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PCARDM Tool Overview 5

1 PCARDM Tool Overview

The PCARDM tool supports two types of cardiac MR data and related analysis:

e Dynamic gadolinium first-pass perfusion images: Quantification of absolute perfusion in the
cardiac sectors by model-based analysis of the dynamic contrast concentration curves;
additionally, interactive qualitative scoring of perfusion is supported.

e Cardiac short-axis cine images: Assessment of left ventricular beating function including
ejection fraction.

PCARDM can be applied for human, rat, and mouse data, for which parameter presets are
available.

The workflows and the user user interface depend on the data to be analyzed and are described in
the sections below.

1.1 Configuration

The PCARDM tool can be configured according to user preferences as illustrated below.

[ Paths | Display | PCARDMRI |

Heart orientation ilBase first |v slice in file

] Horizontal controis spliter
lv] Use antialiasing for curve and polar plots

Scale T1 Bounding Box | x 1.5 '| (Relatively to heart's bounding box)
1
] All VOI Tools
4 / Ok cancel |
ra M =of &=5 ™ » | @ Load Protocol Started

The Heart orientation configuration is important. It should be configured such that the apex
appears as the first slice after loading, i.e. as the leftmost image in the display. Please make sure
this requirement is met when loading images of a new study type.

1.2 Protocols

PCARDM allows saving the final processing configuration as a protocol. Such a protocol includes
definition of the input data as well as the parameters of the different processing stages. It is
advised saving a protocol after every completed data processing, so that at any later time the
configuration can be retrieved, verified and modified to try variations of the processing parameters.

1.3 Supplementary Documentation

The PCARDM tool is based on a range of functionality 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, statistics, results aggregation, and the

=  PMOD Kinetic Modeling Tool Guide for information regarding the fitting of models to measured
time-concentration curves.
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Cardiac Perfusion

2.1

Cardiac Perfusion

Cardiac Perfusion MR

Perfusion assessment by cardiac magnetic resonance (CMR) is clinically applied for the detection
of coronary artery disease. The standard method uses the injection of a contrast agent bolus and
dynamic imaging while the bolus passes the myocardium. The contrast agent enhances the MR
signal of blood so that tissue with reduced perfusion appears darker than well-perfused tissue.
Today’s analysis of first-pass CMR images is a manual, interactive process resulting in relative
scores such as "normal”, "probably normal", "probably abnormal" or "abnormal". An overall
perfusion score and scores related to the vascular territories are derived from the scores assigned
to 16 standard segments. Although the use of such scores is a proven clinical method, CMR image
analysis is time-consuming, not fully objective, and definitely requires expert readers.

Quantification of Cardiac Perfusion MR

The principle of CMR is similar to the use of tracers in PET, but involves complications due to the
facts that the MRI signal is not always proportional to the contrast agent concentration, and that the
MR acquisition is not volumetric. For more than a decade, researchers have worked on solving
these problems and have recently approached truly quantitative, high-resolution perfusion CMR.
These new solutions will broaden the applicability of CMR and bring added value to patients with
globally reduced perfusion by multi-vessel obstruction or micro-vascular disease, which cannot be
detected by a qualitative evaluation.

Cardiac MR Modeling with PCARDM

PMOD’s PCARDM tool is a joint development by PMOD Technologies and the CMR research
group of ETH Zurich, Switzerland. It combines PMOD’s long-standing modeling expertise with
ETH’s leading-edge MR methodology in a comprehensive package for qualitative and quantitative
CMR image analysis. Using PCARDM, researchers in the field of CMR may apply the state-of-the
art perfusion quantification approaches to their data and compare them with the standard
qualitative outcome or an external gold standard. The PCARDM tool is most useful when bundled
with accelerated MR acquisition sequences, whereby the full extent of the heart can be imaged in a
single breath hold [1]. Currently, such a unique bundle is offered by GyroTools LLC for Philips MR
research sites.

Requirements

The quantification of cardiac perfusion requires gadolinium first-pass CMR images. As of now, full
quantification is only supported for specific Philips MR acquisition sequences and dedicated
reconstructions, which can be obtained from GyroTools (www.gyrotools.com). The MR acquisitions
required for fully quantitative CMR include:

= Dynamic gadolinium first-pass scan: A 3D k-t PCA sequence which is able to acquire
volumetric contrast images covering the entire left ventricle within a breath hold of 20 seconds.
Taking into account ECG triggers, contrast images can be reconstructed which are practically
devoid of motion. It is recommended setting ECG-triggering to end-systole. This minimizes
heart motion and the myocardium is thickest due to the contraction. The images should be
acquired in short axis orientation and loaded such that the apex appears to the left (first slice).

= B1 scan (COCA): A volumetric sequence allowing the assessment of the B1 field
inhomogeneity of the surface coils. This scan can be omitted if the B1 field across the heart is
sufficiently homogeneous.

= T1 scan: A single-slice sequence measuring the global T, relaxation time in the blood pool and

the myocardium in a mid-ventricular slice using four time points. It is applied for converting the
MR signal to contrast agent concentration. This scan can be omitted if the relation between
contrast agent concentration and MR signal is linear.

PMOD Cardiac MR Modeling Tool (PCARDM) (C) 1996-2021
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2.2

2.3

23.1

Only a partial analysis can be performed with the images from classic gadolinium first-pass CMR
sequences available on current clinical scanners. These acquisitions are longer, subject to
breathing motion, and provide only 3 slice images at representative levels of the left ventricle.

Methodology Overview

Left ventricular perfusion is quantified by the following steps:

= Loading of the dynamic perfusion series. Here it is important that the acquisition timing
information is correctly interpreted, because otherwise modeling will not provide correct results.

= Interactive cropping of the heart volume from the surrounding tissue.
= Loading of the B, correction map (COCA) and correction of the perfusion signal (optional).

= Interactive definition of the left ventricle segments in all slices of the left ventricle.

= |Interactive definition of a representative blood volume in the center of the left ventricular (LV)
cavity.

= Calculation of the average MR signal curves in the LV segments and the LV cavity.
= Loading of the T, series and geometric interpolation to the perfusion scan (optional).

e Calculation of the average T, in the LV segments and the cavity.

e Conversion of the signal curves to contrast concentration.
e Optional concentration curve filtering and baseline correction.

= Quantification of the segmental concentration curves by one of the available methods, using
the LV cavity contrast concentration as the arterial input function. The result is a segmental
perfusion value in [ml/min/g] per segment.

= Calculation of the segmental coronary perfusion reserves.
= Documentation of the outcome in comprehensive reports.

= Saving of all configurations in a protocol so that the data analysis can be exactly reproduced
and examined any time later.

Data Processing

Stress and rest studies are processed sequentially on different pages, whereby the user is guided
in a step-by-step manner. Please start on the Stress page to first completely process the stress
scan. The rest scan will subsequently be processed in exactly the same way.

User Interface for Perfusion Quantification
Start PCARDM with the

( ';
I ’
* Cardiac MR

button in the PMOD ToolBox and switch the analysis type to PERFUSION with the button indicated
below.

| 8 v . | = PERFUSION |
- ¥ FUNCTION |
& Cardio MRI » I e a T == I@ TE & | @® LoadProtocol [E# Save Protocol FUNCTIONMM A Sxd & | Stared

The user interface of PCARDM for the quantification of perfusion consists of four pages which can
be selected by tabs:

1. DB Load page: This page is only available when using PMOD databases.

2. Stress page: Page for the step-wise analysis of the stress scan.

PMOD Cardiac MR Modeling Tool (PCARDM) (C) 1996-2021
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3. Rest page: Same page as for the stress scan, but for analyzing the rest scan. Definitions

resulting from the stress analysis can be used as initial settings to be improved.

4. Scores (Qualitative) page: Page for interactively assigning visual scores to the heart sectors.

DBLoad | Stress | Rest | Scor

Qualitative)

0.0, 4.0]
[T miiming

- F

4 +

& Cordio MREe | 2= 3 T BE“ @\—3 B e @% LoadProtocol [ Save Protocal 2l &

These pages are described in separate sections of this guide.

Step-Wise Processing

Signal concentration [arbitrary units]

250000 =

10000 -

15000 -

1000:0 -

50000 ~

50 100 160 200 250 300
Secands

4 4 4 4 4 4 4 4 ¢ 4 4 4 4 9 ¢

Started

Madian filler

v Bassline comection:  Average

- @8 7

BE reRm

Flow quantification on the Stress and Rest pages is organized by a stepwise progression towards
the end result. On each processing stage the user has to take some action such as data loading,
heart sector definition, or kinetic modeling and then start the next processing step with the red
action button located in the lower right. As soon as the result is calculated, it will be shown on the
next page representing the new processing stage. The cascade of stages is available by the

selection area in the upper right.

INFUT
(o s8] ¥ INPUT

Bs 1 « 40 SECTORS
# 20 1 4 1 | MODELING
@ Gray v P Q8
0.0 € 40040

0 [%] == 100 [%]
o][x]- =] - [C]&] -

It conveniently allows inspecting the results of prior stages without initiating any calculations. To
repeat a calculation with modified parameters, the action button in the lower right has to be

activated again. The idea is to first fully process stress data, and then the rest data.

Convenience Buttons

Next to the action button is an area with two or three buttons

®M ?

PMOD Cardiac MR Modeling Tool (PCARDM)

(C) 1996-2021

.pmod



Cardiac Perfusion

offering the following functions:

Hide the parameters panel to free some space in the user interface. With
© the panel hidden, the icon changes to @. When this button is activated, the

panel is shown again.

- Button to copy the definitions specified on the Stress page to the Rest
page. The idea is that the analysis is first performed with the stress data,
and then the stress definitions are adjusted to the rest images.

