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1 INTRODUCTION 

1.1 ABOUT THE SOFTWARE 

I have been working in the field of medical imaging software and research since 2005.  Over the years I have 
participated in various projects which resulted in many disjointed pieces of software.  While each program 
accomplished the necessary tasks to complete the project at hand, maintenance and organization was difficult.  The 
programs were not intuitive or user friendly and I often found myself rewriting the same code and functionality 
between projects.  Instead of continuing in this fashion, I decided to make one application that would accomplish all 
of my needs.   

The result is Parametric MRI (pMRI).  The purpose of this software is to provide access to powerful, fast, and easy- 
to-use tools for various medical imaging post-processing techniques.  These include fMRU, Renal Scintigraphy, 
T2/T2* mapping with built in LIC conversion, T1 mapping, 3D region growing, T2* perfusion, DWI and more.  PMRI 
fully integrates with PACS for easy data management and storage.  My productivity increased tremendously with 
this approach, and I hope yours will too! 

1.2 ABOUT THE MANUAL 

The manual covers general use instructions as well as step-by-step guides for various applications.  Text LIKE THIS 
is a reference to a user interface control with a clickable link to a screenshot.  Text LIKE THIS is a reference to a 
keyboard/mouse shortcut.  The table of contents has clickable links and each section header links back to the table 
of contents for easy navigation. 

Note, this manual is approximately 80% finished. 

1.3 GENERAL TIPS 

Most user interface controls in pMRI have tooltips.  If you are unsure of what something does, hover the mouse over 
it for two seconds for a brief explanation.  Tooltips can be toggled on/off in the VIEWS menu. 

Visit www.parametricmri.com for video tutorials. 

The entire program can be scaled and zoomed to fit a variety of computer monitors.  If you find the text and controls 
too big or too small simply zoom in and out using CTRL+= and CTRL+- keyboard shortcuts.  Press CTRL+0 to reset. 

You can copy and paste all tabulated data (lists of patients, results tables, histograms, etc…) and most curves into 
Excel using the standard CTRL+C and CTRL+V key combinations. 

Use the File->Save->Save DICOM Series (ROIs) feature to save your segmented parametric maps as a DICOM series 
that can be imported into other imaging software. 

1.4 DISCLAIMER 

The software is for research purposes only.  An approval by the United States Food and Drug Administration [FDA] 
has not been requested nor received for use in a clinical setting.  This software is provided as is without any express 
or implied warranty.  In no event will the author be held liable for any damages arising from the use of this software. 

2 INSTALLATION 

2.1 SYSTEM REQUIREMENTS 

Microsoft Windows 7, 8, or 10, 32- or 64-bit. 

Microsoft .NET Framework version 4.7.2 (or later) 

http://www.parametricmri.com/


Recommended: Windows 10 64-bit, 8GB RAM, Intel Core i7 Processor 

2.2 INSTALLATION INSTRUCTIONS 

Go to www.parametricmri.com and download the program zip file from the Download section.  Extract the contents 
to a local folder1 on your computer and navigate to it.  Double click on pMRI.exe to start the program. 

If you have an older version of the .NET framework installed (pre 4.7.2) you will be prompted to update.  Please 
follow the onscreen instructions.  Once the update is finished, double click on pMRI.exe again to start the program. 

1NOTE: make sure you have read and write permissions for the selected folder 

2.3 ACTIVATION 

PMRI comes with a 7-day temporary license.  The LICENSE STATUS ICON in the top left corner will turn yellow on 
first launch to signify this.  To receive a permanent license, a valid email address is required.  Click on the LICENSE 
STATUS ICON to open the activation menu and select Request License (Email).  Fill in your email address, name 
(optional), comments (optional) and hit submit.  An email with your license will be sent to the email address provided 
within 20 seconds.  If you do not get an email, double check that you spelled your email address correctly and check 
your spam filter.  Your license should look similar to this: 

qXU51NX0uAm3+NQbmr5STzBHtNQsG1tvAlpgW63IfPx7atIoDABiUR/QVQ4bBfdOLq2B56FOfeH
Qqxj9bCoeMYH9BkFg2WyGwDTVNl77IeTrsU3/qJg0N0EptEZdnMCRHlBiFkIU68QGWOrs6RR5lP
GsJkv75uLobkZ9cnFLEfvz31VPq3S8fYrb5NUiu0bT8XJ7zw8JbyH62v0DmuOTZe7fRhVCFEQax78e/
PTfLdzPmuKwBaZ8beDX3zEE4d3Knd4QTVvGeQD03y5AuPXI5nNAHBsigLsd5EXT9cPpd9bMT8Vc
z0f2wBnrZOACrGmP2iiftstzvB7GJxXufQXrN3E0FHOEs 

