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PMOD Cardiac PET Analysis Tool (PCARDP)

1.1

PMOD Cardiac PET Analysis Tool (PCARDP)

The PCARDP tool represents a flexible environment for the quantification and analysis of
myocardial PET studies. Particularly, the following analysis scenarios are supported:

= Processing of dynamic PET studies of the heart with a broad range of tracers. Depending on
the tracer, the results represent myocardial blood flow (MBF) or a metabolic turnover such as
the metabolic rate of glucose (MRGIu).

= Processing of static PET studies. The results consist in polar uptake map and a corresponding
numeric table.

= Processing of gated PET studies to assess left ventriculat (LV) function. The results represent
various functional metrics like LV volume/time curve, ED (end-diastolic) volume, ES (end-
systolic) volume, SV (stroke volume), EF (ejection fraction) as well as segmental uptake.

Parallel processing of paired stress and rest studies for a side-by-side comparison is supported for
all the above scenarios.

User Interface

Starting the PCARDP Tool
The PCARDP tool is started with the Cardiac PET button from the PMOD ToolBox

i ,
#r Cardiac PET

or by directly dragging image files onto the above button.

Organization of the PCARDP User Interface

The user interface of PCARDP consists of four pages which can be selected by tabs. The color
layout and pages name change based on the analysis scenario.

Particularly we have a common interface for the dynamic and static PET analysis as illustrated
below:

NN N N

[ DB Load | Reorientation | Kinetic Modeling | Compare |

1. DB Load page: This page for loading the data is only available when the use of PMOD
databases is enabled.

2. Reorientation page: This page serves for the spatial reorientation of the data to the standard
short axis orientation and the definition of the myocardial segments.

3. Kinetic Modeling page: This page deals with the kinetic modeling of the segmental TACs, the
parametric mapping and the exploration of the results.

4, Compare page: This page allows comparing the stress and rest outcome as well as the
comparison with a normal database, if one is available.

The interface slightly changes for the gated analysis:

NN N N

DBLoad | Reorientation | GATED Analysis | Compare |

1. DB Load page: This page for loading the data is only available when the use of PMOD
databases is enabled.

2. Reorientation page: This page serves for the spatial reorientation of the data to the standard
short axis orientation and the definition of the myocardial segments.

PMOD Cardiac PET Analysis (PCARDP) (C) 1996-2021
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PMOD Cardiac PET Analysis Tool (PCARDP) 7

3. GATED Analysis: This page allows exploration of the results and deals with the gated
analysis.

4. Compare page: This page allows comparing various stress and rest gated analysis outcomes.

Step-Wise Processing

Data processing is organized by a stepwise progression from one page to the next towards the end
result. On each processing stage the user has to take some action such as data loading, alignment
inspection or parameter configuration, and then start the next processing step with the action
button located in the lower right. As soon as the result is calculated, it will be shown on a new page
representing the new processing stage. To repeat a calculation with modified parameters, the
action button in the lower right has to be activated again.

Processing Mode

The main switch between the different processing mode is located at the window bottom, offering
the selections FA+MBF (for water PET), MBF (perfusion tracers and FDG), and GATED. The
second switch between HUMAN, RAT, MOUSE and PIG initializes the configuration settings to
values optimized for the corresponding species. These values are representing the heart model

size.
| FA+MBF
ard. NH3 (de Grado) fq . MBF (Pavfusion) @ s 7|
{ = GaTED
MBF (Perfusion) || 23 [=] 750 30.0 20.0 &
W &8 HUMAN
| 8 RAT
2o MOUSE
PIG

Use the first two text fields to modify the size length and radius of the heart model VOI. The last
field is dedicated to the definition of the wall thickness. All values are in [mm].

To define the heart model VOI size selectively for the stress and rest studies use the indicated icon
to Define model size interactively:

STRESS: w ~ | i’r/ﬂ =

The model size will be updated according to the changes in the display.

With the View model size VOI box enabled a green VOI in short axis orientation appears overlaid
on the images. It is used to approximate the model settings before the segmentation is performed.

The green model VOI may be used as guidance for the interactive manual short axis orientation.

Convenience Buttons
In some places the following buttons appear:

Hide some of the user interface elements to free some space. With the
panel hidden, the icon changes to @. When this button is activated, the
panel is shown again. This functionality may be helpful with small computer
displays.

@

Reset the parameters to their default values.

&

Display help information.

Clearing Studies

PMOD Cardiac PET Analysis (PCARDP) (C) 1996-2021 pmod



PMOD Cardiac PET Analysis Tool (PCARDP)

1.2

When new data is loaded, the previous data and results are cleared. However, it is also possible to
explicitly reset the tool closing all image series in the PCARDP tool with Close all studies =
button available on the lateral taskbar. Alternatively, this can be done selectively for STRESS and

REST series by selecting the X button to the right of the image.

MEl« 8

Configuration Settings

If PCARDP is used to process different study types, like dynamic and gated studies, the
configuration needs to be adjusted befor a new study. The configuration dialog can be opened

using
= the ALT+S key,

= the ¥ button in the lower left, or

= the Settings/Modify entry in the Cardio PET menu.

The following window appears with the processing settings on the PCARDP tab.

Myccardium Average Parameters
Start ime [seconds) Endbme:  Endof Stugy W [mim] Biood * Factor [1/1]

120 0 ¥ Smpoth 6.0 0.05

@ Set Defaull Average Settings

¥| Autornatic transmural (EPVENDO) analysis. Distance from centerine [%] EP1 50 ENDOQ 50

i Set
Paths Display PCARD
Heart model type. Sgf HUMAN 3 ®  Long axis spex o base length 10 0 Base radius 300 || & Reset
HIO | NH3  Rb | Ac{ ™ Sl HUMAN [Jrracerretention | SPECTMBF | GATED
4 RAT
Model | Card. NH3 (de Gr} [ . woUse  pDeGradoModed] w 4k ?
Active pararmeter] = 18F Pic Inrange > from 0.0 to 00
Blood Average Parameters
Start tirme |seconds] End time [seconds] [mm]
35 7, Smoath 6.0

| Calculate Pixelwise Paramednical MBF map (# Basic Funcions = 100, Threshold = 0%) [#] Smoath jmm] &0

M TACS

&

Segmentation type

Polar sampinig

Wl thickness 20 (1

Epi / Endo active model

Definition

Averaged on Model Crozsing

AHA [17) SPECT (20)

Il

Modeling results Jr— 7. it amtasinr 13, apieal sesrior
T banai erserosectal B i) e omeps T4 Al sepial
SOVUNE % W ] Add Chi2 map o results = Compare Type:  RESERVE (3/R) - & fninf bibisiuegdal | Lwiklh iinranagtel W Wyl nieiar
& basal wiesior 0. mid infwnar 6, npieal tarsd
Myocardium ha¥ width of volume showing the active pararmeter values 1 [pixeis] MMt 1Ll YT 0
MBF polar plot absahte maxdmum [rmbiminig] Baseline cormection to first frame
Reserve poiar plat absokite maximum [411) v Calculate TAC of total myocardum
v/ Lise artigliasing for curve and palar piots Polar plot's interpolation.  60%60 LA} [Kinetic Modeling]
Polar plot's overiay Value - ]
Run Automatically 5
irect Loading Settings
¥ Run Modehing afier VOIs have been successhully created
o St d n > ET FIRST -
7! Run Comparisan after successiul Modeling CHECK MODELING QUALITY BEFORE USING RESULTS FREGEIEE Yo SEakiam Camcaatio FEET AR 4
View Comparison Report ¥| Sl Acquisition Start Time 1o 2era
4 / Ok Cancel
|| ~CardioPETs [ o [ =il (55 S o @ Load Proweol MEF (Perfusion) a S8 o 700 200 & | Started

The Heart model type list serves for selecting the species: HUMAN, RAT, MOUSE or PIG. The
default geometry parameters such as Long axis apex to base length, Base radius and Wall
thickness values are adjusting accordingly. The values can be changed in the corresponding
number fields for optimizing the automatic definition of the myocardium. The default values for the
selected species can be restored with the Reset button.

The specific dynamic and gated configurations are described separately in dedicated sections.

PMOD Cardiac PET Analysis (PCARDP) (C) 1996-2021
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1.2.1

1.3

1.4

Configuration for Image Loading

There are two image-related configuration options:

Direct Loading Seftings

| | Reorient to Standard Orientation = FEETFIRST E 4
[v] Set Acquisition Start Time to zero 4 HEAD FIRST
¥ FEET FIRST

For the data processing it is important that the images appear in the HFS orientation. If this is not
the case, either the HEAD FIRST or FEET FIRST option of Reorient to Standard Orientation
should solve the problem. If not, please activate the with Operation button button during image
loading and use the Assistance button to correctly HFS orient the PET study.

With the Set Acquisition Start Time to zero option enabled, the start time of the first selected
acquisition is set to zero, and the other frame times adjusted accordingly. This setting is highly
recommended because due to DICOM compatibility issues the whole data may be shifted in time.
In such a case, kinetic modeling will most likely not result in valid estimates.

Saving and Retrieving Configurations

If different types of studies are analyzed with the same PCARDP installation it is recommended to
proceed as follows:
For each study type

= Configure the different settings as described above.
= Perform a successful processing.

= Save the successful configuration using the Settings/Save entry in the Cardio PET menu and
name it suggestively, eg "Ammonia 1-Compartment”.

Later, when PCARDP is started to process a particular study, Load the appropriate configuration
using the Settings/Retrieve entry in the Cardio PET menu. This restores all configurations, and
processing can be begun without going into the configuration details again.

Note: Loading a settings file restores all configurations of the entire PCARDP tool. For instance,
the configurations related to all tracers are restored, not only of the currently active one.

When PCARDP is closed, all configuration settings are stored as the initial PCARDP settings.
They are loaded again the next time PCARDP is started with the same PMOD login. Therefore,
explicit loading of a settings file is not required if only a single study type is processed. This
behavior can be exploited as an alternative to using different settings files. To do so define a
separate PMOD login for each study type, eg. "Cardiac NH3" and "Cardiac H2O". These logins can
then be used to process ammonia and water studies, respectively.

Additional Documentation

The PCARDP tool is based on a range of functionalities from the PMOD environment which are
not explained in this documentation. Please refer to the

= PMOD Base Functionality Guide for information related to data loading, image viewing,
volume-of-interest (VOI) definition.

= Cardiac PET Video Tutorials for further recommendations and trouble-shooting hints (coming
soon!).

=  PMOD 3D Rendering Tool Users Guide for rendering-related information.
=  PMOD Fusion Tool Users Guide for fusion related information.
=  PMOD Kinetic Modeling Users Guide for kinetic modelling related information.

PMOD Cardiac PET Analysis (PCARDP) (C) 1996-2021
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Dynamic Data Processing

2.1

2.1.1

PCARDP implements the following features for data processing of dynamic PET data:

Calculation of anatomical images representing blood volume (BV) and myocardium (MYQ)
from the dynamic uptake series. Depending on the tracer, early and late images are averaged,
or alternatively a factor analysis can be applied (water only).

Calculation of time-activity curves (TAC) from the left ventricle (LV), the right ventricle (RV), as
well as from different segments of the myocardium.

Fitting of adequate kinetic models to the segmental TACs to quantify the tissue parameters
such as perfusion or glucose consumption.

Calculation of parametric perfusion maps (for NH, data only). Use of the perfusion maps to
perform an analysis of the transmural perfusion gradient.
Combination of the results to quantify myocardium function in well-defined sectors specified by

the American Society of Nuclear Cardiology (ASNC) and the American Heart Association
(AHA).

Generation of a normals database from a set of quantification results obtained from a cohort of
healthy volunteers. Subject results can then be compared against the normal database to
quantify deviations in terms of z-scores.

Processing Configuration

Access the configuration with the #= putton in the status line, close to the Cardio PET menu. To
begin please start selecting the appropriate Heart model type. Proceed with the characteristic
settings for dynamic PET analysis as described in the Analysis Selection| 101.

Analysis Selection
Note the tabs labeled with the different PET tracers and GATED.

NH3 | Rb |

| Hz0 Acetate | FDG | Tracerretention | GATED |

Model | Card. NH3 (de Grado) [PKcardiacNH3DeGradoModel]

Aclive parameter name F - []Inrange -= from 0.0

Blood Average Parameters

Start time [seconds] End time [seconds]
0 35

[mim]
lv| Smooth 6.0
Myocardium Average Parameters
Starttime [seconds] Endiime: End of Study ~

[mm] - Blood * Fadior [1/1]

120 0 ¥ Smooth 6.0 0.05

# Set Default Average Seftings

[¥] Automatic transmural (EPVENDO) analysis. Distance from centerline [%] EPI 50 ENDO 50

[w] Calculate Pixelwise Parametrical MBF map (# Basic Functions = 100, Threshold = 0%) [¥] Smooth [mm] 6.0

> 4|0 ?

to 0.0

Please select the tab corresponding to the data to determine the processing method, the tracer
name in case of dynamic data. The tracer-specific processing settings are then accessible in the

panel and may be adjusted.

PMOD Cardiac PET Analysis (PCARDP)

Model: the list selection offers all kinetic models suitable for the selected tracer. The ? button
shows a summary description of the currently selected model.

Active parameter name: The cardiac tool has the capability to disregard a parameter value in
the statistics when it is clearly outside the physiological range. The string entered in the Active

(C) 1996-2021
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2.1.2

parameter name text field defines which parameter is undergoing this restriction. The allowed
range needs then to be configured in In range from .. to.

There are two sections for defining the defaults for the averaging strategy. The idea is to calculate
images showing sufficient anatomical information by a weighted combination of some of the
dynamic acquisitions as described in Generation of Blood Volume and Myocardium Images| 971.

= Blood Average Parameters: The definition has a Start time, and End time, and an optional
Smooth parameter. In the example above all frames between 0 and 35 seconds (frame start
times) will be averaged, and then smoothed with a 3D Gaussian filter of 6mm full-width at half
maximum. The result is assumed to represent an anatomical image of the blood volume.

= Myocardium Average Parameters: Similar to Blood, the Myocardium image is generated by
averaging the frames between the Start and End time specified underneath. 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 image generated by the
Blood configuration will be subtracted.

MBF Special Cases

1. In the case of the NH3 tracer there is a box Calculate Pixelwise Parametrical MBP Map. If it
is checked a MBF map will be calculated within the area of the left ventricle using a basis
function method /). Based on the MBF map, the perfusion across the heart wall can be
analyzed. This functionality is enabled with the Automatic transmural analysis box. The
transmural analysis is only available for the Epi/Endo Segmentation type.

2. The H20 tracer has as an additional choice Factor analysis. Please refer to Pre-Processing
Steps with Factor Analysis (Water only)| 61 for more information how a factor analysis can be
employed for the generation of blood volume and myocardium images.

Modeling Results

This section contains some options with respect to the modeling results:

Modeling results

SDVUnit % + 3 [] Add Chi*2 map to results | Compare Type: RESERVE (S/R) '_ L3
Myocardium half width of volume showing the active parameter values 1 [pixels] | ¥ RESERVE (SiIR)
| I DIFFERENCE (SR)

[_] MBF polar piot absolute maximum [mlimin/g] ‘

I REVERSIBI -5)
| | Reserve polar plot absolute maximum [111] REVERSIBILITY (R._.. 2

= SDV unit: The kinetic model not only returns the fitted parameter values, but also estimates of
their standard error. The standard error can be expressed in absolute units (1/1 configuration),
or in percent of the parameter value (% configuration, coefficient of variation).

= Compare Type: When a patient has been scanned at rest and stress, the results can be
compared in three ways. With the RESERVE (S/R) choice the perfusion reserve is calculated
by dividing the segmental perfusion values at stress by the corresponding values at rest. With
the DIFFERENCE (S-R) choice the difference is calculated instead. This latter approach
avoids the problem of dividing by a small number which may for instance arise in scar tissue.
The REVERSIBILITY (R-S) is defined as the inverse difference.

= Myocardium half width of volume showing the active parameter values: The cardiac tool
constructs a new image data set which shows the calculated parameter value (usually the
MBF) in the pixels which were used for calculating the segmental TACs. Usually, these will be
pixels along the myocardium centerline, resulting in images showing segments that are much
thinner than the myocardium itself. To make the segments look thicker, pixels on both sides of
the centerline can be added. For example a value of 2 would add two pixels to the inner and to
the outer of the centerline. Images with increased segment thickness may be an advantage for
fusion purposes, especially for a 3D fusion with an angio CT data set. The settings has no
effect when the Endo/Epi myocardium outline procedure is selected.

= Add Chi*2 map to results: When this box is checked the Chi square value of the kinetic
model fit is also returned to PCARDP and assembled in an additional polar map.

PMOD Cardiac PET Analysis (PCARDP) (C) 1996-2021 pmod
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2.1.3

214

2.1.5

Optional Settings

L_| MBF polar plot absolute maximum [mliminig]

Reserve polar plot absolute maximum [1/1]

[v] Use antialiasing for curve and polar plots

= MBF polar plot absolute maximum: Allows setting a fixed color table maximum value for the
myocardial blood flow polar plot display.

= Reserve polar plot absolute maximum: Allows setting a fixed color table maximum value for
the reserve polar plot display.

= Use antialiasing for curve and polar plots: Controls whether lines and points are drawn
antialiased or not. With the checkbox enabled graphics look smoother.

Flow of Processing

The section Run Automatically contains three boxes.

Run Automatically

w| Run Modeling after VOIs have been successfully created

| Run Comparison after successful Modeling CHECK MODELING QUALITY BEFORE USING RESULTS
View Comparison Repan

If they are checked, a processing will be started as soon the data for it is available:

= Run Modeling... If this box is checked, TACs are calculated and the modeling performed as
soon as a complete set of VOIs has been defined.

= Run Comparison .. : If this box is checked, the results of kinetic modeling analysis are
automatically transferred to the comparison page. Note that it is advised to inspect the results
of kinetic modeling before relying on the generated report.

= View Comparison Report: If this box is checked, the report page is shown each time data is
transferred to the comparison page.

Contouring and Segmentation

The area on the right side of the configuration window defines the heart segmentation model
applied as well as the sampling method within the segments.

Myocardium TACs Generation & Segments Definition

Segmentafion type:  Epi ! Endo active model v 4
Polar sampling. Averaged on Model Crossing v 4 )
Wall thickness [20.0 [mmj]

AHA(17) | SPECT(20) | Gated |

1. basal anterior 7. mid anterior 11 apical anterior
2. basal 8. mid 14, apical seplal
3. basal in i 8. mid P 15, aplcal inferior
4. basal inferior 10. mibd inferior 18, apical lateral
5. basal inferciateral 11. mid inferolateral 17. apex

6. basal I 12 mid
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Heart Segmentation Type

PCARDP supports different segmentation models. Currently, the standard AHA 17-segment
modell 9k is available, as well as the ASNC 20-segment model| 971 which is often used with SPECT
data.

CAUTION: A single segmentation must be employed in order to create a normal database, and
when comparing subject data against such a database.

There are two options available for the myocardium detection procedure:

1. EPI/ENDO outline: the myocardium center line is used to generate Epi/Endo contours. Initially,
a normal vector is calculated for each vertex of the myocardium center line. Finally, the point
belonging to the myocardium center line is translated along the normal vector by half of the
heart wall thickness.

INF INF
The advantage of the EPI/ENDO definition is that the sampling boundary is very clear and that
both contours can individually be adjusted.

2. EPIIENDO active model: This approach performs first the EPI/ENDO outline, and then
adjusts the contours to the local image intensity using an active model (pseudosnake)
algorithm.

Polar Sampling

The Polar Sampling selection defines how voxels are sampled within the outlines and used for the
segment TAC calculation. PCARDP interpolates the axial range defined by the myocardium model
into 22 slices. For each of the base and mid slices a radial sampling is performed every 10°, and a
conical sampling in the apical slices. There are different ways how the myocardium samples are

detected:

METHOD EPI/ENDO outline and EPI/ENDO active model

Radial Maximum The maximum value is determined along the radial profile
between the Epi and Endo profiles.

PMOD Cardiac PET Analysis (PCARDP) (C) 1996-2021 pmoci
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Model Crossing Using the value in the middle between the Epi and Endo
shapes.
Averaged on Model Crossing Using a neighborhood of 4 voxels in the middle between

the Endo and Epi shapes.

Averaged on Radial Maximum Using a neighborhood of 4 voxels around the determined
profile maximum between the Endo and Epi shapes.

The sampling locations found are not strict pixel locations, but geometrical coordinates.
Correspondingly, the program will calculate the image values at the sampling points by
interpolation from the neighboring pixels. Radial Maximum is recommended if there is reasonable
uptake in tissue, while Model Crossing allows the user to tightly control the sampling, at the cost of
having to exactly define the contours.

With the “Averaged on ..” variants more than a single sampling point is determined: the left/right
and the inner/outer neighbors will also be included. The suitability of averaging is very depending
on the pixel size: if the pixel size is large, the outer/inner samples might add information which is
actually outside the myocardium. Therefore, averaging should only be applied with pixel sizes in
the range of 2mm.

The thresholded versions of the "Averaged on ..." polar sampling methods are aimed to improve
the classification of the voxels belonging to the myocardium. With this selection, initially all the
voxels identified as myocardium are sorted in ascending order based on the voxel intensity. Then,
a thresholding value is calculated as the 10th percentile of the voxels with the lowest intensity.
Finally, only the myocardium voxels which intensity is above the threshold will be considered during
the sampling procedure. The thresholded sampling should be used when the segmentation results
are poor and when trasmural analysis is performed. However, such segmentation aproaches
should be used with caution in cardiomiopathy studies or in case scar tissue is present on
myocardium.

Note: the exact sampling points found by a prescribed sampling scheme can be visualized as
spheres in a 3D rendering scene (see Examining the Results| 401

As a means to get a robust global result PCARDP allows averaging the TAC signals from all
segments into a single TAC TOTAL MYOCARD. This TAC is only generated, if the box Calculate
TAC of total myocardium is checked.

The Baseline correction to first frame box enabled allows correcting the myocardium TACs for
the activity remaining from a previous scan.

The Polar plot interpolation choice defines how the information calculated in the segments is
presented in the polar plots. If it is set to NO, the segment structure is clearly visible. If set to
48x48, values at 48 radial distances and 48 angular increments are interpolated, and similarly with
the 60x60 setting. The effect is illustrated in the example below. While the raw polar plot
represents the true numbers, the values are smeared by the interpolation filtering.

No Interpolation 60x60 Interpolation

LNTERTOR ANTERIOR

[0.0, 1.4] [0.0, 1.4]
0.0 miimin/g 14 00 miliminig 1.4
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2.2 Data Processing Steps

Processing a dynamic myocardial study with PCARDP consists of the following steps:

1.
2.

