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Visualising analysing modellingand reporting PET andather medicalimaging data
Widely usedas amedicalimaging processingool all the world over 15years
Over500scientificresearchpaperspublishedbasedon analysisof Carimas
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Firstpublicationof Carimas on 2009 on EuNdclMed Mol Imaging

> Eur J Nucl Med Mol Imaging. 2009 Oct;36(10):1594-602. doi: 10.1007/s00259-009-1143-8.
Epub 2009 Apr 30.

Myocardial perfusion quantitation with 150-1labelled
water PET: high reproducibility of the new cardiac
analysis software (Carimas)

Sergey V Nesterov ', Chunlei Han, Maija Maki, Sami Kajander, Alexandru G Naum, Hans Helenius,
Irina Lisinen, Heikki Ukkonen, Mikko Pietila, Esa Joutsiniemi, Juhani Knuuti
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Myocardial perfusion guantitation with 150 1abelled water PET: high
reproducibility of the new cardiac analysis software (Carimas™)

SV Nesterov, C Han, M Maki, S Kajander... - European journal of ..., 2009 - Springer
Purpose Carimas™ (Cardiac Image Analysis System) iz a new software package developed
at the Turku PET Centre for the quantitation of PET studies of the heart with a broad range ...
% Save UY Cite Citedby 204 Related articles Al 26 versions

Carimas: an extensive medical imaging data processing tool for research
O Rainig, C Han, J Teuho, SV Nesterov... - Journal of Digital ..., 2023 - Springer

... Carimas is a multi-purpose medical imaging data processing ... Carimas is especially well-suited
for analysis of three- and four_.. This article explores various parts of Carimas, including its ..

% Save DY Cite Cited by 64 Related articles All 11 versions

Comparison of clinical non-commercial tools for automated quantification of
myocardial blood flow using oxygen-15-labelled water PET/CT

HJ Harms, SV Nesterov, C Han, | Danad_.. - European Heart ___, 2014 - academic_.oup.com

... The aim of this study was to compare two validated non-commercial SP, Carimas and ... For
global and regional MBF, Carimas and Cardiac VUer showed excellent agreement and intra-...

% Save UY Cite Citedby 62 Related articles  All 12 versions

Multimodality Quantitative Assessments of Myocardial Perfusion Using Dynamic

Contrast Enhanced Magnetic Resonance and 150-Labeled Water Positron
Emission
G Papanastasiou, MC Williams .. - IEEE transactions on ..., 2018 - ieeexplore.ieee.org

. strated that Carimas overestimated and underestimated PMOD estimates at stress and
rest, respectively, which can explain the higher threshold values identified for Carimas-derived ...
A Con 00 0Ba Ckad by 21 Related articles  All 13 versions
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Fig.1

Image-derived Input Functions for Cerebral
Blood Flow Quantification from Dynamic
150-water PET Images of Humans

Original Article | Open access | Published: 26 August 2026
(2026) Cite this article

@ You have full access to this open access article

Download PDF & [] savearticle

Oona Rainio [, Henri Karpijoki, Sergey V. Nesterov, Riku Klén & Juhani Knuuti

Q 79 Accesses Explore all metrics
Abstract

Purpose

Cerebral blood flow (CBF) quantification from dynamic 15 0-water positron emission
tomography (PET) images via compartmental modeling requires measuring the tracer

126-01050-w#data-availability * arterial blood with respect to time. The existing methods for this

2 Materials and Methods (a) (b) (c)

We used (version: 2.10) [19] for image visualization, TotalSegmentator (version: The location of the initial TotalSegmentator VOIs of the aorta (in lightblue) and the left and the

2.0) [18] for automatic VOI definition, Python (version: 3.12.8) [20] for image processing RS ERD PP S RIS SNA LS, PIR TSI S S ) R RCA T AR o A R e S
and TAC extraction, and R (version: 4.4.2) [21] for model fitting and statistical testing.
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Factors affecting the performance of a novel artificial intelligence-based coronary computed tomography-derived ischaemia algorithm
Peerapon Kiatkittikul, Teemu Maaniitty, Sarah Bir, Takeru Nabeta, Jeroen J Bax, Antti Saraste, Juhani Knuuti
Eur Heart J Imaging Methods Pract. 2024 Oct; 2(4): qyat033. Published online 2025 Apr 17. doi: 10.1093/ehjimp/qyaf033
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Advances in Imaging Techniques for Assessing Myocardial Microcirculation in People with Diabetes: An Overview of Current Techniques, Emerging Techn
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Diabetes Ther. 2025 May: 16(5): 785-797. Published online 2025 Mar 6. doi: 10.1007/s13300-025-01710-1
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Effects of patient movement on measurements of myocardial blood flow and viability in resting 150-water PET studies
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Aresearchpaperon infarcted heart from Chinapublishedon Nature Communication2024

Two way workable microchanneled hydrogel suture to
diagnose, treat and monitor the infarcted heart

Fig.4: DTMS improving positively remodeling rat ventricle after MI.
Fangchao Xue, Shanlan Zhao, Hao Tian, Haoxiang_Qin, Xiaochen Li, Zhao Jian, Jiahui Du, Yanzhao Li a

Normal

Yanhong Wang, Lin Lin, Chen Liu, Yongning Shang, Lang He, Malcolm Xing & & wen zeng™ EE -