Display help information for the current page.

7

2.3.2 Input Data

2.3.2.1 Image Loading

If the MR perfusion data resides in a PMOD database, it can be loaded from the DB Load page as
illustrated below. It is important that the stress scan is in the first row of the Selected for loading

area so that the images end up on the proper page.

DB Load Stress (Perfusion) Rest (Perfusion) Scores [Qualita
P Pmoa - » Search Al | SQ | * ResetQuery & RefreshQuery # &

S]] =

Patient Name * Birt = - @ ®
Patient ID * Modifed = -

&

-
Senes Image Preview

. B €1

Patients [31] &

Sex

* Patient name

Racko 1 F 1037.06 24
Pmod Cardiac MR Demo 2 (ische - —
PK

Sed Project

4 set as "Selected for Loading”

Senes [2] @ &

Patient Name | Study date me Study descnption Senes description [ Modifed | LastUse | Mod né
Prod Carciac MR D 20120313 000303 MR Thorax Perf 2D REST 2012-10-05 1. MR
Pmod Cardiac MR D 20 0314 080303 MR Thorax Pert 3D STRESS 2012-10-05 1 MR
4 (2]

e Eqil Seri € Dedete Sene SelProject * offpn O T B 4 B
L
Selected for loading [2] Components Administration [300] L} %]
a1 & Slice U Frame O All images
Es picom ¥ QR
@il impon

4
& Open @7 with Operations (B S+E Export - A Removeas [ -

acadonsis jg= O T Tl BB B - | @ LoadProtcol B Save Protocol

Alternatively, the images can be loaded directly from the Stress page using the Load button which
can be configured to the appropriate format using the arrow button indicated below.

Load STRESS ‘
& Database p =

[0 Autodetect
DICOM
¥ Database

NITTI

pmod
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It is important that the timing of the sequence is correctly interpreted and that the first scan starts at
time zero. Therefore, please inspect the time axis of curve area which should start with a value
close to zero. It is not exactly zero, because the signal curve is plotted using the mid-time of the
scans. The value of 1 sec in the illustration below is the mid-time of the first acquisition starting at
time zero end ending after 2 seconds.

Signal intensity [arbitrary units]

27404 -
22331 ;
17257 -
12184 ;

T

203.5 S—

10 -

seconds

The timing can be inspected and corrected in the Edit Time window. To this end use the @
information button and in the appearing information window activate the Edit Time button.

Info & Edit [ STRESS] [

Patient / Study Info | Modality Info |

= ” ' - ;
Patient name - Pmg Bt T &

Patient ID : 9994

2
T
L8 3
& Study ID - 7104 || Edit TIME
* Weight Size f Position - 111 Frame selection: from .1 to [30
i ' i 1
Patient comments Samples: duration 1.0 increment (1.0
s Image comments © Rec| -
T Study description - MR Set to frame selection Set to all frames
R Series description - Perf | Offset to zero Convert as mid times
£ i
Size (x, y. z. frames): 150 = : :
5 Y.z fames) - ol & save Time ” & Retrieve Time ‘
s Voxel spacing (x, y. z) - 2.4 ||
Bounding box <X>, <Y>, <Z> - <-14 Selected frames: 30 of 30 .
Origin - 145 View time in [seconds ‘v
Units (value, time). 1/1, [FRAME] [START] [END] ' :
TRIGGERED : 1 0.0 b0
@ Memory representation | S 2 20 3.0
M , ; = 3 3.0 4.0
anufacturer / Model / Version [Phi 3
el 1 4 o 5.0 =
File name / DB ID ata L ==
— r 5. 6.
| Edit | Image History | l 6 6.0 70
Origins [mm] 1 7 [ro |0 |
@® Original  Center () Defini 8 8.0 9.0
9 9.0 10.0
X ¥ T
N 10 10.0 11.0
Pixel Size [mm] 11 11.0 {120
X [2421875 Y 2 12 (120 13.0
v 7 T g 1 13 130 [14.0
alue Un I
1k | 14 140 150 _
- s / | 15 150 16.0 -
dit Time ¥1 7] Check time consistency ‘ Trim durations ‘
- Ml N | ok || Cancel |

Note the Offset to zero button for correcting a constant time offset. Alternatively, the times can be
manually edited or loaded from a file with Retrieve Time.
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2.3.2.2

2.3.2.3

Data Cropping

The data should be cropped in two ways:
1. spatially, to remove signal remote to the heart, and

2. in the time domain, to only include proper first-pass signal.

DB Load Stress [Perfusion) Rest (Perfusion)

=
o .] 5
AL slices >u
] 1 1 . (]
oz L |« === e
times .
B Gray - LIC- B
-
0.0 £ 20940
- o
3 1%) )
) [|%e v |0 -

Load STRESS

@ Database *

27404 . H

v In box | 140 x 140 mm -

Modion corr

Inhomogenity conrection

10 63 128 187 M6 0.5
seconds

acadomsls jg= O T FEll B R« | @ LoadProtocol B Save Protocol

@7 & Get Heart Box

Heart Cropping

If the In box is checked, a square is shown in the images which should be centered on the left
ventricle. To do so, just click into the center of the cavity. Verify that all slices of the LV are within
the box by moving the slices slider left/right. If the box is too tight, a bigger size can be selected
from the size list. Note that the motion of the heart during the acquisition can be inspected by
moving the times slider. Ideally, motion due to respiration is only minimal.

Time Range

The time range of the data used for the perfusion quantification should be restricted to the first-
pass phase. The initial part is removed to avoid a signal bump or other erroneous signal
contributions specifically for kt-PCA reconstructed data due to the temporal correlations included in
the reconstruction process. It is particularly important to avoid late signal with recirculating contrast
agent. The start and end times can be specified numerically in the Time range section.
Alternatively, corresponding markers can be dragged directly in the curve area as indicated above.

Data Correction

Motion Correction

Cardiac MRI data are acquired with ECG-gating and ideally during a single breath hold. In this
case motion should only be minimal. However, if the user detects that the heart is not still, then he
can try correcting it. To this end the Motion corr box needs to be checked.

PMOD Cardiac MR Modeling Tool (PCARDM) (C) 1996-2021 pmod
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2.3.3

2.3.3.1

L Set Heart Box Location
(Click on the image display)
Select frames range
(On the curve display)

Movie | &
\// Time Range 717 300 & x

¥ |nb0:i140x140!1?r1 |

|!.!’. Motion corr vl In Range [|2D |+

[l Innomogenity correction 2D
13D
® 7 & Get Heart Box

246 305

seconds

Motion correction can be restricted to a part of the sequence (e.g. the late part) by the In Range
box. With this box a blue shaded range appears in the curve area which can be adjusted to the
affected acquisition phase by dragging the edges. The motion correction algorithm operates in 2D
or 3D mode. 2D will only look for in-plane motion, while 3D also allows vertical motion.

Inhomogeneity Correction (COCA)
Ideally, the scan sequence includes an acquisition for measuring the B,-field inhomogeneity in the

area of the heart. With the dedicated scan sequence provided by Gyrotools this scan is called 3D
COCA. In this case the Inhomogeneity correction box should be enabled.

Please activate the Get Heart Box action button to start the corrections. If Inhomogeneity
correction is enabled, a window will open in the course of the processing to select the COCA
scan.

Heart Segment Definition

The corrected data are shown on the SECTORS page. The task on this page is to define on each
acquired slice the sectors of the myocardium. The MR signal will be averaged in each segment
and used for the quantification of perfusion.

Overview of Myocardium Segmentations

There are several segmentation methods available in the Segmentation list:

= Points

S Line

O Elipse

¥ Epi/Endo

| Active

Segmentation | O Epi/fEndo | &

Basically, three categories of segmentations can be distinguished.

Manual Segmentations with Marker Points along Myocardium Centerline

With these methods the user first has to manually place markers along the myocardium centerline
in all slices covering the left ventricular wall. The example below shows a volumetric acquisition
with 11 relevant slice images together with the defined markers.

PMOD Cardiac MR Modeling Tool (PCARDM) (C) 1996-2021 pmod
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Based on these markers the segments for averaging the MR signal are derived as follows:

Poi
nts

By creating circular regions of interest at the location of each marker.
HL HL HL HL

Lin |By connecting the markers by lines and sampling the pixels in a certain window along the

lines.

Elli
ps

By fitting an ellipse to the markers and sampling the pixels in a certain window along the
ellipse.

Note that the Line and Ellipse segmentations result in a well-defined number of segments per

slice which can be defined by the user, and for which the user has to manually define a starting
point.

Manual Segmentation with Epi/Endo Contours

This method requires the user to manually outline the outer boundary (epicardium) and inner
boundary (endocardium) of the left ventricular wall.

PMOD Cardiac MR Modeling Tool (PCARDM) (C) 1996-2021 pmod
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The Epi/Endo then divides the area between the two contours into a specified number of
segments, resulting in a segment definition as illustrated below.

Automatic Segmentation with Active Contours

PMOD Cardiac MR Modeling Tool (PCARDM) (C) 1996-2021 .pmod
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2.3.3.2

This method is experimental. It also requires markers along the centerline and tries to
automatically detect the epi-and endocardial boundaries. Please refer to the online ? for some
additional hints.

Sectoral Schemes

The generation of segments for the different segmentation schemes is driven by additional
configurations such as illustrated below for the Epi/lEndo segmentation.

Segmentation | O Epi/Endo |Z|

6 #segments =~ kFul

LV |3 iv Transmural |[NONE -/

[[] Linearity corr -

® ? w l. TACs ‘

Configuration items:

= 6 Number of segments (N): The 360° of a full rotation will be divided into (N) equal angles. 6 is
the recommended setting.