10.
1.

Configuration of the appropriate kinetic model and the segment model of the myocardium.

Loading of the dynamic studies. If data was acquired in different conditions (Rest/Stress), they
can be loaded in a single operation.

Generation of anatomical images showing the myocardium and the blood volume as clearly as
possible. This is achieved by averaging appropriate frames as described in the section
Generation of Blood Volume and Myocardium Images|97\.

Determination of the left ventricular long axis to bring the data sets into standard short axis
orientation, as described in Standard Reorientation of the Heart| 9. An automatic procedure is
available. If it fails, the orientation must be manually adjusted by the user.

Definition of the volumes-of-interest (VOI) in the short axis view. The VOls are required to
calculate the TACs of the right ventricle, the left ventricle, and the different myocardium
segments. An automatic procedure is available. If it fails, the VOIs must be manually corrected
or outlined by the user.

Calculation of the time-activity curves. The number of m%%cardial TACs depends on the
selected segment model (see Myocardium Segment Models| 941).

Transfer of the TACs to the kinetic modeling tool. The LV TAC serves as the input curve, the
RV TAC is applied for spillover correction in the septal segments, and the myocardium TACs
are fitted with the selected model (see Kinetic Models| 98)). The result is a set of model
parameters for each TAC.

The result parameters are returned to the cardiac tool for the assembly of the results. They are
displayed as polar plots, and compiled into report pages.

If one of the ammonia tracers is applied, a parametric MBF map is additionally calculated using
a basis function method.

Different types of reports can be generated and printed.

A normal database can be compiled from the results of normal volunteers. It can be used to
find and quantify the deviations found in subject studies.

Note: These steps are performed for all flow studies, except if the factor analysis methodology is
applied to water studies. In that case, different preprocessing steps are applied which are
described separately in Pre-Processing Steps with Factor Analysis (Water only) [ 661,

Automatic Procedures

On the Reorientation page there are check boxes for enabling automatic procedures as described
below. They are located to the left of the red action buttons:

hilyw) Button to start the cropping/averaging process for calculating the BLOOD

(average of some early frames while the tracer arrives in the left and right
ventricles) and the MYOCARDIUM images.

(2 ) Button to start detection of the Short Axis (SA) orientation based on the

BLOOD and the MYOCARDIUM images.

i Button to start detection of the myocardial centerline or the epi/endo

boundaries. This is done by fitting a smooth model of the left ventricle (LV)
shape to the MYOCARDIUM image and adjusting locally to the uptake
pattern. The results are shown as contour lines in the SA images.

The recommended setting is enabling the automatic boxes of the SA reorientation and
myocardium contouring. In this way the procedures will run, whenever the time averaging definition
is changed.

PMOD Cardiac PET Analysis (PCARDP) (C) 1996-2021
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2.2.1

The layout of PCARDP is designed for processing the stress study in the upper half of the window,
and the rest study in the lower half. Otherwise the results will be labeled incorrectly and the
comparison will be wrong. If only one study is processed, it should be loaded into that part which is
more appropriate for labeling. Note that if two studies are selected for loading on the DB Load
page, the first one will be considered as stress, and the second one as rest. When loading DICOM
data, PCARDP will analyze the encoded information and show warnings if the model selection
seems inappropriate or rest and stress series seem interchanged.

Data Loading

Loading from the Reorientation Page

On the Reorientation page data are loaded using the load buttons in the [STRESS] and [REST]
area, respectively. Additionally, the page supports standard short axis orientation of the data and

the definition of the myocardial segments.

B Cardiac PET Modeling (4.101) - [ SN: PCARD1, BD: 1934.07.17, SED: MYOCARDILM |

DB Load Reodestation Kanetc Modeling Compare

P9 Resti Stress Fusion ] Synchr

“cwdoPETs | &= 0 7 Sl FEE M - @ LoacProsco BB SaveProwcol | MBF(Perfesion) o Sed e 700

Note the triangle button to the right of the loading button. It allows selecting the data format of the
studies, in the example above Database. Activating the button opens an image data selection

onize

Tracer. NH3 — ammonis / 138, Model: Card N3 (de Grace

window for selecting and loading the images.
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Loading from the DB Load Page

If the database functionality is enabled, the user interface shows an additional tab DB Load. On
this page, both the rest and the stress studies should be selected for loading, with the stress study
on top as illustrated below.

| Subjects [6] @

Subject name | Subject 1D | Modity date | sex | Date of Birth |
PCARD1 NH3 Cardiac PET 2018-10-26 12:06:06.73 F 1934.07.17
Rb Cardiac PET 2018-10-26 12:06:03.684 M 1956.06.17
Water Cardiac PET 2018-10-26 12.05.58 404 M 1384,03.09
D Gated HH3 Gated PET 2018-10-26 12:05.48 484
Cardiac MR Perfusion Example 2018-10-26 12:05.28 02 ] 1940.01.01
Gated MR 2018-10-26 12:05:19.787 M 1969.02.08
4} Setas “Selected for loading” I=® EditSubject €3 Delete Subjectis) % Create new Subject Set Project
| Series[2] @ |
| Subject Name | Study date | Time | stuy description | series description |= Modified | Lastuse | Mod | nz | v | nd | s
PCARDY 2006.06.07 144647  Pafient with reduce reser.. NH3, Rest 2010-08-16 16... 2096-12-06 11.. PT 30 18 1
PCARD1 2006.06.07 14:46:47  Pafient with reduce reser.. NH3, Stress 2010-08-16 16... 2019-06-12 16... PT 30 18 1 B
[4] I l [»
=@ Edit € Delete 28 SelProject * ofifn | O T v o B
| Selected for loading [2] | Companents Administration [5]
| subject Name | Study date [Time | Study deseription | Series description | Moditied | Lastuse [mod [z Trv nd [,
|PCarD 2006.06.07 14:46.47  Patienl with reduce reser... NH3, Strass 2010-08-16 16... 2019-06-12 16... PT 30 18 1) 24
|PcarD 2006.06.07 144547  Palient with reduce reser.. NH3, Rest 2010-08-16 16.. 2013-12-06 11... PT 30 18 1
t =
[4] i I 1
@ Open @€ with Operations (%) 2%HE Expor a Femove 34 Remove all [¥] Remove afterioading | [JcTaca | [l » €' &=

Alternatively, images can be loaded via the lateral taskbar:

Load image. The format can be selected with the small down arrow below
the button.

b Close all image series in the PCARDP tool, including any image results.
1 Allows aggregating PCARDP results for statistical analysis
® Allows visualizing the saved results for comparison.
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2.2.2

i Allows opening and sending the aggregation results to the R interface for
further statistic analysis.

oy Allows eliminating the "staircase" effect from VOIs generated with the
automatic procedure. In the capture below is illustrated the result of
automatic VOI outlining when the icon is OFF (upper row) and ON (lower
row)

Note: First switch ON/OFF the "staircase" icon then start the VOI automatic
outlining procedure.

Direct Loading

When selecting image series for loading, activate the Open button. In this case, the loading dialog
window will not be shown and the images will be loaded with the corrections enabled in the
configuration| 9. If adjustments of the orientation or the timing are required, please use with
Operations.

Generating Blood Volume and Myocardium Images by Averaging

Cropping and Time Averaging

Depending on the field-of-view of the scanner and the reconstruction settings, the heart may only
cover a small fraction of the image volume. In order to ease processing it is recommended using a
cropping procedure for restricting the image volume to the heart. Ideally, cardiac PET images
should already be reconstructed with limited field-of-view centered at the heart, and with pixel sizes
in the order of 2 mm.

The purpose of averaging the early (BLOOD) and the late frames (MYOCARDIUM) is to obtain
images with optimal anatomical information to be used for the SA reorientation and myocardium
detection. Their quality has a direct impact on the automatic procedures, and manual adjustments
are also easier with clear images. There are various reasons why the images calculated with the
default averaging settings may not be optimal:

= Low injected activity, resulting in noisy images. Because of the dilution effect the tracer is not
well seen in the cavity of the left ventricle (LV).

= Delayed appearance of the bolus so that too much background is included in the calculation of
the BLOOD images.

= Poor tissue perfusion making the LV anatomy unclear. There is no real solution to overcome
the problem. A workaround is using the BLOOD image as an additional guidance in outlining.

= subject or heart motion causing a blurring of the MYOCARDIUM image.

PMOD Cardiac PET Analysis (PCARDP) (C) 1996-2021
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The following procedure is recommended to generate optimal BLOOD and MYOCARDIUM
images:

Compare the Stress and Rest series and decide, which images have better quality. Work on
these images towards a satisfactory solution.

Select the button 2 for the averaging process. A dialog window appears which allows to
interactively specify a cropping window as well as the averaging ranges. The upper part of the
window shows the average images. If the Crop in box check is enabled, a cropping volume is
also indicated by yellow sphere. The center of this sphere can be placed by dragging the
indicated handle. Its size can be changed with the list selection. Before proceeding, the sphere
should be placed such that the whole heart is included in the box and that enough margin is
allowed for the SA reorientation.

With each click an average time-activity curve (TAC) is calculated and shown in the lower
curve panel. The sampling is performed by signal averaging around the triangulation mark with
a configurable TAC probe size. The two shaded areas overlaid on the TAC represent the time
ranges for frame averaging. First click into the blood pool of the LV. The TAC curve should
show a clear initial peak. Adjust the left area by dragging with the mouse so that the peak is
enclosed. Next click into the LV wall to generate a myocardium TAC. Adjust the right shaded
area to cover the relevant portion of the late uptake. Activating the Default button the average
range of the myocardium is set according to the configuration. If modeling only uses 4 min of
the data, the myocardium averaging should not extend past 4 min to avoid motion mismatch.

L Crop Heart >

4 . »

w 4|% |mm|

rreversible data operaban

KBgice
2423
14939 |

1454 .

&0 500 o510 14000 1850 230.0
seconds | Average after OK > [w] Diredt

Crop | Timing | Average Cancel
The action button to continue is located in the lower left. It changes the naming according to
the enabled options. With all options enabled (recommended) the button is labeled
Crop/Timing/Average.

Cropping is an irreversible operation. Therefore an explicit confirmation is requested before it is
executed. Note that cropping is only supported once. Thereafter, only changing of the time-
averaging definition will be possible.

Before time-averaging is performed, a dialog window is opened which shows the frame ranges
together with the smoothing filter settings based on the default configuration. If needed, they
parameters may be modified.

PMOD Cardiac PET Analysis (PCARDP) (C) 1996-2021 pmod
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Do you want to create Blood and Myocardium STRESS images?

Blood

Start [frame] End [frame] [mm]

5 10 [»] Smooth |6.0

Myocardium

Start [frame] End [frame] [mm] Blood * Factor [1/1]
21 24 [¥] Smooth 6.0 0.05

Upon confirmation, the averaging is performed as prescribed.

If the "automatic" checks for the SA reorientation and contouring are on, those two steps are
also immediately performed.

Arrangement of the Result Images

Each time the time-averaging is performed, two new image series - BLOOD and MYOCARDIUM -
are calculated, and the display is switched to MYOCARDIUM. The user can switch between the
original study and the averaging results by the study selection as illustrated below.

BRI
E B 1 ¢« = }F— »
¥ @ MYOCARDIUM J
o @ BLOOD
0 @ DYNAMIC Ti4ir G v
&l = oo € 1711081

[ 1

|18 g =)= 100 [%]

LS

— — .
22 @E:';ﬁvoi;ﬁ—lv
i

The clearer the anatomy in the images is, the better will the automatic procedures work, and the
easier will the analysis be. However, typically images of the following quality can be obtained. Due
to the increasing dispersion of the bolus it is often difficult get a well delineated LV blood pool.

Potential Problems

Note that there are various reasons why the images calculated with the default averaging settings
may not be optimal:
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2.2.3

= Low injected activity, resulting in noisy images. Because of the dilution effect the tracer is not
well seen in the cavity of the left ventricle (LV).

= Delayed appearance of the bolus so that too much background is included in the calculation of
the BLOOD images.

= Poor tissue perfusion making the LV anatomy unclear. There is no real solution to overcome
the problem. A workaround is using the BLOOD image as an additional guidance in outlining.

= subject or heart motion causing a blurring of the MYOCARDIUM image.

Transforming Images into Standard Short Axis Orientation

The next step is to rotate the images into the standard short axis orientation, see Standard
Reorientation of the Heart| 94. An automatic procedure is available, but when it fails a manual
interaction is required.

Automatic Reslicing

The PCARDP tool offers an automatic procedure for the short axis reorientation. As soon as the
button indicated below is activated the procedure is started.

ke [e5]- =]

The images are reoriented, and the resulting parameters shown in the reslicing tab. The box next
to the reorientation button is for enabling the automatic mode. If it is checked, the reorientation
process is started as soon as anatomical images are generated or loaded.

The arrow below the box can be used to copy the short axis transformation from rest to stress, and
vice versa. If the transformation is copied, the target images are immediately resliced. Note that
due to patient motion between the studies the copied transformation may not be fully adequate. In
this case please fine-tune manually using the handles as described in Manual Reslicing below.

If the automatic reorientation returns an inadequate result, it can be supported by manually
indicating the center of the left ventricle using a marker. Please proceed as follows:

= Reset the orientation using the # button indicated above.
= Click into the images until the orthogonal planes intersect in the LV center.
= Select the a* button, and click into the LV. A marker appears as illustrated below.

= Activate the automatic reorientation button @2 again.

Correct Short Axis Orientation after Reslicing

Please verify, that after the automatic and/or manual reorientation the images are oriented as
illustrated below:

PMOD Cardiac PET Analysis (PCARDP) (C) 1996-2021
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For the automatic contouring and the subsequent segmentation it is very important that the septum
appears to the left in the SA slice. This can be verified by checking the right ventricle in the BLOOD
images, which are shown with the same transformation parameters. For the automatic contouring
it is helpful if the heart is centered in the center of the image volume.

Manual Reslicing

After the averaging process has been completed, the display shows the MYOCARDIUM images in
reslicing mode. With the View model size VOI box enabled for the e.g STRESS study as
illustrated below:

N

STRESS. @ ~ M I H ~

e U e U -»

a green VOI in short axis orientation appears overlaid on the images:
DB Load | Reotientation | Hinetic Modaling Tran s_fQ rmation

oI - 0 )
.-'<o:.||c_

Save/lLoad
; =

Rotate

aTRess: @b v 3B | W -
I Dh -B-

The model VOI may be used as guidance for the interactive manual short axis orientation.

The button £ provides a quick way to bring the images into an approximate short-axis orientation:
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The fine-adjustment can then be done using the handles which are shown in each of the
orthogonal slices:

= The large open rectangle in the image center serves for shifting the images along the axes:
click+hold the left mouse button into the rectangle and drag the image into the desired
direction.

= The small closed rectangle connected to the image center allows rotating the images:
click+hold the left mouse button onto the rectangle and drag around the center.

The results of translation and/or rotation should look similar to the ones below:

As an alternative to the mouse-operated reslicing numerical values can be entered on the Move
and Rotate tabs. If anything goes wrong the transformation can be reset with the ¥ button.

Once the right orientation has been found it is recommended to quit the reslicing mode in order to
avoid inadvertent orientation changes. To this end, select any other tab such as the image
presentation tab #:.

Standard Cardiological Report Page

After the images are properly SA reoriented, a myocardium Stress-Rest comparison report can be
generated using the report button located left to the Modelling TACs button.

®e ? 1L, Modeling

There are various options for the report generation as illustrated in the capture below:

Confirmation X

Do you want to prepare Stress/ Restimage report?

- Center report images acomding to: ® Display ) Center ofiImage data
Color thresholds acomrding to: ® Display ' Myocardium
v Yes X No

When the box close to the report button is enabled the color table will be scaled to global Stress
and Rest maximum.

The report layout is organized in three main sections: the upper section shows 14 slices in SA
orientation of the Stress study and the corresponding slices of the Rest study; the middle section
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displays 7 Stress and Rest slices in vertical long axis orientation; the bottom section shows 7
Stress and the corresponding Rest slices in the horizontal long axes orientation.

lllustrated below is shown the content of the report in which the images are centered according to
the display, the color thresholds are set according with the display while scaling to global Stress
and Rest maximum is enabled:

Institution
Address

HAME PCARD1 E.DATE 1%34 07_17 1ID NH3 Cardiac PET

Reporc: 2020.12.23 (13:37:18) Scudy: 2008.06.07 |1 of 1 FCAZDR 4.2

Ppex < - | > Base [4.23, 4.25 mm)
ANT

)

Verti eal Long Axis - |--» Lateral [B.0, 8.0 mm)

ANT

rizortal Long Axis Bnterior & « | «x |rferior
7 4PEX

. [\ \

As usual, the report can be annotated, printed or captured in different formats and sizes.

2.2.4 Myocardium Outlining by Volumes-of-Interest (VOIs)

After the images have been brought into standard short axis orientation the next task is definition
of the myocardium model by VOIs. Again, there is an automatic procedure. However, the contours
found by the procedure might sometimes require adjustments or even fully manual outlining.

The next sections describe how the VOIs can be created within PCARDP. For general information
about VOI creation and manipulation please refer to the PMOD Base Functionality Guide.

2.2.4.1 Automatic VOI Definition
Once the transformation of the study in the standard short axis orientation has been successfully

completed, the display shows the MYOCARDIUM images in reslicing mode. With the View model
size VOI box enabled as illustrated below:
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initially, the values of the VOIs model size length and radius are the one defined in the
configuration and displayed on the bottom line:

 Cardio PET » lﬁ a & Z._ﬂil ;‘__E,_,iz SL &  @% LoadProtocol BB Sove Protocol | MBF (Perfusion) & 70.0 30.0 o = Compare
L

I’ Set =
Paths Dispizy | PCARD
Heart model type] Sed HUMAN ¥ ¥ Long s 3px to base length (70.0 Base radius 300 !”"“:'[_._.'. Resel Myocardium TACs Generation & Sfgments Dafindion
Segmentation type  Epi / End. tive model LA |
H20 NH3 Rb Acetate oG Tracer retention SPECT MBF GATED
Folar sampling:  Radial faximum - L4

Madel = Card, NH3 (de Grado) [PKcardiacNH3DeGradoModel] e | wal tickness 20 0 [l |

The green model VOI is used to estimate the Myocardium VOI. To modify selectively the model
VOI length and radius for the STRESS or REST study activate the dedicated icon e.g. Define
model size interactively as illustrated below:

STRESS. @ ¥ ,; E -

I Y e [ B

A dialog window appears allowing the interactive model VOI definition:

R Define initial heart model size %

|2 1 L *

@ coal =40 A

0.0 171.1081

[

18 [3] 100 (8]
o [&] -

Heart model

Length [

Radius [mm] [20.0

Scale in any direction and plane using the left mouse button with Click+hold+drag. The Heart
model Length [mm] and Radius [mm] are updated accordingly. In alternative, the values can be
edited in the dedicated text fields. To confirm the new values close the dialog window with the OK
button.

To start the automatic VOI outlining process select the contouring button indicated below
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STRESS @ * Vi H ~
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The program tries to find a VOI in the right cavity (RV VOI), in the left cavity (LV VOI), and uses the
interactively defined model VOI as the centerline of the myocardium (Myocard VOI).

The box left to the contouring button is for enabling the automatic mode. If it is checked, the
contouring process is started as soon as an automatic SA reorientation completes.

The arrow below the box can be used to copy the VOIs from rest to stress, and vice versa. Note
that due to subject motion between the studies and different physiologic conditions, the copied
VOIs may not be fully adequate and therefore may need adjustments.

Inspecting the Result VOIs

The user is notified if automatic contouring fails. Otherwise, the VOIs resulting from automatic
contouring are shown as an overlay in the images. The Epi/Endo definition of the Myocardium
consists of two contours. The illustration below explains the different elements in the display.

o
ANT

Myocardium
EPI contour

The green buttons indicate that VOIs have been found for all three structures. It is recommended
to check the results before proceeding to the quantification. Crucial locations are:

= the base: only that part of the base should be included which shows myocardium in the full

360°;

= the apex: the activity is often reduced towards the apical tip, making the auto-contouring
difficult;

= lesions: the program tries to define a smooth centerline, but gross defects can compromise the
results.

The easiest way to check the VOI placement is scrolling through the slices as follows:

1. Select the image presentation tab and adjust the lower/upper thresholds so that the color
allows to clearly see the contour lines. Hereby the reslicing mode is also disabled, so that the
images are not unintentionally moved.

Click into one of the orthogonal images, then scroll through the slices using the mouse wheel.

As an alternative click anywhere into the images to get new orthogonal slices at that
triangulation point.

If necessary, the VOIs can be adjusted. Use the green buttons open the VOI construction dialog
with a corresponding VOI preselected. The VOI definition and correction is explained in the next
section.

CAUTION: When scrolling through the slices you will note that the most apical contour essentially
consists of a point. Please DO NOT DELETE THIS POINT, because it is essential for the polar plot
generation.
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2.2.4.2 Marker Guidance

The automatic myocardium detection can be difficult, especially if the image quality is poor, if there
are areas of reduced uptake, or if there is no clear separation between myocardium and liver. To
make the automatic outlining more robust, the user can specify markers in the myocardium.

Marker Interpretation
The program will interpret the markers as follows:

1.

If only 3 markers are placed they are considered to define the bounding box of the left
ventricle.

With more markers the algorithm works on a SA-slice basis. Whenever it finds more than 2
makers in a slice, it will fit in a first stage a circle to the markers, and in a second stage the
circle to the intensity. In a third stage the information is propagated to slices without markers
and used to fit the maximal intensity. Finally, the found contours are smoothed in all directions.

Placement of Markers
The following procedure is recommended for the actual placement of the markers.

1.

Navigate the images by clicking into the LV center until the LV extremes are visible.

2. Select the 3 button. The tabs in the image controls area are switched to the Markers tab.

(i@ & ula]
(8o [ % |

¥ Set || Edit | [g‘
‘_'i

Triangulate:

1 + i & [ Append

Use the mouse wheel over SA images to locate the first slice showing myocardium uptake as a

full circle. Place 4-6 (or more) markers by clicking into the center of myocardial wall.
ANT

Note that a marker is placed whenever clicking into the image as long as the Set toggle button
in the Markers tab is on. Activate the arrow button to go to the plain triangulation mode.
Alternatively, the Ctr1+Shift keyboard keys can be hold to avoid marker setting

Repeat this marker placement in some other slices down to the apex, particularly at mid-cavity
and in the apical, narrowing part.
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6. If the outlining result is not satisfactory, just add new marker points and repeat, or enter the
procedure for manually editing of the VOls.

