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PMOD Cardiac Modeling Tool (PCARD)

PMOD Cardiac Modeling Tool (PCARD)

The PCARD tool represents a flexible environment for the quantification of dynamic PET
studies of the heart with a broad range of tracers.

PCARD implements the following features:

8

Calculation of anatomical images representing blood volume (BV) and myocardium
(MYO) 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 TACs to quantify the uptake parameters.
Depending on the tracer, the results represent myocardial blood flow (MBF) or a
metabolic turnover such as the metabolic rate of glucose (MRGIu).

Combination of the results to quantify myocardium function in well -defined sectors
given by the American Society of Nuclear Cardiology ( ASNC http://www.asnc.org ) and
the American Heart Association (AHA http://www.americanheart.org ).

Parallel processing of paired stress and rest studies for a sideby-side comparison.

Generation of a normals database from a set of quantification results obtained from
healthy volunteers. Patient data can then be compared against the normal database to
quantify deviations in terms of z -score values.

Starting the Cardiac Modeling Tool

The PCARD tool is started with the Cardiac button from the PMOD toolbar

[ l’
Cardiac PET
I] [E

or by directly dragging image files onto the above button.


http://www.asnc.org/
http://www.americanheart.org/
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The PCARD Tool has three main pages. The firstReorientation page serves for the patial
reorientation of the data to the standard short axis orientation and the definition of the
myocardial segments.
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The secondKinetic Modeling page deals with the kinetic modeling of the segmental TACs
and the exploration of the results
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The third page Compare allows to compare the stress and rest outcome as well as the
comparison with a normal database, if one is available.
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In the Reorientation and Kinetic Modeling pages a green circle with a black down arrow
button @ allows closing the configuration of the active page. It is located in the bottom line
of the images manipulation panel. Upon activation the color switches to blue @ allowing to
re-open the configuration on the active page.

Note: The hide®/show® configuration buttons were created for the setups which remain
constant after the configuration is properly done and the user do not have to see the
configuration parameters. Hiding such controls makes interface simpler and more
streightforward while the settings are still very close to the user. These facilities are mainly
intended to be used on the new MacOS. However, they are available for Windows as well.
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Chapter 1

PCARD Data Processing

Processing a myocardial study with PCARD consists of the following steps:

1)

2)

3)

4)

5)

6)

7)

8)

9)

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 of appropriate frames as described in
the section Generation of Blood Volume and Myocardium Images (on page 59).

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 (on page 54). An
automatic procedure is available. If it fails, the orientation must be interactively adjusted
by the user.

Definition of the v olumes-of-interest (VOI) in the short axis view. The VOIs 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
outlined inte ractively by the user.

Calculation of the time -activity curves. The number of myocardial TACs depends on the
selected segment model (seeMyocardium Segment Models (on page 54)).

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 (on page 60)).
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.

Different types of reports can be generated and printed.

10) A normal database can be compiled from the results of normal volunteers. It can be used

to find and quantify the deviations found in patient studies.

In This Chapter

Processing ConfigUIation .............eeiiiiiiiiiiiiieee e 7
Standard Data Processing StePS........cuuuuuiiiiiiiiieeeeceeeiis e eeeeee e e 12
Processing of @ StatiC SCaN..........ccovviiiiiiiiieeeree e eeee e e 45
Pre-Processing Steps with Factor Analysis (Water only)......................... 47

Normal DatabasSe CrEatiON ..........veeeuieire e e eeeeeee e e e et e e e e sesaeaeeesanaeees 51
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Processing Configuration

If PCARD is used to process different types of studies it is recommended to check and adjust
the PCARD configuration before processing a new study. The configuration dialog can be
opened using

8 the ALT+Skey,

8 the ®*° button in the lower left, or

8 the Settings/Modify entry in the Menu .

The following window appears which has the processing settings available on thePCARD
tab.

Paths Display PCARD

Heart model type [HUMAN : Myocardium TACs Generation & Segments Definition
H20 NH3 Rb Acetate FDG Polar sampling |Radial Maximum =

‘Wall thickness 15.0 [mm]

AHA(1T) SPECT (20)

Model ‘Cam. NH3 (de Grado) [PKcardiacNH3DeGradoModel] |v ” 2 |

Active parameter name F [Jinrange - fram|0.0 to[0.0

Blood Average Parameters

Start time [seconds] End time [seconds] [mm]
0 40 Smaath 6.0

Myocardium Average Parameters

Starttime [seconds] Endtime End of Study = [mm] - Blood * Factor [1/1)