= Full box: If enabled, sectors with an angle (360°/N) will be used, otherwise (360°/N-20°)
creating gaps of 20°.

= LV: Radius in pixels of the circular LV ROI representing contrast in the cavity.

= Transmural: This setting allows subdividing the sectors in the radial direction in an attempt to
quantify the transmural perfusion gradient. The example illustrated below was obtained with 6
segments and 3 transmural sectors.

= Linearity corr: If this box is enabled, the program will perform a correction as described
below| 23

Segments Number

The selection for the segments number is illustrated below. It includes the division into 4, 6, 12, 24,
60 and 120 angular segments of decreasing size.

Segmentation | O EpilEndo | & ‘

4 = |[v]Full
LV Tran ] AHA 16 vJ
e ST [0 AHA 17 i
[] Linearity corr. ‘ |
04
om = |w [ |7s ]
12 —
024
060
2120
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The AHA 16 and AHA 17 selections are specific: they will apply 6 sectors in the basal and mid-
cavity slices, and 4 sectors in the apical slices. AHA 17 includes as a 17th segment the apical cap.
These definitions can only be applied with at least 4 slices.

2.3.3.3 Epi/Endo Segmentation

The Epi/Endo segmentation is the recommended analysis methodology. It consists of three steps
which are described below.

2.3.3.3.1 Septal Angle Definition

The first step consists of defining in each relevant slice the center of the LV cavity and the edge of
the right ventricle.

DB Load Stress (Perfusion) Rest (Perfusion)

s
CTORS bl RS L
.| @ [8 | &
E
& ko
5]
¥ Sel | * Remove X Al ™
a
View 22 (Z) * B
€]

Go o 22 =i«
i @ﬁ: Append
9.

Save STRESS He
& picom -

Signal imensity [arbitrary urits]

Set Myocardium Markers (First in LV)

1. ™

Slice & 1 " b

Segmentation | O EpifEndg | &
w o] Full

3 |= Transmural |NOMNE |+

Lmearty com.
04 67 130 103

seconds

acadomiis | e o W mEl r;gg M = | @ LloadProtocol [ Save Protocol Staried

10 (@ | o

Please proceed as described below and indicated in the illustration above by the numbers.

.
1. Switch on markers definition by activating the kil button.
In each slice, first click into the LV center, then to the RV edge as illustrated.

Use the Slice slider to move to the next short-axis slices. Repeat markers placement, until all
slices are covered.

Use the Frame slider to change the image contrast.

Optionally, save the markers definition with the indicated button (9.). Note that the markers are
automatically saved if the data resides in a PMOD database.

2.3.3.3.2 Contour Definitions

The second step is the definition of the epi- and endocardial contours. It is started with the red
(indicating empty definition) button in the lower right.

A dialog window opens which shows one slice together with tools for the contour definition.

PMOD Cardiac MR Modeling Tool (PCARDM) (C) 1996-2021 pmoci
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Perform the contouring as follows:

1.
2.

PMOD Cardiac MR Modeling Tool (PCARDM)

Select the most basal slice with the slice slider (1.).

Optimize the image contrast for identifying the myocardium by changing the dynamic
acquisition (2.) or the upper threshold level (2.).

Select a contouring tool (3.): Add/Edit or Add/Edit snap to grid. The task with both tools is to
click along the boundaries. Add/Edit will generate straight lines between the clicked points,
whereas Add/Edit snap to grid generates staircase-like lines following the pixel edges. This
has the advantage that the pixels to be included are apparent.

Select the EPI contour by clicking into the VOIs list (4.) and click along the outer boundary.

Close the contour by holding down the Ctrl key and clicking.

Select the ENDO contour by clicking into the VOIs list and then click along the inner boundary.
Here it is very important to stay away for the contrast agent in the cavity, because a small
number of contrast pixels can distort the signal dramatically and result in erroneous perfusion
values.

(C) 1996-2021
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Close the contour by holding down the Ctrl key and clicking.

6. Verify that during the definition is appropriate for all dynamic acquisitions by moving the frame
slider (2.) and observing the placement of the contours on the myocardium.

7. If necessary adjust the contour shape using the hammer tool illustrated below. If the cursor is
moved over the image and the left mouse button pressed, a circle appears. It can be dragged
against the contour to shift the line edges.

] VOIs
[} ﬁn =
No_ P Name
e z EPI

* B2z ENDO

Contour adjustment
el

8. Changes to the contours are delicate and sometimes a user may like to go back to a prior
definition. This can easily be achieved by the Undo/Redo buttons

gl

(]

After the definition has been completed for the first slice, repeat the definition sequence 1.-8. for
the next slice. In the end, when all relevant slices have been processed please save the contour
definitions for later use with the button indicated below.

e - [E]-

——Save contours
VOIs

Moo [P [ Name
zZ EP
2 'z ENDO

Finally close the VOI editing window with the Ok button.

2.3.3.3.3 Segmentation Procedure

After closing the VOI definition window the segmentation is immediately started. It will use the
definition which was applied most recently.

The Epi/Endo segmentation configuration elements are illustrated below.
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Segmentation | O Epi/Endo \;—|

6 #segments =~ kiFul

LV |3 :V| Transmural [NONE |v

[] Linearity corr.:

®? w | 1. TACs ‘

Applying a Changed Configuration

Whenever one of the configurations items has changed, the Epi/Endo button has to be activated
again to start the new segmentation. It will open the VOI editing window with empty EPI and
ENDO, so that the initial contour definitions need to be loaded again.

Bl e e

toad contours
VOIs

NO. ]P ||‘J.ame
zZ EFI

D> 2 Z ENDO
2.3.3.4 Marker-based Segmentations: Points, Line, Ellipse
2.3.3.4.1 Marker Definition

For the Points, Line and Ellipse methods the user has to manually place markers into the LV
center, and all along the central line of the myocardium. This task is performed in the SECTORS

page of PCARDM.
DB Load Stress (Perfusion) Rest (Perfusion) Scores (Qualitative) |
s
= @ secToRs wlafp |l =
clO[slz] 1. =
o nE |l ECF »
& 82 R = » =
* 2. —» &
IE @y < raS - .
|0 ¢ 5568655
P o —n 2 ©
15 2 [ L) 77 (%]
gl 0™ . 18]
E o - | -
5 E ® O (o
~ 5
Save STRESS He
© picom Cs

et - .
Naas 2B EXRENE B0 [ ] WO
Signal imtensity [arbitrary units| 3 zocming
3419,

Set Myucaml um Markers (FrstnLV)
4. markers mode m | .

Slice & 4 . 3
Frame 22 4 A=

Segmentation

Shape (Circle | Siow 4 |-

LV [3 |=
| Lineardty corm

04 67 130 193 258 ELE )
seconds

@7 W

sodomiis Jge o W TEP [EE R - | @ loadPomcol B SaveProtocol | Staned

Please proceed as follows:

1. Adjust the slices slider (1.) so that the first basal slice to be assessed appears to the left in the
image area.

2. Optimize the image contrast for identifying the myocardium by changing the time of the
dynamic acquisition (2.) or the upper threshold level (2.).
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3. Zoom the images so that the myocardium wall is shown clearly. To this end enable the zoom
button to the right of the image (3.). In the appearing boundary area use the zooming
functionality to enlarge the image. Then disable zooming mode again with the zoom button (3.)

Activate the button for markers definition (4.).

5. With the left mouse button, first click into the center of the LV, next to the point in the
myocardial wall where the RV ends, and continue clicking in clockwise direction along the
center of the myocardium (5.). Set the last marker close to the first. Note: It is very important to
exactly proceed in this manner.

DBLoad | Stress (Perfusion) | Rest(Perfusion) | Scores (Qualitative)

SECTORS 4
¢ |82
# | ke

% Set| * Remove i Al

Edk2H B

View 7 (Z) L]

Golo 7@ Tt

+ @h’ Append

9. save markers
Save STRESS He

mmm®z—m

& picom -
T
Signal intensity [arbitr ary units]

4661 ¢

Set Myocardium Markers (First in L)
| s )e
709 . 6.
Slice 5 49=L} ¥
Frame 24 4 i Y
29356 || -
o Segmentation | O Peints -
Shape |Circle v Spe 4 |
121 : e
Vi3 |»
L/ Lineanty com
350 T— et 1 } | .
04 67 13.0 19.3 288 Y ;
i ) @7 &

6. Perform the same marker definition in the two other visible slices.

Use the Slice increment button (6.) to show the following three slice images and define the
markers in the same way. Continue until all slices are processed.

8. In order to verify the markers location on different acquisitions use the Frame slider to shift
times.

9. If there is a need to avoid markers generation activate the Neutral mode button (8.) In order to
continue marker placement just activate the markers button (4.) again.

10. After all markers have been set it is highly recommended saving them in a definition file (9.)

At this time the resulting definition can be visualized as follows. First enable the pushpin on the
markers panel so that the markers are always shown, even when the panel is hidden.
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Then switch the layout such that it shows more slices.
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The next step consists of configuring and applying the actual segmentation.
2.3.3.4.2 Points Segmentation

The Points segmentation offers the following configurations.
Segmentation | O Paints a ‘
Shape |Circle v‘ Size‘d v‘

|3 |~

[[] Linearity corr

The Shape configuration is particular. It has two selections, Circle and Rectangle with a Size in

pixel. A ROI corresponding to the shape definition will be created and centered at each marker
location.

To perform the segmentation and create all the ROIs please activate the Points button.

2.3.3.4.3 Line Segmentation

The Line segmentation connects all markers by lines and includes pixels along the lines into the
ROlIs. It offers the standard configurations.