Copy the license from the email you received by highlighting it with your mouse and pressing CTRL+C on the 
keyboard.  Open the activation menu in pMRI by clicking on the LICENSE STATUS ICON and select Activate License.  
Paste your license into the window by clicking the PASTE BUTTON or pressing CTRL+V inside the LICENSE TEXT 
BOX.  Your software will be activated in the next 20 seconds and the LICENSE STATUS ICON should turn green.  
Your software is now activated and fully functional. 

You must repeat this activation process every time you install pMRI on a new computer or for a new user.  There is 
no limit to how many licenses you may have per email address and they do not expire. 

 
pMRI is activated.  No further action is needed. 

 

pMRI is temporarily activated.  A 7-day temporary 
license is given for any new installation.  Follow the 

steps above to get a permanent license. 

 

pMRI is not activated and has limited functionality.  
Follow the steps above to activate the software. 

2.4 OFFLINE ACTIVATION 

An internet connection is required for activation, as described in 2.3.  However, if you wish to install pMRI on a 
workstation that is permanently offline, please contact me via email, and I will provide offline activation instructions. 

3 CONNECTING TO PACS 

3.1 SERVER SETTINGS 

http://www.parametricmri.com/


Navigate to the DICOM Networking page by selecting DICOM NETWORKING in the VIEWS menu or pressing 
CTRL+2.  Set your local machine’s AE title and Port by double clicking the default values (AE Title: AEpMRI, Port: 104) 
in the LOCAL SETTINGS table.  Press ENTER when done. 

Next, add servers you wish to connect to by double clicking ADD NEW DICOM SERVER in the NETWORK SETTINGS 
table.  Type in server Name, IP address, AE title, and Port in the newly created table entry and press ENTER when 
done. 

Select the networking mode from the droplist in the LOCAL SETTINGS table (Normal is the default).  When set to 
Off, all networking features are disabled and pMRI runs in offline mode.  In Normal mode, you may search, send and 
receive studies over the network.  In Server mode, other DICOM servers that you added to the NETWORK SETTINGS 
table above may connect to you, and request studies.  Finally, in pMRI Server mode, any computers on the network 
also running pMRI may connect to you, even if you did not add them to the NETWORK SETTINGS table.  This option 
is good for a research study server.  Below is a table outlining networking functionality. 

 C-ECHO C-FIND C-MOVE C-STORE 
SCU SCP SCU SCP SCU SCP SCU SCP 

Off         
Normal         
Server         

pMRI Server         

 - connection to any server on the network  

 - connection to any server added to the NETWORK SETTINGS table 

 - connection to any server on the network running pMRI 

3.2 TEST CONNECTION (C-ECHO) 

Click TEST next to the server you wish to test in the NETWORK SETTINGS table.  You will see a status message in 
the LOG table with the result.  In some cases, if the server you are testing is offline (or being blocked by a firewall), 
the status message may be delayed by up to 30 seconds.  Available in Normal, Server and pMRI Server network mode 
(3.1). 

3.3 QUERY AND RETRIEVE STUDIES (C-FIND/C-MOVE SCU) 

Select the DICOM server you wish to query from the SELECT SERVER drop list.  The list of servers was defined in 
3.1.  Type and set various search criteria in the SEARCH PANEL and click SEARCH1.  Some servers accept wildcard 
characters.  For example, searching for Jo* will return John and Josh. 