120 [¥] Smooth 6.0 015

Reset Default Average Seltings

Modeling results

3DV Unit [] Add Chi*2 map to results | Compare Type |RESERVE (S/IR) : 1. basal anterior 7. mid anterior 13. apical anterior
2 basal anteroseptal  8.mid anteroseptal 14, apical septal

Myocardium half width of volume showing the active parameter values 2 [pixels] 3. basal inferoseptal 9. mid inferoseptal 15 apical inferior
4. basal inferior 10. mid infariar 16. apical lateral

5 basal inferolateral 11 mid inferolateral 17, apex

. 6. basal teral  12. mid anterolateral
Layout |Wide Screen : anterolateral mid anterolatera

Calculate TAC of total myocardium

Run Automatically

Run Modeling after VOIs have been successfully Created
Run Comparison after successful Modeling CHECK MODELING QUALITY BEFORE USING RESULTS Polar plot's interpolation |50x60 = [Kinetic Modeling]

View Comparison Report
Direct Loading Seitings

Reorient to Anatomical Position Set Acquisition Stait Time to zero

The Heart model type can be selected from the available selection listHUMAN , RAT or
MOUSE according to the image to be analyzed.

Tracer Selection

Note the tabs labeled with the different PET tracers for which PCARD includes suitable
models.

Please select the tab corresponding to the tracer used in the myocardial PET scan, and then
adjust the different configurations which are tied to the tracer:
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8 Model : the list selection offers all kinetic models suitable for the selected tracer. The?
button shows a summary description of the currently selected model.

8 Active parameter name: The cardiac tool has the capability to disregard a parameter
when it is clearly outside the physiological range. The string entered in the Active
parameter name text field defines which parameter is undergoing this restriction.

8 Value of active parameter in range from .. to: If this option is checked the minimal and
maximal value number fields become active and the range can be specified. In case a
result parameter is out of the allowed range, it will be excluded from the statistical
calculations.

There are two sections for defining 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
(on page59).

8 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 40 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.

8 Myocardium Average Parameters : Similar to Blood, the Myocardium image is
generated by averaging the frames between theStart 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 0.15 of the image generated by theBlood configur ation will be subtracted.

Note: The H20 tracer has an additional choice Factor analysis besides theAverage. Please
refer to Additional Pre -Processing Steps with Factor Analysis (Water only) (on page 47) 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:
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8 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).

8 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 seg mental 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 looking thicker, pixels on both sides of the centerline can be added. Fo
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.

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

8 Compare Type: When a patient has been scanned at rest and stress, the results can be
compared in two 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 (perfusion) difference is
calculated instead. This latter approach avoids the problem of dividing by a small
number which may for instance arise in scar tissue.

Layout and Flow of Processing

With the Layout selection the user can adjust the layout according the aspect ratio of the
computer screen.Normal Screen and Wide Screen are available. The arrangement on the
Reconstruction page changes accordingly. The illustrations in this guide were created using
Wide Screen.

The sectionRun Automatically contains three boxes. If they are checked, grocessing will
be started as soon the data for it is available:

8 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.

8 Run Comparison .. : If this box is checked, theresults of kinetic modeling 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.

8 View Comparison Report : If this box is checked, the report page (hamally with the
coronary flow reserve) is shown each time data is transferred to the comparison page.

Segmentation Selection

PCARD supports different segmentation models. Currently, the standard AHA 17-segment
model (on page 55) is available, as well as theASNC 20-segment model(on page 57) which is
often used with SPECT data.

For using a particular segment model the corresponding tab should be selected. During the
analysis one time-activity curve per segment is calculated by averaging the signals from all
voxels belonging to the segment. It is then fit to a kinetic model, which results in one set of
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parameters. The result parameters from all segments are finally displayed as polar plots
corresponding the segmentation scheme, and used for generating comprehensive reports.

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

Polar Sampling

The Polar Sampling selection defines how the voxels used in the segment TAC calculation
are located. PCARD interpolates the axial range defined by the myocardium model into 20
slices. For each of these $tes a radial sampling is performed every 10°. There are three
different ways how the myocardium samples are detected:

Radial Using the maximum value on the radial profile. The Wall thickness
Maximum determines the range from the model within which the max imum is
determined.

Model Crossing  Using the value at the intersection of the radial profile with the
myocardial model.

Averaged on Using a neighborhood of voxels at the intersection of the radial profile
Model Crossing  with the myocardial model.