2.2.4.3 Manual VOI Definition and Editing of Automatic VOIs

As a last resort VOIs can also be created and edited using the standard PMOD VOI tool. It can be
started using the three buttons

RV

oLV

© Myocaidiu? |, o | -

> = —
JI® Y ep  »

- -

which are red as long as the VOI definition is empty, and become green afterwards.

Definition of Myocardium

It is recommended to start the VOI definition with myocardium. Selecting the button indicated

above opens the VOI definition dialog, showing the MYOCARDIUM short axis images in the axial
mode.
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& VOI Construction [Edit STRESS VOIs; x

ok Cancel

Note that all three images (DYNAMIC, BLOOD, MYOCARDIUM) are available during the VOI
outlining process. Use the selection indicated above to switch between the images. The availability
of the different information has several advantages:

= The BLOOD images are helpful for defining the RV VOI.

= Switching back and forth between MYOCARDIUM and BLOOD helps to verify whether the
contour definition is adequate in myocardium parts with defects.

= The DYNAMIC images can be used to check whether there was significant subject motion
during the scan. After completing the outlining, simply step through all the acquisitions and look
for the relative movement between the contour ad the myocardium.

Note also that the relevant VOIs RV, LV, and EPI/ENDO or Myocard are predefined in the VOI(s)
list. We recommend using the output from the automatic VOI generation and adjusting the
contours rather than outlining fully manually.

o Adjustment of the automatically created Myocard EPI VOI

1. To inspect the contours switch to the orthogonal view. In each slice the EPI contour is
represented by a circular region-of-interest (ROI) which has a 60° angle indicating the septum
location.
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Select the myocard EPI VOI (or ENDO) in the list.

To perform global adjustments like shifting and/or scaling a VOI select the VOI Action button
3

roal

>

Drag the VOI with the handle in the center, and scale it by dragging the edges of the VOI
bounding box.

4. To reduce the number of contours at the base click into the short axis images, scroll with the
mouse wheel to the slices where the myocardium appears in less than a 360°, and then
remove the region-of-interest in that slice by selecting the ROl Remove button indicated below.

[=]

LS
Note that this function is only available if the axial plane is active.

5. To adjust the shape of the contours in individual slices scroll to a slices where the contour

needs correction. A global adjustment can be obtained by scaling and moving the ROI. To this
end select the ROI Action button

rot O

As a result the ROI Bounding Box is shown in the image.
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VOI Bounding Box

ROl Bounding Box

!

Now the ROI can be scaled by dragging the edges of the bounding box, and moved by
dragging the center handle as indicated above. Fine adjustments can be done with a different
tool, the Hammer tool

%

Dré the tool against the contour points to push them.

After such adjustments have been done in all slices, the myocardium EPI VOI is ready for
further processing.

6. In the case of unsuccessful operations use the undo button

KT
to go back to the previous state of VOI definition.
e Creating the Myocard EPI VOI Fully Manually

To build the myocard EPI VOI fully manually:
1. Select the myocard EPI VOI in the list.
2. Scroll through the short axis slices until the last basal slice with 360° myocardium is shown.
3. Select the Outline polygon, adjust the vertices tool
L
and click along the EPI contour
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closing the contour by clicking at the first point or selecting the Finish button. Immediately, the
septal 60° angle is shown.

4. Ensure that the septal angle points to the left where the RV should be located. To be able to

adjust the angles, select the ROI action tab, so that the bounding box of the ROI is visible.
Then, drag the connection of the septal angle with the bounding box as indicated below so that
a 60° angle is enclosed as indicated below. This adjustment must be performed for each slice
separately.

5. Scroll to the next slice towards the apex with the mouse wheel, perform the outlining process,
and repeat until the EPI contour is defined in all relevant slices.

CAUTION: Polar sampling is currently only supported when the number of vertices is identical for
all contours. If this is not the case, the polar plot of the dynamic data can not be shown, and the
sector TACs are calculated by averaging the activities of voxels alongside the contour.

The VOlIs in the right and left ventricular cavities are much easier to define.

e Creating the LV VOI Manually

1. To navigate to the location of the left ventricle make sure the display shows the orthogonal
slices.

2. Adjust the colors so that the location of minimal activity in the left ventricle becomes dark.
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N o o &

Select LV in the VOIs list. If the myocardium EPI (or ENDO) VOI is still selected, it will be
overwritten by the following actions.

In the SA images scroll to a slice showing minimal activity in the LV.
Click into the dark area of the LV.

Select the Circle (contour ROI) == and define a radius with the Circle box enabled.

Activate the Apply button. A circle ROl is drawn. If necessary decrease/increase the radius
value and Apply again. Make sure it stays in the center of the cavity to minimize the spillover
from myocardial activity.

Repeat this process in some of the neighboring slices, until a representative VOI has been
defined towards the base:

CAUTION: The activity concentration calculated in the LV serves as the input curve during the
quantification process. Any underestimation of the input curve will directly translate into an
overestimation of the calculated flow in all segments. Therefore, an accurate placement of the LV
is of utmost importance!

Creating the RV VOI Manually

To navigate to the location of the right ventricle make sure the display shows the orthogonal
slices.

Select RV in the VOIs list. If the myocardium EPI VOI is still selected, it will be overwritten by
the following actions.

Select the 2D cold Iso-contour tool @ .

In the SA images scroll to a slice showing the the RV clearly.

Click into the dark area of the RV. An iso-contour ROI is drawn. Make sure it is not too close to
the septum to minimize the spillover from myocardial activity.

PMOD Cardiac PET Analysis (PCARDP) (C) 1996-2021

pmod



Dynamic Data Processing 34

2.2.5

2.2.6

6. Repeat this procedure in some neighboring

slices, until a representative VOI has been defined:

7. To check the location of the VOI, switch the display to the BLOOD images.

VOI Saving
The saving button
=

in the VOI tool allows to explicitly save the current VOI definitions in a file. However, the VOlIs will
also be part of a saved protocol.

After all VOI definitions have been completed, select the Ok button of the VOI dialog window to
return to the cardiac tool and continue the analysis.

Calculation of the Time-activity Curves
After the VOlIs have been defined the

1£.. Modeling

button becomes active. When it is selected the following processing steps are performed:

= The full DYNAMIC study is resliced into the short axis orientation and interpolated, so that the
range from the apex to the base is covered by 22 slices. At the same time, the data set is
truncated to a box enclosing only the heart. These operations are also applied to the BLOOD
and the MYOCARDIUM data sets.

= The blood time activity curves are calculated in the LV and RV VOls.

= The time-activity curves in the different myocardial sectors are calculated according to the
segmentation model defined in the configuration.

Note: If complete data is available in the Rest and Stress rows, the above processing is
performed for both of them.

Kinetic Modeling

The behavior after completion of the TAC-calculations depends on the configuration of the KM
buttons on the Kinetic Modeling page:
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With this manual configuration the PCARDP tool just switches to the
Kinetic Modeling page and shows the calculated TACs.

B STRESS @ LV

[He-90a-

With this automatic configuration the PCARDP starts modeling of the

6 - 9B @~ calculated TACs with the configured model immediately in the background
(recommended). The model is fitted to each of the TACs, the results are

returned and then shown on the Kinetic Modeling page for inspection.

STRESS [ LV
L]

The data and the fitting results are organized on the Kinetic Modeling page.

OB Load | Reorestabion | Histic Modeling | Compare

IR

> 0lgl-

0.0, 1.02]
miliming B REST Ly

Zan | & «~ § 8 @ -

a8 .
5 5 5 0o 185, 2300 |00
T ok

* 4/ ¢ NEF - » +| * B
Myocardial mass = 239,07 [g
RE ST Input Parameiecs LIS B BT PR & - "]

P Rests streas Fusion Tynchronize Tracer NH3 - ammonia 113N, Wodel Card MH3 (de Grada] for NH3 L] £ Compare

2.2.6.1 Polar Plots of Dynamic Data

The result of radial sampling is visualized on the REST Input or Stress Input tab of the Kinetic
Modeling page. The frame selection allows scrolling through the uptake times and monitor the
concentration in the sampled tissue voxels. Note that the polar plot is only available with the
automatically outlined myocardium VOI.
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A ¥ Arterial B
Id 4 sectors

Frame selection [ 17 AHA sectors

IJ 20 AHA sectors

REST Input Parameters

The S checkbox allows syncronizing the polar and image display frames. The dynamic polar map
can be saved activating the Save icon, either as an Image, or as a Text (tabulated) file.
Optionally, the header can be appended during the text saving procedure by enabling the Hdr
checkbox. After saving, numeric data can be analyzed in the PMOD-R interface or outside the
PMOD software, and the image data by a parametric mapping approach.

With the Overlay sectors icon '®| switched ON various options are available for selection of the
overlay: Arterial, 4 sectors, 17 AHA sectors and 20 AHA sectors.

2.2.6.2 Sampling Inspection

It is recommended to briefly inspect the TACs. They are shown in the REST Input or STRESS
Input tabs on the Kinetic Modeling page.

KkBaicc
4881 ;
389.0 -

2899,

190.7 .

916 - . -

< -

7.5 . - o : A
50 500 95.0 140.0 185.0 230.0
seconds )
H o~ = [vry g‘

Ho~ o L

The following should be checked:
= The RV TAC appears first and typically shows the highest peak of all curves.

= The LV TAC shows a clear peak and then drops below the myocardial activity. Note that the
curve shapes depend on the speed of the bolus injection and the heart activity.
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2.2.6.3

PMOD Cardiac PET Analysis (PCARDP)

= |f some of the myocardial TACs have a very similar shape as the LV TAC this indicates that
their VOlIs include too high a fraction of the LV blood pool.

= Make sure that the timing is right; if it is not correct for some reason (eg. processing data which
does not include the timing information), kinetic modeling will fail or return invalid results!

Note that for a closer inspection of the curve shapes you can zoom into the curve display by
dragging a rectangle using the left mouse button. An alternative is to click with the right mouse
button into the curve area and then select the View in Separate Window entry of the context
menu.

If the data is not convincing, please return to the VOI outlining step and correct. A problem
occasionally seen and difficult to correct is, that a subject moved, so that in the early frames the
VOls are not aligned with the myocardial position throughout the whole acquisition.

Interactive Kinetic Modeling

If modeling needs to be repeated in order to investigate the fitting results, or if background fitting
was not enabled, please select the STRESS button

UE STRESS @@LV Map
or the corresponding REST button to start kinetic modeling of the TACs. A dialog box comes up

showing the currently configured model with the starting parameter values, for example

Confirmation X
\ Do you want to start Cardiac Kinetic Modeling [ STRESS] ?
[¥] Show Kinetic Modeling Tool [_] All models [] Baseline correction
Model: Card. NH3 (de Grado) [PKcardiacNH3DeGradoModel] =]e|v =

[0 Card. NH2 (2 Compartments) [PKcardiachH3HutchinsModel]
¥ Card. NH3 (de Grado) [PKcardiacNH3DeGradoModel]
[0 Card. NH3 (UCLA. 2 Parameters) [PKcardiachNH3UCLAModel]

v| MBF T Ty
(2) Ay 02 11
v| VR 0.1 "
k2 (0.3 1imin
Ll 0.077 1imin
S
b o

+ Yes kS

If needed, the model can be switched to a different model applicable for the tracer. Also, the
starting parameters can be adjusted. For modeling the Stress data one would probably double or
triple the initial flow value.

As soon as the user confirms with Yes the data are loaded into the PKIN kinetic modeling tool. If
the Show Kinetic Modeling Tool box is not checked, the model is regionally fitted in the
background and the results returned. Otherwise, the kinetic modeling tool PKIN is opened in a
separate window with the data loaded (see below). This is the recommended way of operation,
because the fitting process can be precisely monitored and adjusted if needed.

With the All models box not enabled the model selection in the PKIN interface is restricted to
cardiac models.

The Baseline correction box enabled allows correcting the Myocardium TACs for the activity
remaining from a previous scan.

Model Fitting
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& Kinetic modelling tool [ X
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The PKIN dialog window initially shows the first TAC in the curve display as green Measured
points, and the Model Curve with the default model parameters in blue. Use the Fit all regions
button to fit the model to the TACs of all myocardial segments. The Parameters and the Model
Curves are updated accordingly.

Please inspect the fitting results by stepping through the different segments using the indicated
Region arrow buttons. Successful fits are characterized by residuals distributed around the zero
line without a systematic trend (lower curve window), and a relatively small standard error of the
important model parameters (MBF primarily). If the error is too high, the results are not reliable,
and you are recommended to use a different model with fewer fit parameters. Spillover from the
right ventricle (vRV parameter) is negligible in non-septal regions. Therefore is only fitted for septal
regions, and fixed at zero everywhere else.

A quick summary of the result parameters can be shown by the View Par

® View Par
| Save Par.
" Append Par.
- Save KM File
T Edit Data
-{ [ Edit Patient
Tools 0 Add Comment

View Par. a ‘ [

button in the Tools list selection. The summary
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contains the parameters of all segments, their average, median and standard deviation as well as
criteria for the goodness-of-fit across the segments. For a thorough explanation of the kinetic
modeling tool and the calculated information please refer to the PMOD Kinetic Modeling Tool
User's Guide.

Saving the Modeling Information

Although it is not mandatory, we recommend saving the full kinetic modeling information (TACs,
models and parameters) in a .km file which can always be further analyzed with the PKIN tool. This
data can be saved using the Save KM File button in the Tools list.

Returning to the Cardiac Tool

Finally, confirm the PKIN dialog with Ok in order to accept the modeling results. The PKIN dialog is
closed and the result parameters are returned to the PCARDP tool. Note that for models with
parametric mapping these calculations are also done before the results are shown and the user
interface is enabled again.

2.2.6.4 External Input Curve

In some situations there might be a corrected or externally sampled input curve available. In this
case the LV button

g STRM v
can be used for replacing the TAC derived from the LV VOI. After selecting a curve file, a dialog

window is shown for confirmation. After acceptance, the LV curve is replaced and the configured
model fitted.
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2.2.7

Confirmation
kBqgicc
2741 5
21784

161.5 -

105.1 &

488 |
7590 : : : : ]
5.0 50.0 95.0 1400 185.0 230.0
seconds
SN A

Boo~ s Fwiromfle @ DL *»[o] MLV

Do you want to replace LV [STRESS] TAC by the loaded one and fit?

v Yes |_ X No

Results Analysis and Evaluation

After fitting of the kinetic model has completed, the information on the Kinetic Modeling page is
updated to allow for results inspection and documentation. The section below illustrates the

situation when the STRESS Parameter polar plot interpolation is enabled.

muminig

Chisguared

2.2.7.1 Examining the Results

Parameters per Segment

A R A A |

The Parameters tab on the Kinetic Modeling page shows the modeling results obtained with the
individual segmental TACs. After a segment has been selected, the result parameters are shown

in the upper table, and the corresponding TAC in the lower curve area.
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Polar Plots

The parameters resulting in the different segments can conveniently be visualized as polar plots.
The example below shows the polar plot of the parameter flow (MBF) , without interpolation and
with the display controls enabled. By default, segments definition is overlaid. These can be easily
switched off selecting the toggle button @ in the lower right corner of the polar plot. The list
selection nearby allows applying a 48x48 or 60x60 interpolation to the polar plots or reset the
interpolation with the No option. The + button serves for defining a standard maximal value, which
can be entered in the number field left to it.

The list selection at the bottom switch between the model parameters. When the cursor is moved
about the polar plot the segmental parameter value is shown in the upper right. Note that the
segment structure is clearly visible if no interpolation has been configured for the polar plot.

[

[0.0,2.24] M No
0.0 miiminig O appag [224
Ly :
MBF 1 60x80
MBF E > | + = E
: sy
- (|®mwr [
—{ LV
5 VRV
o k2
™

The polar plot display control can be easily switch on/off right clicking on the polar plot area and
selecting the Hide/Show Controls option.
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4 Hide/Show Controls

Properties

The Properties list entry allows changing the font size and the aliasing.

Resampled Data and Parameter Images

The image display on the right side of Kinetic Modeling page initially shows the MYOCARDIUM
data. Note, however, that you can switch between more studies by the list selection as illustrated
below. Green bullets represent data already available, while red bullets mark data which still needs
to be calculated (in the example modeling has not yet been performed).

¥ @ MYOCARDIUM

& @ BLOOD |
0 @ DYNAMIC Peo| kR [ e
[ @ PARAMETER || € 169.0512

2 @ SEGMENTS |

@ MEF (NH3) MASK | =0e 1Al
O @ WBF(NH3)MAP | o O‘EEI‘- -

8| STRESS @ LV

Mato | & ~ P F H -

All this data has been resampled based on the Myocard VOI, so that the 22 slices cover the area
from the apex to the base, plus some additional bounding box.

MYOCARDIUM The data calculated in the pre-processing step as a representation of
myocardium (already illustrated above).

DYNAMIC Resampled dynamic image data. Use the volume slider to step through the
different acquisition times.

*# 02 EH 4B

BH sTRESS @ LV

s & - 9@ @~
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BLOOD The data calculated in the pre-processing step as a representation of blood.
DO 8 [ & @
|| 2T 1 4 - »
@ MYOCARDILUM
¥ @ BLOOD
® DYNAMIC FAarAe -
@ PARAMETER | & 1407887
@ SEGMENTS
@ VEF (NH3)MASK | il
@ MEF (NH2) MAP - 0|
BH STRESS & LV
viats | & v | @ =
PARAMETER The calculated active parameter (eg. flow MBF) turned into a volumetric
image (one value per segment).
ANT ANT D e (8 [& @
—limhs B 14 L »
@ MYOCARDIUM
* 4 p Q8 ¥
$ 2237851
-
@ WBF (NH3) MASK
& WBF (NH3) WAP - |Oli6]| -
Save images
g sTRESS a}w\
viAto | & * a ] @ 1
The interpolation has been disabled in the illustration above to clearly
demonstrate the segmental parameter values. Note that the result images
can be saved, for instance for fusion with a matched anatomical data set.
SEGMENTS lllustration of the segments. Note: The representation is based on the
myocardium epi and endo contours. The actual samples for TAC calculation
depend on the sampling scheme.
ANT OB TR A
“liwhe 11l ® . »
@ MYOCARDIUM
® NBF .'11-3;-'.|c_3-. (h
@ MBF (NH3) MaP - |0 ®|~
Save images
65 STRESS g‘w\
Vit & 0w ' 15 '

Note: If you click into the polar plot, the image to the right is adjusted so that the corresponding
slice is shown. With an orthogonal image layout, the cross is positioned at the sampling location
corresponding to the polar plot point.
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2.2.7.2 Documentation

Several reports are available and can be generated using the report selection.

EE| STRESS @& LV

¥ Auto &E P A -

| ¥ & STRESS Report
Myocard]
1 & TAC Report
1 & Polar Plots
= & save Results
I Y@ Append Results

Individual Stress and Rest Reports

The illustration below shows a STRESS Report example. Note the results of the different
segments, which are summarized by volume-weighted averaging to the vascular territories LAD,
RCA, LCX, and to a GLOBAL average. TOTAL represents the kinetic modeling result which was
obtained by fitting the TAC composed of volume-weighted contributions from all segments. It can
be used as a double-check that the segmental results are reasonable.
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T Print preview

Institution
Addrass

NAME PCARD1

E.DATE 1934 .07.17 ID FH3 Cardiac PET

Byocardial mass = 285.20 [g]

| Comment
r Annotations —
[
Zoom Pages

[

| [E]=]= ]

Peport: 2018.10.10 (17:49:58) Study: 200&8.0£.07 |1 of 3 || STRESS
Rerultes of Cardislogical PET Araljsis
Tracer HHI -- ammords / 136
Model: Card. W3 (de Grade) for NI
_ Parameter MBF Ly wRY k2 ol
Segment ‘miimin sD[%] 1 sO[s] [N SO[%] timin | SD[%] cem
LAD 1.5581 0.1087 0.0338 0.1704 111.407
i 70 qx
2 K 1] 87 577
7 1.6303 3778 [1[i) [ - 0.185 | 15.005 17.40
8 7200 614 |1[1] 02028 [34.550 |0.1385 |20680  |0.1504 [20871  |10.458
13 1.5276 4702 [1[1] [0.0725 |69.354 |00 - 0.243 | 17.501 15.701
14 17871 6.471__ |1[1] 02120 [47.362 |0.0384 [152.308  |0.2085 | 25.839 1431
17 20570 7.043  [1[1] lo.3164 [23008 (00 . lo.2833_[23.133  [0.677
RCA 1.5027 |0.2173 0.0587 |0.1235 83.237
3 1.13 7.824  |1[1] |03 23.331 [D.1128 (38402  [0.0356 [ 172157 [17.728
4 13832 TOI6 1)1 j0.16938 (34739 100 s 102160 13221 19.08
] 22378 a.701  |1[1] [0.283 |32.66  |0.158  [31728  0.1823 | 26.008 16.285
10 148118 5128 [1[1] [0.281  [16.13 |00 - 0.0887 | 52.147 19.433
15 1.5804 0.262 | 1[1] [o4182 |10.725 0.0 . 10.007 | 47.781 8.705
LCX 1.858 10.2721 0.0 01808 83.315
[ 1.3501 6.143  |1[1] [0.2746 |16.888 |00 - 0.2008 | 26.58 16.855
[] 18334 8.054 |1[1] [0.3880 | 11.857 |00 - 10,1266 38,633 17848
i 1.7048 .61 i[i] (03028 [{0.083 0.0 - 01157 | 41.708 18.345
12 19133 4.68 1[1] |0.158  [32.548 0.0 - 01933 [18.424  |19.994
1 1.6208 6737 |1[1] o234 [22.627 0.0 - |0.1724 |26 800 10.573
GLOBAL 1.5084 i 0.2448 0.031 |0.1534 278.040
TOTAL 1.5822 2.027 |o.2e74 |g278 |00 - 0.1477 15637  |278.040
I o th kbl i R
ot fitable parameteris):
e ] == |
I-!nnf In.nw Limin |

5. bl irberatsteral
& basal antersistersl 11 mid snimesinieesl

[v] Overlay

D]

el

‘ & Print (Pages 1) [A4]

” O Save As 1188 x 1684 pixels ‘ a Hx Cancel ‘

Note the buttons Print for printing a hardcopy of the report, and Save As for saving the report in a
graphic format (JPEG, TIFF) or in DICOM. The latter button can be switched to generate a capture

with lower resolution.