A list of matching studies will be displayed in the NETWORK STUDIES TABLE.  Left clicking a study will display the 
series associated with the study in the NETWORK SERIES TABLE.  Clicking a column header will sort the 
studies/series in ascending/descending order based on the category.  CTRL+LEFT CLICK will sort by multiple 
categories.  Make your selection(s) in either table, right click on the selection(s) to open a context menu and press 
SAVE LOCAL1.  The LOG table will show a transfer status.  Once all images have been downloaded, the LOCAL 
STUDIES TABLE will be automatically updated with the new studies.  You may also transfer the selection to any 
server1 listed in the NETWORK SETTINGS table from the same context menu.  Available in Normal, Server and pMRI 
Server network mode (3.1). 

1NOTE:  most PACS servers require the transfer destination to be listed on their list of accepted transfer destinations 
before query and retrieve operations are permitted.  Using the “Save Local (pMRI Server)” bypasses this restriction if 



connecting to a machine running pMRI in “pMRI Server” mode (3.1).  Consult your PACS specialists to help set this 
up. 

3.4 RECEIVE DICOM NETWORK TRANSFER (C-STORE SCP) 

When pMRI starts, it is able to send and receive DICOM images over a network in the background.  The local server 
settings were configured in 3.1.  Any DICOM software on the same network with network transfer capabilities is able 
to send images to pMRI.  Once all images have been downloaded, the LOCAL STUDIES TABLE will be automatically 
updated with the new studies. 

This process happens in the background while the pMRI is running.  Closing pMRI disables all network operations.   
Available in Normal, Server and pMRI Server network mode (3.1). 

3.5 SEND DICOM NETWORK TRANSFER (C-STORE SCU) 

Select from the LOCAL STUDIES TABLE or LOCAL SERIES TABLE on the LOCAL STUDIES PAGE.  Right click the 
selection to open a context menu.  Select the DICOM server (defined in 3.1) you wish to transfer the images to from 
the EXPORT->DICOM SERVER menu option. The LOG table will show a transfer status.  Available in Normal, Server 
and pMRI Server network mode (3.1). 

3.6 SERVER MODE (C-FIND/C-MOVE SCP) 

When networking mode (3.1) is set to Server or pMRI Server, pMRI will accept query and retrieve (C-FIND/C-MOVE 
SCU 3.3) requests from other DICOM servers. 

Server mode accepts C-FIND/C-MOVE connections only from servers listed in the NETWORK SETTINGS table.  pMRI 
Server mode accepts those same connections as well as any server running pMRI on the same network.  This mode 
is useful for allowing researchers access to anonymized data on a central research server from multiple devices. 

3.7 LOCAL STORAGE AND LOG 

Click the LOCAL PATH… button to set the local storage folder.  A subfolder named “Dicom” in your pMRI installation 
directory (defined in 2.2) is the default location.  This is where all images received from network transfers (3.3 and 
3.4) are stored. 

The LOG table shows a summary of DICOM network activity.  Right click anywhere in the table to open a context 
menu and select VIEW LOG.  Windows explorer will open a folder containing text files with more detailed network 
log information.  All network activity with date and time stamps is stored here, up to a maximum of 10 text files 
10MB in size.  You may manually back these up as necessary. 

3.8 BATCH NETWORK SEARCH 

Large projects often require large sets of DICOM data, usually stored in tabulated format, to be retrieved from a 
PACS server.  pMRI’s network batch feature is designed to expedite this process.  Tabulated search criteria is filled 
in or pasted into pMRI, and any number of cases may be retrieved at once. 

Click the SINGLE/BATCH SLIDER on the DICOM NETWORKING PAGE to toggle batch mode.  Type in the search 
criteria into the NETWORK BATCH TABLE or click the TEMPLATE button to open an excel sheet and add your 
criteria there.  When using excel, copy all filled in cells, and press the PASTE button to add them to the NETWORK 
BATCH TABLE.  Each row represents one independent search.  Click SEARCH to begin the search.  This may take 
some time depending on the size and conditions of your search parameters.  Duplicate results are automatically 
removed. 



3.9 TROUBLESHOOTING 

Make sure that your firewall is configured to allow pMRI.exe to receive and transmit on the selected port (defined 
in 3.1). 

If you have multiple DICOM networking software on the same machine, make sure all of the port numbers (defined 
in 3.1) are different.  Adjust as necessary. 