Averaged on Using a neighborhood of voxels around the determined profile
Radial maximum.
Maximum

Note: the sampling points found by a prescribed sampling scheme can be visualized as
circles in the short axis images or as spheres in a 3D rendering (se&xamining the Results
(on page 31))

As a means to get a robust global result PCARD allows averaging the signals from all
segments into a single TACTOTAL MYOCARD . This TAC is only generated, if the box
Calculate TAC of total myocardium is checked.
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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 or 60x60setting. 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

ANTERTOR RNTERTOR

moooH o

[0.0, 1.4] [0.0, 1.4]
0.0 miliminig 1400 miminig 1.4

N N

Saving and Retrieving Configurations

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

8 Configure the different settings as described above.
8 Perform a successful processing.
8 Save the successful configuration using the Settings/Save entry in the Menu and name it

suggestively, eg "Ammonia 1-Compartment".

Later, when PCARD is started to process a particular study, load the appropriate
configuration using the Settings/Retrieve entry in the 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 PCARD tool. For instance, the
configurations related to all tracers are restored, not only of the currently active one.

When PCARD is closed, all configuration settings are stored as the initial PCARD settings.
They are loaded again the next time PCARD 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 also 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.
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Standard Data Processing Steps

After the configuration has been set appropriately the following processing steps are
performed for a full data analysis.

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

47).

Data Loading

The layout of card 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 will be comparison 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 fro loading, the first one will be considered as stress, and the second one Wtherst
loading DICOM data, PCARD will analyze the encoded information and show warnings if
the model selection seems inappropriate or rest and stress series interchanged.

Loading from the Reorientation Page

On the Reorientation page data are loaded using the load buttons in the [STRS] and [REST]
area, respectively.

sre @hemee] - @ -
-

@ DB

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 window for selecting and loading the images.

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.
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Patients [3] |
[« Patient name [ Patient 1D [ moaity gate [ sex [ Date of Birth |
PCARD1 NH3 Cardiac PET 2010-08-16 16:14:53.823 F 1934.07.17
PCARD2 Rb Cardiac PET 2010-08-19 15:06:52.92 M 1956.06.17
PCARD3 Water Cardiac PET 2010-08-16 16:43:28 422 M 1984.03.09
L, Setas “Selected for Loading” 1= EditPatient € Delete Pafientis) ¥ Create new Patient | Set Project
Series [2]
| Patient Name Time Study description . Series description Modified Last Use Mod nz v | nd | nx ny Organ |
PCARD1 14:46:47  Patient with redu b 2010-08-16 1.. 2011-10-0311.. PT 30 18 1 68 75
PCARD1 144647  Patient with redu 2010-08-16 1... 2011-10-03 11... PT 20 18 1 68 75
L] v
- a T B
Selected for loading [2] | Compaonents Administration
[ Patient Name [ Study date Time | Study description Series description__— | Modifled ["Lastuse [Mea  Tnz  [ew  nd  [mx  |ny | &
PCARD1 2006.06.07 14:46:47  Patientwith reduce rese_. NH3, Stress 2010-08-16 1. 2011-10-0311_. PT 30 18 1 68 75 2l
PCARDA 2006.06.07 14:46:47  Pafient with reduce rese... NH3, Rest 2010-08-161... 2011-10-03 11.. PT 30 18 1 68 75
-
] 1 Iv]
@& Open @€ with Operations | S Export a  XRemove > Removeal [l a

Direct Loading

When selecting image series for loading, activate theOpen button. If this button is selected,
the loading dialog window will not be shown and the ima ges will be loaded immediately.

There are two configuration option: Reorient to anatomical position and Set Acquisition
Start Time to zero for applying another important preprocessing operations:

Direct Loading Seltings
Reorient to Anatomical Position Set Acquisition Start Time to zero

If the configuration option Reorient to anatomical position is enabled, the images are
reoriented into the head first supine (HFS) orientation. This adjustment is performed
without reslicing, using only rotations by 90 degrees or multiplications of this value. It is
applied because a consistent orientation is important for the automatic reorientation routine.
If this operation is not adequate, please activate thewith Operation button and use the
Asistance button to correctly orient the PET study in anatomical orie ntation..

If the Set Acquisition Start Time to zero option is enabled, the start time of the first selected
acquisition is set to zero, and the other frame times adjusted accordingly. It is recommended
to enable this setting because due to DICOM compatibility issues the whole data may be
shifted in time. In such a case, kinetic modeling will most likely fail in applying appropriate
metabolite corrections.

Clearing a Study

When new data is loaded, the previous data and results are cleared. However, it is also
possible to explicitly reset the tool. This can be done selectively for STRESS and REST by
selecting the X button to the right of the image.

8

M [x] ¢
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Generating Blood Volume and Myocardium Images by Averaging

The Averaging Dialog

The generation of the anatomical images is controlled by the first group of controls in the
processing button area of the rest and stress studies.