Nature Communications 15, Article number: 864 (2024) | Cite this article

b
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Abstract 00

(0 %0 30 40 0

o =
14 2 8 0 7 14 2 28 0
Days after implantation

7 14 21
ays after implantation Days after implantation Days after implantation

f
During myocardial infarction, microcirculation disturbance in the ischemic area can cause Normal " SNAP oS

i IS 3
necrosis and formation of fibrotic tissue, potentially leading to malignant arrhythmia and cg t;‘:)o‘ % a
i

myocardial remodeling. Here, we report a microchanneled hydrogel suture for two-way =

signal communication, pumping drugs on demand, and cardiac repair. After myocardial @’i (L
infarction, our hydrogel suture monitors abnormal electrocardiogram through the mobile U p
device and triggers nitric oxide on demand via the hydrogel sutures’ microchannels, thereby & - } N

inhibiting inflammation, promoting microvascular remodeling, and improving the left
ventricular ejection fraction in rats and minipigs by more than 60% and 50%, respectively. - - -

This work proposes a suture for bidirectional communication that acts as a cardio-patch to

repair myocardial infarction, that remotely monitors the heart, and can deliver drugs on
demand.

PET and PET-CT imaging of the rat hearts

For PET imaging, rats were anesthetized and mechanically ventilated by inhalation of
isoflurane, and 18F-FDG with 500 Ci was injected via tail vein injection, after 1 h later, rats were
scanned using acquired images from the Trans-PET BioCaliburn 700 system. The PET images
were processed using a 3DOSEM. Image analysis was performed in three axial, coronal, and

sagittal directions using Carimas software.



Aresearchpaperfrom Turku PET Centre (RikKuf Sgyo@sionmachinelearning
Publishedon Nature ScientificReports 2024

scientific reports

Explore content v About the journal v  Publish with us v

nature » scientific reports > articles » article

Article | Open access | Published: 13 March 2024
Evaluation metrics and statistical tests for machine
learning

Oona Rainio E, Jarmo Teuho & Riku Klén

Scientific Reports 14, Article number: 6086 (2024) | Cite this article

16k Accesses | 21 Citations | 3 Altmetric | Metrics

O  An Author Correction to this article was published on 08 July 2024

©  This article has been updated

Abstract

Research on different machine learning (ML) has become incredibly popular during the past
few decades. However, for some researchers not familiar with statistics, it might be difficult to
understand how to evaluate the performance of ML models and compare them with each
other. Here, we introduce the most common evaluation metrics used for the typical supervised
ML tasks including binary, multi-class, and multi-label classification, regression, image
segmentation, object detection, and information retrieval. We explain how to choose a suitable
statistical test for comparing models, how to obtain enough values of the metric for testing,
and how to perform the test and interpret its results. We also present a few practical examples
about comparing convolutional neural networks used to classify X-rays with different lung

infections and detect cancer tumors in positron emission tomography images.

Examples

Software requirements

The CNNs were coded in Python (version: 3.9.9)28 with packages TensorFlow (version: 2.7.0)%2
and Keras (version: 2.7.0)22 Most of the test were preformed in Python with scipy (version:
1.7.3)4 or statsmodels (version: 0.14.0)48, The Delong test was performed and Fig. 1 was
plotted with pROC (version: 1.18.5)22 in R (version: 3.4.1)22. The images of the third data set
had been studied with Carimas (version: 2.10)22 which was also used to draw their binary

masks.

Figure 2 Figure 3

The binary tumor m Net CNN with maximum dimensi

and overall pixel accuracy
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Adenoviral intramyocardial VEGF-

ANAC
D

gene

transfer increases myocardial perfusion reserve
in refractory angina patients: a phase l/lla study

with 1-year follow-up
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Figure 3 (A) Representative images of combined NOGA and stress PET radiowater images of two AJVEGF-D treated patients and one control
patient. Black dots and arvows indicate sites for gene injections in viable but poorly perfused myocardium. Myocardial blood flow improved in the
AdVEGF-D patients visualized as increases in red colour during the follow-up. Perfusion did not increase in the control patient. (8) Myocardial perfu-
sion reserve in the treated and reference segments of the controland AdVEGF-D**C.treated patients. Colour scales in NOGA and PET maps as in

Figure 1. Values are mean £ standard deviation.



J Appl Physiol 128: 1392-1401, 2020.
First published April 30, 2020; doi:10.1152/japplphysiol.00833.2019.
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of cold-water immersion
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Changes in quadriceps femoris muscle perfusion following different degrees
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RatPETorain function study
Seasonal Variation in the Brain u-Opioid Receptor Availability

Lihua Sun, Jing Tang_ Heidi LinEI'IDéEK. Aake Honkaniemi, Jenni Virta, Janne ISUjéNi: Tomi Karjalainen: Tatu Kantonen, Pirjo MNuutila, Jarmo Hietala, Valtter Kaasinen,
Kari Kalliokoski, Jussi Hirvonen, Harr'_-f Scheinin, Semi Helin, Kim Eercla, Eriika Savontaus, Emrah Yatkin, Juha O. Rinne, Anne Roivainen, and Lauri Nummenmaa
Journal of Meuroscience 10 February 2021, 41 (6) 1265-1273; DOI: hitps:/fdoi.org/10. 1523/ JNEUROSCI.2380-20.2020

Dynamic PET images were analyzed using@mag software (version 2. @Jeueloped atthe
Turku PET Center. The PET datasets were reconstructed in 20 time frames using the OSEM3D

Journal of Neuroscience: IF=6.16
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TPCIib

Mono will be used to generate Linux and Unix version
TPClib is developed in TPC, C# code, datalO and modelling etc.