The second page of the main report shows the segmental TACs
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3 Print preview X

vl

Institution
Address

HAME PCAED1 E.DATE 1934.07.17 ID NH3 Cardiac PET

[Peport: 2015.10.10 (12:49:58) Study: 2006.06.07 |[2 of 3 |STRESS

kBglaa

1786 +

1922 ¢

1050 ¢

331+

50 500 Q5.0 1400 1850 2300
seconds

= 17. apex = Fit —B@— 14. apical seplal e F A

@ 13. apical anterior == Fit —— 6. apical lateral = Fit
—— 15 apical inferior = Fit —— 9. mid inferoseptal =—— Fit
—— B mid anteroseptal =——— Fit —8— 7 mid anterior — Fit
—8— 12 mid anterolateral ——— Fit —8— 11.mid inferolateral — Fit
—&— 10. mid inferior — Fit —#— 3. basal inferoseptal — Fit
—8— I bazal anteroseptal = Fit —8— 1. bazal anteror —F
—M— 6. basal anterolateral = Fit —— 5. basal inferolateral = Fit
—#— 4 bazal infarior = Fit —@— TOTAL MYOCARD =—— Fit

[ comment

The third page allows to print images from the dynamic study in SA orientation. The report layout is
fixed to 6x5 images such that 30 slices images are always visible.
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3 Print preview X

Institution
Address

HAME PCRED1 E.DATE 1934.07.17 ID NH3 Cardiac PET

|Report: Z015.10.10 (lZ:52:57) Study: 200&.06.07 13 of 3 STRESS

0.0 kBajce 169.0512

TAC Report

The TAC Report shows the segmental TACs together with the fitted model curve and the model
result parameters. Note the different pages which are needed to document all segments.
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WAME

T Print preview

Institution
. m Address

PCARD1

!D.eport.: Z015.10.10 (12:53:50) Scudy:

B.DATE 1934.07.17 ID NH3 Cardiac PET

2006.06.07 |1 of & ”PC)\.RDP 4.1

kBg/cc

164.7 MEF 2.057925  |ml/minfg
1317 viW  |0.315425 |1/l
G | vRV 0.0 1/1
99.7 . k2 0.283312  |1/min
ChiSquared 7.508349
85.7 mCorr 0.077 1/min
326
-0.4 | I i | :
50 500 950 1400 1850 2300
seconds [**] = not in range, * = not fitted
—&— 17 apex — Fit
KBqice [ Paramecer  valwe  wnie |
171.4 - i | MEF 1.7870% nl/min/g
g viv 0.212854 1/1
1374 1 vRV 0.038476 |1/1
102.8- k2 0.20B509 1/min
ChiSquared 5.822617
68.5 - mCorr 0.077 1/min
34.3-
0.0 H i L i .
50 500 950 1400 185.0 2300
seconds [**] = not in range, * = not fitred
-B— 14, apical septal — Fit
KBojce [ Pacamecer  walue  oaie |
153.8 - MEF 1.527758 nl/min/g
wLV 0.072466 |1/1
123.0¢ vRY 0.0 1/1
92.3- L 0.243048 |1/min
Chifequared 4.499953
61.5- mCorr 0.077 l/min
30.7 -
-0.1 i i ; ; J
50 500 950 1400 1850 2300
seconds [**] = not in range, * = not Eitted
B 13 apical anterior = Fit

Polar Plot Report

The Polar Plots report allows to summarize the result parameters as polar plots. Note in the
example below how the right ventricle spillover vRv parameter is only fitted in the septal segments.
The polar plots are shown with interpolation set to 60x60.
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2.2.7.3

T Print preview

Institution

u Address

TWAME PCARDL B.DATE 1934.07.17 ID NH3 Cardiac PET

[Report: 2018.10.10 (13:37:00) Study: 2006.06.07 |1 of 1 [PcaEDp 4.1

L

~

[ - RN = R I

e -Em
I ]
HeEH=En e

[0.0, 2.34] [0.0, 0.443]
0.0 miimin/g 234100 n 0443
T T MBF Y

G

e e N
HoHHE-So o

[0.0, 0.184] [0.0, 0.265] .
0.0 n 0184 |0.0 1/min 0265
EE RV L)

Save Numeric Results

The numeric results contained in the main report can be saved using the entry Save Results. This
generates a simple ASCII text file which can be opened in many editors as well as in MS Excel, for
further processing. Use the entry Append Results to append the results to an existing file.

Advanced Data Exploration (Options)

Although PCARDP results in a quantitative summary of cardiac function, the user may sometimes
want to investigate and visualize the results in more detail. If he has licensed the image fusion
option (PFUS) and/or the 3D rendering option (P3D), he has versatile tools available which can be
readily employed as outlined below.

Visualization of the Samples found by Polar Sampling (3D Option required)
The pixels found during the sampling process can be visualized together with the short axis

images using the ¢ button. The option Heart 3D + Sampling points calls the 3D tool which
renders the shape of the myocardium model together with the sampling points. The example below
shows the sampling points as red spheres, the myocardium ENDO and EPI models as a blended
solid surfaces with wired frame and a short axis slice of the anatomical images (myocardium) as
thresholded contour.

PMOD Cardiac PET Analysis (PCARDP) (C) 1996-2021 L med
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PMOD Cardiac PET Analysis (PCARDP)

B 3D View

= D WOIE
& SRHesAPETER!
& SR Hear PET ENDO

1 »

VR | X Remove i Remove Al D)

\ Scene

Planes
Short axis Vi [ Mo smicbec o0y e
- Add plane ¥ Orthogonal % Ohliqua
slice
& Reesh 3} Lock | X
[Bl: s e
Tow 44 4 L »
Seled corners
. Box
L N

Note that if a sampling scheme with averaging has been selected, the neighbor points are not
shown.

To learn more about the many possibilities exploring the data in P3D please refer to the PMOD 3D
Rendering User Guide.

Fusion Display of all Data Sets
During processing, PCARDP calculates different types of data in the area of the heart. All of this

data together with the VOlIs can directly be loaded into the image fusion tool by the & button. This
tool has numerous flexible visualization options which are illustrated by the two examples below.
Please refer to the User's Guide of the PMOD fusion tool to learn about the full capabilites.

The illustration below shows how the dynamic images can be fused with the myocardium
information. By playing a movie of the dynamic images over the acquisition duration the
appearance and washout of the tracer can be observed and patient motion be detected.
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. CoRgistration & spatial normalization x
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= :
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Started *  Close

Instead of fusing two images, the tool can also be switched to display three images in parallel, as
illustrated below.

. CoRgistration & spatial normalization pd
LR CHE S NS
5 w
B ‘ L » 7
= 2
; @ oy y raAe - =
« o 00857 £ 121w -
[
“ 4] .. ' L
A - -
= W= O8] -
&
x
Do |s | & @1
Tm 1|4 . »
b
L} -
.. || §* Cool *4ar Q8 -
&
T £ =
% -
i ¥ —w 84 4
B
D&~ =~ & ~
OC|m[E B[ [8[a
T mas 1 . »
w
i’ @ cond TP AP v
o ]
L =
0 181 L} ¥
D5~ |m| v O]~
]

Ragutar Display X Close
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2.2.8 Rest/Stress Comparison

Please activate the Compare button on the Kinetic Modeling page to start the result comparison
and continue on the Compare page.

The Compare page supports two types of comparisons which are accessible under two separate
tabs above the Cardio PET menu button: Results and Compare To Norm.

| — e e s

LResuIls LCompareToNor'm |

= Cardio PET » \*:a a B

= |f the subject had both rest and stress perfusion studies, the segmental perfusion reserve can
be calculated as configured, usually by dividing stress perfusion by rest perfusion. The analysis
outcomes are available on the Results tab, selectable above the Cardio PET yellow menu
button. The results are presented as polar plots and as tables. Select the Reserve entry from
the selection list to preview the segmental perfusion reserve as polar plot.

[ DBLoad | Reorientaton | Finetic Modeling

| 4
| b

[ segment mibminig]

2 basal anleroseptal
3 basal inferaseptal

8. mid amteroseptal
9. mid infernsaptal
2. mid inferoseptal
11. mid inferolateral
12 mid anteroiateral
13. apical anlenor
14. apical seplal

15. apical inhesior

16 apical laterad

17 apex

oo

o oug, 2,340
anlanin g
Siress D ] + * |
| ® Stress 11|
5 ment [miminig] [ vahue |
N asal anlerior 0.858788
| = Resene bsal anleroseptal 0.730444
psal inferoseptal 77
sal plal
ksal infer eral
bsal antorolateral
bd antanar
Stress abnormal replaced by Aver
Rest abnormal replaced by Aver ot
Resenve abnorma replaced by Aver a
- pical infesior To.E8
pical latevad 244
pex azt
no
oo, 1.03)
‘milmin g
Rest
— T |
& Compare Report & Wmage Report M save Results & Append

= If the subject was studied in a standard condition and a normal database is available, the
deviation of the subject results from the standard pattern can be calculated and displayed on
the Compare to Norm tab as illustrated below.The results are presented as polar plots
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DBLoad | R " Kinetic M g :

STRESS  Abnomal MNarm Z-Score

ra
ka

0o

[0.0, 2.24)
miming

B STRESS Nomm Last

REST | Abnormal Narin | I-Score

ra
Fa

oo
il min g

0.0, 2.24)

B REST Norm Last

EPI MFR Aver Horm Z-Score

0a
M

0.0, 242

& EFIMFR Horm | Last

| [ Reuts

In the first case the results are presented as polar plots and as tables.

2.2.8.1 Stress/Rest Comparison

Reduced

| Reduced

Reduced

The current stress and rest results are shown as the two polar plots in the first column, and below
them the reserve polar plot. If a database is available and has been selected, the second column
contains the normal stress, rest and reserve polar plots. The third column is prepared for the polar
plots showing the deviation between the patient results and the normal database as z-score

values.

The right side of the page contains two enlarged polar plots with their numeric values shown in a
table next to them. Initially, they show the stress and rest information, but the user can switch

them, for instance to show the perfusion reserve as illustrated below.

ENTERTOR [Segment[mh‘mim’g] ]‘x’alue %
| 1. basal anterior 1.432672 61.35
2. basal anteroseptal 1.145647 48.06
3. basal inferoseptal 1232072 5276
3. basal inferoseptal 1471536 63.01
5. basal inferolateral 1470002 6295
6. basal anterolateral 1.845306 79.02
7. mid anterior 1.680636 71.87
8. mid anteroseptal 1.762068 75.45
9. mid inferoseptal 2335262 100.0
9. mid inferozeptal 1.665468 7132
11. mid inferolateral 1744114 7469
12. mid anterolateral 1821842 823
13. apical anterior 156771 67.13
14. apical sepial 1.796612 76.93
15. apical inferior 1.756084 75.2
46. apical lateral 1.750813 7497
17. apex 1.805423 77.34
0.0 234
[0.0, 2.34]
mlimin'g
Stress E b E - ﬂ
¥ Stress
U Rest
~ Resemve

Using right-click into the plot area the controls can be shown.
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ANTERIOR

(=R - - )

oo Save 242

1m

[0.0, 2.42]

o o - I 7 reene
Reserve v 4/b *| = E

The saving icon indicated above allows saving the polar plot information for later inclusion into a
cardiac normal database. The capture icon allows capturing the content of the selected panel

(Capture Curve) or of the full screen (Capture Full Screen)
T

-3.7 Capture Curve
1M | Capture Full Screen <Ctrl+Shift+P>

There are various options for the capture format as illustrated below:

Capture [Curve] as: X

Graphics: O JPEG O TIFF
DICOM: @ File © C-Store O Database
O Clipboard © Console

241

[0, 2.420

Save H}( Qan:el‘

Using the DICOM File option the polar plots can be saved as DICOM Secondary Capture objects.

Rest/Stress Summary Report

The Reserve Report button compiles the Stress/Rest/Reserve information into a report summary
page. The upper part contains a tabular summary of the absolute and relative flows (% of
segmental maximum) as well as the myocardium flow reserve (MFR) in the different segments.
The same information is then presented as polar plots, and finally as a bar plot to provide a
intuitive overview of the situation.

n.pmod
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Institution
u Address
NAME PCRED1 E.DATE 1934.07.17 ID NH3 Cardiac PET

Report: I019.10.10 (14:30:38) Study: I00£.06.07 ||J. of 2 RESERVE

Parameter MEF(STRESS) [ relative |WBF(REST) | relative | MFR
Segment mi/minig |[% of Max] | mi/minfg ([% of Max] LS|
LAD 1.6855 I l08704 1.803
1. basal anterior 1.4327 513 [0.8508 83.1 1,668
2. basal amerasepta 11450 |=0 07304 715 154
7. 1,0800 720 [0.8844 858 e
8. mid antereseptal 1.7621 155 | 1.0038 a1 1.755
13_ apical anterior _ 1.5678 [87.1 0704 1788 11874
17000 1700 | 10341 1000 L7
1.8054 173 X 822 2124
1.6700 | 1 1.804
3. basal inferaseptal Jr.aaz 1528 |828 11.438
4. basal inferior 1.4715 530 88.0 1.855
2.3353 | 100.0 1937 e
1.0885 na 1844 11.808
1.7561 152 708 2134
LCx 1.7532 1 (2248
6. basal infaralateral 1.47 820 1732 1040
8. basal anterolateral 1.8453 79.0 68.0 2886
11 mid inferoiateral 17441 747 752 2241
12. mid anteralateral 1.0210 le2.3 700 2327
18. apical lateral 1.7508 750 B4.4 2.008
GLOBAL 1.8625 I |0.8540 1.844
TOTAL 1.0435 0.4 (08278 80,0 1.088
STRESS [mi/minig] REST [mi/min/g] RESERVE [1/1]
s RHNTERIOR L s AHTERIOR s ANTERIOR L
& R
E iy T E E ¥
P ",B P P =
T T T R
u u u 3
M It M
0o L234 00 oo L2 &7
T+ MeF A MEF S+ Reserve
MFR [ Abrormsl < 2.0 , Gray Zone 2.0- 25, Normal = 25]
50,
40 -
30
| T e k] = T EfEg:
20~ - 2 £ 5g - £ B % i} i # 3
TELEL S 1E HEEHHE
HEHEHE EE EREQaf = HEERE
1o--MZ0 =0 S0 QS EQ & N0 E} = =0 Z8 =0 =0 2 3
HEHEEERREEEE B EEEEEE B
s HEEENEEEBEEEEREE B HEE B E =

As usual with PMOD reports it can be annotated, saved in different formats, and printed.

Saving and Inspecting Numeric Results

The numeric information of the table can also be saved or appended to a text file using the Save
Results and the Append Results buttons, respectively. The saved file receives a .pcardRes
suffix and can be visualized in Excel or a text editor (e.g Notepad).

Two different numeric results can be opened and compared within PCARDP module. This can be

easily achieved activating the View Results ¥ & View Results option from the task bar to the
right. Initially, a window appears allowing to select either a file from the database or a disk file. The

@+ Load from File System  ptton opens a dialog window.
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2.2.8.2

2.2.9

| L Pmod (open): Choose compaonent X
v & @ Lookin [DJ02.PMOD. Tests.Resulls/PCARDP/tmp! Path it Al g =
File name PCARD1_EEAM_MC.pcardRes
| Folders 1] | Files 121 |

= |PCARD1_EEAM_MC prardRes
PCARDA_EEAN_RM peardRes \

18KB, Modifed: Oct10,2019 | €3 D

| 4“ X Cancel

In the upper part the current path is indicated. The program automatically points to the directory of
the last successful loading operation. It has elements for changing the directory: the navigation
buttons in the Folder section (.. indicating one level up). All files suitable for loading (having the
right suffix, *.pcardRes) 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.

Finally, a comparison window displays in the left section the initial loading results:

R View results

1,
@ Load PET CARDIAC ANALYSIS ¥ , @ Load PET CARDIAC ANALYSIS

¥ Load PET CARDIAC ANALYSIS

T Lpad MR CARDIAC ANALYSIS

PCARD_EEAM

In the right section of the panel the top Load button allows loading results obtained either from MRI
or PET cardiac analysis for a side-by-side comparison. The Close button exits the comparison
window.

Database Comparison

Please see the Normal Database Creationl 86l section in this book and the Compare to Norm
Subject Data Analysis| 901 example.

Special Results for Ammonia

For ammonia, a basis-function approachl 2 has been implemented for calculating perfusion in
each pixel of a myocardium mask. Based on the resulting map the perfusion across the heart wall
can be analyzed in a transmural analysis. This functionality has to be enabled in the configuration

panel| 10,
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2.2.9.1

2.2.9.2

|| Calculate Pixelwise Parametrical MBF map (# Basic Functions = 100, Threshold = 0%) [«] Smooth [mm] 6.0

v] Automafic transmural (EPI/ENDO) analysis. Distance from centerline [%] EPI |50 ENDO 50

Parametric MBF Maps for Ammonia

The analysis of a NH, study results in a parametric MBF map if this option has been enabled in the
modeling configuration. It is calculated in the background after the kinetic modeling, and can also
be started with the Map button. The map can be shown with the selection illustrated below, and
saved using the saving button below Map.

@ | @] ,
"l wns & 1¢ —C— » ||

I3 @ MYOCARDIUM

[ @ BLOOD

f JAS! [

LAT BASE 5 @ DYNAMIC v 4ar A v
[0 @ PARAMETER ¢ 243522

[ @ SEGMENTS T
[0 @ MBF (NH3) MASK =
w@®uernHaMr | o [ollg] »

71 (%]

5] REST @ LV || Map

Mao | a8 ~ @ & H ~

Myocardial mass = 242.89 [g]

N #4415 P BN R 1.0 a a

Note that the MBF (NH3) MASK is derived from the model of the left ventricle by extension to the
inner and the outer.

Transmural Perfusion Analysis

Sciagra et al. have used the parametric MBF maps to study transmural abnormalities in patients
with hypertrophic cardiomyopathy [1]. The analysis method has been implemented in PCARDP. It
has the following configuration| 101 requirements:

1. Selection| 101 of NH3 as the tracer and activation of parametric mapping and transmural
analysis.
|| Calculate Pixelwise Parametrical MBF map (# Basic Functions = 100, Threshold = 0%) [«] Smooth [mm] 6.0

v] Automafic transmural (EPI/ENDO) analysis. Distance from centerline [%] EPI |50 ENDO 50

2. Selection|12)of an EPI/ENDO active model segmentation type.
3. Selection| 121 of the Average on Model Crossing polar sampling method.

With these settings, the program performs parametric MBF mapping followed by a transmural
analysis whenever kinetic modeling is started.

Sampling of Transmural Perfusion

For each segment, two separate perfusion averages are calculated representing endocardial
(ENDO) and epicardial tissue (EPI). The sampling points in the MBF map are offset from the
centerline between the contours by percentages defined in the Distance from centerline
configuration. 50% translates into the middle between the centerline and the boundary. The
transmural sampling points can be inspected on the Kinetic Modeling page with the 3D rendering
button

Heart 3D + Sampling points
I Heart 3D + MBF Mapping Transmural Sampling points I

viete B+ %@E'|

) sTRESS

The capture below shows the results obtained with a 50% Distance from centerline.
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Results
With transmural analysis enabled, additional results can be selected on the Compare page.
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DBLoad | Reorientation | Kinetic Modeling | Compare
b [ sector [er [ePisd [EmDo  [EMDOsd | ENDOERI
1. basal anterior 1.08 017 15 023 139
2 baszl anterozeptal 0.85 0.4 0Te 0.43 0.92
3 basal inferoseptal 1.05 0.28 0.87 0.48 0.64
4. basal inferior 1.33 017 1.04 0.38 0.78
5 basal inferolateral 1.39 018 11 0.2 079
6 basal anterolateral 172 0.26 145 0.23 084
7. mid anterior 1.16 022 162 0.09 14
8 mid anteroseptal 156 o 135 0.47 naz
9 mid inferos eptal 166 042 116 059 o7
10. mid infenior 151 014 1.07 012 0.7
11. mid inferolateral 14 0.26 147 0.3 0.83
12 mid anberolateral 1.89 0.45 1.83 0.22 0.88
13. apical anterior 119 02 1.64 0.23 138
14_ apical septal 171 081 1.06 0.69 062
15. apical inferior 162 0.26 133 05 082
16 apical lateral 175 03 1M 0.26 D38
17. apex 135 0ze 1 067 097
TOTAL 143 029 127 0.3 0.91
0o 189
T Epi P
Stress Endo and Epi E «» EI > B
{ 0 stress "
| e ment]] Tvae = _
ysal anterior 2511852 877
- Resene isal anteroseptal 2.273256 78.89
psal inferoseptal 2419619 8397
paal inferoseptal 1.355446 4704
153l inferolateral 1823091 6327
33l anterolateral 2881673 1000
1d antenior 1896625 6582
1d anterozeptal 1.888024 6552
id inferos eptal 2030027 T0.48
Sy id inferos aptal 158848 5443
O Stress abnormal replaced by Aver i inferolateral 1240626 4338
[0 Rest abnormal replaced by Aver :]Ilec;l1r[:1fr:|3;$-"el ;ggi;g; ;;g:
- Resene abnormal neplaced by &ver  pical geptal 1383213 480
pical infenior 1.206049 4185
¥l Stress Endo and Epl EL:aI |zters 1 QLIA:E-') :i 05
[ Rest Endo and Epi = 2481218 o
00 [1 Stress transmural perfusion gradient
(0.0, 2.88] | Rest fransmural perfusion gradient
[ Epicardial resenve
Epicardial resenve [ Endocardial resenve
égumpare Report ﬁ Image Report ﬂ Save Results ‘ Append
Stress Endo and Epi Stress results. For each segment and layer the average and
standard deviation of the MBF values at the sampling points
are listed, as well as the ENDO/EPI gradient. The polar plot
shows both perfusion values per segment.
Rest Endo and Epi Same results as above for Rest.
Stress transmural perfusion|Similar as Stress Endo and Epi, except that the polar plot
gradient shows the gradient.
Rest transmural perfusion|Similar as Rest Endo and Epi, except that the polar plot
gradient shows the gradient.
Epicardial reserve Ratio Stress/Rest of the segmental perfusion in the epicardial
layer.
Endocardial reserve Ratio Stress/Rest of the segmental perfusion in the
endocardial layer.

The numerical results can be saved with the two Transmural save buttons.

Reference

1. Sciagra R, Passeri A, Cipollini F, Castagnoli H, Olivotto |, Burger C, Cecchi F, Pupi A.
Validation of pixel-wise parametric mapping of myocardial blood flow with 13NH3 PET in
patients with hypertrophic cardiomyopathy. European Journal of Nuclear Medicine and
Molecular Imaging. 2015;42(10):1581-1588.
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2.2.10 Protocol Files

2.3

The quantification of a cardiac rest/stress study is a complex task which may involve manual
adjustments. To ensure the exact reproduction of a PCARDP analysis the entire set of definitions
can be saved using the Save Protocol button which can be found in the lower status line.

Protocols can later be retrieved using the Load Protocol button. After protocol selection a dialog
window appears offering some choices. If all options are checked, the analysis will be exactly
reproduced. If you would like to test the analysis with a different kinetic model, change the model
configuration beforehand with the # button and remove the check of the Model and model
Settings box. Activate Run Protocol to start processing from scratch.