Automatic
P
[l -1 B ‘.(... "l -

Copy to Rest

The summation button opens a dialog showing the current averaging parameters. Initially,
the parameters are derived from the configuration. However, they can be manually edited if

needed.
Do you want to create Blood and Myocardium REST images?

rBlood

Start [frame] End [frame] [rmim]
1 [ |smoothlso |

rMyocardium

Start [frame] End [frame] [trirm] - Blood * Factar [11]

10 16 ¥l smooth [0 | [n.25 |

Activating Yes starts the averaging calculation from the initial dynamic study. If the images
were already rotated to the short axis view before, they are set back to the original
orientation.

The box next to the average button is for enabling the automatic mode. If it is checked, the
averaging process will be performed as soon as image data is loaded using the current
configuration.

Note: The small arrows next to the automatic boxes copy a definition from stress to rest, and
vice versa. For instarce, if the averaging configuration is copied, the same ranges, smoothing
and factors will be used for rest and stress.

Identifying Appropriate Frame Ranges

Sometimes the tracer uptake may behave differently so that the default ranges do not result
in wel | delineated anatomical images. In such a case the user should interactively try to
optimize the averaging process, because poor images will make the data analysis more
difficult.

The Blood range should start with the first frame which shows a strong signa | in the right
ventricle, and end before the myocardium begins to be clearly seen. Similarly, the
Myocardium range should only begin after the signal in the cavities has faded out. It is
recommended that the Myocardium range ends after some minutes, becaus the probability
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of patient motion increases with the longer frames at the end, particularly if a very long
frame is acquired at the end to get images for clinical reviewing.

Note that the averaging range is in frame numbers which makes it easier to customize the
definition. The examples below illustrate the situation encountered in an ammonia scan. The
frames were stepped to the 3rd acquisition, and the thresholds adjusted so that the
localization of the blood becomes roughly notable.
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The 18th frame of the same study study shows uptake in the myocardium, but is quite noisy
due to a short acquisition duration.
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Arrangement of the Result Images

Each time the averaging dialog is closed with the Yes button, two new image studies -
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.

SR
IZ.MVOCAR;E ‘ lﬂ: v

I @ BLOOD O
[0 @ DYNAMIC

S 0.0

F o4k [ F T

| € [161.19083 |
o = @
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The clearer the anatomy 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.

Transforming Images into Standard Short Axis O rientation

The next step is to rotate the images into the standard short axis orientation, seeStandard
Reorientation of the Heart (on page 54). An automatic procedure is available, but when it
fails a manual interaction is required.

Manual Reslicing

As soon as the averaging process has completed, the display shows the MYOCARDIUM
images and is switched into the reslicing mode

[ DB Load | Reorientation | Kinetic Modeling | Compare Transformation

OICIEIRAC)

; Move [Rotate

1=

© : Lz " x kY

g || 100 0.0 lo.0

Sl T ]
Ea 4% 4

e e|a x| &
Save/Load

v
28
@
a

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

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

8 The small closed rectangle connected to the image center allows to rotate the images:
click the left mouse button onto the rectangle and drag around the center.

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.
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Once the right orientation has been found it is recommended to exit the reslicing mode in
order to avoid unintended manipulations of the orientation. To this end, select any other tab
such as the image presenétion tab €.

Automatic Reslicing

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

Jze[ = [»

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 & 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 finetune manually using the handles as described
in Manual Reslicing above.

If the automatic reorientation returns an inadequate result, it can be suppor ted by manually
defining the left ventricle using a marker. Please proceed as follows:

8 Reset the orientation using the ¥ button indicated above.
Click into the images until the orthogonal planes intersect in the LV center.

8
8 Select theb button, and click into the LV. A marker appears as illustrated below.
8

Activate the automatic reorientation button '@ again.
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Correct Short Axis Orientation after Reslicing

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

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 also shown with the same transformati on parameters. For
the automatic contouring it is also helpful if the heart is centered in the center of the image
volume.

Saving Transformations

It is recommended to save the transformations before proceeading to the next step using the
button in the lower part of the reslicing pane. By loading this transformation at a later time,
the processing can precisely be repeated.

Outlining of the Volumes -of-Interest (VOISs)

After the images have been brought into standard short axis orientation the next task is the
definition of the myocardium model by VOIs. Again, there is an automatic procedure.
However, the contours found by the procedure might require some adjust ments, and
sometimes fully manual processing will be required.

