58; 59 Superior frontal gyrus
68; 69 Medial orbital gyrus
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70;
72;
76;
78;

11;
13;
82;

62;
32;

24;
26;

71 Lateral orbital gyrus

73 Posterior orbital gyrus

77 Subgenual anterior cingulate gyrus
79 Subcallosal area

12 Superior temporal gyrus posterior part
14 Middle and inferior temporal gyrus
83 Superior temporal gyrus, anterior part

63 Superior parietal gyrus
33 Inferiolateral remainder of parietal lobe

25 Cingulate gyrus (gyrus cinguli), anterior part
27 Cingulate gyurs (gyrus cinguli), posterior part

2. Cerebellum

17;

18 Cerebellum

3. Midbrain *

19

Structure of the Brainstem

4. Medulla Oblongata *

19

Structure of the Brainstem

5. Pons *

19

Structure of the Brainstem
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8.3.7.3

8.3.74

Centiloid Atlas

“Centiloid” was introduced as a “standard” method for the quantification of the amyloid load by
Klunk et al. [1]. It uses a lumped SUVr value obtained with PiB PET as the standard, and describes
a scaling method to transform the outcome using other amyloid PET tracers into a comparable
measure.

The lumped SUVr is defined by a cortical target region CTX and a reference region in the MNI
space. CTX is a data-driven cortex VOI which includes the typical brain regions with high amyloid
load in Alzheimer's Disease including the frontal, temporal and parietal cortices, precuneus, the
anterior striatum and insular cortex. While different reference regions were tested, use of whole
cerebellum WC is the final recommendation.

The Centiloid atlas in PMOD only includes the CTX and WC VOls, as illustrated below on top of
the ICBM152T1 template. Note that the locations are correct, although they don't follow the
anatomical boundaries. This behavior is due to the PET data-driven process for their derivation,
and has been confirmed by the authors.

i = g

Template VOIS

Reference

1. Klunk WE, Koeppe RA, Price JC, Benzinger TL, Devous MD Sr, Jagust WJ, Johnson KA,
Mathis CA, Minhas D, Pontecorvo MJ, Rowe CC, Skovronsky DM, Mintun MA. The Centiloid
Project: standardizing quantitative amyloid plaque estimation by PET. Alzheimers Dement.
2015; 11(1):1-15.e1-4. DOI:

Cynomolgus Monkey Atlas

For the analysis of cynomolgus monkey (Macaca Fascialis) brain data the Cynomolgus_CIMA-UN
VOlI atlas [1] is available. We would like to thank Elena Prieto and Maria Collantes from the Centro
de Investigacion Medica Aplicada (CIMA), Universidad de Navarra, for providing the data and
helping with the integrations.

Spatial Normalization
A T,-weighted MRI normalization template created from 15 healthy animals is available as

Cynomolgus_CIMA-UN-MRI. Two PET templates in the same space are also provided:
Cynomolgus_CIMA-UN-Dopa and Cynomolgus_CIMA-UN-DTBZ.

VOI Atlas

The VOlIs were hand drawn in the striatum (VOI size 400 mm3) and occipital lobe (VOI size 310
mm?) on axial MRI slices based on anatomical borders.

PMOD Base Functionality (PBAS) (C) 1996-2019

pmod


https://doi.org/10.1016/j.jalz.2014.07.003

Volume-of-Interest (VOI) Analysis

263

8.3.7.5

8.3.7.6

Reference

1. Collantes M, Prieto E, Penuelas |, Blesa J, Juri C, Marti-Climent JM, Quincoces G, Arbizu J,
Riverol M, Zubieta JL, Rodriguez-Oroz MC, Luquin MR, Richter JA, Obeso JA. New MRI, 18F-
DOPA and 11C-(+)-alpha-dihydrotetrabenazine templates for Macaca fascicularis
neuroimaging: advantages to improve PET quantification. Neuroimage. 2009;47(2):533-9. DOI

Rhesus Macaque (INIA19)

The INIA19 atlas has been developed for the rhesus macaque by Rohlfing et al. [1] and made
available to the scientific community (http:/nitrc.org/projects/inia19/). It includes 1014 VOI
definitions, an MR template for template-based normalization and three tissue probability maps for
normalization using the unified segmentation approach.

The atlas was created from high-resolution, T1-weighted MR images of 19 rhesus macaque
(Macaca mulatta) animals. Combined with the comprehensive cortical and sub-cortical label map,
the INIA19 is equally suitable for studies requiring both spatial normalization and atlas label
propagation.