1. Input series
STRESS: @ Database * PCARD1 | Patient with reduce reserve, origin unciear | NH3, St LI T 4
[w] Cropped
REST: @@ Database ¥ PCARD1 | Patient with reduce reserve, origin unclear | NH3, Re P G X
[¥] Cropped

2 Averaging settings.

3. Reorientation fransformation

4 VOls definition

v] Calculate Pixelwise Parametrical MBF map [v] Transmural (EPVENDO)

Polar zampling: Averaged on Model Crossing v 4|b

+ Defaults of:
¥] Myocardium TACs Generation and Segments Definition
w| Model and model seftings

v] Results settings

+ Run Automatically {(Both Stress and Rest required to run):
¥| Modeling

] Comparison

| View Repornt

X v

ﬂ Run Protocol || X Cancel |

Pre-Processing Steps with Factor Analysis (Water only)

The factor analysis methodology for use in the quantification of dynamic H,'SO-PET studies is

based on the work of F. Hermansen and co-workers from the Hammersmith Hospital, London, UK
[3,4,5,27]. Note that for this analysis PET transmission images with exactly the same geometry as
the emission images can be used.

Principle of the Factor Analysis (FA)

The principle of the cardiac H,*O-PET factor analysis is model-based and consists of the following
steps:

1. An estimate of the blood H,'*O activity concentration is derived from a lung VOL.

2. The expected uptake and washout in myocardium is calculated based on a 1-tissue
compartment model, the blood activity as the input curve, and an average myocardial perfusion
value.

3. The two types of time courses (blood, myocardium) are fed into a factor analysis procedure
which calculates two weights per time point, the myocardial m, factors and the blood factors b,.

4. A myocardium factor image can then be obtained by summing the frames weighted by the m,
factors, and a blood factor image by summing the frames weighted by the b, factors.
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2.3.1 Factor Analysis Configuration

To use the factor analysis with cardiac H,"O-PET studies it must be configured| 101 by setting the
radio button Preprocessing accordingly in the tracer configuration page as illustrated below.

["Paths | Display | PCARD |

Heart model type: 9,5& HUMAN ¥ P Longaxis apexto base length 500 Base radius 300 [mm] ® Reset

"NH3 | Rb | Acetate | FDG | Tracerretention | SPECTMBF | GATED |
Flecrocesslng-

v¥| Run VOI Tool automatically after Transmission study was loaded

Time average (subtraction)

Model Card. H20 (Tissue fraction) [PKcardiacDouble SpifloverModel] b

Active parameter name F : L |Inrange = from 0.0 to 100.0

Blood & Myocardium estimation: Factor Analysis

When the configuration is closed, an additional page Factor Analysis shows up in PCARDP. The
illustration below shows that situation after the lung VOI preparation.

DB Load Factor Analysis || Reorentation Kinetic Modelkng

kb

2995 2

5 54.0 7.5 1600 s 5.0
sBConds

Wo>| e ¥rwng WO > = [FlLung Load Inpul
Ho > e|Era B oM -
Load Lung TAC @& Load Lung TAC trom DB &
FACTOR ANALYSIS Parameters
" i t Ak Bun

HAa427 » BN 8 10 & a

2.3.2 Derivation of the Lung TAC

The TAC of the lungs provides a reasonable approximation of the shape of the blood curve. It is
obtained in a lung VOI which has traditionally been outlined in matched transmission images
because of poor anatomical information in the early water images. With images acquired using
current scanners the lung VOIs may directly be outlined in the PET images.

Please perform the following steps for an analysis using CT images.
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= Using the Load Input button load both the dynamic emission images and the matching CT
images.

®e Select DECOM Series X

Sarie

- ¥] image Fregew

[EPmeodd 1/dataTIATABA SES Demodata\WATER_CARDIAC_PETR007031 = Change folder Skip scan atstan &
[~ Hame Sty ID Prelyco T3
PCARDE FLE] [
PCARDE 251 1

LN
n oz . " v
——
B a0 a0 O Dol B(Tm e S o i yAS v
824.00 g o
L
Sy I [ 5N Lk '
- a1
224 D El=w = 0K ~
Slice ® Frame O AB F ]
1 A ACT mede (9pil By CT
PO — T — #Emonss | B

= After the images have been loaded, select the T VOI button. In the appearing VOI
construction dialog make sure to switch to the transmission images and draw regions in the left
and right lung.

e Cardiac PET Modeling (4.101) - [ SM: PCARD3, BDx 1984.03.08, SEC: CT] = 0 A
DB Losd | Factor Analysin | Reorentation | Kinetic Modeling
KBce e E251] Wator (Vobantese_ ¥ | 4 Lo
WEE g Ojm 2| & i
= -
a 1 4 s L]
o D ony widle D> @
32418 ¢ o 3
L
Lung TACs i .
£ g L]
5

D%~ e~ 0%~

Led Input
- oM b

R s - 5  ress O Rost || B B

scamePEls |@e o T Gl ] B - @% LosdPomcs MR a 5 a o 309 =0 @ || Calcuabion of Lung TACS done

Close the VOI dialog with the Ok button.

= As a result, the emission TACs in the left and right lungs are calculated, averaged and
displayed in the curve area (see illustration above).

Notes:

1. Itis important that the acquisition times of the dynamic images are correct.

2. If the acquisition has been performed using a hybrid PET/CT scanner it should be possible to
use the CT images for defining the Lung VOls, because PMOD relates the VOI to the scan
landmark which is normally identical in both scans.
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233

If the CT images are not required for the location of the lungs, VOI outlining can be directly
performed in the water images. In this case it is even possible to load Stress and Rest images,
outline the VOls, and activate the Stress & Rest button.

If the lung TAC is already available as a file the loading of the transmission data and the VOI
outlining is not necessary. In this case it is sufficient to load the dynamic H,'*O-PET images, then

load the lung TAC with one of the buttons Load Lung TAC or Load Lung TAC from DB, then the
FA can immediately be started.

Factor Analysis

From the lung TAC three synthetic TACs are calculated which will be used in the factor analysis:
= the TAC of blood in the left ventricle (LV): approximated by the lung TAC shifted to a later time
(positive delay),

= the TAC of blood in the right ventricle (RV): approximated by the lung TAC shifted to an earlier
time (negative delay),

= the TAC in myocardium: calculated from the LV TAC as the input curve (shifted by a specified
delay) with a single-tissue compartment model, a Mean myocardial perfusion value, and the
Partition coefficient of water.

Note that these three TACs are only used internally and are not shown in the user interface.

The parameters for generating the TACs can be entered in the FACTOR ANALYSIS Parameters
area:

FACTOR AMALYSIS Parameters

Time delay of blood in LV 5.0 [sed]

Time delay of blood in RV -5.0 [sec]

Time delay of blood in Myocard 8.0 [zec]
Mean myocardial perfusion 0.75 [mlimin/mi]

Partiion coefficient 0.96 [1H]
FAinputis: [v] Decay corrected [w] Time normalized

Smooth (X, Y, Z) 6.0 6.0 6.0 FWHM [mm]

In this area there are two additional configuration boxes:

FA input is Check the box if the dynamic data used in the FA is decay corrected.
decay corrected If it is not checked, a decay correction to the scan starting time will
be performed using the half-time of '*O (the kinetic model in the
factor analysis assumes decay-corrected data).

FA input is Check the box if the dynamic images have units of counts/sec or
time normalized kBg/cc. Otherwise it is assumed that the images contain counts and
a normalization is performed by dividing the pixel values by the

acquisition durations.

The Run button

“" Stress (0 Rest ﬁ Run |

starts the factor analysis.
1. The factors are calculated, one set for myocardium, and another set for the blood volume.

2. These factors are used in a weighted averaging of the dynamic frames to generate the factor
images of the myocardium and the factor images of the blood pool.

3. To make the images look smoother a Gaussian Smoothing filter is applied.

The smoothed factor images together with the dynamic images are transferred to the
Reorientation page. To direct them into the right image container, please set the Stress/Rest
radio button accordingly.
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Note: If rest and stress studies are to be analyzed in parallel, the factor analysis must be
performed sequentially, directing the results once to Rest, and once to Stress.

From then on processing continues with short axis reorientation, VOI definition and kinetic
modeling as described above| 21 for the other tracers.

Iteration of Factor Analysis

However, after a FA has been performed and the TACs have been calculated, they represent a
more accurate information and can be used in a new FA iteration. Therefore, on the Kinetic
Modeling page, a new button FA appears as illustrated below.

I8 STRESS @ Lv | £FA

Viauto & = . wE -

When it is activated, a dialog window appears which shows the TACs to be used.

Confirmation X

Do you want to recalculate Blood and Myocardium [STRESS] images by Factor Analysis?
[ Selected RV, LV and TOTAL Myocardium curve(s) will be used as input. ]

kBgicc %
|= - ||_i § [265 s 7 3

127.6

101.8 4 \

25 55.0 107.5 160.0 2125 265.0
seconds

H oL » = VRV Ho~» o VL
H DL ¥[8 [¥] TOTAL MYOCARD

v Yes X No

If the user confirms with Yes, the FA is repeated with this information. Note that the resulting factor
images are in the original orientation and need to be transformed to the short axis orientation
again.
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3 Gated Data Processing

The GATED analysis workflow is applicable to ECG-gated PET and SPECT data. Gated
acquisitions use ECG-triggering to divide the signal into different phases of the heartbeat, which
are reconstructed as images. The resulting images capture the heart in different phases of
contraction, forming the basis for the analysis of heart function.

3.1 Processing Configuration

The configuration window is opened with the #* button next to the Cardio PET menu or if the
processing type is changed in the lower status line.

| O FAMBF |
D MBF
@ GATED

GATED\. S HUMAN &

3.1.1 Analysis Selection

Please select the Heart model type corresponding to species studied. In order to optimize the
automatic outlining, the long axis length and the left ventricle radius at base level can be adjusted
by entering corresponding numbers.

I Set x

Paths | Drsplay PCARD
Heart model type. Sigd HUMAN ¥ b Long auis apes to base length 70 0 Base radus 300 fmm]| & Reset Myoxsim TAGS Generstion & Seaments Dsfinkion
. Segmentation ype  Epi 1 Endo active model -
H20 | NH3 | Rb | Acetate | FDG | Tracerretention | SPECTMBF
3 Folar samging  Radial Maimum *
Wall thickness 20 D [ram]

Myocardism Average Parameters.
Start time [seconds] End time:  [seconds] - [rmmy]

o7 ¥| Smaath & 0

# Set Default Average Settings

Uptake polar plot absolute maamum 4 0 [xBgiec]
Compare polar plot absolute maximum [11]

v, Use anbahasmg for curve and polar plods

Basedne comection to first frarme
Puodar plof's interpalation 6060 v d [GATED Analyses]
Podar plof's oy i Value St L]
Run Autormaticalfy

Direct Loading Settings
¥| Run GATED Ar is have been successfully created
¥| Run Compa sful Anabysis CHECK AMALY SIS QUALITY BEFORE USING RESULTS

iew Comparison Report ¥, Sel Acquisiton Stan Time 1o zero

an = FEET FIRST LA |

L] Ok Cancel

Similar to the MBF Analysis, a MYOCARDIUM image is generated by averaging the gate images
between the Start and End times specified, and subsequently applying an optional Smooth
parameter. In the example above all gates between 0 and 0.7 seconds (gate start times) will be
averaged, and then smoothed with a 3D Gaussian filter of 3mm full-width at half maximum.

As indicated in the Gated tab, four heart segmentation models are supported for averaging the
results: Arterial (flow territories), 4 sectors, 17 and 20 AHAsectors.
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3.1.2 Optional Settings
= Uptake polar plot absolute maximum: Allows establishing a fixed color table maximum for
the uptake polar plots display.

= Compare polar plot absolute maximum: Allows defining a fixed color table maximum for the
comparison polar plots display.

= Use antialiasing for curve and polar plots: Controls whether lines and points are drawn with
antialiasing or not. With the checkbox enabled graphics look smoother.

3.1.3 Flow of Processing
The section Run Automatically contains three boxes. If they are checked, a processing will be
started as soon the data for it is available:

= Run GATED... If this box is checked, TACs are calculated and the gated analysis performed
as soon as a complete set of VOIs has been defined.

= Run Comparison .. : If this box is checked, the gated analysis results are automatically
transferred to the comparison page. Note that it is advised to inspect the results before relying
on the generated report.

= View Comparison Report: If this box is checked, the report page is shown each time data is
transferred to the comparison page.

3.1.4 Contouring and Segmentation

There is one options available for the myocardium detection: the Epi/Endo active model. This
segmentation technique is based on the active model technique in 3D (active surface). Initially, a
heart model is fitted to the averaged data. It is used for initializing the active surfaces in each gate,
which are then fitted to the data. The procedure is performed for the Epi and Endo surfaces. The

capture below illustrates the result of outlining obtained with the Stair case icon N OFF.

The uptake is sampled in the resulting heart models by polar sampling as described previously/ 121

3.2 Data Processing Steps

Processing a gated study consists of the following steps:

1. Loading of the gated image series. If data at rest and stress are available, they can be loaded
in a single operation.

2. Generation of an average myocardium image by averaging a range of gate images as
described in Generating Myocardium Image by Averaging| 681 section.

3. Transforming the data sets into standard short axis orientation, as described in Standard
Reorientation of the Heart/ 94. An automatic procedure is available. If it fails, the orientation
must be manually adjusted by the user.
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4. Definition of the endo- and epicardial outlines in the different gate images. The automatic
procedure starts from the average, propagates the outlining result to the individual gates, and
then adjusts them individually. If the automatic procedure fails, the outlines have to be adjusted
manually by the user.

5. Based on the contours, calculation of various parameters of left ventricle function: end-diastolic
volume (EDV), end-systolic volume (ESV), ejection fraction (EF), peak filling rate (PFR), time
to peak filling rate (TPFR), filling rate during the first third of the filling time (1/3 filling time) and
first third filling fraction (1/3 filling fraction).

6. The results of the gated analysis are summarized by tables and plots, and can be documented
in reports.

3.2.1 Data Loading

The layout of PCARDP is designed for processing the stress study in the upper half of the window,
and the rest study in the lower half. Otherwise the results will be labeled incorrectly and the
comparison will be wrong. If only one study is processed, it should be loaded into that part which is
more appropriate for labeling. Note that if two studies are selected for loading in the DB Load page
or using the loading button in the taskbar to the right, the first one will be considered as stress, and
the second one as rest. When loading DICOM data, PCARDP will analyze the encoded information
and show warnings if rest and stress series seem interchanged.

The Reorientation layout is illustrated below. The individual data sets can be loaded using the
buttons in the STRESS and REST area.

B Cardiac PET Modeling (4.101) - | SN: PCARD~Gated, BD:, SED: DYMAMIC | == (m] 4

OB O - "
"
k :
_ B
4 - v - & &
P EE R
Ess g ~lE|ER W O~
e -

2 L4 {4
L .A_" "
P E
REST @ * =50 E -
2 S -
2 Sl HUMAN
8 RAT
9 Restrsress Fusion Syncnnize Tracer: NID - ammonia F 138, Anstysis: GATED 1 o MOUSE & w7 -
“CondoPETs (@= O T Tl [ B - 9 LoaoPross BB ssepumcl | eATED - s[5 3 % | REST

Note the configured settings in the status line, in the example above GATED and HUMAN.

arva el
PMmoda
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3.2.2

Activate the Z putton to proceed with the cropping/averaging process for calculating the
myocardium image.

Generating Myocardium Image by Averaging

The Crop Heart dialog window serves for creating an approximation of the LV myocardium, which
will be used for initializing the contouring.

& Crop Heart X

L Default X Full

11417 3 v
0.06 0.13 04 056 073 0g
SRCONES [} Awerage aler OK = [s] Dwrect

Crap ! Timing | Average Cancel

The shaded area represents the time range for the gate averaging. It can be adjusted by dragging
the vertical edges. Default resets the range, and Full includes all gates. The resulting average
image is shown in the image window at the top.

Enable the Crop in box in order to define a cropping volume. A yellow sphere is shown in the
overlay. Its size can be changed with the list selection, and its center defined by dragging the
handles. It should be placed such that the whole heart is enclosed, with enough margin for the
short axis reorientation.

With each click into the image an average time-activity curve (TAC) at that location is calculated
and shown in the curve panel. The sampling is performed by averaging the pixels with the
configurable TAC probe size.

The action button to continue is located in the lower left. It changes the naming according to the
enabled options. With all options enabled (recommended) the button is labeled
Crop/Timing/Average.

= Cropping is an irreversible operation. Therefore an explicit confirmation is requested before it is
executed. Note that cropping is only supported once. Thereafter, only changing of the time-
averaging definition will be possible.

= Before time-averaging is performed, a confirmation window is shown with the frame and the
smoothing filter from the default configuration, so that they can be edited.

Do you want to create Myocardium REST image?

Average Myocardium:
Start [frame] End [frame] [mm]

1 8 ¥] Smooth [3.0

v Yes X No |
Upon confirmation, the averaging and cropping are performed as prescribed. Please note that

such confirmation window appears only when the Direct box is disabled in the Crop Heart
window.
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3.23

Arrangement of the Result Images

Whenever the time-averaging is performed, a new image study called MYOCARDIUM is
calculated, and the display is switched to MYOCARDIUM. The user can switch between the
original DYNAMIC study and the averaging results by the study selection as illustrated below. Note
the red BLOOD entry which has no function in the gated analysis.

o€ (82w &

L |_._I.__1.1m.'e_.__Rm:g£— |
¥ @ MYOCARDIUM
@ BLOOD
= vy ¥z
1 @ DYNAMIC
@ VOLUME 595 18
. 2 344 3.27
R P4 a v " ok
ﬁ Su
i e @ x

To transform the image into standard SA orientation activate the dedicated button @D If the
"automatic" check for the SA reorientation is on, this step is immediately performed after
averaging.

Transforming Images into Standard Short Axis Orientation

The images are reoriented, and the resulting transformation parameters shown in the reslicing tab.
The results of the SA orientation for the STRESS study is illustrated below in the upper row:

D8 Load Recnentation GATED Analysis

) (€ |8 | E[a ] @
qr.’ale

P Rext/ stress Fusien SynchTonzs Tracer MHD - ammonia | 13N, Analysis: GATED @& 7 el

The View model size VOI box is enabled for both the STRESS and REST studies.

If the automatic reorientation returns an inadequate result please fine-tune manually as explained
previously| 2%,

Once the right orientation for the STRESS study has been found use the arrow below the Heart
standard orientation box to copy the short axis transformation to the rest study. After the
transformation is copied, the REST images are immediately resliced:
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DB Load Reotientation GATED Analysis.

CRICHE ] “
Rotale

PE| BaHxaB
+
o
[
=

vee

e U x ¢ 8

R
o
v
2

vee

W Restrsvess Fusion [ Smehroneze Tracer WH3 - ammonia i 13N, Analysis: GETED &a 7 &

Standard Cardiological Report Page

When the images are in proper SA orientation, a Stress-Rest comparison report can be generated
from the averaged data using the report button located left to the Gated Analysis button.

When the box close to the report button is enabled the color table will be scaled to global Stress
and Rest maximum.

There are various options for the report generation as illustrated in the capture below:

Confirmation X
Do you want to prepare Stress/ Restimage report?

Center report images acomrding to: ® Display O Center of Image data
Color thresholds acomding to:  Display ) Myocardium

v Yes X No

The report layout is organized in three main sections: the upper section shows 14 slices in SA
orientation of the Stress study and the corresponding slices of the Rest study; the middle section
displays the 7 Stress and Rest slices in vertical long axis orientation; the bottom section shows 7
Stress and the corresponding Rest slices in the horizontal long axes orientation.
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Institution
Address

HAME PCRAED Gated B.DATE ID NH? Gated PET

rc: 2018.10.16 {15:68:48) Scudy: 2016.01.% of 1 |[PCARDP 4.1

As usual, the report can be annotated, printed or captured in different formats and sizes.

After the images have been brought into standard short axis orientation, continue with the definition

of the myocardium contours by activating the B putton. Again, if the "automatic" check is on, this
step is immediately performed.

3.2.4 Myocardium Outlining by Volume-of-Interest
An initial contouring is performed on the average MYOCARDIUM images by fitting the heart model
to the data. It is the initial contour which will be iteratively adjusted to the image at each individual

gate. Obviously, if the initial model calculation results in a bad fit, the following adjustments will also
fail. In such a case the process can be interrupted with the button indicated below.
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3
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0
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&
b
P Restssress Fusion (] Smchronize Tracer NH3 - ammonis | 13N, Analysis: GATED @ ? &5 L. Gated
ACodoPETs (@= o 7 T EE @ - &P LosdProoco BB SaveProwcd | GATED - 2w 750 - -ss!ecar.s-rs‘rop contounnge

In alternative, the same approaches explained for the MBF processing can be applied :

1. Interactive definition of the model VOI size while still using the Automatic VOI Definition| 241
(recommended).

2. Markers! 27 definition to improve the initial fit.

3. Manual VOI Definition| 28) and editing of the automatic outcome (not recommended).

Once the VOIs have been defined, the Gated button becomes active. When it is selected the
following tasks are performed:

= Polar sampling for each gate according to the segmentation model defined in the configuration.
= Calculation of the LV volume/time curve from the endocardial contours.
= Calculation of the various functional metrics values described in the next section.

Note: If complete data is available in the Rest and Stress rows, the above processing needs to be
performed for both of them.

PMOD Cardiac PET Analysis (PCARDP) (C) 1996-2021 pmod



Gated Data Processing

73

3.2.5 Gated Analysis Results

The calculation results are displayed on the GATED Analysis page as illustrated below:

D8 Load Reocnentation GATED Analysis
. —— =

ool ! ! t 1.0, 47.34438)
Byicc

a0 o7 0.34 [ 0.67 op4 00 4734438
seconds T Sysiols uptaks
B oL v (8] #ELvlume End Systale - ¥ + B -
STRESS Gates Paramaters

1]
T Sainples of gats
2 ¢ 4 *] v ClHe ||WF =
REST Gales Paramel Y
A R "

Resampled Data

The image display on the right side of GATED Analysis page initially shows the DYNAMIC
(Gated) data. Note, however, that you can switch to MYOCARDIUM image by the list selection as
illustrated below. Green bullets represent data available for the gated analysis, while red bullets

mark data which are not available.

@ (T ('@ '8 @ |
“llimbe [t a4 = b
1 @ MYOCARDIUM | ¢ —( ) S
T @ BLOOD
¥ @ DYNAMIC ol DI B2
0 @ VOLUME | | @ 7os2152
bl | . <
* 0 [%] = = 100 [%]
ozl ® v |0|&]
| | | ,
.
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3.2.5.1 Heart Function Results

The Parameters tab shows the results obtained for a processed gated study.