Some PACS servers require a static IP on the destination computer to transmit images.  Check with your PACS 
specialists. 

Some windows settings may require you to restart pMRI when changing NETWORK SETTINGS (3.1). 

4 MANAGING LOCAL STUDIES 

4.1 IMPORTING LOCAL DICOM FILES 

Navigate to the LOCAL STUDIES PAGE by selecting LOCAL STUDIES in the VIEWS menu or pressing CTRL+1.  Select 
IMPORT (DICOM FOLDER) from the FILE->OPEN menu or press CTRL+I.  A folder selection dialog window will 
appear.  Once selected, the folder and all subfolders will be scanned for DICOM images.  Depending on the number 
of files and computer speed, this process may take some time.  You will see a PROGRESS PERCENTAGE1 in the top 
right corner.  Hit ESCAPE to cancel1.  The LOCAL STUDIES TABLE will be updated once all files have been scanned. 

You may also import studies by dragging and dropping files and folders onto the LOCAL STUDIES TABLE. 

1NOTE:  if you select a very large folder (for example an entire drive) or are importing from a slow network drive, it 
may take some time until the progress percentage begins to update.  Pressing ESCAPE will have no effect until then. 

4.2 NAVIGATING THROUGH STUDIES 

Left click a column header in the LOCAL STUDIES TABLE to sort by the selected category.  CTRL+LEFT CLICK to sort 
by multiple categories.  Enter search criteria in the topmost row to filter through multiple studies.  Double click on a 
cell in the Custom Tags column (rightmost column) to enter a custom description for easy reference later. 

Left click a study to display the associated series in the LOCAL SERIES TABLE.  The DICOM TAG TABLE will be 
updated and the first image of the series will be displayed in the PREVIEW IMAGE WINDOW.  Drag the PREVIEW 
IMAGE SLICE SLIDER (or MOUSE WHEEL over the image) to scroll through the images in the selected series.  If your 
image has multiple frames, a PREVIEW IMAGE FRAME SLIDER will also appear.  Adjusting this slider (or 
CTRL+MOUSE WHEEL) will scroll through the frames.  Change series in the LOCAL SERIES TABLE (or SHIFT+MOUSE 
WHEEL) and change studies in the LOCAL STUDIES TABLE (or CTRL+SHIFT+MOUSE WHEEL). 

Press and hold the left mouse button to window/level the PREVIEW IMAGE WINDOW.  Double click to reset to 
default window/leveling. 

Press and hold Z on the keyboard to enter zoom mode.  While in zoom mode, MOUSE WHEEL over the PREVIEW 
IMAGE WINDOW to zoom in and out.  Hold the LEFT MOUSE button to drag the zoomed in image. 

TIP: set some search criteria in the DICOM TAG TABLE and scroll through the images to update the tags.  For 
example, if you have a T2 mapping sequence, you can find the various echo times by searching for “echo”. 

4.3 IMPORTING IMAGE FILES (NON DICOM) 



Select a study from the LOCAL STUDIES TABLE.  Drag and drop image files (JPEG, TIFF, PNG, etc…) onto the LOCAL 
SERIES TABLE to automatically create a new DICOM series associated with the selected study.  You may change the 
series description and series number by double clicking the appropriate cells in the LOCAL SERIES TABLE. 

Drag and drop a NIFTI file (.NII) onto the LOCAL STUDIES TABLE to convert it to DICOM and import it into the 
database.  You will be prompted to enter some study information (optional).  Drag and drop a NIFTI file onto the 
LOCAL SERIES TABLE to convert it to DICOM, create a new DICOM series and associate it with the selected study. 

4.4 EXPORTING STUDIES LOCALLY + ANONYMIZATION 

Select from the LOCAL STUDIES TABLE or LOCAL SERIES TABLE and right click the selection to open a context 
menu. 

EXPORT->LOCAL DIRECTORY will open a select folder dialog window.  A copy of all DICOM images associated with 
the selected studies/series will be saved in the selected folder.  The filename structure is Selected Folder\Patient 
Name\StudyUID\SeriesUID\InstanceUID.dcm. 