Segmentation | O Line

width‘
& # segments v wFulf3 |
L'u'iB v Transmural NONE vi

[[] Linearity corr

To perform the segmentation and create all the ROIls please activate the Line button.

2.3.3.4.4 Ellipse Segmentation

The Ellipse segmentation fits an ellipse through the markers and includes pixels along the ellipse
into the ROIs. It offers the following configuration:
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2.3.3.5

234

PMOD Cardiac MR Modeling Tool (PCARDM)

segmentation | O Elipse | | a |

width
6 #segments ~ ¥Ful|3 v
Vi3 |- Transmural NONE v

[[] Linearity corr

To perform the segmentation and create all the ROIls please activate the Ellipse button.
Segments Inspection

All of the segmentation methods result in VOI definitions, indicated by the green bullet (a red bullet
indicates empty segmentation).

Set Myocardium Markers (First in LV)

To inspect and potentially correct the segments please activate the green button. A VOI editor
opens in a new window, as illustrated below.
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Ok Cancel

Each segment which will result in a time-contrast curve is represented as an entry in the VOI list.
The naming convention is as follows:

= M indicates a myocardial curve, LV corresponds to the contrast curve in the ventricle center
which will be used as the input curve for modeling.

= The first number corresponds to the slice number in the data set.

= The second number corresponds to the sector number. Numbering is clockwise, starting after
the RV edge.

= The third number corresponds to the transmural sector. Numbering is from the inner to the
outer.

Please refer to the PMOD Base Functionality Guide to learn about methods how to edit VOls.
Contrast Curve Calculation

Once the segmentation has been performed, the VOIs are ready to be applied to the dynamic
CMR series.
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The average MR signal in each segment is calculated. If the Linearity correction is enabled in the
segmentation definition, the signal curves will be corrected so that the relation between the
concentration of contrast agent and signal intensity becomes linear. If Linearity correction is not

enabled, it is inherently assumed that due to the low concentration of the agent the relation is
already linear.

Note: As of now the linearity-correction is not recommended because of lacking stability. As
simplified alternative, baseline subtraction should be applied.

The process is started by activating the red TACs button in the lower right corner, and the resulting
TACs will be shown on the next page MODELING.

Linearity Correction

Note that if Linearity corr is enabled there are two choices:

[¥] Linearity corr. ll'*.lo T1 Images -
T1 Images
Mo T1 Images

During the TAC calculation, a corresponding dialog window will open .

T1 Images

With the first T1 images choice an image selection window opens. The user has to select the T1
scan which corresponds to the perfusion data set being analyzed, eg. T1 STRESS. PCARDM will
load the images, interpolate them to the geometry of the perfusion scan and then show them in a
window as illustrated below. A mask of the myocardium and the LV derived from the segmentation
are shown in the overlay. It is the task of the user to shift the mask by dragging the handle such
that it fits to the anatomy as illustrated below.
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& Database -

Flip Angle 15.0 | [7]
Repetition Time 1.905
Prepulse delay 150.0
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Echo 142963/ [milisecs]

[milisecs]
[milisecs]

Info from T1 file

normalized
1 [rl 136, 32 ]'| 4 [n_4 22,2230 .
991.2: Fit Results
796.5 I 12427 | (miisecs]
602.0 MO 1517.1 | [A/m]
4074 § MYO T1 1048.2 | [milisecs]
N 2128 MO 884.8 | [A/m]
| 182 ; ! ! ! |
0136 0.193 0.25 0.307 0.364 0.422
seconds
Ok Cancel

"

4

The program reads sequence parameters from the T, scan file and uses them for fitting an
average T, time for the left ventricle (LV T1) and the myocardium (MYO T1) from the recovery of

the magnetization. These values are shown in the fit results section. LV T1 will be used for
correcting the LV TAC, and MYO T1 for correcting all segmental TACs.

No T1 Images

If no T1 images are available the relevant information can be manually entered into a dialog

window.

(® -1 -

Fiip Angle 160 |9
Repetition Time [1.905 | [milisecs]
Prepulse delay 1500 [milisecs]
Excitations 1

LV T1 1100.0 | [milisecs]

MO (Am]
MYO T1 1500.0  [milisecs]
MO | (A/m)
| ok ” Cancel

Correction Procedure
In principle the relaxivity R, is first calculated [4]:
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For the signal intensity 5/ including readout trajectory, we have for each dynamic scan i
1-(cos(a)exp(-T;R,))"" |
1-cos(a)exp(-T,R) |

SI(R,)=M,sin(a)| [1-exp(-T,R, 1]-:cosm}exp{—1riﬁ,;]""+[1—cxp:—rRR,]]-

where SI(Ry) is the model for the signal intensity for each scan as a function of tissue relaxivity R, i.e. the current TACs
My is the equilibrium magnetization (which must be guessed/evaluated from a scan)
a is the flip angle used (DICOM field: (0018,1314): Flip Angle)
Th is the time from saturation prepulse to the centre of acquisition space (=k-space center)
(Private DICOM field: (2001,101b))
Tr is the repetition time (DICOM field: (0018,0080): Repetition Time)
n is the number of excitations (readout lines) processed before k-space center is reached, no DICOM field exists

R, is then applied for the conversion from MR signal to contrast agent concentration by [4]:

1 i

Tyle(e)) ) Tibase

Ry(c(D)) =

+ c(t)-R
where Tinisa is the T1 value without contrast (which we measure with the T1 scan)
c (t) is the concentration of the contrast medium (here as fen of time)

-1
R=45 (s n“fﬂ) is the relaxivity of the pure contrast medium

Ry(c(t)) =

1
Ty (c(t))

is the relaxivity of the tissue with contrast medium applied,

which changes as contrast concentration changes with time.

2.3.5 Perfusion Calculation

After a segmentation scheme has been applied and the time-contrast curves calculated, they are
shown in the lower left on the MODELING page.

DB Load | Stress (Perfusion) | Rest (Perfusion) | Scores (Qualitative)
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The LV curve represents the concentration of contrast agent in the center of the LV cavity. It
should rise earlier than the segmental curves as the contrast arrives first in the ventricle, before
being transported to the myocardium via the coronary artery system.

Baseline Correction
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The concentration of contrast agent should be zero before arrival of the contrast bolus. The MR
signal, however is not zero. Assuming that the relation between contrast concentration and MR
signal is similar in blood and myocardium, the baseline signal of each curve can be subtracted to
arrive at an approximate contrast curve.

Baseline correction can be enabled with the Baseline corr box. Correspondingly, a blue shaded
area is shown in the curve area. It should be adjusted such that it covers a sufficient window before
the signal rise. There are 4 choices for the curve correction:

lv] Baseline corr - |Average -
[] Median filter ~ [AVErage
Minimum

= ? E}E%Norm (Ref)
INorm (TACs)

With Average (recommended), the signal average in the background window will be calculated for
each curve, and then subtracted. The Minimum setting works similarly with the minimal value in
the baseline window.

The Norm (Ref) and Norm (TACs) choices normalize the curves in a different way. They are
aimed at correcting regional coil sensitivity differences [5]. With Norm(Ref) a calibration factor is
calculated from the relative baselines of the TAC and the LV. With Norm (TACs) the calibration
factor is calculated from the TAC baseline and the average of all TAC baselines.

Signal Filter

In order to filter noisy signals a Median filter can be enabled. It allows filter widths of 5, 7 and 9
samples which are applied along the time. An advantage of using the median is that it does not
affect the upslope shape.

Data Cropping

A data window can be placed to crop the signal in the time domain as illustrated above. Default is
to use the whole signal. Please drag the handles to reduce the window, for instance to remove
most of the baseline signal, and to cut a tail affected by recirculation.

Starting the quantification

The curves which will be used for quantification can be visualized by enabling the Corrected radio
button in the TACs area. For the quantification it is important that the LV curve starts from a value
close to zero and the upslope part is not truncated.

Signal intensity [arbitrary units] °\,
L |{=l—lELv

396.2 - ﬂ! =
E|L - M 6 11
3169. EILL__; — EM 6.2 1
HBL |~ ®ME31
2377+ E|L | — FIM 6_4 1
3L -~ ¥IM B 5 1
158.5- E|L v|— M 6 6 1
HL v @M 7 11
Rt L |~ —EmM721
BL |~ w731
ﬂ'ou E!L. v — M 7 41
seconds BL v mm7s1

P a L

The red action button in the lower right starts the quantification. It has three settings which
correspond to the quantification model which is applied to the curves. Recommended is the FERMI
model.
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Note the check box next to the action button. If it is enabled, the program module applied for the
quantification will open with loaded data, and the user can perform the curve modeling
interactively. The advantage is that the outcome can be easily inspected, and any failures most
probably fixed as described in the next section.

Otherwise, the quantification is performed in the background and the resulting perfusion values
returned for the results display. Quantification failures in the segments are indicated by returning
NaN values.