The next sections describe how the VOIs can be created within PCARD. For general
information about VOI creation and manipulation please refer also to the Summary of VOI
Capabilities in PMOD section.
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Marker Guidance

The automatic myocardium detection can be difficult, especially if the image quality is poor,
if there are area 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 anatomical
landmarks. The markers should be placed at the basal points and the apex of the left
ventricle as illustrated below.

(€ [8 [ & [ [ @ |
(® [0 [ ko |

W Setl X Remove X All

[v] View |6 (Y) -
I
) | =
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|

2 B & []Append
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B3] STRS: @ Database v H4v

O

Marker Definition Procedur e

1) Navigate the images by clicking into the LV centre until the LV extremes are visible.
2) Select theg-"l button. The tabs in the image controls area are switched to theMarkers tab.

3) Click at 5 to 6 points in the long axis views to set markers as indicated in the illustration
above. Note that to avoid setting markers when clicking into the image the Settoggle
button in the Markers tab must be switched to inactive.

4) Finally select the contouring button “E¥ to restart the automatic contour detection
algorithm.

5) If the outlining result is not satisfactory, just select new marker points and repeat, or
enter the procedure for manually editing of the VOls.

Note: The image information above the basal marker points will completely be disregarded
in the outlining procedure. The apex point, however, will be adjusted based on the image
content. This marker-guided procedure can be applied even after VOIs have been defined.

Automatic VOI Definition

Select the contouring button indicated below

to start the automatic outlining process. The program tries to find a VOI in the right cavity
(RV VOQI), in the | eft cavity (LV VOI), and the centerline of the myocardium (Myocard VOI).

The box next to the reorientation button is for enabling the automatic mode. If it is checked,
the contouring process is started as soon as anatomical images have been automatically
resliced.
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The arrow below the box can be used to copy the VOIs from rest to stress, and vice versa.
Note that due to patient 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 immediately shown as an overlay in the images. The illustration
below explains the different elements in t he display.
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Myocardium

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

8 the base: ony that part of the base should be included which shows myocardium in the
full 360°;

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

8 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.

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

3) 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.
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CAUTION: When scrolling through the slices you will note that the most apical contour
essentially consists of a point. PleaseDO NOT DELETE THIS POINT, because it is essential
for the polar plot generation.

Manual VOI Definition and Editing of Automatic VOIs

VOls are created and edited using the standard PMOD VOl tool. It can be started using the
three buttons

RV@® [ STRESS]
MyocaLr\dI: [ povase_[[-]| & -
SR

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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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 informatio n has several advantages:
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The BLOOD images are helpful for defining the RV VOI.

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

The DYNAMIC images can be used to check whether there was significant patient
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 three VOIs RV, LV, and 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.

Optionally, the VOI contours can be drawn in all planes (P check box enabled) or only in the
active plane (P checkbox disabled).

Adjustment of the automatically created Myocard VOI

1)
2)

3)

4)

Select theMyocard VOI in the list.

To inspect the contours switch to the orthogonal view. In each slice the centerline is
represented by a circular region-of-interest (ROI) which has a 60° angle indicating the
septum location.

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 nyocardium appears in less than a 360°, and
then remove the region-of-interest in that slice by selecting the ROl Remove button

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

To adjust the shape of the contours scroll to a slices where the centerline needs
correction. A global adjustment can be attained by scaling and moving the ROI. To this
end select theROI Action button

Rol B

As a result the ROI Bounding Box is shown in the image.
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5)

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

Drag the tool against the contour points to push them.

After such adjustments have been done in all dices, the myocardium centerline is ready
for further processing.
In the case of unsuccessful operations use the undo button

KT
to go back to the previous state of VOI definition.

Creating the Myocard VOI Fu lly Manually

To build the Myocard VOI in fully manually:

1)
2)

3)

Select theMyocard VOI in the list.

Scroll through the short axis slices until the last basal slice with 360° myocardium is
shown.

Select theROI Edit tool
égl:(
and click along the centerline
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4)

5)

closing the contour by clicking at the first point or selecting the Finish button.
Immediately, the septal 60° angle is shown. Make sure it is correctly

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

Ensure that the septal angle is correctly pointed to the left where the RV should be
located. To be able b adjust the angles, select theROI action tab, so that the bounding
box of the ROl 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.

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 sectorial TACs are calculated by averaging the activities of voxels alongside
the contour.

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

Creating the LV VOI Manually

1)

2)

3)

4)

5)

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

Adjust the colors so that the location of minimal activity in the left ventricle becomes
dark.

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

Select the Isecontour tool

In the SA images scroll to a slice showing minimal activity in the LV.
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6) Click into the dark area of the LV. An iso -contour ROI is drawn. Make sure it stays in the
center of the cavity to minimize the spillover from myocardial activity.