Main GUI ofCarimas
1.MenuStrip 2. Toolbar 3. ExtraToolbar 4. Imagevisualpanel
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Setting of ADW workstation and PC with Carimas

Carimas supports muliPACDicomdata communication

Key points:

1. IP address must be matched each other.

2. Port number must be same.

3. PC listening port must be free, not be occupie

Parametric images can be sent to selected PACs system after modelling in
Polarmapwindow
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Carimasvebsite

https://carimas.fi/ Larimas

Carimass a general medical imaging processing platform developed in Turku PET Centre in Finland. @éginmedlyyas designed for
visualization, segmentation and modelling of PET data only. However, the latest versions support processing of imagingrdas medical
imaging modalities, such as CT and MRI.

UsingCarimasyou can easily visualize your imaging data in many different ways, such as in 2D or 3D, or fuse images from diffeitegd mc
(PET/CT, PET/MRI). Furtherm&earimagrovides a lot of advanced functions for researchers. For example, using ROI/NVOI tools, the use
draw a region/volume of interest in manual, seenitomatic or automatic manner; using the modelling tools, the user can peréaivance d
analysis for his/her research data; using Heart tools, cardiac researchers can easily analyze their PET studies.

< C @ carimasfi 2 % *» 0O @ :

HOME FEATURES ABOUT GALLERY TEAM NEWS CONTACT CARIMAS CE CARIMAS RESEARCH

WITH CARIMAS YOU CAN
MODEL

OO O0OO0OO0OOoO e

Carimas is a-medical imaging analysis program to visualize and analyse images.

Choose your version:

CARIMAS RESEARCH ) CARIMAS CE



https://carimas.fi/

Installationandlicense

A System requirements:
NET4.0+ for (2.10) or 2.0+ for older.

A Currently, bothCarimasCBnd Research are commercial.

Licensdiles can be loaded intGarimadrom the help

menu. Getting the full version requires registratidrhe
registration can be done from the help menu. License file
will be then sent to you that unlocks full functionality of the
software.

AWindows installers insiinstaller):
Carimas.10

AAll operating systems (zip archive):
Carimag2.10



http://www.microsoft.com/net
http://turkupetcentre.fi/_carimas/files/archive/Website/Download/Carimas2_10_common.msi
http://turkupetcentre.fi/_carimas/files/archive/Website/Download/Carimas2_10_common.msi
http://turkupetcentre.fi/_carimas/files/archive/Website/Download/Carimas2_10_common.zip
http://turkupetcentre.fi/_carimas/files/archive/Website/Download/Carimas2_10_common.zip
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Models implemented in Carimas

1. Compartment model
1. Tracer-specific model for heart
1. 150 labeled water perfusion model (1TCM)
2. 11C labeled acetate perfusion model (1TCM)
3. 82Rb rubidium perfusion model (1 TCM)
4. 13N labeled ammonia perfusion model
1. UCLA model (simplified 1TCM)
2. Duke model (simplified 2TCM-K3)
3. Michigan model (full 2TCM)
5. 18F labeled flurpiridaz perfusion model (2TCM,K3)
2. General model
1. 1-tissue compartment model
2. 2-tissue compartment model(k3)
3. 2-tissue compartment model (k4)
4. 3-tissue compartment model in parallel
5. 3-tissue compartment model in series
2. Graphical analysis method

1. Patlak
2. Logan
3. Kmono

TCM=tissue compartment model



1501abeled radio water cardiac perfusion model
1-tissue compartment model

K, The pcrﬁ.lsion calculations are based on three equations:
G "G C(T)=f j a(r)dr — L7 J{" (ndr (1)
K, ROI(T) = a:(‘ (T)+ V a(T} (2)

LV(T)= Ba(T)+(1-B)C(T) (3)

Table 1. Definition of symbols:

Cit) True myocardial fissue radioactivity concentration at time #; radioactivity of
perfusable myocardium [kBq ml™]
aft) True input function; radioactivity concentration in (coronary) arterial blood [kBq
-1
ml ]

ROI(t)  Time-activity curve of radioactivity of region-of-interest (ROI) which is drawn on
the left ventricular (LV) myocardial region [kBq ml™]
LViy) Time-activity curve of radioactivity of ROI which is drawn on the LV cavity [kBq

ml™]

f Regional MBF; the blood flow of perfusable tissue [ml min™ ml™]

p Myocardium-to-blood partition coefficient of water [ml ml™]

a Tissue fraction; volume of perfusable tissue in ROI [ml ml™]

V, Arterial blood volume; volume of arterial vascular space (including the spill-over
from the chamber) in ROI [ml ml™]

B Recovery coefficient of left-ventricular ROI (0<f<1)

A Physical decay constant of O [s™']




Modelling

o Kmen
=tissue compartment modsl

Summary of 3 commoused N13ammonia models

UCLA Model Michigan Model Duke Model
simplified 2tissue compartment model (k3) full 2-tissue compartment model (k3) 1-tissue compartment model
K, K Ky K Ky
C =e e G — ¢ TG ¢ F— ¢
5 S k
Fit parametres: k;,V; Ki, K, ks, V, Ky, Ko,V
Fit range: 2 min 10 min 4 min
— dC1
2 =KC, - (kg +k)C, =kC, - (k +k,)C, 96 s e, - ke,
dC dC dt
T dt2 =kG Coer =ViCpn +(1- V,)C,
S=08 Coer =V,Cp +(1- V,)(C, +C,)
2
CPET =VaCm + (1' Va)(cl + Cz)
k, = f Input function metabolite correction
Extraction fraction C, is metabolite correctedC options:
. . , 1. van den Hoff
& 2 5 C, isimage-based.V input function _
K =f@6%f - 10 () () i<,
3 & 0 -in2¢to)
¢ - Clt)=e "ic,(t) i t>ty,
Models implemented in Carimas . - - t, = 0.48min
Extraction fraction option t,, =6.69min
1K, = f(l- e (10&2.34f)/f) 2 DeGrado
c.(t)=c,(@1-0.49 for dog
2. Flow = Kl c,(t)=c, @-0.07) for human

time unit is minute
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Paried demo version