2.3.5.1 Interactive Model Fitting
When interactive modeling is enabled, a dialog window of PMOD's PKIN modeling tool appears
with the prepared contrast concentration curves loaded.
Concentration [a..] - % Tissue Blood Coupled t-Card Extras
ey et Region (M_6_1_1 - »
'_.,-"'.. Reterence
349 0636 | - " .
P Model MR Perfusion (Fermi Deconv) vI 7ol x|
> = —— —-
7619022 | _," | Fit current region - Fit all regions w(v(HE|-
"’. Standard Deetails ncrement Restrictions | Weighting! | Sensitivity
1745348 _l/ Parametes Curment value Unit % SE
s Fit v Ampilude 0.1 n | =
B7.2674 | Eol a @ po® ittt | parameters ] Shoulder width 5.0 seconds| —
bk a® i Decayrate 0.1 1isec -
- o B
oo oo oasoB® a " iBoodoelay 10 seconds| -
a8 100 155 210 %65 a8 Result [Fk:m 576023 miming | —
SEConds ChiSquared  [T6E62 052423
- a
HOL » = tasma input curve mode! B(D |~ [0 |FE M 6 1 1TAC
B DL | =| = & Model Ciirve
Concentration [a.u. ) %
[ BB B B e -
34,4247 | L .
4 |
72404 T .
LI
AT06734 4 | | ..".'_l-n..
3 L0 ﬁs“cm e 23 3 Display type  Copy to All Regions Copy Blood Curves Tools
ST o | Standard | « Model & Par - Region to Plasma a View Par -
Ok Cancel
The upper left curve window shows the signal curve as green squares and the current model curve
as connected blue dots. The LV curve is initially hidden. It can be shown by enabling the Plasma
input curve model box.
The Model selection is set according to the action button for starting the tool, but can be switched
if needed. The MR Perfusion (Fermi Deconv) model has four parameters for fitting the shape of
the signal, and the result parameter Flow which is derived from them.
Please use the Fit all regions button to adjust the model to each segmental curve. There might be
a message indicating that for some TACs the fit failed.
Kinetic model fit failed
Model Calculation Error
Fit of non-compartment model failed in Region M_9_2_1
Kinetic model fit falled
&, | Model Calculation Error
Fit of non-compartment model failed in Reglon M_11_3_1
Kinetic model fit failed
Model Calculation Error
Fit of non-compartment model failed in Region M_15_2_1
Close
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The first thing to try is to activate Fit all regions again. This time fitting will start from changed
initial parameter values and there is a chance that the indicated problem disappears.

Trouble-Shooting

Switch to the problematic TAC by selecting the corresponding entry in the Region list, in the
example below M_9 2 1.

Concentration [a..] ) % || Tissue Blood Coupled t-Card, Extras /
ey prer = e | Region [M_9_2 1 A
-t i
_,". Reference
349 0636 | res 7 S
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A
7619022 | o Fit current region - Fit all regions w(v| H|
7 7 |
" Standard Deetails ncrement Restrictions | Weighting Sensitivity
”
1745348 | i Parameter Curent value Unit % SE
.‘/ ¥ Amplitude 1 la} _—
" auldar widh £ —
B7.2674 | . geomBooaonag ¥ Shoulder width £.0 Seconds
/. paot mm ¥ Decay rate 0.1 1isec
-]
- a
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seconds ChiSquared 13400 356507
e T a
B (DL | »| -+ I Plasma input curve mode! WD |~|[®@ @M 0 2 17aC
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s e nwy
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1%
L
AE1 5807 4 I I | "FEsaaa
45 100 155 210 265 318
s Display type  Copy to All Regions Copy Blood Curves Tools
L o | Standard | & | Model&Par. | Région to Plasma - View Par -
ok Cancel

It is apparent that the model is too high. So reduce the Amplitude parameter to a smaller value,
e.g. 0.05. Then try fitting with the Fit current region button. If it works, the problem is solved. This
is the case in the example where a Flow value of 0.874 ml/min/g resulted.
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A
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A ; 7
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I . Q1| Standard | & Model & Par - Region to Plasma - -
Ok Cancel

If the fit worked, the next problematic TAC can be addressed in a similar manner. If not, try to
change the parameters such that the model shape comes even more close to the measurement,
and try again.

Another alternative is to switch the Region to a neighboring TAC which was successfully fitted.
Then propagate the successful model parameters as initial parameters to all TACs with the Model
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2.3.6

& Par button in the Copy to All Regions area. Finally activate Fit all regions again. This
approach may fix all problems at once.

Parameters Summary

A convenient summary of the resulting parameters can be obtained with the View Par button in the
Tools are. It shows a dialog window with all parameters for all segments, as illustrated below.

[« mo | Type
1 Region

[ Ampatude
e

[ Shousder wdth e |Biooddemsy  |[Flow  [[DOF
1. 2320031 1231 0o

0 96 100
34

[ cnisquare e
0 168288 41
K 5

0 882
08333

6.742744
& 7453

20 Region
o
Qon

7 OTH04
6.415411

50
2677274
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| Biood delay

2 Copy to Clipbaard
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The minimal and maximal values per row are easy to find because they are highlighted in green

and red. Please refer to the Kinetic Modeling Tool (PKIN) Guide to learn more about the features of
the quantification module.

Returning the Quantification Results

Once the model has successfully been fitted for all TACs, use the Ok button to close the
quantification module and return the flow values to the PCARDM tool.

Analysis of the Rest Scan

When the analysis of the stress scan has been completed, the results are listed in the table to the
lower right, and visualized in a polar plot to the lower left (subject to segmentation method).
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DB Load Stress (Perfusion) Rest (Perfusion) Scores (Qualitative)
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Please use the arrow button indicated above to proceed to the analysis of the rest scan, arriving at
the INPUT page of Rest.

DB Load Stress {Perfusion) Rest (Perfusion) Scores (Qualitative)

[
INPUT v L3 2
LK
b
1 .. 3
4 . » » m
- e
& Gray - @B -
-
0 & (1167 407
- o
) 8] £ N
D || 22 m| v |CHIE -
Load REST
@ Database v|®

Signad intensity [arbitrary units]
5235
Set Heart Box Location
(Click on the image display)

440 Select frames range
(On the curve display)
1575 Movie | &
57
Time Range 462 1300 | & x
Ta4.
¥} In box 140 x 140 mm -
1914 ¢
Mation corr
! Inhomogeneity comection
106.4 4 i |
] 127 168 24 ]
o ; % 9 03 ? & Get Heart Box
seconds
acwaowiis Jg= o % Tl [EE R+ o3 LosdProfocol B Save Profocol || Staried Get definition from stress

Please perform the same sequence of processing steps which were explained above for the stress
scan:

» dataloading| 9 (with B, inhomogeneity correction),

»  heart segment definition| 12),

= calculation of the contrast concentration curves| 231, and

= perfusion gquantification| 251.
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Note that on the pages in Rest there is a shortcut to conveniently copy the definitions from the
corresponding page of Stress as indicated in the illustration above.

2.3.7 Qualitative Scoring of the Heart Segments

The current standard of CMR image analysis is the visual scoring of defects in cardiac segments.
This task is also supported by PCARDM on the Scores (Qualitative) page.

Note: The Scores (Qualitative) page becomes only active after the cardiac segmentation has
been performed and the TACs were calculated.

DB Load Stress (Perfusion) Rest (Perfusion) Scores (Qualitative)

[
STRESS T o m
rye 2 -
B 1 4 L ]

Ll i
s #1 1 1 L v 2
; @ Gray i @ @
E |00 § 404 *
5 | o

8| o (%] )

A ol

il

Scoring system
Transmural perfusion defect | »

Score assignement

Move (& | B | [¢]l Synchronized X

I, 4] - ——— ——|
L] Quaitative Scores Vois' Contou Area & Borde:

Segment visualization

i

Save score assignements
B save |of Load

0 = no defect -

Movie |2 B | [ Synchronized | %

10, 41 n dialog -
0 Quialitatine Seares 4

—_— Clear All Sectors

Viis: ® Contour Area Baordes
l““""“"Jt- o % sElEE ® + & LloadPotocol [ Save Protocol | Started

Scoring Systems

The task of qualitative scoring consists of manually assigning to each segment an index
corresponding to a certain scoring system. In PCARDM three scoring systems are supported:

Transmural perfusion defect |«

Transmural perfusion defect
Yes/No defect
Defect probability

They include the following scores:

Transmural perfusion|Percentage of transmural perfusion defect
defect 5 0 = no defect

J 1 =<25%

¥ 2 =25-40%

E 3=50-74%

0 4 =75-100%

Yes/No defect Binary decision of defect in segment:
¥ 0 = no defect
4 1 =defect
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Defect probability Likelihood of defect presence:
¥ 0 = normal

1 = possibly normal
5 2 = probably abnormal

3 = definitely abnormal

Score Assignment
Please proceed as follows for the assignment of scores to the segments:

1. Run the acquisition sequence as a movie to see the dynamics of contrast enhancement.
2. Select a segment in the STRESS or REST list.

3. The corresponding sector is highlighted as an overlay to the images. There are three ways of
visualizing the sectors via the VOls radio button setting: as outline contours (Contour), as filled
areas (Area), or as a star-like set of lines dividing the myocardium (Border). The selected
sector appears emphasized.

4. Observe whether the dynamics of contrast enhancement in the sector indicates a perfusion
defect.

5. Select the corresponding score value from the score list. The area in the polar plot
corresponding to the segment is colored accordingly.

6. Repeat the process for the next segment which can directly be selected in the list, or by
incrementing the segment selection with the down arrow.