To anonymize, repeat the same steps, but select EXPORT->LOCAL DIRECTORY (ANONYMIZE).  You will be 
prompted to enter optional patient information before exporting. 

4.5 DELETING STUDIES AND SERIES 

Select from the LOCAL STUDIES TABLE or LOCAL SERIES TABLE and right click the selection to open a context 
menu. 

DELETE (FROM DATABASE) (or DEL) will remove the selected studies/series from the local database.  The 
associated DICOM files will remain unaffected in their original location.  You will be prompted to confirm before 
deletion takes place. 

DELETE (FROM LOCAL STORAGE) (or CTRL+DEL) will remove the selected studies/series from the local database.  
The associated DICOM files will also be deleted.  You will be prompted to confirm before deletion takes place. 

4.6 LOADING IMAGES FOR ANALYSIS 

Select from the LOCAL SERIES TABLE and right click the selection to open a context menu.  After selecting the 
appropriate analysis type (4.7) from the context menu, you will see a PROGRESS PERCENTAGE in the top right 
corner.  Hit ESCAPE to cancel.  Once loading is finished, the view will automatically change to the ANALYSIS PAGE.  
Selecting LOAD OVERLAY will perform the DICOM affine coordinate transformation on the selected series and 
overlay it over the currently loaded case. 

4.7 ANALYSIS TYPES 

PMRI is designed to analyze various types of medical images, with a strong focus on MRI data.  Here is a brief 
overview of the different types of analysis included in pMRI Open Beta v1.0.  Detailed step-by-step guides are in 
upcoming sections. 

Diffusion Weighted Imaging (DWI) (9):  Load multiple b-value data to create ADC maps, histograms and SI vs b-value 
curves.  Linear and non-linear monoexponential fitting is available, as well as biexponential fitting for perfusion 
estimates Dijkstra (2012), Heusch (2013). 

Liver Iron Concentration (LIC) (10,11):  Load T2/T2* data to create LIC maps and histograms.  R2 to LIC conversion is 
based on the St Pierre (2005) paper.  R2* to LIC conversion is based on several user selectable publications.  These 
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are Anderson (2001), Wood (2005), Hankins (2009), Garbowski (2014) and Henninger (2015).  R2/R2* is calculated 
using linear and non-linear monoexponential models, as well as biexponential and truncation models He (2008). 

MRU (12):  This is CHOP-fMRU version 2.  The core analysis is identical to the original version and can be directly 
compared between the two programs.  However, there are also significant upgrades and new features including a 
new auto ROI tool, bladder enhancement curves, dynamic enhancement and excretion histograms, easy two-click 
export to PACS, and much more.  Having used CHOP-fMRU for over a decade, these changes have been long overdue! 

Renal Scintigraphy (13):  Load dynamic multiphase Mag3 data to calculate split function as well as generate kidney 
and bladder counts vs time curves.  This is a companion to MRU analysis.  The upcoming MRU and Renal Scintigraphy 
sections will have details about comparing the analysis between the two modalities. 

T1 DCE (14):  Load dynamic contrast enhanced T1 data to generate enhancement vs time curves, dynamic 
enhancement histograms, and permeability maps.  Permeability constants calculated using the Patlak model as well 
as a custom two compartment model. 

T1 Mapping (15): Load multiple inversion time data to create T1 maps, histograms and SI vs inversion time curves. 

T2/T2* Mapping (16,17):  Load multiple echo time data to create T2/T2* maps, histograms and SI vs echo time 
curves.  Linear and non-linear monoexponential fitting is available, as well as biexponential fitting. 

T2* Perfusion (18):  Load dynamic contrast enhanced T2* data to generate ΔR2* vs time curves as well as CBV maps 
and histograms.  CBV is calculated using a gamma variate fit on a user defined arterial input function. 

Volumetric Analysis (19):  Load a multi slice data set (MRI, US or CT) to calculate volumes.  Various segmentation 
tools are available ranging from free-hand drawing to threshold adjusted 3D region growing.  Hounsfield unit 
conversion is available when working with CT data. 

Dual Energy CT (20): Load two CT volumes at two energies.  Create iodine, calcium, uric acid concentration maps and 
histograms, virtual subtraction and unenhanced maps and histograms. 