4,5

35

Paried demo version
[5;]

Vessel regions

y=1,0329x - 0,0518

vl.3.9

Global

y =1,0777x - 0,1077

v1.3.9

Paried demo version
w

35 a 45

All 17 segments

y=1,0249x - 0,032

v1.3.9




Featuresl/3

A Input

A Multiple image data format sufpporDICOM ECAT, Analyse, InterfiNdifti, Interfile,
MicroPETand general bitmap formats (JPG, TIFF, PNG and BMP)

A PACS support: available to connect to hospital PACS system

A Visualization
A View images frontransaxia coronal, sagittal or any free direction
A 3D view withcolor rendering or MIP
A Move and rotate images freely in 3D space
A Visualize image histograms or cut profiler lines

A Staticimagetools
Al £0dA +3GS +hL adldraidraday YSIyYyS YIFEAYdzy:
A SUV angbercentageunits
A Dynamicimagestools
A Easy and fast visualization of dynamic data
A Calculate sum or difference images, or view individual frames
A Analyzeime activity curves from VOIs or individual voxels



Feature<2/3

A Segmentationtools
A 2D ROI sets or 3D VOIs
A Histogram tool for selecting voxels at value range.
A Start region definition from some predefined 3D shape or draw your own
A Create VOIs using masking aintourtools

A{2YS 05 NBIAZ2Y 3INRgAYy3I aSAYSydalraAazy (22f% 3
andthreshodtools

A Scale, move rotate, smooth, combine the VOIs with easy visual tools
A Save and reuse the VOIs in multiple studies, regardless of image type or resolution

A Imagefusion

A Fileformatindependentimagepositioning
A CoregistratePET/MR/CRutomatically

A Modeling
A Use data from images or data files
A Specify model parameters values and limits
A Rescale data, define time ranges and exclude time points
A Calculate parametric images from any model and parameter (separate plugin)



Features3/3

A Existing models (trial has only first two)
A Lineamregression
A Exponentiafitting
A Patlak
A Logan
A FURnNndex

A ]:Il'rac_e_rdspecific models for water (with special license), ammonia, rubidium, acetate and
urpiridaz

A Genericcompartmentmodels

A Tools forheart analysis

A Semiautomatic heart segmentation with manual modification tools

A Anlalyzqoolarmapsin 3, 4 or 17 segment modes, pixel by pixel or draw your own ROI to
polarmap

A Use any models from th@arimasnodelling library to create parametrjgolarmaps
A Compare results side by side or save to data files

A Lots of other features as plumns

A Add to program easily fror@arimasnenu by just checking them from list
A List of currently existing pluigs can be found hereSo to external plugins archive



http://turkupetcentre.fi/carimas/files/archive/SecondaryModules4.xml

A pluginis anextentionalfunction, which canbe developedby other developersnot only from
Carimagleveloperdasedon CarimapluginAPI

T Carimas 2.10 TPC public - Expires: 31.12.2021 (125 days left) (PositronEmissionTomography cova

File — Edit View

T Carimas Application Mansger

Available Modules I Show all versiona (ata old) Module Infor

Official Modules:

soaniond 160

domniond 1200

&3 About

Gomniond 1020

Other plug-ins:

soamiana 1000

Show Version Differences

|:| heart
|:| Mask_tumour
D Xorred_normal

Geom_Mask_tumour_3 License Information
Geom_Xorred_normal order Mew License

Check Updates ;ﬁii

| Download Plugins Shows list of available plug-ins with their descriptions sounions 1000
Enable/Disable Plugins alnd allo\lvvz downloading and installing them with e
single click R

soamiana 1100
S0wnioRd 1000
soaniand 1000
Souniond 1000

Set License

omniond 1000

soamasa 1000

soamasa 1010

soaniand 1000
ouniond 1.1.00
s9ama80 1000
douniond 1000
Gomniond 1200
soamiana 1100

Fispet To Deteult

The additional Carimas plug-ins i

hunleitDatahdat e Versn, | Realatie Versrn | Modiles that belong to oficial Carimas package

Name

Description

Accurate Volumes

(Caleulates more accurate volume of 3d region by placing cube with dimensions [DIM x DIM x DIM] around bounding box of VIOI region and running masking There is two plug-ins, one nses 1200 voxels for dimension, other asks it from user

(Calculates principal and independent components for the dynamic image curves. User can define the amount of components extracted. The resvlt will be parametric image for every component — dft file containing every compenent as curve. The plug-in will also create

b stmulated image and error image for seeing, how much information the used components are actually carrying

Find Regions Generate VOI= from image pixels. There is several region growing tools: contour, threshold and syringe

Metabolite Correction (Calculate TACs of authentic (unchanged) tracer and radioactive metabolite(s) from measured plasma TAC and fractions of authentic tracer

TransformPlugin Transforms Images and VOIz from one transformation matrix space to another

Cine Video Export Creates a video file (avi) where the 3D screen rotates whole 360 degrees around currently selected point. AForge library is used for video export. When installed, plugin can be run from Memu->Edit->Other Commands->Create Cine Video
With this plug-in you can calculate parametric images voxel by voxel from any existing model of Carimas. When installed, this plugin appears in the image filters menu in the Load tab. USAGE: 1) Load image 2) Select some model and fill it’s possible input functions and other