Reference

1. Rohlfing T, Kroenke CD, Sullivan EV, Dubach MF, Bowden DM, Grant KA, Pfefferbaum A: The
INIA19 Template and NeuroMaps Atlas for Primate Brain Image Parcellation and Spatial
Normalization. Frontiers in neuroinformatics 2012, 6:27. DOI

Domestic Pig / Minipig Brain Atlas (CH.Malbert)

Overview
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The Pig (CH.Malbert) atlas is based on brain scans of 5 6-month-old female domestic pigs (Sus
scrofa domesticus). An ex vivo T2-weighted MRI was used by Saikali et al. [1] to construct the
atlas, and a T1 MRI is provided for image coregistration. Subsequently, the same group
constructed a 99mTc-HMPAO SPECT template [2] and FDG PET template [3] in the same image
space. Matched tissue probability maps were subsequently provided to PMOD. Additionally, an
FDG PET template for Yucatan miniature pigs was developed in the same image space as the
domestic pig atlas [4]. The atlas was initially constructed at high resolution (100 x 150 x 100 um) in
one hemisphere, and then mirrored to create the full brain atlas. The VOI atlas contains 173
cortical and subcortical regions (reduced from 178 in the original high resolution atlas). The atlas is
distributed with PMOD by courtesy of Dr. Charles-Henri Malbert, director of research at the Unité
Ani-Scan, Département de Nutrition Humaine, INRA, France.

Spatial Normalization
Four normalization templates are available in the Fuse It tool. They can be selected on the
Reference page using the Template button when Pig is selected as Species:

= Pig (CH.Malbert)-PET-domestic: This is an FDG PET template derived from static scans in 4
month old domestic pigs, shown below.

= Pig (CH.Malbert)-PET-minipig: This is an FDG PET template derived from dynamic scans in
2 year old minipigs, shown below. Correspondence to the domestic pig template and MRI is
high.

= Pig (CH.Malbert)-SPECT: This is a 9mTc-HMPAO SPECT template derived from scans in 4
month old domestic pigs.

= Pig (CH.Malbert)-T1: This is a T1-weighted MRI PET template in the same image space as
the PET templates. The VOI atlas was derived from this image.

The image files corresponding to these templates can be found in the
resources/templates/voitemplates/Pig (CH.Malbert) folder. Additionally, mask files corresponding to
each template, and tissue probability maps are available.
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Selection and generation of appropriate masks is critical to successful spatial normalization with
these templates. The mask corresponding to the template selected should be identified in the
Normalization Settings dialog. The PBAS functionality (e.g. via the View tool) can be used to
generate a mask for the input image. Accurate exclusion of activity outside the brain, and the
olfactory bulbs, is necessary. This user-defined mask should also be identified in the
Normalization Settings dialog.
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VOI Atlas

The VOI atlas Pig (CH.Malbert) can be selected in the list of included VOI atlases. The
corresponding map files in Nifti format can be found in the resources/templates/voitemplates/Pig
(CH.Malbert) directory. The brain VOIs are structurally organized in a tree on the Group tab of the
VOI editing page. The selection of a VOI subset is supported by a dedicated user interface|2s0,

References

1. Saikali S, Meurice P, Sauleau P, Eliat PA, Bellaud P, Randuineau G, Vérin M, Malbert CH. A
three-dimensional digital segmented and deformable brain atlas of the domestic pig. J
Neurosci Methods. 2010; 192(1):102-9. DOI.
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2. Boubaker J, Val-Laillet D, Guérin S, Malbert CH. Brain processing of duodenal and portal
glucose sensing. J Neuroendocrinol. 2012 Aug;24(8):1096-105. DOI.

3. Gaultier A, Meunier-Salatin MC, Malbert CH, Val-Laillet D. Flavour exposures after conditioned
aversion or preference trigger different brain processes in anaesthetised pigs. Eur J Neurosci.
2011 Nov;34(9):1500-11. DOI.

4. Ochoa M, Malbert CH, Meurice P, Val-Laillet D. Effects of Chronic Consumption of Sugar-
Enriched Diets on Brain Metabolism and Insulin Sensitivity in Adult Yucatan Minipigs. PLoS
One. 2016 Sep 1;11(9):e0161228. DOI.

8.3.7.7 Sprague-Dawley Rat Brain Atlas (A.Schwarz) & PET/SPECT Templates
(Groningen)

Overview

The Px Rat (A.Schwarz) atlas is based on 97 anatomical MR images of adult male Sprague-
Dawley rats (250-300g). For the original atlas [1] a volumetric reconstruction of the Paxinos and
Watson rat brain atlas was created and adapted to the averaged anatomy. This version of the atlas
was used as part of a proposed standardized methodology for the creation of small animal brain
PET templates [2]. For application in PMOD the atlas and templates were interpolated to 0.1 mm
resolution and VOIs merged to avoid small regions, which would result in poor statistics. The VOI
atlas contains 60 cortical and subcortical regions. The atlas is distributed with PMOD by courtesy
of Dr. Adam Schwarz, Department of Psychological and Brain Sciences, Indiana University, and
the PET/SPECT templates courtesy of University Medical Center Groningen, The Netherlands
(with thanks to Dr. D. Vallez Garcia, UMC Groningen, Nuclear Medicine & Imaging).