Parameter ] Value I Unit

Ejection fraction 60.23 %

ED volume 8317 mm

ES volume 33.08 ccm

Siroke volume 50.09 ccm

Stroke index 27.38 ccmima2

Myocardial mass 183.02 a

Peak filling rate 136.88 ccmis

Time to peak filling rate  0.54 Sec

13 filling rate 131.92 ccmis

173 filling fraction 9.04 %
BSA[cm*2] 1.5298 78.0 [kal 162.0

ccm

B ANTERTOR

[cm]

¥ W om o

-

732
366! - ; : :
0.04 ; ; ; i . [0.0, 47.34438]
0.0 047 0.34 0.5 0.67 ng4 00 kBaicc 47.34438
seconds T | Systols uptake
B oL v [=] [FLvvoume End Systole T~ [ + H & ‘ -
| ¥ End Systole f

STRESS Gates I Parameters I

Parameter Table

BNTERT

[ End Diastole

1:3 | Wall thickening

The table lists the estimated functional metrics, namely

Ejection fraction (EF)

Fraction of outbound blood pumped from the heart with
each heartbeat, calculated as (EDV-ESV)/EDV.

End Diastolic Volume, EDV (ED
volume)

Volume of the left ventricle at diastole.

Determined as the biggest volume of the endocardial
contour in the cardiac cycle.

Is closely related to venous compliance.

End Systolic Volume, ESV (ES
volume)

Volume of the left ventricle at the end of contraction.

Determined as the smallest ventricle volume of the
endocardial contour in the cardiac cycle.

Stroke Volume (SV)

Blood volume pumped from the left ventricle of the heart
per beat, calculated as EDV-ESV.

Stroke Index (SI)

Stroke volume (SV) in relation to the body surface area
(BSA), calculated as SV/BSA.

NOTE: Sl is provided only if the patient height and weight are
available, otherwise it is NaN. Note that these fields can be
edited.

Myocardial Mass (MM)

Approximated by multiplying the difference of the epi-
and endocardial volumes by the density of the myocardial
tissue (1.04 g/cm3).

Peak Filling Rate (PFR)

Most rapid change in the ventricular volume, usually
occurring in the initial period of fast filling.

Is defined as the maximal value of the first derivative of
the time-volume curve.

Time to Peak Fill Rate (TPFR)

Interval in milliseconds between the time of minimal
ventricular volume (ESV) and the time of the determined

peak filling rate (PFR).
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1/3 filling rate = Filling rate from the time of minimal ventricular volume
(ESV) to 1/3 of the total filling time.

1/3 filling fraction = Fraction of volume filled until 1/3 filling time.

LV Time-Volume Curve

In the plot section the volume of left ventricle is shown as a function of time in the heart cycle. To
inspect the curve in a larger window, click with the right mouse button into the curve area and
select View in Separate Window from the context menu. The example below shows a typical
time-volume curve.

T Pmod Curve Display X
com %

Bl2¢

seconds

B B & Prnt X Close

A time-volume curve is expected to have its minimum (end-systole) at gate3 or 4, and its
maximum (end-diastole) at frame 1 or 8 in gated acquisitions with 8 frames. Major deviations from
this behavior indicate a gating failure, and the acquisition should be repeated.

Polar Plots

The polar plots show either the tracer uptake at the End Systole or End Diastole, or the percent
Wall Thickening. An overlay showing 3 vascular territories (Arterial), 4 Sectors or 20 segments
(20 AHA sectors) can be selected from the pull-down menu to right of the overlay toggle #.

End Systole - » + | @ v_
| ] .

¥ Arterial

| 4 sectors
NTERIOR 1 17 AHA sectors
e | 20 AHA sectors

e

By default, Arterial definition is used. The + button allows using an explicitly defined maximum
rather than the maximum in the data, which can be specified in the adjacent number field. The
numbers in the polar plot overlay represent the average value in the territory or sector. When the
cursor is moved about a polar plot the instantaneous value is shown in the upper right. The polar
plot display control can be switched on/off by right clicking into the polar plot area and selecting the
Hide/Show Controls option. After enabling the controls, the thresholds of the color table can be
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3.2.5.2

3.2.5.3

interactively adjusted. With the Properties entry in the context menu, display properties like
Description's font size can be changed.

Polar Plots of Uptake

The result of radial sampling is visualized on the REST Gates or Stress Gates tab of the GATED
Analysis page as a dynamic polar plot. The gate selection allows scrolling through the gates and
monitor the concentration in the sampled tissue voxels. Note that the polar plot is only available
with the outlines obtained automatically.

Dm ANTERIDR

[0.0, 39.19886]
0o kBqjcc 3919886

T Samples of gate 4
4 « == p» s ! B 1282 * JHdr v

LRESTGates |_Parameters |

The S box enables synchronization between the polar and image display frames. The dynamic
polar sampling can be saved activating the saving icon. Optionally, the header can be appended
during the saving procedure enabling the Hdr checkbox. After saving, the polar plots can be
analyzed outside the PCARDP tool, for example in the PMOD-R interface.

Documentation

Report (STRESS, REST separate)
A report can be generated using the selection illustrated below.
&% 9 @ -

¥ & STRESS Report

o | Save Results
0 WH Append Results

The layout is organized in three main sections: the upper section lists the functional parameters;
the middle section shows the time-volume curve of the left ventricle; the bottom displays the
Systole and Diastole uptake polar plots.
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3.2.54

Institution
m Address

HAME PCRED“GCated E.DATE ID NH3 Gated PET

[Report: 2015.10.15 (16:23:39) Study: 2015.0L.21 | of 1 |STRESS

Besults of Cardiological PET Aralysis:
Tracer: HH3 -- ammonia / 130
Analysis: GATED

Parameter ‘alue Unit
| Bection fraction 60.23 %
ED wolume B3.7 i
| ES volurme I3.08 cerm
| Stroke volume 50.09 eem
Stroke index 2738 cemim
Mlyocardial mass 183.02 [}
| Paal filling rate 135.88 cemls
| Time to peak filling rate 054 see
173 filling rate 131.02 cemis
117 filling fraction 04 %
[ com
916 ¢ T
n_ | |
TR \\\ H H /—-""'"
549 L oo H
e | e
3\ - \_._ S
183+ |
o0. H H H H .
oo 0.7 0.24 05 067 oed
seconds
| 1l LW volume
5
E
P
T
u
M
0.0, 50.06] [0.0, 37.32]
0.0 kBqgicc 50.06 || 0.0 kBglcc 37.32
| S} systole uptake MRS} Diastole uptake

As usual, the report can be annotated, printed or captured in different formats and sizes. Note the

buttons Print for printing the report, and Save as for saving the report in a graphic format (JPEG,
TIFF) or in DICOM.

Save Numeric Results

The numeric results contained in the main report can be saved using the entry Save Results. This
generates a simple ASCII text file which can be opened in many editors, such MS Excel, for further
processing. Use the entry Append Results to append the results to an existing file.

3D Advance Data Exploration

Visualization of the Samples found by Polar Sampling (3D Option required)
The pixels found during the sampling process can be visualized together with the short axis

images using the ¢ button. The option View 3D rendering of Epi/Endo VOIs calls the 3D tool
which renders the shape of the myocardium model together with the sampling points. The example
below illustrates for gate number 8 the sampling points as red spheres, the myocardium ENDO
and EPI models as a blended solid surfaces and a short axis slice of the anatomical images
(myocardium) as a transparent contour.
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;o 3D View

Input View

Short
axis slice
] b
5R 1WA X Remove X Remove Al (@
Scene | Planes
#| Vizihle View selected only Mame
Addplane: ¥ Orihogonal ¥ Obague
& Remesh 3 oLock H

L R4 Ll
e
Seledt comers.
* Bin
L N N

Inspect the sampling point in all gates configuring and running a movie on the Input pane:
(eTs[Ela]

B Slices | @ Frames

From 1 =
L ] =] m

LI - > b B 40

3.2.6 Rest/Stress Comparison

The Compare button on the GATED Analysis page starts the result comparison and shows it on
the Compare / Results tab.

The Compare page has two separate tabs above the Cardio PET menu button: Results and
Compare To Norm.

i N ERRIEAR 8 peaes s
| Results Compare To Norm

2 CardioPET» | &= (1 I

The Results page is organized in four main areas as illustrated below:
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DELoad | Reorentation | GATED Analysis | Compars

cemm % || Resulis | Aderial | dsecors | 17 AHAsedors | 20 AHA seciors
915 STRESS
5023
L] [} 8317
a', 308
(EPIEAN » Swoks valume 5009
A Sake Index 2738
— Myorardial mass 19302
) o Peak fling rate 13688
548} n 7 Time to peak Miing rate 054
3 | 173 nng rate 13192
W N " 173 filing frachon 904
g TiD <
36.6 \ g ED myncand mass Indas 115.22
= £8 myocard mass ndex 8482
18.3;
004 I 1 1 | |
10 24 g 82 BE Ao
hing.
B ETREES LVwolume B RESTLYvolume

o a & Compare Report M save Resuits: W& Append Table ?
ias
™ en

(o0, 47.34438) 0.0, 38.46312)
hBgice KBgice

00 473038 00 /AEIT .
T STRESS SYSTOLE T} REST SYSTOLE ﬂ

[0.0, 323.23708] (0.0, 253.38034]
kiigice 3232371 | 00 kBgicc 25338034
[0, 35.64795] [, %2.7434] T} 5TRESS SUM T RESTEUM
on Wit 3564795 00 KBgee 327434 — e
T STRESS DSTOLE T | REST DASTOLE STRESS 5UM * a» + | @ - ? | RESTSUM v 4r + ([ = 7

There are four main areas described below.

Time-Volume Curves Area

The volume curves of the left ventricle at STRESS and REST are shown in the upper left corner as
a function of the gate bin.

Tables Area
The results of the gated analysis are summarized in four tables accessible via the tabs:

Results All functional parameters are listed in this table as described in the Heart
Function Results| 741 section. Additionally, three parameters are available which
compare STRESS and REST.

Transient ischemic dilation index TID: volume ratio between the STRESS and
REST at maximal ventricular volume (STRESS_EDV/REST_EDV).

ED myocard mass index: Myocardial mass at end diastole divided by the body
surface area (MM/BSA).

ES myocard mass index: Myocardial mass at end systole divided by the body
surface area (MM/BSA).

Arterial This tab shows the uptake related results averaged in the vascular territories
LAD, RCA and LCX.

Resulis 4 sectors 17 AHA sectors | 20 AHA seclors

Secor | Sies=ED ] ResteD | Skecs€S] RestEs | StessToT ] RestTor [Rev THOK | RestTHCK
|LAD 2144 2025 3088 26.40 20924 182.75 006 6
|RCA 2439 23.22 3278 2789 23042 20285 0.09 15.37
|LCX 26.43 24.3 38.25 31.52 259.05 21543 0.04 18.64
4 sectors This tab shows the uptake related results averaged in the Anterior, Septal,

Inferior and Lateral sectors as well as an Apical average.

17 AHA|This tab shows the uptake related results averaged in the sectors of the AHA 17
sectors segment model.
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20
sectors

AHA

This tab shows the uptake related results averaged in the sectors of the AHA 20
segment model.

Polar Maps Areas

The lower left shows polar maps of STRESS and REST uptake at systole and diastole. The two
larger polar plots can be configured to show any of the following 8 results:

STRESS DIASTOLE Uptake of the STRESS scan at the end of diastole.

REST DIASTOLE Uptake of the REST scan at the end of diastole.

STRESS SYSTOLE Uptake of the STRESS scan at the end of systole.

REST SYSTOLE Uptake of the REST scan at the end of systole.

STRESS TOTAL Average uptake of the STRESS scan across the polar plots of
all gates.

REST TOTAL Average uptake of the REST scan across the polar plots of all

gates.

STRESS WALL THICKENING Percentage wall thickening in the STRESS scan.

REST WALL THICKENING Percentage wall thickening in the REST scan.

REVERSIBILITY Difference of the REST TOTAL and STRESS TOTAL polar

plots after normalizing them to 1.
REVERSIBILITY = REST_TOTAL_norm -
STRESS TOTAL_norm.

Rest/Stress Summary Report

The Compare Report button compiles the Stress/Rest information into a report of four pages,
which can be selected in Pages area. The first page contains the Results tab content in the upper
section and the time/volume curves of the STRESS and REST gated studies.
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& Print preview X

>

ﬁ Institution
w Address
WAME PCRARD~Gated B.DATE ID NM3 Gated PET

[Peport: 2015.10.15 (18:50:51) Scudy: 2015.01.21 |[1 of 4 |coMPARE

Results of PET/SPECT Gated Analysis: :
Tracer STRESES: W3 -- sswerdia / 13N
Tracer BEST: HH3 -- ammorda [/ 190
Bralysis . GATED

Parameter | STRESS REST Unit
Bection fraction a0.23 62.02 T
ED volume 83,17 7751 mm
ES valume Japoe 20.43 eem
Stroke volume 5009 4807 ccm
Stroke Index 13138 26.27 cem/m2
Iyocardial mass i83.02 172.84 ']
Peak filling rate 136.88 133.97 cem/s
Tima to peak filling rate 1064 1021 sac
173 filling rate 131.02 4857 cem/ls
173 filling fraction a.04 26.62 k
e | L 107 A
| ED myocand mass index 115.22 11.42 gim2
ES myocand mass index 184.82 781 pim2

1.0 24 38 52 68 20

= omEw N
P'H.Hﬂ-]ﬂ!"

[0.0, 334.29] [0.0, 260.87]
0.0 kBgicc 33429/ 0.0 kByicc 260.87
M STRESS SUM T REST SUM
~|
r Annotations
[¥] Overlay |
| | Pages
‘ & Print (Pages 1) [Ad] ” (B Save As 1188 x 1684 pixels | = Hx Cancel ‘

The second page content consist of polar maps of the STRESS and REST uptake at the end of
the systole and diastole, the third and fourth contain the tabular information from the various
segmentation models.

Saving and Inspecting Numeric Results

The numeric information of the Results tab can also be saved or appended to a text file using the
Save Results and the Append Results buttons, respectively. The saved file receives a
.pcardRes suffix and can be visualized in Excel or a text editor (e.g Notepad).

Two different numeric results can be opened and compared using View Results from the taskbar.
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M & View Results
O & View Statistics
10 Bl view Aggregated

B ]

A dialog windows opens for selecting the first result file, and the data are shown in the left side of
the appearing window.

| View results ®

@ Load PET CARIMAC ANALYSIS w || G Load PET CARIMAC ANALYSIS

Gated,

Close

The Load button in the upper right allows loading a second result for a side-by-side comparison.
The Close button exits the comparison window.

3.2.7 Database Comparison

Please see the Normal Database Creation! 86 section in this book and the Compare to Norm
Subject Data Analysis | 991 example.

3.2.8 Protocol Files

The quantification of a gated cardiac rest/stress study is a complex task which may involve manual
adjustments. To ensure the exact reproduction of a PCARDP analysis the entire set of definitions
can be saved using the Save Protocol button which can be found in the lower status line.

Protocols can later be retrieved using the Load Protocol button. After protocol selection a dialog
window appears offering some choices. If all options are checked, the analysis will be exactly
reproduced. If a Defaults of option is not enabled, the current definition will be used instead of the
definition in the protocol file.
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Start PCARD protocol [Gated_EpiEndoActiveModel] X

1. Input series;
STRESS: @ Database ¥ PCARD"Gated | Ammoniak PET (N13NH3) | NH3 gated 3D S'I;l_ P& X
v] Cropped
REST. @ Database ¥ PCARD*Gated | Ammoniak PET (N13NH3) | NH3 gated 3D RE| P &= X

¥] Cropped
2 Averaging settings.
3. Reorientation transformation.
4.VOls definition.

Polar sampling: Radial Maximum - »

+ Defaults of:

[¥] Myocardium TACs Generation and Segments Definition
[v] Gated analysis settings

[¥] Results settings

+ Run Automatically (Both Stress and Rest required to run);
[v] Gated Analysis

] Comparison

[] view Report

X v

&k Run Protocol | X Cancel

Activate Run Protocol to start processing from scratch.
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4 Static Data Processing

The processing of static scans is much simpler than a full functional quantification, because kinetic
modeling is not applicable. However, PCARDP can still generate a polar map and a numeric table
of the uptake values. Please switch the processing mode to MBF before starting and configure| 121
an appropriate sampling mode.

Static Scan Processing

Load the image data in either row.

2. Perform the automatic short axis reorientation, with manual adjustments if needed so the the
orthogonal slices confirm a standard position.

3. Define the five markers in the apex and at the basal locations using bl (optionally).

Activate the automatic contouring.

Check the position of the Myocardium EPI/ENDO contours in the VOI tool and adjust them if
necessary.

6. Select the Statistics Button to start the segmentation process. The result is shown on the
Kinetic Modeling page which has a slightly different configuration as illustrated below.

DB Load | Reorsentation | KiseSc Modeing

Sagmant aiug

I shEss @ v
wun | &+ B0 B -

ass = 27283 (0]

LI 1 -

STRESSMput | Parameters Ll

The table to the left contains the average uptake values in the different segments. The polar
plot in the middle shows the uptake values obtained by the polar sampling process, and the
images to the right illustrate the contour placement. Note that if you click into the polar plot, the
image to the right is adjusted so that the corresponding slice is shown. With an orthogonal
layout, the cross is positioned at the sampling location corresponding to the polar plot point.

7. Print the summary report using the REST (or STRESS) Report button, and save the numeric
values using the Save Results button (switch button from REST Report to Save Results).

8. If you need the values of the individual samples in the polar use the button Copy polar
samples of individual sectors to Clipboard, and then paste into a program such as Excel for
further processing.

Page 1 of the REST (or STRESS) Report contains the segmental uptake values. To allow a quick
overview a column with the percent uptake relative to the maximum has been added.

PMOD Cardiac PET Analysis (PCARDP) (C) 1996-2021 pmod



Static Data Processing 85

Institution
Addrass

HAME PCARDL 2.DATE 1934.07.17 1D NH3 Caediac PET

Peport: IT01S.10.15 (17:20:23) Study: J006.06.07 |1 of T [STRESS

Resulcs of Camdiological PET Aealyzas:

| Sgmens dale. L]
| kiigha [ of kiax]
Ry 12.057837 T
W 11823018 747
|07 apen | 132 peisum EXH
| 14, apoa septal | 13ag32ier ETE]
12, apieal arter | 133 Toea #1.12
18, apic sl lateral 12075004 78.89
|15, apie al intersor [ 117 912m5e K]

1383560 14 | 287

|5 basalinfersiateral

Byscardial mass = 11201 L)

ammeant

The polar plot is available using the Polar Plots report button.
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5.1

Normal Database Creation

The concept of the normal database assumes that the perfusion and the metabolism of the
myocardium in a healthy left ventricle shows a consistent pattern. It furthermore assumes that the
segmentation model is a suitable standardization of the anatomy across persons. Under these
premises, the results obtained with healthy hearts can be pooled for a statistical analysis to
establish the average and the normal variation in each segment. This information represents the
normal database for a certain type of cardiac scans. Results found in a patient scan can then be
compared against this database resulting in an absolute deviation from the normal value per
segment which can also be expressed as a fraction of the standard deviation (z-score).

The principle steps for building a normal database are:

= Recruitment of a sufficient number of healthy normal volunteers. Note that it would be
desirable to form age and gender matched control groups.

= Performing the acquisition observing a strict protocol. The tracer should be applied in a
consistent way, and the same stress condition used. The same type of attenuation correction
should be applied, and the image reconstruction performed with the same algorithm and
parameters. It is recommended use a reconstruction zoom and offset so that the reconstructed
field-of-view is focused on the heart.

= Carefully analysing the data using PCARDP following a standard procedure. Note that the
same kinetic and segmentation models should be used to pool the data. Kinetic models with
fewer parameters are to be preferred to minimize the problem of fitting instabilities.

= |n case of the MBF (Perfusion) studies the resulting rest, stress and reserve polar maps are
the basis of the normal database.In case of the GATED studies the resulting rest and stress
sum polar maps are the basis for the normal database. A normal database is required to be
created for each polar maps result in any of the workflows: perfusion or gated. PCARDP
includes a Edit Norm tool which allows to create new databases, and add normal polar plots to
them. Finally, the tool calculates the average and the standard deviation of the normal values
in each segment. These will be used in the evaluation of patient data.

In the following section the creation of a Norm databases for the gated studies will be described.
Particularly, one norm database will be created for the STRESS SUM polar map. Simulated data
were used for this purpose.

Cardiac Norm Editor

The tool for Cardiac Norm creation and maintenance can be started using the Edit Norm entry in
the Cardio PET menu.

- Load Image Data !
IEG Edit Norm I

Acceptance Test

e Settings 4
@ License
el Quit

< Cardio PET » \ e

The vertical panels to the right of the dialog window allows displaying the different polar plots
involved in the Cardiac Norm calculation: e.g. the calculated average polar plot on the top panel,
the calculated standard deviation polar plot in the middle panel and the original polar plot of the
currently selected control sample.
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| ®& Create Nom

| Companent ia
Galed_STR_SUM

| Galed_RST_SUM

]

me | Subject rame
~[PCARD NORM]

| Senes deser
PCARD NORM

-PCARDNORM]  PCARD NORM

| Modity time:

202110191508 2021101815, 35
20211099 1541 2029101915 38

[Lostuse

PR [——

| Fie size | Sex Birth date | size

o0

Heern Description

i Add samples

Subyect name

PCARDGaled_1
PCARDGated_2
PCARDAGated 3

* Remaove samgles

% Create New Morm + | Delete | Export | Rename [ exstng &9 Load fram File System

M 3. save norm

[ Moaty_time

[ user
2021-10-19_14.06 13,822 Usert
202110-19_14.0811.57 Usert
2021-10-18_14/10:56.502 Usert

Selected sample

Humiber of samgies: 3 | [] In vake range

-
14543
i 114548, 207.5]

T mr

4

99
i 199, 20.24)

A\

115762, 322.3]

3 Close

223

The principle in the Cardiac Norm editor is to work from top to bottom following the numbered user
interface elements.