ParametriclmageFilter loptions in the Analyze tab 3) (optional) Select some VOI from segment tab if you want to calculate parametric map from only some specific region 4) Run the parametric image filter under the source image in the Load -tab. The parametric images will appear to image hist (every
parameter will have one). There can be also parametric maps of goodness of fit values among the results

Mask To BackgroundSpace (Converts mask to background image space. If the target mask has even little portion of masked area in source, the result 1s considered as masked, therefore the volume of result will be larger than source

Draw Basic drawing tool for masks. Provides paint brush. trace and free hand tools for including and excluding voxels. Has also fill gaps and mask smooth features

[Niftt saving Allows saving images in Nifti -format

Interfile saving

Allows saving images in interfile -format

Comments to project (Allows writing text comments to projects. This plug-in appears to Edit->other commands -mens

Anonymization Anonymizes Dicom images and saves them to disk

PMod curves Allows and saving of PMod curve files

Reslicer [Reeslices images to another image space. This plug-in gives two options, reslice to standard space that has component vectors of +x, +v, +2 or to original image space

Motion Correction

(Coregisters rigidly all image frames separately and saves the result frames as separate images

STD Curves (Caleulates standard deviation curves
Custom Pixel Scale The pixel range of image can be scaled to given range or multiplied with given factor
Polar ROI Extract Adds the currently drawn heart polar RO as mask VOI to Core

Image Exporting Tools

(Contains several ways to export the image. All the frames or the currently visualized frame range (sum.diff etc..) can be exported. All hidden voxels are left out from result image and automatic same value cropping can be used to save smaller image (good to be used together
with voxel hiding). There is also option for reducing number of colors of the saved image

Dynamic Regions

Allows VOI region editing frame by frame so that the shape changes over time. If shape is edited in distant time points, all frames between are interpolated. The plug-in contains also tool for calculating curve from changing volume of the shape over time. Usage: Create normal
3D shape around the dynamic region. Convert it to dynamic from the tools list. Use single frame view and edit the voi with different frames. Volume curve can be created from the analyze TAB's curve tool tist

Frame Concatenation

(Combines many images (with same dimensions) and creates one dynamic image from them. When installed, this plug-in can be run from Edit menu->Other commands

Curve Tools

Tools for modifying Carimas curves: add, subtract, clone, interpolate, extrapolate and integrate curves or calculate frame weight curves

[Wifti mask image

Saves VOIs, ROIs and masks as NIFT] images

PMod RoiSet Loads ROT sets from PMOD wvoi files.
Gausian Smooth & Spillover |Contains two plug-ins: Gausian convalution smoothing filter and spillover correction Spillover effect is removed by simulating the given region with given activity. After that, the area is removed with spillover included. The spilling region is assumed uniform. For small regions
correction there exists also way to give multiplication factor for the area

e



DiCOmanonymization p|Ug|n Of Carimas Very effectively and easily anonymifzicomdata

An O ny m IZdDI CO md ata & Carimas 2.10 TPC internal license - Expires: 1/1/2021 (113 days left)

Step 1: Undo (control + 2
A Start Carimas
A Edit>Other commandsDicomanonymize plugif

Download and installation of plugin
1. Help>Download Plugin

2. On Carimas plugin website, seleBicomanonymization plugin
3. Restart Carimas.

Advanced

Extra plugin folder
Disable extra plugin folder
& Carimas 2.10 TPC internal license - Expires: 1/1/2021 (113 days left)

Modify 3D VOI 3

FrameConeatenationPlugin

Find_Accurate Volumes (manual)
Find_Accurate Volumes
h their descriptions Dynamic2Video 0.1

plug
Enable/Disable Plugins : Ghicdhg e Al Dicom anonymize plugin JAnonymize Dicom folder

License Information

Order New License
Set License

Step 3: Anonymize also subfolder?. If yes: anonymize all data in Step 4: Remove all or only name and ID

[ ves ]| N || Cancel

Cancel ]

Step 6: Select a folder for saving anonymize data Step 7: Processing data and progress bar

Erowse For Fold:
| Select an output folder for the anonymized files

anonym Al S

"4

video

I

Cancel

— Procesing FMICE SYDAN PERF. PET-TT Time et 1 sec

C e 3

Make New Folder ok [ concal |




Onefolder containsa frameimage data Onefolder holdsall frameimage da

Frame concatenation plugin

Key points:

1. Thisplugin is to concatenate single frame images to a complete dynamic data set.

2. From most scanners, dynamic images from all frames locate in one folder, from@diichasan
load all data at once. However, in some cases, frame images can be saved in separated foldefs.
Therefore it needs to add all data into one folder. :

3. siffile is needed to hold frame timing information. T ' =

—_— '

2dz OFy FTRR TN} YS 2yS o6& 2yS o6& odzidiz2zy 2F d&a! RR |Y2

Important
A Version of 1.2.00 has bug, please update to 1.1.00
A If you have installed 1.2.00, you have to reset: Help
>Download Plugins, then Reset to Default Configuration. P
A RestartCarimaX IV? 2 y Q l:l A Yé LIJ F £t @ : EEEEEEEEEEE s T Multiple selection/Drag and
e e e — = o == bymouse

2012-0-25 SPECTOR.dcm
0325 SPECT10.demm
0925 SPECTI1.dem
03-25_SPECT12.dem
0925 SPECTI3.dem
09-25_SPECT4.dem
1241841202 2012-08-25 SPECT15.dem
24rat1202_2012-09-25 SPECT16.dem
124ra¢1202_2012-08-25_SPECTI7.dem

1. CNIYS 2NRSNJ A& ONBFHGSR o0FaSR 2y FAES 2NRSNE 6KAO
FYR ¢a2@$ dzZ¥ odziG2yae ¢KSyzr Of A0| odzitizy 27F |al/

2. Combined data will be saveddicomformat in selected folder.
3. You have to create aiffile containing frame information and put it in the same folder, tii&rimawill load

dynamic data correctly.