7) Repeat this process in some of the neighbouring slices, until a representative VOI has
been defined:

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 a reduction of the calculated flow in all segments. Therefore, an accurate placement of
the LV is of utmost importance!

Creating the RV VOI Manually

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

2) SelectRV in the VOlIs list. If the myocardium VOl is still selected, it will be ov erwritten
by the following actions.

3) Select the Isacontour tool

4) Inthe SA images scroll to a slice showing the the RV clearly.
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5) Click into the dark area of the RV. An iso -contour ROI is drawn. Make sure it i s not too
close to the septum to minimize the spillover from myocardial activity.

6) Repeat this in some of the 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
m -

in the VOI tool allows to save the current VOI definitions in a file. Be sure to save the
completed VOIs because this will allow to re peat and/or optimize the processing at a later
time.

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 VOIs have been defined the

| 1., Modeling TACs ‘

button becomes active. When it is selected the following processing steps are performed:
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8 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 20 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 VOlIs.

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.

The behavior after completion of the TAC -calculations depends on the configuration of the
KM buttons on the Kinetic Modeling page:

g wmsmess.  With this manualconfiguration the PCARD tool just switches to the Kinetic
Modeling page and shows the calculated TACs (recommended).

With this automaticconfiguration the PCARD starts modeling of the calculated
TACs with the configured model immediately in the background. The model is
fitted to each of the TACs, the results are returned and then shown on the
Kinetic Modeling page.

Polar Plots of Dynamic Data

The result of radial sampling is visua lized on the REST Input or Stress Input tab of the
Kinetic Modeling page. The frame selection allows to scroll through the uptake times and
monitor the concentration in the sampled tissue voxels. Note that the polar plot is only
available with the automati cally outlined myocardium VOI.
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The S checkbox allows syncronizing the polar and image display frames. The dynamic polar
sampling can be saved activating the Save icon. Optionally, the header can be appended
during the saving procedure enabling the Hdr checkbox. After saving, the polar plots can be
analyzed outside PMOD software.
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Kinetic Modeling

TAC Inspection

Before kinetic modeling is started it is recommended to briefly inspect t he TACs. They are
shown in the REST Input or STRESS Input tabs on theKinetic Modeling page.
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The following should be checked:

The RV TAC appears first and typically shows the highest peak of all curves.

8 ThelLV 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.

8 If some of the myocardial TACs have a very similar shape as the LV TAC this indicates
that their VOIs include too high a fraction of the LV blood pool.

8 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), the kinetic modeling will fail or return
invalid re sults!

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 theView in Sep arate Window entry of the
context menu.

If the data is not convincing, please return to the VOI outlining step and codgmtoblem
occasionally seen and difficult to correct is, that a patient moved, so that in the early frames
the VOIs are not aligned with the myocardial position throughout the whole acquisition.
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Model Selection

Select theKM Stress or the KM Rest button to start kinetic modeling of the TACs. A dialog
box comes up showing the currently configured model with the starting parameter value s,

for example

Do you want to start Cardiac Kinetic Modeling [ STRESS] 7

Show Kinetic Modeling Tool

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

(Card. NH3 (2 Compartments) [PKcardiachH3HutchinsModel]
[Card. NH3 (de Grado) [PKcardiachNH3DeGradoModel]

F 1.0 mliminig
Py o2 10
PRV |01 10
k2 |2 1Imin
O 0.077 1Umin

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

tripl e the initial flow value.

As soon as the user confirms with Yesthe data are loaded into the PKIN kinetic modeling

tool. If the Show Kinetic Modeling Tool

box is not checked, the models are 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.

Model Fitting

kBg/cc Tissue r Blood r Coupled r Mt-Carlo r Coupled Mt-Carlo r Extras |
1[50, 7.131E-6] - 18 [230.0, 9.4851]
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200.6179 | Fit current region I Fit all regions I = | v &~
Standard r’ Details r’ Increment r Restrictions |’Weighting r Sensitivity |
205.8007 | Parameter  Currentvalue unit %SE  Standard
F 0.805723 miminig Error
wLv 0.085036 mn 2737
1019825
- s o % o 8 Wy [oo nmo -
s
k2 0.163553 1min  23.56
-1.8352 el mCorr  [0.077 1/min
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3.0024 4 LB .
| . Residuals s
L B m
-0.4534 =g = ] 2 =
i L] i n
-3.0081 4 . = . = |
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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 myo cardial 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 ( F 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. Note that with current PET systems the spillover from the right

ventricle is typically low ( VRV parameter), so it can often not be estimated with high

confidence. Therefore, smallvRV parameters with a high standard error are not critical.