If only a few segments are defect, the easiest approach is to first set the normal score to all
segments as illustrated below, and then selectively score the defect segments.
STRESS

| Sector | SCORE |
1611 A = normal |=
1 0 = normal I

0 = normal

0 = normal

0 = normal

0 = normal |

0 = normal |

0 = normal |

0 = normal |
|
|
|

1 O O
on b 0 P
s =

0 = normal
0 = normal
0 = normal
0 = normal

A ——

PSS E=E=E=SS
o
)

L= IENTENIEN IR
SN NS ST E CH

¥ Set to All Sectors
[in dialog a |0 Clear All Sectors
—

| Set to All Sectors

Polar Score Plot

Given proper order of the loaded images, the polar plot is arranged such that the apical segments
are located in the center and the basal segments along the outer border. The polar plot, the list and
the images with the sectors are synchronized. When clicking into the polar plot the corresponding
entry in the list and the corresponding segment in the image are highlighted. Similarly, the list entry
or the image segment can be selected.
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2.3.8

2.3.9

STRESS

Secior | score
1z 1 1 = possibly nor

1 1 = possibly nor...
1 0 = normal
0 = normal
0 = normal
0 = normal

2 = probably abn

2 = probably abn...—
0 = normal
1 0 = normal
1 0 = normal
0 = normal
3 = definitely abn

- PSS Y A n— i

[ RN ARy B T o RO PR B S
Y B I A Y S

1 = possibly normal v |4

10,3] _lin dialog a
i} Qualitative Scores 3

11 Setio Al Sectors

After all assignments of the stress and rest scan have been completed, it is recommended to save
the score configuration. The saving format is intended for restoring the assignments in the user
interface. Please use the results| 331 table for exporting the numeric scores for an external
statistical analysis.

Protocol Saving/Retrieving

It is highly recommended saving the configuration of an analysis in a protocol file with the Save
Protocol button. The protocol will include all types of definitions such as the heart segments,
signal corrections, the applied models and the assigned scores.

Once a protocol has been saved, processing can be repeated by retrieving the protocol with the
Load Protocol button. A dialog window will be shown

Stress: (@ Database ¥ rdiac MR | STRESS Perfusion <1/4/0/MR_Cardiac> . LS|

Homogenity: @ Database ~ 3) | Pmod Cardiac MR | COCA <1/1/0/MR_Cardiac> | @ | x
Rest @& Database ¥ Cardiac MR | REST Perfusion <1/2/0//MR_Cardiac> & || =
Homogenity: & Database = 1) | Pmod Cardiac MR | COCA <1/1/0/*/MR_Cardiac> [@ | x

[[] Run Modeling (Linearity correcfion, TACs calculation)

& Run Protocol Cancel

which allows changing the data paths. The Run Modeling box determines, whether the data
should just be prepared or also fully quantified.

Results and Documentation

The analysis results are available from the lateral task bar

u

b

5]

2 | & view Results
IEI 7 [ view Aggregated
&3

Results Summary
The €4 button opens a window which assembles all the results:
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Results table Folar piots

Parameler | S (Flow) 5 (Score) R (Score) | 5-R (Score)

-0.839
0112

07

0.986
0.939

(ECRT
0.945
1.006

g
0.498
0.751
0.991 -0.01
0425 =[1 (ff

1
-0.256 0
{

PoOOOOCODO0oDD0D0D0000D00000000 0 4 |

Close B2 Clipboard & Print report H save W Append

The numeric results are available on the Results table page. For each cardiac segment the
results are listed in a row:
= stress flow S (Flow) and the rest flow R (Flow) in ml/min/g

= cardiac perfusion reserve measured by the ratio of stress/rest flow S/R (Flow) and their
difference S-R (Flow)

= the assigned score codes at stress S (Score) and rest R (Score) as well as their difference S-
R (Score)

The values can be copied to the Clipboard for pasting into a different program like MS Excel,
Printed, Saved into a text file, or Appended to a previously saved result. A saved

The Polar plots page visualizes the results as polar plots.

| Resuits table Polar plots
STRESS REST COMPARISON

[0.0, 8.0] 10.0, £.0] 10.0, 8.0

0.0 miming 80 00 miliminig 80 0.0 " 8.0

T Gtress FLOW T TR Fest FLOW TR ctess | Rest RESERVE
4 0, 4] 0,4

0 G [ i 40 S ]

T Stress SCORE BT Rest SCORE ST Stecs - RestSCORE

The Gradientogram visualizes the change of the perfusion across the myocardial wall. It is
calculated as the difference between the inner- and outermost segment. Naturally it is only
available if the segmentation distinguishes between several transmural segments. In this case the
following arrangement is shown:
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L0.1547 € 2858067
L
68 131 =Lk 1#1
[ @ stes | @ Rest |

Mx  |x| (RGB Color)

054 |1 i-—i'—-l [

K m

GRADIENT
Save {0 PERFUSION
= picom H GRADIENT
<
Close B2 clipboard & Print report [ H save W Append

A plot is shown for each quantified slice. The illustration above shows the GRADIENT plots of 9
slices. Each plot shows the values around 360° along the y-axis, and along the dynamic
acquisitions along the x-axis. Note that the gradientograms of the Stress and Rest studies are
fused. Their relative emphasis can be changed with the fusion slider.

Results Viewer

Saved results can be viewed with the & View Results button. It opens a dialog viewer, showing the
selected result to the left. With the Load button in the upper right, an additional result can be

opened so that they can be compared side by si

@ Load [MRI CARDIAC ANALYSIS]
Epi-Endo-Analysis

Results of MR! Heart Perfusion Analysis [RESERVE TABLE]
Patent Name: Pmod Cardiac MR Example{Patient data)
Patient ID. Pmod-MR-Patient

Birth Date: 1940.01.01

Sex M

Weight 7.0

Size 0.0

Shudy IO 274764520

Study Description” Pmod Cardiac MR

Serles Description: MODELING

Study Date 2012 08 01

Evatuation Date: 2012 10.07

Fiie Hame: Pmod Cardiac MR Example*{Patient data) | Pmod Cardiac MR | STRESS Perfusion <1407

de as illustrated below.

W Load [MRI CARDIAC ANALYSIS]
[Lines-analysis

Results of MRI Heart Perfusion Analysis [RESERVE TABLE]
Patient Name: Pmod Cardiac MR Exampie*{Fatient data)
Patient ID: Pmod-MR-Patient

Birth Date: 1940.01.01

Sex M

Wesight: 77.0

Size 0.0

Shedy |0 374764520

Study Description: Pmod Cardiac MR

Series Description: MODELING

Study Date: 2012 09 01

Evaduation Date: 2012 10.07

Fée Name: Pmod Cardiac MR Example'{Patient data) | Pmod Cardiac MR | STRESS Perfusion <1400 MR

Parameter [Segment] | SR {Fiow) [11
M B 1 [

I

]
21
1
1

Results Aggregation

PMOD Cardiac MR Modeling Tool (PCARDM)

Parameter [Segment] [ S {Fiow) [muminig] [ R {Flow) [mimanig) [sm (Fiow) [11]
ME11 1.008 1.468 0.686
2 1 10 119 084
31 1.162 0851 1.366
1 1.506 1.835 0.87
1 288 158 1823
1 1682 1.413 1.188
1 097 1,656 0824
1 0914 1,533 0596
1 0.863 0810 094
1 1103 1101
1 1.385 283
1 127 1181
1 1145 1704
1 0.921 1.518
1 0877 099
1 1090 1,636
1 1.408 1.242
1 1276 1319
1 1611
1 1621
1 1137
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Results aggregation can be used for assembling the PCARDM results saved with the Save button.
For instance, the results when applying different quantification models or heart segmentation
schemes can be assembled for statistical analysis.

Aggregation is started with the button. It opens a window which allows selecting previously
saved results. In the example below the results of two segmentations are compared. Note that the
number of segments resulting from both methods must be the same.

SELECT DATABASE | P MR_Cardiac « 4 [ DataBase/ * mcardRes | * ResetQuery # Refresh Query & @
Query
Patient Name * Birih Dale = - [@'

Patient ID * Modified |1 o =
Component name " Last Use =] = Dgn[ b
Sex[* |w Size [m] 0.0 ] 5.0 4 Weight [ka] 0.0 ] 1000.0 4 Body Part | '
[MRI CARDIAC ANALYSIS] (2] @

[Component name | Patientname | Patientid | Modiytme | LastUse | Filesze _|Sex | Bithdaie _|Sze | Wegnt 8]
Epi-Endo-Analysis Pmod Cardiac MR... Pmod-MR-Pat.. 2012-10-07 13 2012-10-09 3610 M 1940.01.01 o0 7o HE
Lines-Analysis Pmod Cardiac MR... Pmod-MR-Pat... 2012-10-07 13 2012-10-09 3598 M 1940.01.01 L] e HE

KR! I
Selectal @ Delete SeE Export - &= Load from File System

Seigct | Create

Close

On the Select panel select the results to be aggregated, then go to the Create tab.

Selected Components:

Component name | Palient name Patient id T Modily lime: ]La::‘l Use ] File size | Jex |:'-‘-|'th dale | Size
Epi-Endo-Analysis Pmod Cardiac MR.. Pmod-MR-Pat. . 2012-10-07 13 2012-10-09 M 1840.01.01 00
Lines-Analysis Pmod Cardiac MR... Pmod-MR-Pat. . 2012-10-07 13 2012-10-09 M 1940.01.01 00

- — T ¥

[ seL [unt TCode |
KEE mifmindg sirs Now
M8 miminig  rest Now
Ma n cfr div fiow
MO ml/min/g cir dif Now
MO "M sirs score
m res e

LL: g LA clr dif sco
Ma
M 1011
M 1021
M 103 1
M 10 4 1
M 1051
M10 61
M1i1111
Mi121 -

E savetofie TABULATED || Rl View
Select | Create

Close

There the common segments of the selected results are shown in the left area, and the common
result parameters in the right area. Select the segments to be considered, and the parameters to
be listed, and then use Save to file for saving the aggregate. The example outcome is illustrated
below when opened in MS Excel.
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A B C J K

1 #PMOD_PCARD_MRI_PARAMETERS

2 |# FORMAT[UNI]

3 #DATE_TIME[2012.10.09 17:40:48]

4 #VERSION[3.401]