S |

Trere ecsts update for 1 moddes: Frama Concatenation. D5 you wart o ratal e
wistes?

Noree check updaes Avarced Vew s Oonit it

Firsrow il be Vame 1, sacond 2, exc Wove down | [Movess| | Addmore

Combiee | | Cancal

Disable extra plugin folder

Modify 30 VOI

= Scan Information File (SIF)
. What is SIF data

o the anbers o abesrved svents g sach PET

siffile is an ASCII format, more
details to see from

http://www.turkupe tcentre.net/petan is/sif.ht
needed ml

FrameConcatenationPlugi@Ul:
Two options to combine

1. Main and background images. = .
2. Many images with same size from disk. T — e e esvarsn



http://www.turkupetcentre.net/petanalysis/sif.html
http://www.turkupetcentre.net/petanalysis/sif.html

Carimasplugin: Image Export Tools/Export Visual Image

Function:to export currently visualized images in format@tom

Features:

1. Currently visualized images can be exporteldigom such as sum image, diff image or single frame from dynamic data set.
2. Additionally, cropped images, images with udefined value in masked regions and images with reduced bit can also be exportadingly.

Installation of this plugin:Help>Download Plugins
Ly LXdAAYy ftAda0X ast Soi

File Edt View Image
£ B | 2 [ | & 7 About

Show Version Differences

Img: (® Main  Eack
Slide

Polarmap Calculator

Check Updates

Download Plugins Shows list of available plug-ins with their descriptions

- and allows downleading and installing them with
Enable/Diszble Plugins s e 2 2 !
single click

License Information

Core [Heart — {PolarRoi | Order New License

Set License

Start of plugin:Click left button of mouse on main
images. On droglown menu: Image FilterExport
Visual Image

Usage
4LL Save Avdamic B gmtiddy uging gufrentéframe

3.

display settingg RSLISYRAy3 2y dz

images, diff images, or single frame images can be
saved and exported.

. Crop same values around the image (and write

smaller image)
A VOIs are needed firstly defined and selected

A Image>Show/Hide voxelsShow voxels
2dzi aARSX
Replace currently masked region with one custom
pixel valuevoxel in cropped volume will be filled
with new value.
Reduce the number of exported coloescported
image bit will be replaced with new value.

Example: heart volume is generated as a new data
set

Main GUI of Image Export Tools

A RN ~

Export Opticns

Save dynamic as static by using
current frame display sethings

H Crop same values around the image
(and write smaller image)

H Replace currently masked region with
one custom pixel value

new value:

[] Reduce the number of exported colors

new count: | 128

Cancel Export




GeneratingparamatricA Y 3S& Ay [ FNAYlI & dzZaAy3a LI dzZ3AY 2F atl

Key points: 52gyf2FR YR AyadlfttlraAazy 27| L} dz
1.  All models implemented in Carimas can be used to generate parametric imagebgszel This plugin is not default in Carimas.

parametric image). It is a freedownloadable plugin from Carimas website.
2. Only pixelsinside of selected ROIs/VOls are calculated. Carimas>Help>Download plugins.
3. Output isdicomfile, each of modeparametredocates in its own folder. {SEtSO00 aGtINYYSGNRO AYI IS TFAf GSN
4. It may be a timeconsuming process, depending number of selected pixels, model and hardwane Download and save it in a folder.

system. Carimas>Edit>Extra plugin folder: select plugsaved folder

NoukwhE

Restart Carimas.