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

[0 Save Par.
[0 Append Par.
¥ Save KM
[0 Edit Data
[J Edit Patient
0 Comments

Save KM I : |

button in the Tools list selection. The summary

a No [ Type | Region [ Model [F Juv [vRv [k2 [ mcorr [ DOF | SumSquared] chisquars [ AlC SC [msc R2 Syx AUC Runs test

1 Region 17 apex Card NH3 (de G_0020__ 0279051 0.0 01392470077 150 115540584 7758715 405060 42 2680. 2181564 08191288 776506 1557414 00

2 Region 14 apical septal Card NH3 (de G_0048_ 0143622 0113953 0.1163780077 140 731861617 4520456 336313 341028 2318567 (0368007230203 1689328 00

k] Region 13 apical anterior Card. NH3 (de G_.0.805_. 0.085036 0.0 01635530077 150 635851306 5030365 327070. 344681 270172 0051928 6510766 1481914 00

4 Region 16 apicallateral Card. NH3 (de G..0608 . 0.329669 0.0 00054240077 150 637564260 5174493 333055 3407662614741 0047550651048 1419389 00

5 Region 15 apical inferior Card. NH3 (de G_.0716. 0.214453 0.0 006319 0077 150 546635452 4500836 308309. 3250202 2658648 0949812 6036751 143211300

6 Region O midinferosep. Card NH3 (de G 0964 0118025 0131914 0.0726880077 140 @76530017 4684071 342713 348328 2195074 (0286047912603 1824523 00

7 Region 8. midanterose . Card NH3 (de G_0078_ 0132149 0.075282 0.14307 0077 140 438057839 2610004 237515 243120 2831884 (0622335503733 172203000

E] Region 7. midanterior  Card NH3 (de G..0.807 . 0.045448 0.0 013085 0077 150 662498061 4732015 315999 333710. 2858742 0058914 6645795 1581143 .00

] Region 12 mid anterolat Card. NH3 (de G_.0792_ 0.118082 0.0 00580780077 150 758332302 4857957 321693. 338404 2670108 08503847110238 165917900

10 Region 11 midinferolat . Card NH3 (de G..0783. 0.126345 0.0 00663080077 150 1150963558 778696 405623 423334 2209933 08213918793799 16160.38 .00

1 Region 10 midinferior  Card NH3 (de G_.1.001.. 0.091506 0.0 01800480077 150 1475195843 B.053227 412675 4203862234085 0923267 0916075 177547600

12 Region 3. basalinferos.. Card NH3(de G_0892  0.015317 0111785 0.1026800077 140 @47188382 5030607 355563 3611782302728 00358017.779039 1759412 00

13 Region 2 basal anteros.. Card NH3 (de G081 0164006 0.050  0.0652100077 140 654834062 304708 311800 3175132495012 (0047106 6839147 1732522 00

14 Region 1. basalanterior Card. NH3 (de G..0.908 . 0.107034 0.0 01013010077 150 704417006 3858094 280679. 207300. 2009268 0950938 6852819 17870.33 .00

15 Region 5. basal anterol. Card NH3 (de G..0.845_ 0.115482 0.0 01479600077 150 1133361285 B106048 415839 4325502309203 092882 8692377 15616.20 00

16 Region 5. basalinferola . Card. NH3 (de G0 881880.178073 0.0 01619 0077 150 842584115 600802 350039 376650. 2401584 0.0406867494816 1543817 .00

17 Region 4 basalinferior  Card NH3 (de G..0.906_ 0.142006 0.0 01468730077 150 848874306 535861 330684 356305 2540147 0044004752274 1644394 00

18 Region TOTAL MYOCARD Card. NH3 (de G..0.862. 0.164038 0.0 011102 0077 150 277527034 1763141 130250  155070. 3473276 00777774301372 1627312 00

4 i 1
No [ Type Statistics Wodel [F Twv VRY k2 [ mCorr [DOF [ sumSquared| Chisquare [AIC [sc MSC R2 Syx AUC | Runs test

1 Stafistics average 0.867.. 0.14279. 0.02732.. 0.1098.. 0.077 1472..799.250671.. 5.2167590.. 33.0705... 34.433.. 2555848 0.9436.. 7.25162.. 163419.. 0.0

2 Stafistics median 0.886... 0.12924... 0.0 0.4136.. 0077 150 745.006050.. 49441511, 33.4684.. 346560.. 2522079.. 0.9456.. 7.17022.. 163585.. 0.0

k] Stafistics  stav 0.083.. 0.07308.. 0.04629.. 0.0453.. 1.387.. 0.447..280.007570.. 17308777... 6.50212... 6.5864.. 0.321922.. 0.0154.. 127934.. 1176.67.. 0.0

4] I [

Copy to Clipboard

Close

[

contains the parameters of all segments, their average, median and standard deviation as
well as criteria for the goodness-of-fit across the segments.