5 _# DATA

6

7 |Epi-Endo-An Pmoc Pmod Ce 1M6.11
8 Epi-Endo-An Pmoc Pmod Ce 1M_6_21
2 Epi-Endo-An Pmoc Pmod Ce 1M631
10 Epi-Endo-An Pmoc Pmod Ce i1M641
11 |Epi-Endo-An Pmoc Pmod C: 1M _6.5 1
12 Epi-Endo-An Pmoc Pmod Ce 1MG661
13 |Epi-Endo-An Pmoc Pmod Cé 1M 711
14 |Epi-Endo-An Pmoc Pmod Ce 1M 7. 21
15 |Epi-Endo-An Pmoc Pmod Ce 1M731
16 |Epi-Endo-An Pmoc Pmod Ce 1M 7 41
17 |Epi-Endo-An Pmoc Pmod Ce 1M 751
18 _Epi—Endo—An Pmoc Pmod Ce 1M 761
19 |Epi-Endo-An Pmoc Pmod Ce 1M_811
20 |Epi-Endo-An Pmoc Pmod Ce 1M821
21 Epi-Endo-An Pmoc Pmod Ce 1M831
22 |Epi-Endo-An Pmoc Pmod Ce 1M_841
23 |Epi-Endo-An Pmoc Pmod Ce 1M851
AANCml Fanda A Mo mn Mo T A nn 0 c a

4 4 » M| Aggregation ¥

1.293
0.906
0.863
1.343
2.004

1.5
1.308
0.849
0.914
0.941
1.522
1.174
1.292
0.984
0.809
0.718
0.958

. W 1 . T

1.464
1.302
0.903
1.152
1.353
1.069

1.63
1.158
0.969
1.184
1.107
1.136
1.575
1527
0.968
1.377
1.668

- -

0.883
0.695
0.956
1.166

1.48
1.403
0.803
0.733
0.944
0.795
1.374
1.033

0.82
0.645
0.836
0.521
0.574

-l

// Compone File [s Patienth VoiName! Time [sector]|S (Flow) [{strs]R {Flow) [{resiS/R {Flow) [{cfr_div_flow}1/1]

1

The results of aggregation can be inspected with the K pyutton. Please refer to the PMOD Base
Functionality Guide for learning about the statistics with are possible with aggregations.

2.4

Cardiac Perfusion Models for MR Data

2.4.1 Fermi Function

This model was implemented according to Jerosch-Herold et al. [1]. It includes four fit parameters
as illustrated below. They include the 3 shape parameters Amplitude, Shoulder width and Decay
rate, and the Flow estimate which is obtained from the impulse response function at time t=0.

Concentration [a..] % Tissue Blood Coupled Wt-Cario Extras
n173rey gy Region (M_6_1_1 - »
L T
¥ Reterence
79,3903 | ;. T — = —
o Model (MR Perfusion (Fermi Deconv) |=( 2 |« | & = || %
o ~ .
670478 | l‘ Fit current region = || Fitall regions w(v(HE|-
o Standard Details | Increment | Restrictions | Weighting | Sensitivity
A4 ER5Z | Parametes Current value Unit % SE
"' ¥ Amplitude 0.021341 1] 1483
) 34?5_. v v Shoulder width (14 976022 seconds 12.41
u 1] # Decayrate 0519998 lisec 117.44
0bed ,./"’ ¥iBlood delay 2331686 seconas 34.74
04 67 110 193 256 ne Flow 1231167 miminlg  —
seconds Chisquared 7681079
S - a
H o - Plasma input curve mode! @ (D |=|Lm #IM_6_1_1TAC
H (DL |~ |+ [ Model Curve
Concentration [au.] *
-
81361 -
. =
41647
i a B n ] ']
-0.8066 & y ] . =] - .
04 BT 130 193 58 319 2 -
4 Display type  Copy to All Regions Copy Blood Curves Tools
S~ - o | Standard | « Model & Par Region to Plasma a View Par
ok Cancel
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24.2

Model-independent Deconvolution

The MR model-independent method is highly complex. It includes the modeling of the impulse
response function by B-splines and applies Tikhonov-style regularization. For details please refer

to Jerosch-Herold et al. [2].

Concentration [as.]

1113067 &
B9.991 | 5
B8 6785 - a

44 3648 |

a
T2051% ¢ - o

-0.2624
04 67 130 18.3 256
i
H (DL |~ |-+ I Plasma input curve model (D | (@ [ Measured TAC
B DL | =| = & Model Ciirve
Cancentration [a.u.]

-
§1859 -
[

43142

%

1.9

-0 5574 & ’ g : T w w

04 67 130 193 58
seconds

T

=1

24.3

Basis of Gamma-variate Functions

a

Tissue Blood Coupled t-Card, Extras
Region M_6_1_1 - L3
Reference
Model (MR model-independent - ?|e & =™
Fit current region - Fit all regions w(v(HE|-
Standard Deetails ncrement Restrictions | Weighting Sensitivity
Parametes Current valug Unit % SE
AIF-MYO shift|1.0 seconds
Flow 167203 miminig —
Lambda opt 8 090950 " -
ChiSquared §.562518
Display type  Copy to All Regions Copy Blood Curves Tools
Standard | & Model & Par - Rigion to Plasma a View Par -

Cancel

The MR Perfusion (Gamma BFM) model describes the impulse response function as a weighted
sum of three gamma variates. The weights and the Blood delay are the fit parameters of the
model. The Flow estimate is obtained as the peak value of the impulse response function. For

details please refer to Goldstein et al. [3].

Concentration [a.u.]

%

1114986 - geeauy
e
P
- -}
89.1973 | .
A
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56,008 | /
iy
445986 © p
P
o /‘
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'8
v
i0e-e8 00000000 | | ! |
04 67 130 193 256 19
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e a
B |OL | *| -+ D Plasma input curve mode! @ |D =™ |#EM_E_1_1TAC
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42514
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Tissue Blood Coupled t-Card Extras
Region (M_8_1_1 - »
Reterence
Model MR Perfusion (Gamma BFM) |=| 7 ||« £ x |||
Fit current region - Fit all regicns W~ |~
Standard Deetails ncrement Resfrictions | Weighting | Sensitivity
Parameter Current value Unit % SE
i Blood delay 2 318455 seconds 36.53
Flow 3622827 miminig
B1 0 348621 o 992
B2 -0 238787 1" 783
B3 0.106046 17 477
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Cardiac Function

3.1 User Interface for Cardiac Function Analysis

Please start PCARDM with the

' Cardiac MR
button in the PMOD ToolBox and switch the analysis type to FUNCTION with the button indicated
below.

| L IR [ PERFUSION |

= | ®FUNCTION [

& Cardio MRI » | e O T ﬁﬂ I@ TE &  @® LoadProtocol [E# Save Protocol FUNCTI a_@ a | Stared
Next, please make sure
) - ¥ Sed HUMAN

a | RAT
| 0 s MOUSE

FUNCTION & Qa
User Interface
The user interface for the functional analysis consists of four pages which can be selected by tabs:
1. DB Load page: This page is only available when using PMOD databases.
2. Stress page: Page for the step-wise analysis of the stress scan.
3. Rest page: Same page as for the stress scan, but for analyzing the rest scan.
4. Scores (Qualitative) page: Page for interactively assigning visual scores to the heart sectors.

DB Load Siress Rest Scores (Quabtateve)

T I

T |.|s.5n:izr2.!4| ey 00, L. | | |

B Ly Wl ickering o T

o v S a
{‘Cl““nJU‘ o ‘A-'TA'E. @ M - @ LoadProtocol [ Save Protocot ed -
The on the Rest and Stress pages, the workflow consists of 3 steps:
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3.2

1. INPUT: Loading of the cine images and cropping of the heart volume.

2. SEGMENTS: Segmentation of the endo- and epicardial boundaries and division into the LV
sectors.

3. FUNCTION: Analysis of the LV volume during the heartbeat and calculation of the functional
measures.

Input Data

For the analysis of cardiac function, cine MR images in short-axis orientation are required, ideally
with the right ventricle located to the left of the images. Note that the images can't be reoriented
during the workflow, so that reorientations have to be performed before loading in PCARDM.

Image Loading

The images can be loaded from different locations, via the DB Load page, the loading button in
the taskbar to the right, or with the Load button on the INPUT page. The two tabs Stress and Rest
incorporate the same workflows for two data sets, and their results can be compare in a dialog
window.

| B Cardiac MR Modeling {4.301) - [ SN: PCARDM2, BD: 1989.02.08, SED: CINE_retro SAALL [MERGE_Z] ] — o s
| DBLoad | Stress | Rest
TR : 2 * . - . @ | weur e
1 Yo s[s
e B
a7 1 4 L]
< » 13 1 1 .. ] L]
& :
S om o rAe - %
* 0 g 20 2
T
0 L3 "
I | v |OR| ~
LB L3N 2 ] o) (s | LoadSTRESS @F +* %
Sigial concentration [arbitrary unils] |
35007 Format choice
800
3300
Set Heart Box Location
Choi on the image display
200
3100, Mowe: &
300 FlinBox 100x00mm w4 ¢
Box size

0.2 04 06 a8
secoms

acasomts (8= O 7 Tl BEH B o & LoadPonc BB SmeProocd | FUNCTION o R

Image Cropping

For the automatic segmentation of the ventricle the cropping of the volume around the heart might
be helpful. To this end, the In box field can be checked and the box size changed with the arrow
button next to it. The location of the box is changed by simply clicking into the center of the
ventricle in any of the images at the top. It is recommended to position the image at a basal slide in
diastole before placing the box. Note that the volume is only cropped in the x and y dimension,
whereas all slices will be retained.