5.2

Empty Cardiac Norm Creation

Activate the Create New Norm button. In the dialog that appears, the PMOD database is used to
create and save the definition of the new Cardiac Norm:

1.Norms [0  SELECT DATABASE _- | DataBiase/ * peardiorm |

Herm Dascription

2 Samples |

enter a name into the Enter name field, and activate the Create new Cardiac Norm entry button to create an empty

[# Create Mew Norm + [ Deete | Expart | Rename | esisting| 60 Load bom Fie Systers

| B Save as PCARD NORM

I Erter name Gated_STR_SUM I

Subject Name *
Subgect IO 7
Component name

| Current Seres

Companenis &

@ 3. Save norm

Birth Date
Medfication

Last Use:

® W Attach to Subject [Series)

= [+ 33
= -
= |G -
Cancel
[ Wisrber of sarrples 0] ] Wi vale fnge TR

X

% CloarFiter & Refresh Query @ @

® Close

Cardiac Norm definition. Note the norm Description text field which allows explanatory comments to be added to the

definition.
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5.3

54

Control Samples Addition

The button Add samples brings up a database selection dialog window. In this window bring one
or more image sets of normal control subjects into the POLAR MAP area and confirm with the
Retrieve button. The samples are then listed in the 2. Samples section.

i
Component name | Sutyect name | Subyect | Series deser w Modiytme | Last Use | Fite size Sax | Brih date | Size K}
Gated_STR_SUM =[PCARD NORM| PCARD NORM 2021-10-19 15:06: 2021-10-19 15 ] o
4 L3
Hoom Description ¥ Create New Norm + | Delate | Expont | Rename | existing &= Load from Fie System
2. Samples
. Select DB cloments: POLAR MaP x
ocscse | oo st | X coran & marmnmy 5@
Subject Mame * ER S =~ L
Suiet 10 * Modiation = * miF -
Cornponert name STRESS® o e P -
s " w sea{ oo | Eo | weight [ 00 |+ fooon |5 Body P * -
POLAR MAP [1] () |
| Companent name | Subject name | Subiect i Series descr | Modify tme | Last Use | Fie size
STRESS 5UM_3 PCARD Gated 3 NH3 Galed PET.. STRESS [Scale! 3] 2021-10-19 14100, 2021-10-15 14 46754
STRESS S5UM_2 PCARD*Gated 2 NH3 Gated PET. . STRESS [Scale 1.2] 2021-10-19 1407 2021-10-19 14 45756
STRESS SUM_1 PCARD*Gated 1 MNH3 Gated PET_ STRESS [Scale1 1] 2021-10-19 1405 2021-10-19 14, 45872
[ | »
% D Dok B Export / = Load from File System
@ Retrieve - Cancel
A Add les M 3. save norm Nurnber of samphes: 0 In vake range

X Close

Use Remove samples to discard the selected Samples from the list.

Calculation and Cardiac Norm Saving

As soon as the polar plots Samples are available on the list the Cardiac Norm is calculated. The
result of a norm calculation consist of the mean and the standard deviation (sd) polar plot. They

are immediately displayed on the right side of the Create Norm dialog as illustrated in the capture
below:
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B Create Nom

FSEPE— | [ pe——

| ™ Gampanent name

| | Subject name | Senes descr
| Galled_STR_SUM

| Subpect id
PCARD NORM

| Modity ime | Lot Use
1092 1508, 20211018 15

| Fie size

Size

| Sex Birth date

L] 1
toemn Description
2. Samples

& Component name: | Subject name

5 " PCARDGated_1
STRE PCARDGated_2
STRE PCARDAGated 3

i Add samples

¥ Remave samgles

% Create New Morm + | Delete | Export | Rename [ exstng &9 Load fram File System

| moany time

2021.10-19_14 05 67 858
2021.10-19_14:07 56 727
2021.10-49_14:10:48.504

M 3. save norm Nurmbes af samgies

User

Usert
Usert
Usert

Selected sample

3| [ invake range

.o
14387 |z a7
1143.07, 382.07]
=411
N m
a8 26.0
: 1.8, 26.0]
mn
15597 LLER:]
115597, 413.9]
KB
X Close

The last step after the Cardiac Norm has been calculated is saving with the Save norm button.
Each time the Samples list is changed (e.g. new samples are added or some are removed) the
Cardiac Norm must be saved again. The Number of samples indicates the number of entries in

the Samples list.

The In value range, when enabled, allows specifying the lower and upper value for the Norm
calculation. In the example below the Norm calculation was restrained to values between 250 and
400. Please note that when restriction is applied the mean and sd polar plots range values

changes as well.

& Create Norm

1. Norms [1}:  SELECT DATABASE _- | DataBasel * peardiom |

| = Companent narme

| Galed_STR_SUM

| Subject name: | Subpect id

~[PCARD NORM]  PCARD NORM

| Series deser

| Moty time | Lot Use | Fie size
0181508, 2021901815 35

Size
00

| sex

Brh date

]

teerrs Deseription

[ Subgect name
PCARDGaled_{
PCARDAGaled_2
PCARDGated 3

* Remave samples

i Add samples

PMOD Cardiac PET Analysis (PCARDP)

% Create New Morm + | Delete | Expoit | Réname | exstng & Load rom Fike Syslem

[ mioaty time:

021-10-19_14.05.57 858
3M021.10-19_14:07 58 727
2021.10-19_14:10:40 504

M 3. 5ave norm Numbes af sampies:

(C) 1996-2021

sl_k I vakie range. 2500 400

»
2500 36807
1250.0, 366.07]
11
M- .__l ¥l mean
16 56 4549
11
15597 M35
115597, 4139
kBueo
® Close
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5.5 Sharing Cardiac Norm Databases

Establishing a Cardiac Norm requires a substantial preparation and analysis effort. Therefore, a
cardiac database represents a valuable asset which should be sharable with others. The Edit
Norm tool supports the easy export of databases.

Exporting a Brain Norm
1. Open Edit Norm.
2. Activate the button Create New Norm + [Delete|Export|Rename] existing.

3. A dialog window opens for selecting the Cardiac Norm to be exported.

i
e sccroos R =~ =
e ET? ime: [ Subgect ia | series deser |r ity time | et use | Fie size Sex Birth date
CARD HORM] PCARD NORM 121-10-18 15:06.  2021-10-18 1 35
[Pcmnuomq PEARD NORM m?1 10191541 2091901915 36
1 L
Heerr: Descripti ¥ Create b S 14549
e ption J reate Mibw Norm + | Delele | Export | Rename | edstng Losad trarm File System 145,49, 249.94]
=
~ )
DATABASE . mml DataBases * peardharm | X Clear Fiter 3¢ Refresh Query 9 @
Enter name  Gated_RST_SUM * W@ Anach to Subject (Series)

Subject Name = ﬁ"
Subject IV *
. 2 * my -
Componerd rame *
Curent Senes ml ¥ |G s081
PCARD NORM [7] &
[s Subject id Sesies deser [ File siz [ Sex E
] ORM] PCARD HORM 35
-[PCARD NORM)| PC. HORM 35
2 Files of Selected Components X
* Components
@ pcardMormiGated_RST_SUM) D:/Pmod4 Aidata'DATABASE S ProdidataPCARD _NORMZ021 10191329841 00459800 pc ardNorm
¥] Replace specal characters in component file name by *
H save Cancel 50.0
4 481
" " 13337, 2500]
W Selectal X € el Repame Ll
Add
i Add sama [ Create new Cardiac Norm entry Cancel 3 Close

4. In the DATABASE list select the database containing the Cardiac Norm to be exported, and
then select the appropriate entry in the list of PCARD NORM.

5. Activate the Export button. A new dialog window appears indicating the exported information.
When the Save button is activated, another window opens for defining the export directory.
After confirming the directory path with Select the norm definition files and the directory with the
polar plot samples are saved as illustrated below.

Mame

132994100459800. pcardNorm.samples
| 132994100459800.pcardNorm
| 132994100459800.pcardNorm.mean
132994100459800.pcardMorm.sd

Finally, close the dialog window with Cancel.

5.6 Compare to Norm Subject Data Analysis

The example below shows how to compare the results of a GATED STRESS/REST processing

with existing Cardiac Norm databases. For this purpose two normal Cardiac Norm were created:
the normal STRESS SUM and the normal REST SUM. Simulated data were used for this purpose.
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At the end of the gated data processing, on the Compare page, switch to the Compare to Norm
tab as illustrated in the capture below. The page is organized into two rows: the upper row is
dedicated for the STRESS SUM comparison analysis while the bottom one for the REST SUM.

& Cardiac PET Modeling (4.301) « [ SM: PCARD Gated, BO:, SED: DYNAMIC | - O
| D8 Losa | Reorsmaton | GATED mayis [[“Compars |
- : - - [
| sTRESS | Abnarmal Porm | | ZScore | Reduced | .
x
~]
B
®
-
Q.o {00, 33439 13479
Kfigce
B STRESS Mom [ Last
| REST | Abnormal | _[Them | | ZStuwe | Rediced |
00 i 260 87
s 0. n
T W REST Marm [ Last
Resuts —_—
tMQ!BTjQ- a B ol B m o« @ Lodroiocd [ SweBuicsl | GATED a 88 o 750 w0 300 | ® | Compa o

Retrieve the STRESS and the REST norm using the STRESS Norm and REST Norm buttons
respectively. The Cardiac Norm can be retrieved form the database or from the file system. The
results of the comparison are returned as z-score polar plots and displayed on the Z-Score tab as
illustrated below:

& Cardiac PET Modeling (4.301) « [ SM: PCARD Gated, BO:, SED: DYNAMIC | - o X
[ D8 Losa | Reorsmiston | GATED anayss [ Gompers |
- = y &
| sTRESS | Abnarmal ZScore | Reduced | .
26317
x
~]
H
®
-
Q.o {00, 33439 13479 JGen7 § -352 (152, 0.85] =085
e " &
| REST | Abnormal | “2geies | Reed |
|
"
i
x
L
g
!
00 i 16087 [ 00 Sk 2984/l -378 A 006
s 0. n “ 1020, I - 1379, 0.06]
I W REST Marm I ] Lamt
tMQ!BTjQ- a B ol B m o« @ Lodroiocd [ SweBuicsl | GATED a 88 o 750 w0 300 | ® | Compa o
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The Cardiac Norm calculation were done for both STRESS and REST norm enabling the In value
range box: [250, 400] and [50, 250] respectively. The grayed out areas visible in the STRESS and
REST norm polar plot indicate areas with values below the defined In value range box. No Z-
Score will be available for these polar plot areas.

The Abnormal tabs display only the SUM polar plots values which are in the physiological range
defined in the Norms. The STRESS and REST sum polar plot values which are not in the range of
the corresponding Norm are considered abnormal. The abnormal values are replace by the
average values and they appear as grayed zone in the abnormal SUM polar plots.

B Cardiac PET Modeling (4.307) - [ SN: PCARD~ Gated, BDx:, SED: DYNAMIC | " o X

DBLoad | Reorientation | GATED Analysis
3
sTRESS | Abmorma Warm 7-Score
— 30,01 — |
i X
y =
| q R * =
b=y e
X £ | a
o N
a # %
oo st 139 |00 : 8807 | [ 357 5 s
(0.0, 34.29] [0.0, 368.07] raga non
et e 1" 1 o Hide ! Show curve cantros
Ba L~ m ¥] Apnonmal 15w m ¥ Gated_STR_SUM [ = s | ]‘_-_ﬂ ¥] Reduced
B STRESS Norm Last
REST | Rbmormal™ Warm IScoee
—— I — |
b N t .-
L K!:- .
v
00 n.q.z;';ss 4885 | 0.0 ke 20884(| -374 impssl 0oe
Wi jee . i " i ! 1n B
Ha .~ ‘I ¥ Abnarmal L - ‘I ¥ Gated_RST_SUM Ha T-D ¥ Reduced
o REST Morm Last
Resuts
< CardioPETs (4= O 7 moff] [P M o @ Losroiocs [ SweBuicdl | GATED a O a < 750 wo 200 | & | Campa -]

The Reduce tabs display the Z-Score values using a three color encoding based on three z-score
intervals as follows:

o the green color for z-score values between [-4 and -2),
o the blue color for z-score values between [-2 and and +2) and
¢ the red color for z-score values between [+2 and +4].

Using the right-click into the polar plot panels the controls are shown. The saving icon allows
saving the polar plot information while the capture icon allows capturing the content of the selected
panel (Capture Curve) or of the full screen (Capture Full Screen)

-37 Capture Curve

1M | Capture Full Screen <Ctri+Shift+P>

There are various options for the capture format as illustrated below:
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Capture [Curve] as: X

Graphics: O JPEG O TIFF
DICOM: @ File © C-Store O Database
O Clipboard O Console

i
s ]

241

[0, 2.420

B save H}( Qance[‘

Using the DICOM File option the polar plots can be also saved as DICOM Secondary Capture
objects.
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6.1

6.1.1

6.1.2

PCARDP Reference

Myocardium Segment Models

Standard Reorientation of the Heart

Images resulting from PET or SPECT studies are usually not oriented along the heart axes and
therefore do not cleanly depict the ventricles, the atria, and the myocardial regions supplied by the
major coronary arteries.

It is recommended by the AHA [1] to perform a reorientation of the data so that the long axis of the
heart (line apex to the center of the mitral valve) becomes orthogonal to the image planes, and the
slice images show short axis cuts. This approach maintains the integrity of the cardiac chambers
and the distribution of coronary arterial blood flow to the myocardium. From this orientation slice
images at 90° angles can also be generated showing the heart as vertical long axis and horizontal
long axis cuts (see illustration below). These correspond to the apical 2-chamber and the apical 4-
chamber planes traditionally used in 2D echocardiography.

Right Left  Short Axis View

Vertical Long
Axis View
> -

Plane for vertical long axis

D ol ="

long axis

Base

Figure 1. Cardiac plane definition and display for tomographic
imaging modalities .4

17-Segment Model (AHA)

Left Ventricle Segmentation Procedure

The muscle and cavity of the left ventricle can be divided into a variable number of segments.
Based on autopsy data the AHA recommends a division into 17 segments for the regional analysis
of left ventricular function or myocardial perfusion:

= The left ventricle is divided into equal thirds perpendicular to the long axis of the heart. This
generates three circular sections of the left ventricle named basal, mid-cavity, and apical. Only
slices containing myocardium in all 360° are included.

= The basal part is divided into six segments of 60° each. The segment nomenclature along the
circumference is: basal anterior, basal anteroseptal, basal inferoseptal, basal inferior, basal

PMOD Cardiac PET Analysis (PCARDP) (C) 1996-2021
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inferolateral, and basal anterolateral. The attachment of the right ventricular wall to the left
ventricle can be used to identify the septum.

= Similarly the mid-cavity part is divided into six 60° segments called mid anterior, mid
anteroseptal, mid inferoseptal, mid inferior, mid inferolateral, and mid anterolateral.

=  Only four segments of 90° each are used for the apex because of the myocardial tapering. The
segment names are apical anterior, apical septal, apical inferior, and apical lateral.

= The apical cap represents the true muscle at the extreme tip of the ventricle where there is no
longer cavity present. This segment is called the apex.

antenor

aterclateral ADQX

intarnl atsral

nferior

Artanar

antercseplal e ?\" r Horizontal
TN YT arvprolatecal Long Axis (HLA)
B {4 Chamber)
[ ‘\j‘ Mid-Cavity
e\ Apex
inferoseptal . :'-T--/\\_}—:g»a;ata'el /

anterior

T
@ “/, tateral :
\\ j Apical
|

infarlor

seal

Vertical
Long Axis (VLA)

Short Axis (SA) (2 Chamber)

Polar Plots

If functional values have been obtained in the 17 cardiac segments by some quantification method,
they can be arranged as a polar plot with the

= apex in the center,

= the four apical segments as a first ring,

= the six mid-cavity segments as the second ring,

= and the six apical segments as the outermost ring.

Such an arrangement makes it easy to compare the outcome in different conditions (eg.
rest/stress) or between patients. The arrangement together with numbers identifying the cardiac
segments is illustrated below.
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Basal Segments Mid-cavity Apical Segments
Segments
1. basal anterior 7. mid anterior 13. apical anterior
2. basal anteroseptal |8. mid anteroseptal [14. apical septal
3. basal inferoseptal |9. mid inferoseptal 15. apical inferior
4. basal inferior 10. mid inferior 16. apical lateral
5. basal inferolateral |11. mid inferolateral 17. apex
6. basal anterolateral |12. mid anterolateral

The relative contribution of the basal, mid-cavity, and apical segments are 35% (6/17), 35% (6/17),
and 30% (5/17), respectively.

Coronary Artery Territories

The AHA guidelines emphasize that there is a "tremendous variability in the coronary artery blood
supply to myocardial segments". The greatest variability occurs at the apical cap, which can be
supplied by any of the three arteries. With the recognition of the anatomic variability the individual
segments may be assigned to specific coronary artery territories as follows.

Coronary Artery: Segments

Left Anterior Descending (LAD) |1, 2, 7, 8, 13, 14, 17

Right Coronary Artery (RCA) |3, 4,9, 10, 15

Left Circumflex (LCX) 5,6, 11,12, 16
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6.1.3

6.2

20-Segment Model (ASNC)

In SPECT nuclear cardiology studies a 20-segment model has also been used [2]. It is similar to
the 17-segment model, but the apical part is divided into 8 segments instead of 5 as illustrated by
the polar arrangement below.

Basal Segments Mid-cavity Apical Segments
Segments
basal anterior 7. mid anterior 13. apical anterior
basal anteroseptal 8. mid anteroseptal |14. apical anteroseptal
basal inferoseptal 9. mid inferoseptal 15. apical inferoseptal
basal inferior 10. mid inferior 16. apical inferior
basal inferolateral 11. mid inferolateral 17. apical inferolateral
basal anterolateral 12. mid anterolateral |18. apical anterolateral
19. anteroapical
20. inferoapical

PMOD Cardiac PET Analysis (PCARDP)

(C) 1996-2021

reorient the images into the standard short axis orientation, and to
localize the different heart segments and the blood blood spaces.

Generation of Blood Volume and Myocardium Images

The quantification of cardiac PET studies requires that the tracer uptake and clearance in the
myocardium is monitored by a dynamic acquisition sequence starting at the time of tracer
application. To adequately sample the rapidly changing activity concentrations the acquisitions
need to be very short at the beginning, and may last somewhat longer at later times after the bolus
has passed the heart for the first time. As a consequence of the short acquisitions, the individual
images are noisy and often do not show enough anatomical detail to
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PCARDP provides two mechanisms for generating images with more anatomic information from
the dynamic sequence:

1.

Average Subtraction Method: This approach is simple and universal. It is based on the fact
that a tracer which is applied as a venous bolus first arrives with a high concentration in the
right ventricle, after the passage through the lungs with somewhat decreased activity in the left
ventricle, and only afterwards reaches the myocardium, while the concentration in the blood
spaces decreases by the continuous clearance.

Therefore, an image of the blood volume space can be generated by averaging some of the
very early acquisitions. The optimal begin and end times of the averaging depend on how fast
the bolus was applied, when the PET scan was started, and must therefore be adjustable for
each acquisition.

Similarly, tracers tend to accumulate in the myocardium (except for water) over time.
Therefore, averaging a range of late frames can potentially provide an anatomical image of the
myocardium. To improve the myocardium contrast PCARDP supports the option to subtract
from the myocardium images a weighted fraction of the blood volume images.

The optimal parameters used for the average subtraction method must be experimentally
determined. Once a good setting has been found it should be usable for studies of the same
type as long as the tracer application is done in the same way and acquisition protocol is
constant.

Factor Analysis (Water only): The factor analysis is a more sophisticated approach to derive
weighting factors for the different acquisitions. A blood image is obtained by averaging all
frames scaled with the respective blood factors, and a myocardium image by averaging all
frames scaled with the respective myocardium factors.

The factor analysis is model-driven. It requires an approximate input curve, a typical
myocardium blood flow value (depending on the condition), and time delays between the
occurrence of the activity in the ventricles and the myocardium. Given this information, the
expected activity in myocardium can be calculated. Together with the blood activity it is fed into
a factor analysis procedure which calculates the factors which provide an optimal contrast
between the blood and the myocardium.

6.3 Kinetic Models

Different tracers are applied for cardiac PET studies. For all of them kinetic models have been
developed which allow to quantify cardiac function:

Water (H2'°0)
Ammonia ("*NH,)
Rubidium (82Rb)
Acetate ('C-acetate)
FDG ('8F-Deoxygluose)

These models available for these tracers are described in the following sections.

Assumptions of the Cardiac Models

The cardiac models usually apply a geometrical spillover with two correction terms: correction
for signal from the left and right ventricle.

For calculating the myocardial perfusion per g tissue a density of 1.04 g/ml for myocardial
tissue is applied.

Usually the PET signal from the left ventricle or the atrium is used as a measure of the tracer
activity in blood. Depending on the tracer, corrections are applied to this blood curve for
calculation the concentration of parent tracer with is required as the input curve of the models.

Exceptions to these rules are specified in the description of the individual models.
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6.3.1

6.3.1.1

Cardiac Flow from Ammonia PET

There are three model variants available for the quantification of myocardial blood flow from 3NH,

ammonia bolus PET data, the 1-tissue compartment model and the 2-tissue compartment model
with metabolic trapping. The 1-tissue model is preferably used with the first 2-4 minutes of a
dynamic measurement, while the 2-tissue model is also adequate for longer durations. This may
compensate to some extent the increased vulnerability to identifiability problems due to the higher
number of fit parameters in the 2-tissue model.

Card. NH3 (de Grado)

The Card. NH3(De Grado) model has been developed by DeGrado et al. [1] for cardiac PET
studies using *NH, ammonia bolus injection. It is based on a 1-tissue compartment model with

plasma activity C.(t) and total uptake in myocardium C__ (t).

K,
C. c

myo
k2

Operational Model Curve

The plasma activity is calculated from the total activity in the left ventricular cavity C,(t) by a linear
metabolite correction with factor mCorr

Co(t) = (A-mCorr*t)C, (1)

A value of mCorr=0.077 [1/min] has been found in humans [1]. The resulting differential equation
for myocardial uptake is

arcrm'o (r) 3
I T SR — KICp(r) _k:Crm'o('t)
dt '

where K, equals myocardial blood flow F. The model curve incorporates a cardiac dual spillover
correction, resulting in the operational equation

Cuzsll) = U=Vip=Vz) Cm_‘,o(r) W ) W ()

where
V,, = spill-over fraction of the blood activity in the left ventricle C,,/(t),

Vi, = spill-over fraction of the blood activity in the right ventricle C,(t) .

DeGrado et al. recommend to only use the first 4 minutes of data after injection of the tracer to
reduce the effects of metabolite buildup and washout.

Implementation

When using the model from the PCARD module, the data are transferred appropriately. When
using it in PKIN the blood data have to be loaded as follows:

= The left ventricle curve must be loaded as the Plasma activity curve. No metabolite correction
needs to be enabled on the Blood panel of PKIN because it is included in the tissue model.