Step 1 Load image
~~~~~ 5 S e Step 4 Select ROIs/VOIs

Step 6 Select folder for

GSLI 2F a4t F N} YSGNRO AYF 3AS
Load image.

Core>Segment-Define ROIs or VOIs. These include

regions or volumes not only as parametric outputs, but

also as input function.

3. Core>Analysis>Select a model, and define input functig
ROI or VOI.

4. Core>Segmentselect ROIs or VOIs, in which parameti
will be generated.

5. Core>Load: inimage list, on select an image to click le
button. OndropR2 6y f Aaidz &St SO0
FTAL GSNE

6. On file dialog: select a folder for saving output parametfi
image.

7. Results: parametric images will be outputted in two ways:

A saved in selected folder dicomfiles. Each
subfolder holds a parametric. Subfolder name is
parametric name.

A Parametric images are added to image list.

e sz for paramenc mages

Type

AM _Filefolder

By Chunlei Han. Aug. 30.2020. Turku PET Centre. Turku, Finland

AM  Filefolder
AM  Filefolder
AM  Filefolder




ImagelF
A Carimagpluginfor image
derivedinput function

Chunlei Han, MCPh.D

Turku PET Centre and TutldaiversityHospital
Finland

May 1, 2022, Turku, Finland



Installationand Run

Installation

1. SavelmagelRv0.1 packageon localdisc.
2 Carima<£dit>Extrapluginfolder.

3. LocatelmagelR/0.1folder.

4 RestartCarimas

Run

1. Edit>0Othercommands>ImagelR/0.1

File | Edit | View Image  Help

Undo (control + z)

-

pr— Advanced

Core

_| Extra plugin folder

Load | picable extra plugin folder Alle
for

image , | for

(daimy| Modify 3D VOl

Magnet Cther cormmmands

PET suUw

MRI sub

File: Edit | Wiew Image Help

Undo (control + z)

'_
skl
1

Advanced 3

Extra plugin folder

A

Load | picaple extra plugin folder

(Main) Modify 3D VOI »

Magnet| Other commands » | VOlfromMask
PET sub

MRI_sub | ImagelF v0.1

MRA_maszk
PET_=sub_mazk
PET_sub_convoluted
PSF{point spread function)
voil

voi2

RC

Bug demo

Delete other image files



Imagederivedinput function

AFor PETnodelling inputfunctionisthe keydata
with PETimagingdata. Ideally it shouldbe taken
from the arteris nearingtarget organsor tissues

Aln practice it isdifficulty to perform.

Almagederivedinput functionis amethodto take
Input functionfrom imagerather than from arteries
usingnon-invasiveprocedures

AlmagelFs apluginfor Carimago extractIDIFfrom
PET imagbasedon MRAarterialanatomicvolume
for PETMRdlynamicstudies



Keysof ImagelF

A Apluginof Carimas It meansthat this packagecanonly be run
with Carimas

Altis desi%\ecto Ié)rog:essbrain PETMRI datavith both dynamicPET
and MRA (MRangiography.

A1t maywork for brain PETCT dataith both dynamicPET and CT
angiograpy(not test yet).

A SimplelTKs implementedin this packagdor segmentatiorand
convolution

A Segmentatioris semiautomic seedslow andhighvaluesare
needed

A Threeaccessoryoolsincluded VOIfromMask Y Releteother
Imagefiless removeof other imagesbut not mainlmageand
backgroundimage Thestwo plusimagelFcanbe foundin
Edit OthercommandsThethird is MetCorrAmmonigin Anayze
>Curve>Curvefilter.



Workflow 2 Fimagelk

‘ Fle Edt View Image Help

HE D &0 ¢

Loadimages
1. dynamicPET amainimage e ‘I
(Background) MagneticResonance
2. MRA asackgroundimage
ROL_Set (control ~ )
\ 4 - Mask (shift + m)

- '7 0 Sphere (control + b) tn:
LoadpredefinedseedVOlsand subvolumeor ise st ot orone e, B
definethem manuallyin CarimagCoreSegment L - Y e

Hollow Shere

Hollow Half Sphere

Find Regions

\ 4

Fit seedVOlsand subvolumeto you data manually

Givealow and highvolumefor segmentation
Note that the low valueplayskeyrole.

Running ImagelF (image-derivated input function) plu..

StartélmagelE Edit>Othercommands>ImagelF
v0.1

Press Stop to break process —»

Select Model 3 | gray_front_right gray_front_left
(Bg/ml) (Ba/mi)
[ Time Range [7] ShowFits Fit »  Num Voxels 10510.00000 7806.00000
" Wolume (mm*3) 54614.16000 40563.09543
Compartment:
. . ... Compartment modet: —tmm
An al yze se |eCta model and in putfu nctl on: w,'v‘e\;;mng Unifarm weighting ‘l za(j pr—" : Hl( Gemert ‘ 'Jg
: X ompartmen eneric v || 2TCM (3 parameters) Ge
PVE_IF_metcoiis PVE anthetaboliccorrected PETET O M g |
. . - S | 3TCM series
input function. e e
\ 4
Modeling Fit




Newimagesafter running 2 ¥fimagellke

Subvolume®f PET and MRlefinedby ésubvolume

Segmentedarterial mask.Thisis import forquality

PET _sub control. If not goodenough locationof seedsandlow
MRl sub =¥ andhighvaluesare neededto be modfiedand
HH.-':: mask = perform éimagelk againuntil this maskis satisfied

PET _sub_mask
PET _sub_convoluted
PSF{point spread function)




Predefinedsubvolume

Subvolumés a domain fosegmentation
Youcanmodifyit to fit yourdata coverseedVOI9.
Onlyonesubvolumesneeded If more than onesubvolume only first oneis used othersignored

Youcandefine your subvolume but namemust be ésubvolumeX ® ® ¢ ©
Subvolumeshouldnot containcerebraltissue
More biggersubvolume moretime will be takenfor processingmostfor deconvolutionprocedurs.

subvolume

Core_[Heant_(fplarioi_[Polarcalc : CILiE] CE
VO —

seed_left_1
seed_right_1 \

seed_right_2
seed_left 2
L - -~ -
13982 13982
'
head 700.78 |head " . 700.78
front + left 3.3691 front left + 3.3691
0000000000 00000 00000 0000000000 000 000 00000 00000000000 0000000000 000000 00 000000000 00 0000 0000 0000 OO0 0
m Method: Color | <Microscopic Giant >
Cut None > | Trackball | ¥
none
2793
(®) Whole »
20956
»
v 13982
-
head +
front 700.78 Yront -
.
.
head - left 33691 left +

TR R L L L T L R R LR R LT L R L R I



Predefinedfour seedVOIsfor segmentation