B Get Heart Box

The button Get Heart in Box initiates cropping and proceeds to the next page SEGMENTS.
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3.3 Segmentation

The SEGMENGTS page shows initially shows the cropped data in the upper section, and in the
plot area the signal intensity of the point at which the user clicks in the image.
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There are 3 methods for the segmentation, which are described in the sections below.

3.3.1 Active Contour Segmentation

The active contour segmentation requires an initial definition of the mycocardial center line as well
as the center of the long axis. From there on it tries to find the endo- and epicardial boundaries by
an iterative process. The segmentation procedure requires the following steps:

Definition of LV center and Septal Angle:

1. Make sure that the Neutral mode is on by selecting the arrow button. Next use the slice and

frames slider to locate the diastolic phase and the most basal slice which shows a closed
myocardial ring.

2. Activate the Marker setting button and click into the center of the LV, crating the center marker.

Next, click into the center of the myocardial muscle at the location, where the RV ends as
illustrated below.
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Definition of Myocardial Center Line from Base to Apex

For the active contour method it is necessary to define the approximate center line in slices
covering the axial extent. It is sufficient to perform the outlining in every second or third slice.

1. Continue to click along the center line until a point close to the initial point is met.

2. Use the Slice slider to shift the slices and repeat the marker placement, starting again from the
center.

Preprocessing is finished when the whole axial extent is covered.

Active Contour Segmentation
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Please make sure that an adequate Myocardial width has been specified, then start the outlining
process with the green Active Segmentation button. Processing will start with processing the
current frame and continue along the frames, always using the result of the previous frame as the
starting condition. Note that the marker definition is automatically saved, so that it can be restored
later on as need.

3.3.2 Al-based Segmentation (PAI Option)

The Al-based contour segmentation is only available if the PAI functionality has been licensed. As

of now the segmentation of human and mouse images is supported, whereas it is not yet available

for analyzing rat data. The example illustrated uses mouse data is which only includes a single
slice over the heartbeat.

Please refer to the PAI User Guide

Preprocessing

Compared to the Active Contour Segmentation| 42 the amount of preprocessing is limited. Please

follow these steps:

1. Select the correct species (HUMAN or MOUSE)

2. Switch segmentation to Machine Learning Segmentation. Note that because of the species
setting automatically the MRI Myocardium 2D method is selected, which has been trained with
mouse images. In the case of HUMAN species the MRI Human Myocardium method will be
selected.

3. Select a Frame which clearly shows both ventricles and activate the Marker definition

4. Click into the center of the LV, crating the center marker.

5. Click into the center of the myocardial muscle at the location, where the RV ends.
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Segmentation

Activate the green Machine Learning Segmentation to initiate the segmentation process. The

result is shown and can be analyzed as described below/ 46
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3.3.3 Epi/Endo Segmentation

The active Epi/Endo segmentation relies on manual segmentation of the boundaries of
endocardium, epicardium and optionally right ventricle. This approach is always a resort if the
automatic procedures don't result in a useful segmentation.

Preprocessing
Please follow these steps:

1. Switch segmentation to Epi/Endo Segmentation.
2. Activate the red bullet button to open the VOI Construction dialog window illustrated below.

3. Select a segment in the VOIs list, and define the corresponding boundary contours on all slices
in all frames of the image series. In the case of a clear contrast iso-contouring can efficiently
trace the LV and RV boundaries as in the example shown. For the epicardium, manual might
be required. Different tools are available to work most efficiently. Please refer to the related
section in

4. Click into the center of the myocardial muscle at the location, where the RV ends

5. Save the contour VOIs to be able to get back to easily do adjustments. Note: if a protocol is
saved, the current VOIs will be included and loaded when restoring the protocol.

6. Close the window with Ok to return to the SEGMENTS page.
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Now function can be analyzed as described below| 46'.
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3.4

Analysis of Function

Results Inspection

At the end of segmentation, the epi- and endocardial contours are shown on top of the image. For
inspection of the results the Neutral mode should be active, so that the marker definitions are
hidden.

Please browse the Slices and Frames to check the contours. It is also helpful to play a movie of
the beating heart, to get an idea of the quality of the result. Note that the green edocardial contour
will be used for estimating the ejection fraction and stroke volume and therefore needs to be
reasonably accurate.
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Contour Correction

Minor contour adjustments can be done manually, whereas an alternate segmentation method
should be tried in case of gross failure. The contours are opened for editing with the button
indicated below. For editing a contour, please select it in the VOIs list and apply any of the
standard VOlI tools to apply changes as described in the PMOD Base Functionality Guide.

Close the dialog window with Ok to save the changes.
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Analysis of Function

Activate the FUNCTION button in the lower right to perform the analysis of the ventricle during the
heartbeat. The result is shown on the next page FUNCTION, as illustrated below.
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The table to the right lists the numeric results of the analysis of the LV volume curve which is
plotted in the center:

Ejection Fraction of outbound blood pumped from the heart with each heartbeat,
fraction calculated as (EDV-ESV)/EDV.
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ED volume Volume of the left ventricle at diastole. Determined as the biggest volume of the
endocardial contour in the cardiac cycle.

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 |Blood volume pumped from the left ventricle of the heart per beat, calculated as

EDV-ESV.
Heart rate Heartbeats per minute.
Cardiac Blood volume pumped per minute (= Stroke volume * Heart rate)

output

Caveat: The results need to be interpreted with caution if the LV is not fully covered by the slices in
the data.

Wall Thickening

The polar plot to the left shows the average LV wall thickening in the myocardial sectors. Percent
thickening is defined as wall thickness difference between end-systole and end-diastole, divided by
end-diastolic thickness. Wall thickness is measured using rays from the LV center and it is defined
as the distance between endo- and epicardium.

Right Ventricle (RV)

If the user creates a VOI enclosing the right ventricle and calls it "RV", the RV volume curve will
also be analyzed and the results listed in the table.
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4 PMOD Disclaimer

PMOD is a software
FOR RESEARCH USE ONLY (RUO)
and must not be used for diagnosis or treatment of patients.
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5 PMOD Copyright Notice

Copyright © 1996-2021 PMOD Technologies LLC.
All rights reserved.

The PMOD software contains proprietary information of PMOD Technologies LLC; it is provided
under a license agreement containing restrictions on use and disclosure and is also protected by
copyright law. Reverse engineering of the software is prohibited.

Due to continued product development the program may change and no longer exactly correspond
to this document. The information and intellectual property contained herein is confidential between
PMOD Technologies LLC and the client and remains the exclusive property of PMOD
Technologies LLC. If you find any problems in the document, please report them to us in writing.
PMOD Technologies LLC does not warrant that this document is error-free.

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any
form or by any means, electronic, mechanical, photocopying, recording or otherwise without the
prior written permission of PMOD Technologies LLC.

PMOD Technologies LLC
Sumatrastrasse 25

8006 Zirich
m 0 Switzerland
+41 (44) 350 46 00

support@pmod.com
http://www.pmod.com

PMOD Cardiac MR Modeling Tool (PCARDM) (C) 1996-2021 pmod



51

Analysis of the Rest Scan 29
Basis of Gamma-variate Functions 38

-C-

Contour Definitions 16
Contrast Curve Calculation 22, 29

Data Correction 11
Data Cropping 11

Data Processing 7
Documentation 5

-E -

Ellipse Segmentation 21
Epi/Endo Segmentation 16

Fermi Function 37
Heart Segment Definition 12, 29
Image Loading 9

Input Data 9, 29
Interactive Model Fitting 27

-L-

Line Segmentation 21
Linearity Correction 15, 23

-M -

Marker Definition 19

PMOD Cardiac MR Modeling Tool (PCARDM)

Marker-based Segmentations: Points, Line, Ellipse 19
Methodology Overview 7

Model-independent Deconvolution 38

MR Perfusion Models 37

-0 -

Overview of Myocardium Segmentations 12

-P-

Perfusion Calculation 25, 29

PMOD Cardiac MR Modeling Tool 5
PMOD Copyright Notice 50

PMOD ToolBox 7

Points Segmentation 21

Protocol Saving/Retrieving 33

-Q-

Qualitative Scoring of the Heart Segments 31

-R -

References 39
Requirements 6
Results and Documentation 31, 33

-S-

Sectoral Schemes 15
Segmentation Procedure 18
Segments Inspection 22
Septal Angle Definition 16

-U-

User Interface 7

(C) 1996-2021

pmod



	Table of Contents
	PCARDM Tool Overview
	Configuration
	Protocols
	Supplementary Documentation

	Cardiac Perfusion
	Requirements
	Methodology Overview
	Data Processing
	User Interface for Perfusion Quantification
	Input Data
	Image Loading
	Data Cropping
	Data Correction

	Heart Segment Definition
	Overview of Myocardium Segmentations
	Sectoral Schemes
	Epi/Endo Segmentation
	Septal Angle Definition
	Contour Definitions
	Segmentation Procedure

	Marker-based Segmentations: Points, Line, Ellipse
	Marker Definition
	Points Segmentation
	Line Segmentation
	Ellipse Segmentation

	Segments Inspection

	Contrast Curve Calculation
	Linearity Correction

	Perfusion Calculation
	Interactive Model Fitting

	Analysis of the Rest Scan
	Qualitative Scoring of the Heart Segments
	Protocol Saving/Retrieving
	Results and Documentation

	Cardiac Perfusion Models for MR Data
	Fermi Function
	Model-independent Deconvolution
	Basis of Gamma-variate Functions
	Cardiac Perfusion References


	Cardiac Function
	User Interface for Cardiac Function Analysis
	Input Data
	Segmentation
	Active Contour Segmentation
	AI-based Segmentation (PAI Option)
	Epi/Endo Segmentation

	Analysis of Function

	PMOD Disclaimer
	PMOD Copyright Notice
	Index