Spatial Normalization

The T,-weighted MR template, five PET templates and a single SPECT template are available in
the Fuse It tool when Rat is selected as Species.

= Px Rat (A.Schwarz)-MR, Px Rat (Groningen)-MR: This is the T,-weighted MR anatomical
reference for the A.Schwarz VOI atlas.

= Px Rat (Groningen) 11C-MeDAS-PET: This is a PET template for the tracer [11C]MeDAS,
coregistered to the MR anatomical reference above.

= Px Rat (Groningen) 11C-PBR28-PET: This is a PET template for the tracer [11C]PBR28,
coregistered to the MR anatomical reference above.

= Px Rat (Groningen) 11C-PK11195-PET: This is a PET template for the tracer [11C]PK11195,
coregistered to the MR anatomical reference above.

= Px Rat (Groningen) 11C-Raclopride-PET: This is a PET template for the tracer [11C]
Raclopride, coregistered to the MR anatomical reference above.

= Px Rat (Groningen) 18F-FDG-PET: This is a PET template for the tracer [18F]FDG,
coregistered to the MR anatomical reference above.

= Px Rat (Groningen) 99mTc-HMPAO-SPECT: This is a SPECT template for the tracer
[99MTc]HMPAO, coregistered to the MR anatomical reference above.

The image files corresponding to these templates can be found in the
resources/templates/voitemplates/Px Rat (A.Schwarz) and resources/templates/voitemplates/Px
Rat (Groningen) folders, specifically in the normalization sub-folder. Mask files for use during
normalization and coregistration are also available.
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VOI Atlas

The VOI atlas Px Rat (A.Schwarz) (and identical atlas through Px Rat (Groningen) ) can be
selected in the list of included VOI atlases. The corresponding map files in Nifti format can be
found in the resources/templates/voitemplates/Px Rat (A.Schwarz) directory.

The brain VOIs are structurally organized in a tree on the Group tab of the VOI editing page. The
selection of a VOI subset is supported by a dedicated user interface| 2.

Reference

1. Schwarz AJ, Danckaert A, Reese T, Gozzi A, Paxinos G, Watson C, Merlo-Pich EV, Bifone A.
A stereotaxic MRI template set for the rat brain with tissue class distribution maps and co-
registered anatomical atlas: application to pharmacological MRI. Neuroimage. 2006 Aug
15;32(2):538-50. DOI.

2. Vallez Garcia D, Casteels C, Schwarz AJ, Dierckx RA, Koole M, Doorduin J. A standardized
method for the construction of tracer specific PET and SPECT rat brain templates: validation
and implementation of a toolbox. PLoS One. 2015;10(3):e0122363. DOI.

8.3.7.8 Sprague-Dawley Rat Brain Atlas (Schiffer)

For the analysis of rat brain data the Px Rat (W.Schiffer) [1] VOI atlas is available. We would like
to thank Wynne Schiffer for providing the data and helping with the integrations. The atlas
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incorporates adult male Sprague-Dawley rats (250-300g, age 52-62 days). This template
implements the Paxinos coordinates.

Spatial Normalization
Three normalization templates are available in the fusion tool:

= Px Rat (W.Schiffer)-FDG: This is an FDG PET template as illustrated below.

= Px Rat (W.Schiffer)-masked: This is a masked version of the FDG PET which has been
masked outside the brain. It may be helpful if the additional activity of the Harderian glands is
not present in the rat images to be normalized.

= Px Rat (W.Schiffer)-T2: This is a T,-weighted MRI PET template which is in the same space
as the PET templates.

The images of these templates can be found in the resources/templates/usertemplates directory.

VOI Atlas

The VOI atlas Px Rat (W.Schiffer) can be selected in the list of included VOI atlases. The
corresponding files can be found in the resources/templates/voitemplates/Px Rat (W.Schiffer)
directory.

- |

Reference

1. Schiffer WK, Mirrione MM, Biegon A, Alexoff DL, Patel V, Dewey SL. Serial microPET
measures of the metabolic reaction to a microdialysis probe implant. J Neurosci Methods.
2006;155(2):272-84. DOI

8.3.7.9 Wistar Rat Brain Atlas (Tohoku)

Overview

The Wistar Rat (Tohoku) atlas was developed by Valdes-Hernandez et al [1] using 7T T,-MRIs
from 30 Wistar rats. The template image was constructed as a "minimal-deformation" template,
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and the coordinates are thus not in Paxinos space. In the same space, gray matter, whit