1. Youcanusel, 2, 3or 4 offour previouselydefinedseedVOIs
. Programonly usesVOlswith name2 Tseed) ® ds5difdyduoaly useone, you mustremoveéseed from
other VOInames Suchas onthe right definition, only first VOI isused
. Youmust modify the locationsof VOlIsto fit yourdata (toarteries. seed_left 1
seed right_1 . Youcanuseyour own definedVOIs(must namethemwith éseedX X ¢ 0 ® ~fght 1

AR _right_2
. . SeedvVOlIsmustbeinside ofsubvolume

seed_right 2 et 2

sedd left 2 . Numberof seedVOlshasno limit, but you must define at leastone.

seed left 1

. Sizeof seedVOISdoesnot matter, programonly usesthe centreasseedlocation in segmentation

(P T .
s: left_1 | \\
; >4 a
&
% AN\
£ \
seed_right_ seed_left 1

;/ , » T

1398.2

// \ .
] °
|
\ - I
seed_right 2 - sedd_left 2
\\ ’ . - ' / 700.78

/
front \\\ P4

head - left s 3.3691

S -
I RRERERREREEE REEREGREREEEREREEEEERE R R E RN SRR R R R RN R RN R R R R R R R RN E R R RSN R RN RNEREEREE SRR RN RN RN IR REEEEEEEEEEEEEEEEEEGREERREER]



Pixelvaluesof low andhighlimts on MRA

.PET MRA Alpha Lowvalue highvalue
mainimage backgroundimage Forfuse

1.1.2023 (251 days left) (Posi

1. ~ography CA\Ch: nlei\Data\dat~' Seijing_Xuanwu_Lulie\NH3\PET CR" .16}
_) Main (®) Bagk ;

TR R T R LR L LR T LR LI LR RN LTI R ANY ]

Thisis anexampleof setting and its segmentationresult Important factors of segmentation
A Lowvalueplaysa keyrole in segmentation but highvaluedoes e o ECY
not. If tation t d dt difv| | 2. Lowvalue(veryimportant)
ot. If segmentatioris not good youneedto modify low valueto | |'3" ighvaiue(not veryimportant)
perform segmentationagainuntil satified

Segmentatiornresult

3D transverse
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Algorithm 2 Fimagellke

Segmentatiorbasedon
MRA

\{ Semiautomatic
-~ Depend=n location of
( seed low andhigh

— values

MappingMRA
maskto PET
domain

PSF
(point spreadfunction)

VOI1 and VOI2 / RC _
— Automatic

Curve




vol1
Cy(t)= RyXCft) +(1- R)*C(ft)
voi2

Cot)= Ry%C,ft) + (1= R,)XC(t)

C,ft), Cft) : Activity concentration in VOI 1 and 2

Ry, R, RCin VOI 1and 2

C,{t) : Radioactivity concentration in arterial blood

Glt):

Workflow of Imagederivedinput function : --------

Chunlei Han. MCPh.D

Turku PET Centre and TulduiversityHospitalof Finland
Basedn lida 2013: https://www.sciencedirect.com/science/article/pii/S0168900212009084?via%3Dihub
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v multiply v
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VOI1_mask_image

—

Singleframeimage

Dilate

VOI1/2_image

PET_mask_image_dilated

Nmaskl/Z

subtract

\4

multiply

RC1/2_imags

»
>
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OMIHZOX®DPYO


https://www.sciencedirect.com/science/article/pii/S0168900212009084?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168900212009084?via%3Dihub

Implementation2 ¥  hIgoRhnQ

Basedon lida 2013: https://www.sciencedirect.com/science/article/pii/S0168900212009084?via%3Dihub

Vessel

Co-registration

o

VOI1

voI2

Extract ICA
=g
2 AlF f\
1 & | \
— E; ) ‘
ol 5/ \ |
R, ) g “‘ 8 — | “‘\'x-
n;’,z = a4 ] ¢
VOI1 Iz PVE and SP time
C](t)‘-‘ R,XC,(t) + (1 - Rl)xcr(t) correction
VOI2 VDI setting

C,(t)= RXC,(t) + (1—R,)%C,(t) -

C,(t), C,{t) : Activity concentration in VOI 1 and 2
R;,R;:RCinVOI1and 2

C,(t) : Radioactivity concentration in arterial blood
C,(t) : Radioactivity concentration in surrounding tissue voI2

Dynamic DARG PET images



https://www.sciencedirect.com/science/article/pii/S0168900212009084?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168900212009084?via%3Dihub

BSA Calculatan.2

A Carimagluginto calculateBSAjodysurfaceareg basedon total body CTimages

Chunlei Han, MDPh.D

Turku PET Centre and TutldaiversityHospital
Finland

May 12, 2022, Turku, Finland



Algorithm of BSA Calculator

Removebedbasedon VOIlswith namesz2 T

£ 0|1S R X ®¢

Maskbodyaerialcavitiesbasdon
VOlswith names2 Thod§/mask

Generationof bodymasked
imagewith low pixellimit of -500
(CT Hounsfieldunits)

Generationof triangle meshof
maskedbody

Calculatiorof summyof
triangle polgyonareain body
mesh

BSADbody surfacearea

Origimalimages

After bed removed

Maskedtotal body

Trianglemeshof total body




Examplecase:female, 46kg ofweight, 160cm ofeight

BSAfrom BSA_Calculatorl.36 m2
BSAestmatedbasedon body weight and height

Formula Results
Du Bois 1.45 m?|'
Mosteller 1.43 m?|'
Haycock 1.42 m?|
Gehan & George|1.44 m2|-
Boyd 1.43 m?|’
Fujimoto 1.40 m2|"
Takahira 1.46 m2|-
Schlich 1.36 m2|’

https://www.calculator.net/bodysurface
areacalculator.htmil



https://www.calculator.net/body-surface-area-calculator.html
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https://www.calculator.net/body-surface-area-calculator.html
https://www.calculator.net/body-surface-area-calculator.html
https://www.calculator.net/body-surface-area-calculator.html
https://www.calculator.net/body-surface-area-calculator.html

Carimasplugin: RSReadefRadiotherapystructure reader)

Step1l: File>Open

Edit View Image  Help

Mew Project
Change Analysis Flow
Open Project

Open Image (control + o)

Open Lo

Save Project (control + s) <L

Save Project As (control + shift + 5}
Close Project

Exit
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Use mouse to edit the VOI object
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Step3: Select RS

Step4: Option tochangemaskcolor
Abbreviation

RD:Radiotherapydose
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