= The right ventricle curve must be loaded as the Whole blood curve.
The following automatic adjustments are performed within the model:

= The spill-over fraction from the right ventricle Vy, is automatically fixed to zero if the string
"Sep" is not contained in the name a region. The assumption is that such a TAC is not from
septal tissue and should thus be modeled with spill-over from the left ventricle only.

= The valid flag for all data samples after 4 minutes is set to false, and they are consequently
not considered in the fit.
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6.3.1.2

Parameter Fitting

The model includes the 4 fitable parameters F, vRV, vLV and k2. Please inspect the %SE
standard error to get information about the reliability of the parameter estimates.

Reference

1. DeGrado TR, Hanson MW, Turkington TG, Delong DM, Brezinski DA, Vallee JP, Hedlund LW,
Zhang J, Cobb F, Sullivan MJ et al: Estimation of myocardial blood flow for longitudinal studies
with 13N-labeled ammonia and positron emission tomography. J Nucl Cardiol 1996, 3(6 Pt
1):494-507.

Card. NH3 (UCLA, 2 Parameters)

This model implements a 2-tissue compartment model with only two fitted tissue rate constants. It
was developed by Choi et al. for cardiac PET studies using '*NH, ammonia bolus injection and was
called the Modified Two-Parameter Model, [1] eq (5).

K, | ' ks
CP — 1 I Cz

K, |

Operational Model Curve
The system of compartmental differential equations for this compartment structure is given by

ac ()

dt
dC, (1)

dt

= KGOk +k)C 0
i, C (1)

with K, corresponding to myocardial blood flow F. The k, rate constant corresponding to glutamine
formation was converted into a K,-dependent value by the relation

k, = K, (1655 1)
Similarly, the k, rate constant of ammonia washout was converted into a K,-dependent value by
k, = K/Vyp

with the V|, representing the distribution volume of ammonia in the C, compartment which was
assumed to be constant (V,,=0.8).

In contrast to Choi's method, the model incorporates not only a spillover from the left ventricle, but
for septal regions also from the right ventricle. The operational equation is then given by

Crtoak) = A=V =V GO+ GOV Crilt) + Vay Cy ()

where
V., = spill-over fraction of the blood activity in the left ventricle C,(t),

Vg = spill-over fraction of the blood activity in the right ventricle C/(t) .

Because the model does not include a metabolite correction, only the samples within 2 minutes
after injection should be used for the fit [1].

Implementation Notes:

When using the model from the PCARD module, the data are transferred appropriately. When
using it in PKIN the blood data have to be loaded as follows:

= The left ventricle curve must be loaded as the Plasma activity curve.
= The right ventricle curve must be loaded as the Whole blood curve.

PMOD Cardiac PET Analysis (PCARDP) (C) 1996-2021
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6.3.1.3

The following automatic adjustments are performed within the model:

= The spill-over fraction from the right ventricle V, is automatically fixed to zero if the string
"Sep" is not contained in the name a region. The assumption is that such a TAC is not from
septal tissue and should thus be modeled with spill-over from the left ventricle only.

= The valid flag for all data samples after 2 minutes is set to false, and they are consequently
not considered in the fit.

Parameter Fitting

The model includes the three fitable parameters F, vLV, vRV. Please inspect the %SE standard
error to get information about the reliability of their estimates. The input parameters Vnd (0.8), EF
scale (1.65) and EF Exp (1.25) are related to the conversion of k, and k, as described above and

can be adjusted if needed.

Reference

1. Choi Y, Huang SC, Hawkins RA, Kim JY, Kim BT, Hoh CK, Chen K, Phelps ME, Schelbert HR:
Quantification of myocardial blood flow using 13N-ammonia and PET: comparison of tracer
models. J Nucl Med 1999, 40(6):1045-1055. PDF

Card. NH3 (2 Compartments)

The Card NH3 (2-Tissue) model developed by Hutchins et al. [1] is an implementation of the
irreversible 2-tissue-compartment model for cardiac PET studies using '*NH, ammonia bolus

injection. The compartment model has the following structure

K, | K
B c, — c,
K, |

where C, is free tracer in tissue, and C,is metabolically trapped tracer in the form of N glutamine.

Because ammonia is considered in this model as freely diffusible across the capillary wall, the
unidirectional uptake parameter K, equals the myocardial perfusion.

Operational Model Curve
The system of differential equations is

% = KCpt)—(ky +)C,(0)
dC,(1)
— kC

dt GO

To allow the fitting of data over an extended period, the model includes the exponential metabolite
correction described by van den Hoff et al. [2]
Cpp(f) 1<t,

C,(t —I ’ 4
P( J 12-]:;-{:—:3] Tia CU.-(.') > IU

with a delay t,=0.48 min and half-time T,,=6.69 min. C (t) is the total tracer concentration
measured in the left ventricular cavity, including metabolites.

Additionally, the model incorporates a cardiac dual spillover correction by the operational equation
Crroaelt) = A=V Ve GO+ CO)+ V) Cpp () + Ve Gy (0)

where
V., = spill-over fraction of the blood activity in the left ventricle C,(t),

Vg = spill-over fraction of the blood activity in the right ventricle C/(t) .
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6.3.14

Implementation Notes:

When using the model from the PCARD module, the data are transferred appropriately. When
using it in PKIN the blood data have to be loaded as follows:

= The left ventricle curve must be loaded as the Plasma activity curve. No metabolite correction
needs to be enabled on the Blood panel of PKIN because it is included in the tissue model.

= The right ventricle curve must be loaded as the Whole blood curve.
The following automatic adjustments are performed within the model:

= The spill-over fraction from the right ventricle V, is automatically fixed to zero if the string
"Sep" is not contained in the name a region. The assumption is that such a TAC is not from
septal tissue and should thus be modeled with spill-over from the left ventricle only.

= The valid flag for all data samples after 2 minutes is set to false, and they are consequently
not considered in the fit.

Parameter Fitting
The model includes the five fitable parameters F, vLV, VRV, k2, k3. Please inspect the %SE
standard error to get information about the reliability of their estimates. The input parameters MC

TO (0.48) and MC T12 (6.69) are related to the metabolite correction as described above and can
be adjusted if needed.

Alternate Model Card NH3 (2-Tissue, K /k,)

Due to the increased number of fit parameters it has been found, that the Card NH3 (2-Tissue)
may suffer from identifiability problems. Therefore, the variant Card NH3 (2-Tissue, K1/k2) has
been developed using the parameter K,/k, (distribution volume of the first compartment) as a fit
parameter instead of k,. In this configuration physiological restrictions can be imposed on K,/k, , or
K,/k, can be used as a common parameter in a coupled fit.

References

1. Hutchins GD, Schwaiger M, Rosenspire KC, Krivokapich J, Schelbert H, Kuhl DE: Noninvasive
quantification of regional blood flow in the human heart using N-13 ammonia and dynamic
positron emission tomographic imaging. J Am Coll Cardiol 1990, 15(5):1032-1042.

2. van den Hoff J, Burchert W, Borner AR, Fricke H, Kuhnel G, Meyer GJ, Otto D, Weckesser E,
Wolpers HG, Knapp WH: [1-(11)C]Acetate as a quantitative perfusion tracer in myocardial
PET. J Nucl Med 2001, 42(8):1174-1182. PDF

MBF Mapping for NH3

The model for calculating the MBF parametric maps was derived from the parametric mapping
method developed by Harms et al [48] for water scans. The operational equation for cardiac PET
includes two geometric spillover fractions (V,,, V,,) from left ventricular and right ventricular blood

(Cy. C.):

Iv?

Iv?

Coaall) = Q-Fu =V o B O ) 47 o ()

myo

The tracer concentration in myocardium C_ (t) is modeled by a one-tissue compartment model

and can be obtained by the convolution of the metabolite-corrected input curve with a decaying
exponential, multiplied by K;:

C,.(0) = K(-mCorr-H)C,,(t)®e™

For the ammonia tracer K, corresponds to mycocardial blood flow (MBF), and k, to the tissue

washout. The linear metabolite correction with slope -mCorr which is applied in this equation was
derived by de Grado et al [30] and is only valid for scan durations up to 4 minutes.

The solution of the operational equation uses basis functions of the form
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B() = (1-mCorr-1)C,,(1)®e™*

With the basis functions, the operational equation can be reformulated as a multi-linear equation
Cioaa(t) = GB.(5)+V,,Crp (1) + V5, Crpy (1)

with

6 = K-V Vi)
The data analysis methodology then consists of the following two steps:

1. As a preprocessing step the basis functions are calculated for a set of k, values which span
the physiologic relevant range.

2. In each pixel the TAC is fitted by solving the operational equation for all basis functions and
selecting the solution which best fits the measurement. From the resulting parameters 9,, V
and V,, the MBF (=K,) can readily be calculated.

Iv?

3. If the blood contribution in a pixel is too high (V, +V >0.75), the MBF result is discarded.

6.3.2 Cardiac Flow from Water PET
6.3.2.1 Cardiac Flow from Water PET
The Card. H20 (Tissue fraction) model has was developed by Hermannsen et al. [1] for cardiac
PET studies using H,'*O water bolus injection. The distribution of the freely diffusible inert tracer
H,'*O in myocardium can be described by a 1-tissue compartment model with myocardial blood
flow F and the partition coefficient of water p, which is defined as (ml water/ml tissue)/(ml water/ml
blood).
F
Cr Flp Comyo
Operational Model Curve
The differential equation for the tracer concentration in myocardium is
dac, (1) /
—m = FC)-f/ c, )
dt A
In practice, the left ventricular time-activity curve is used as the input curve C(t).
The model curve incorporates two spill-over terms from blood in the left and the right ventriclar
cavities which are relatively displaced in time. So the operational equation which is fitted to the
measured data is
C.Uodﬂ'(f) — TF Cm_ra (f) o+ IZILI-'CLT'(I) ¥ I)'Ril’C‘.RT’('r)
where TF = tissue fraction, V|, = spill-over fraction from the left ventricle, V, = spill-over fraction
from the right ventricle.
Implementation
As opposed to most models in PKIN a tissue fraction is used for calculating the model curve rather
than a strict geometrical correction for compliance with the original model. When using the model
from the PCARD module, the data are transferred appropriately. When using it in PKIN the blood
data have to be loaded as follows:
= The left ventricle curve must be loaded as the Plasma activity curve.
= The right ventricle curve must be loaded as the Whole blood curve.
The following automatic adjustment is performed within the model:
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6.3.2.2

6.3.3

6.3.3.1

= The spill-over fraction from the right ventricle V, is automatically fixed to zero if the string

"Sep" is not contained in the name a region. The assumption is that such a TAC is not from
septal tissue and should thus be modeled with spill-over from the left ventricle only.

Parameter Fitting

The model encompasses the 5 fitable parameters F, TF, vLV, VRV and p. However, in practice it
is impossible to estimate so many parameters from a time-activity curve with reasonable
identifiability. The partition coefficient is therefore fixed per default at a value of 0.96 [1], and the
spillover fraction from right ventricular blood vRV is only fitted for septal tissue TACs.

Reference

1. Hermansen F, Rosen SD, Fath-Ordoubadi F, Kooner JS, Clark JC, Camici PG, Lammertsma
AA: Measurement of myocardial blood flow with oxygen-15 labelled water: comparison of
different administration protocols. Eur J Nucl Med 1998, 25(7):751-759. PDF

Card. H20 (Geometrical corr.)

This model is the same as the one above developed by Hermannsen et al. [27], except that it uses
a geometrical spillover correction. The operational equation which is fitted to the measured data is

Cozr(t) = (A-V,—V,)CWhe O +V,C(1)+V, C.(1)

nyo

where V,, = spill-over fraction from the left ventricle, V, = spill-over fraction from the right ventricle.
In practice, the left ventricular time-activity curve is also used as the input curve C(t).

Implementation Notes

The right ventricle curve is only used for spillover correction of septal TACs. It must be loaded as
the Total blood curve. The left ventricle curve serves both as the input curve as well as for
spillover correction of all myocardial TACs. It must be loaded as the Input curve.

The right ventricle spill-over fraction V,, is automatically fixed to zero if the string "Sep" is not

contained in the name of the region. The assumption is that such a TAC is not from septal tissue
and should thus be modeled with single spill-over from the left ventricle. The reason of this
behavior is the usage of this model in the PCARDP tool.

Cardiac Flow from Rubidium-82 PET

Two kinetic models are available for the quantification of myocardial perfusion from 8Rb bolus
PET data.

1. A 1-tissue compartment model with geometrical spillover correction and correction for flow-
dependent extraction.

2. A 2-tissue compartment model with recovery and spillover correction.
Card. Rb-82 (1 Compartment)

The Card. Rb82(1 Compartment) model has been developed by Lortie et al. [1] for cardiac PET
studies using #Rb bolus injection. It is based on a 1-tissue compartment model with plasma
activity C(t) and total uptake in myocardium C_ (t).

K,
o c

myo
k;

Operational Model Curve
The differential equation is given by
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{{C.uno(r) -
— 5 - = K]CP(I) = kﬂcnn'a(r)

dt :
The model uses the activity in the left ventricular cavity C,(t) is used as the input curve (C.(t)
=C,,(1)). Rb is known to have a flow-dependent extraction fraction, so that K, which is the product
of flow F times extraction fraction E, is described by the expression
K, = FE=F(Q1-4e%%

1

This expression is inserted for K, into the differential equation, so that F becomes a fit parameter,
and K, is derived from it. The values of the extraction parameters reported by Lortie et al. [1] are

A=0.77
B = 0.63 [ml/min/g]

They can be entered as input parameters into the model for changing the form of the extraction
function. The model curve incorporates a cardiac dual spillover correction, resulting in the
operational equation

Crtoaet() = A=V, —Vip) Cm_\'o(r) +VayCrp () + Vi Cry (0)

where
V., = spill-over fraction of the blood activity in the left ventricular cavity C,(t),

Vgy = spill-over fraction of the blood activity in the right ventricular cavity Cg,(t)

Implementation

When using the model from the PCARD module, the data are transferred appropriately. When
using it in PKIN the blood data have to be loaded as follows:

= The left ventricle curve must be loaded as the Plasma activity curve.
= The right ventricle curve must be loaded as the Whole blood curve.
The following automatic adjustment is performed within the model:

= The spill-over fraction from the right ventricle Vy, is automatically fixed to zero if the string

"Sep" is not contained in the name a region. The assumption is that such a TAC is not from
septal tissue and should thus be modeled with spill-over from the left ventricle only.

Parameter Fitting

The model includes the 4 fitable parameters F, vRV, vLV and k2. Please inspect the %SE
standard error to get information about the reliability of the parameter estimates. The scale factor A
(EF scale) and the exponent B (EF exp) of the extraction function can be entered as input
parameters.

Reference

1. Lortie M, Beanlands RS, Yoshinaga K, Klein R, Dasilva JN, DeKemp RA: Quantification of
myocardial blood flow with 82Rb dynamic PET imaging. Eur J Nucl Med Mol Imaging 2007,
34(11):1765-1774.

6.3.3.2 Card. Rb-82 (2 Compartments)
The Card. Rb-82 (2 Compartments) model has been implemented according to the method
described and evaluated by Herrero et al [1]. The model is based on the following compartment
structure to describe the kinetics of rubidium in the myocardium:
F ki
Ce C, C,
k;
lF
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6.3.4

where C,(t) represents the fast exchangeable compartment (vascular and interstitial spaces), and
C,(t) the slow exchangeable compartment (intracellular space), myocardium flow F, and rate
constants k, and k,.

Operational Model Curve
The differential equations for the activity concentrations in the different compartments are given by

d(‘;tﬁ = FCL)=C ) —KC (D +k,C,()
t

dC,(t

T() = k, C(n)—k,C,(2)

The model uses the activity in the left ventricular cavity C,(t) is used as the input curve (C.(t)
=C,,(1)). The operational equation which is fitted to the measured data is

Citoder = Fapyy (C1(D)+C, (1)) + Fy C (1)

where F,,, denotes the tissue recovery coefficient and Fg, the blood to myocardium spillover
fraction.

Implementation

When using the model from the PCARD module, the data are transferred appropriately. When
using it in PKIN the left ventricle curve must be loaded as the Plasma activity curve. The right
ventricle curve is not used.

Parameter Fitting

The model encompasses 5 fitable parameters. However, in practice it is impossible to estimate so
many parameters from a time-activity curve with reasonable identifiability. Therefore, at least the
the recovery coefficient FMM is usually fixed. The default from Herrero et al [1] is 0.65, but it

depends on the image resolution and should be determined experimentally.

Reference

1. Herrero P, Markham J, Shelton ME, Bergmann SR: Implementation and evaluation of a two-
compartment model for quantification of myocardial perfusion with rubidium-82 and positron
emission tomography. Circulation research 1992, 70(3):496-507. DOI

Cardiac Flow from Acetate PET

Van den Hoff et al. [1] have investigated and validated '"C-acetate as a flow tracer. This
methodology is implemented as the Card Acetate (1 Compartment) model. It employs a single
tissue compartment model

K,
C. c

myo
k2

with tracer exchange between arterial plasma C,(t) and myocardial tissue C, (t).

Operational Model Curve
The differential equation C_ (t) is given by

dC,,, (1)
dr

K, is the product of flow F and extraction E

= K, Co()—k; Cypo (1) = EF Co(f)— K, C, ()

myo
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6.3.5
6.3.5.1

K, =E-F
For acetate, the extraction is flow dependent [1]
E(F)=1-064e"*"

Furthermore a metabolite correction is necessary to derive the plasma activity from whole blood
measured in the left cavity [1]

C, =091 indC (1)
with T, ,=5.3 min. Including these relations into the differential equation yields

iIC,_ (1 , Ny
‘—d—( . F(1-0.64¢"7)0.91e™" ), (N -k, C,,. (1)
. .

which is non-linear in F. The model curve incorporates a cardiac dual spillover correction, resulting
in the operational equation

Crtoaet() = A=V, —Vip) Cm_\'o(r) +VayCrp () + Vi Cry (0)

where
V., = spill-over fraction of the blood activity in the left ventricular cavity C,(t),

Vgy = spill-over fraction of the blood activity in the right ventricular cavity Cg,(t)

Implementation

When using the model from the PCARD module, the data are transferred appropriately. When
using it in PKIN the blood data have to be loaded as follows:

= The left ventricle curve must be loaded as the Plasma activity curve. No metabolite correction
needs to be enabled on the Blood panel of PKIN because it is included in the tissue model.

= The right ventricle curve must be loaded as the Whole blood curve.
The following automatic adjustment is performed within the model:

= The spill-over fraction from the right ventricle Vy, is automatically fixed to zero if the string

"Sep" is not contained in the name a region. The assumption is that such a TAC is not from
septal tissue and should thus be modeled with spill-over from the left ventricle only.

Parameter Fitting

The model includes the 4 fitable parameters F, k2, vLV, vRV. Please inspect the %SE standard
error to get information about the reliability of the parameter estimates. The parameters for the
correction of the flow-dependent extraction (EF scale, EF exp) and the metabolites (MC scale,
MC T12) are initialized with the published values [1], but can be edited if needed. The K1
parameter of the 1-tissue compartment model equivalent to the EF product is provided as s macro
parameter.

Reference

1. van den Hoff J, Burchert W, Borner AR, Fricke H, Kuhnel G, Meyer GJ, Otto D, Weckesser E,
Wolpers HG, Knapp WH: [1-(11)C]Acetate as a quantitative perfusion tracer in myocardial
PET. J Nucl Med 2001, 42(8):1174-1182. PDF

Cardiac Metabolic Rate of Glucose from FDG PET
Patlak Plot

The Patlak plot has been developed for systems with irreversible trapping [17]. Most often it is
applied for the analysis of FDG, which can be modeled as a 2-tissue compartment model with
k,=0. The Patlak plot belongs to a group of graphical analysis techniques, whereby the measured

TAC undergoes a transformation and is plotted against some sort of "normalized time".
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6.3.5.2

The Patlak plot is given by the expression

:C (r)dr
Cr(r)_K{ i

Co(t) — Cp(0)

>

+¥

This means that the measured PET activity is divided by plasma activity, and plotted at a
"normalized time" (integral of input curve from injection divided by instantaneous plasma activity).
For systems with irreversible compartments this plot will result in a straight line after sufficient
equilibration time. The slope and the intercept must be interpreted according to the underlying
compartment model. For the FDG model mentioned, the slope equals K,k,/(k,+k,) and represents
the influx, while the intercept V equals V,+vB with the distribution volume V, of the reversible

compartment C, and the fractional blood volume vB .

Implementation Notes

The Patlak Plot model calculates and displays the transformed measurements as described by
the formula above. It allows to fit a regression line within a range defined by the parameters Start
Lin. and End Lin. The results are the regression slope and the intercept. There is also an error
criterion Max Err. to fit Start Lin. For instance, if Max Err. is set to 10% and the fit box of Start
Lin. is checked, the model searches the earliest sample so that the deviation between the
regression and all measurements is less than 10%. Samples earlier than the Start Lin. time are
disregarded for regression and thus painted in gray.

For FDG data, the Lumped constant (LC) and the plasma glucose level (PG) of the patient should
be entered. The metabolic rate of glucose MRGIu is then obtained from the regression slope by
MRGIu = slope * PG/ LC.

Abstract [17]:

"A theoretical model of blood-brain exchange is developed and a procedure is derived that can be
used for graphing multiple-time tissue uptake data and determining whether a unidirectional
transfer process was dominant during part or all of the experimental period. If the graph indicates
unidirectionality of uptake, then an influx constant (K)) can be calculated. The model is general,

assumes linear transfer kinetics, and consists of a blood- plasma compartment, a reversible tissue
region with an arbitrary number of compartments, and one or more irreversible tissue regions. The
solution of the equations for this model shows that a graph of the ratio of the total tissue solute
concentration at the times of sampling to the plasma concentration at the respective times (C,)

versus the ratio of the arterial plasma concentration-time integral to C, should be drawn. If the data

are consistent with this model, then this graph will yield a curve that eventually becomes linear,
with a slope of K, and an ordinate intercept less than or equal to the vascular plus steady-state

space of the reversible tissue region."

2-Compartment Model

Ks ks

C C C
P K 1 Ky 2

The FDG model is a standard 2-tissue compartment model with two additional input parameters,
the lumped constant (LC) and the plasma glucose concentration (PG). In combination with the
estimated K, k,, and k, parameters they allow to calculate the metabolic rate of glucose.

Note: In the FDG model k, is initially set to 0 assuming metabolic trapping, but can also be fitted.
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6.3.6

6.3.7

6.4

Tracer Retention Fraction

Please refer to the PKIN documentation for the detailed description of the model.

SPECT MBF Cardiac Perfusion from 99mTc-Tetrofosmin SPECT

Please refer to the PKIN documentation for the details description of this model.
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