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 button in the Tools list.
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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 PCARD tool.

For a thorough explanation of the kinetic modeling tool and the calculated information
please refer to the PMOD Kinetic Modeling Tool User's Guide.

Single Study Results

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 th e Wide Screen layout has beenconfigured (on page 7), and
when the polar plot interpolation is set to No. (In the Normal Screen configuration the same
information is distributed to more tabs.)

DBLload | Reorientation | Kinetic Modeling | Compare
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REST Input Naa21 poNi@ 200 [a a

Examining the Results

Parameters per Segment

The Parameterstab on the Kinetic Modeling page shows the modeling results obtained
with the individual segmental TACs. After a segment has bee n selected, the result
parameters are shown in the upper table, and the corresponding TAC in the lower curve

area.

Parameter Walue Unit

F 1.905418 ml/min/g
vLY 0.11449 mn
vRV 0.204514 "

k2 0.195753 1imin
ChiSquared 2628244

mCorr 0.077 1imin

Fit results of the segment
kBy/cc
1327

TAC of the seégmen

a.0 a0.0 95.0 140.0 185.0 2300
seconds

9. mid inferoseptal Segment selection E

STRESS Input LParameters ||




PCARD Data Processing 32

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 ( F) , without
interpolation and with the display controls enabled. By default, segments definition is
overlayed. These can be easily switched off selecting the toogle button® available on the
lower right corner of the polar plot. A list selection is available at the bottom to switch
between the parameters. When the cursor is moved about the polar plot the instantaneous
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. The polar plot can be documented by
the Polar Plot report.

ANTERTIOR

ERC R R
e AR

3

«,

0.5
[0.0, 1.0]
mlimin/g

L~ F
Parameter
F E| >
MF
B [0 vV
Min Max I vRY
[0 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.

|€ Hidgershow Controis |

Properties

Activating the last option on the list, Properties, the display propertie s like Description's
font size can be changed.
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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).

@f@[’ﬂal’&l’@|
e ¢ = »
L

T 4|/p Q@ -

a4 £l

¥ @ MYOCARDIUM
0 @ BLOOD
[0 @ DYNAMIC
0 @ PARAMETER
0 @ SEGMENTS

20 [3] =L —= 100 [3]

(o] - [=]- Ol -

o8 nseess| @ -
EL

All this data ha s been resampled based on theMlyocard VOI, so that the 20 slices cover the
area from the apex to the base, plus some additional bounding box.

& 1712828

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

BLOOD The data calculated in the pre-processing step as a representation of
blood.

MYOCARDI The data calculated in the pre-processing step as a representatio of
UM myocardium (already illustrated above).
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PARAMETER The calculated active parameter (eg. flow F) turned into a volumetric
image (one value per segment).

ANT

€82 @
| e 1 ¢« == »
& cool vT4r @e -
0.0 § 15951524
] - I
i =L} 100%
D IR
Save Images
v] BB Kkm STRESS -
8- |00

The interpolation has been disabled in the illust ration 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 contour. The actually sampled voxels may differ to some
extent depending on the sampling scheme.

0]

o
p[=]- [=] - BlE= -
Save Images
v |l8 KM STRESS v
H- 90

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.

Visualization of the Samples found by Polar Sampling

The pixels found during the sampling process can be visualized together with the short axis
images. As soon as the button

is activated, small circles are shown in the overlay. They represent the intersection of a
sphere around the sampling point with the imaging plane. Th erefore, particularly in the
apical segments, the circles can be of different diameter because of the theralimensional
geometric arrangement.
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A better representation of the sampling points can be obtained by a 3D representation,
which is only available if the P3D option has been purchased. In this case, the

button is present. When it is activated, the shape of the myocardium model is rendered
together with the sampling points. The example below shows the sampling points as red
spheres, the myocardium model as a surface with the texture of the MYOCARDIUM image,
and a short axis slice of the anatomical images with transparency.

(“nput | View |

¥ Scene
T Note
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If a sampling scheme with averaging has been selected, the neighbor points are rendered as
separate sphere objects in green as illustrated below.

To learn more about the many possibiliti es exploring the data in P3D please refer to the P3D
User's Guide.

Documentation

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











































