5 ANALYSIS PAGE 

5.1 OVERVIEW 

Select Analysis Page from the VIEWS menu or press CTRL+3 to access the ANALYSIS PAGE.  The ANALYSIS PAGE 
is where the bulk of the work in pMRI is done.  This section explains some of the common functions of the page.  
Specific functionalities are explained in upcoming sections dedicated to the various analysis types (4.7). 

5.2 NAVIGATING THE DATA 

Drag the SLICE SLIDER to change the currently visible slice, or MOUSE WHEEL over the image.  Dragging the 
DYNAMICS SLIDER (or CTRL+MOUSE WHEEL) will change the currently visible dynamic (b-value for DWI data, 
current time for MRU data, etc…). 

The SLICE SLIDER and DYNAMICS SLIDER are not always visible.  If your data has only one slice (2D data), the SLICE 
SLIDER will not be visible and MOUSE WHEEL will adjust the dynamics instead.  If your data has no dynamic 
component (volumetric analysis only), the DYNAMICS SLIDER will not be visible. 

5.3 WINDOW/LEVELING 

Click the WINDOW LEVELING MODE BUTTON or press 1 to activate window/leveling mode.  The levels can be 
adjusted in three places. 

https://www.ncbi.nlm.nih.gov/pubmed/11913479
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1895207/
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While in window/leveling mode, hold down the left mouse button over the image and move the mouse to adjust 
levels.  DOUBLE CLICK anywhere on the image to reset the levels back to default. 

Adjust the WINDOW LEVELING SLIDER with the mouse to change levels.  The slider will automatically change color 
as you adjust it to show the visible dynamic range.  DOUBLE CLICK the slider to reset the levels back to default. 

Type in a minimum and maximum level manually in the WINDOW LEVELING TEXT BOXES.  This is useful when you 
need precise control over the levels when working with parametric maps.  For example, you may want to generate 
an LIC map scaled between 0-40mgFe/g.  Pressing CTRL+ENTER after entering a value also updates the minimum 
and maximum range of the WINDOW LEVELING SLIDER.  DOUBLE CLICK on the slider to reset the restricted range 
back to default. 

5.4 GRAPH PREVIEW MODE 

Click the GRAPH PREVIEW MODE BUTTON or press 2 to activate graph preview mode.  While in graph preview 
mode, left click on the image to generate a signal intensity (counts/pixel values for NM/CT data) vs dynamic 
parameter curve for the clicked pixel.  This is meant for a quick preview and does not affect the analysis. 

5.5 ZOOMING 

Press and hold Z on the keyboard to enter zoom mode.  While in zoom mode, MOUSE WHEEL over the image to 
zoom in and out.  Hold the LEFT MOUSE button to drag the zoomed in image. 

5.6 COLOR BAR AND COLOR MAPS 

Press C to toggle the COLOR BAR on/off.  Press SHIFT+C to change the position of the COLOR BAR. 

Select one of the preset COLOR MAP BUTTONS (grayscale by default) to change the current color look up table 
(LUT).  RIGHT CLICK on the rightmost CUSTOM COLOR MAP BUTTON to open the COLOR MAP LIST for more 
choices.  Press ESCAPE to close the list. 

5.7 MAKING PARAMETRIC MAPS 

RIGHT CLICK on the image while in window/leveling (5.3) or graph preview mode (5.4) to open the PARAMETRIC 
MAPS CONTEXT MENU.  The available maps will change depending on the type of analysis (4.7) that is loaded.  
Once clicked, the selected map will begin generating and the PROGRESS PERCENTAGE will start to update.  Press 
ESCAPE at any time to cancel.  Once finished, the map will be displayed and the MAP TEXT LABEL will be updated 
with the current selection. 

Maps that belong to the same model (T1 and R1 maps from the T1 monoexponential model (15.3) for example) are 
linked.  If you generate one map from a selected model, the rest are generated automatically and do not to be 
recalculated. 

Some maps also have a hierarchical structure.  These maps are grouped in their own sub-menus.  If a map from a 
lower menu level is generated (for example, a biexponential ADC map (9.3)), all maps above that level are also  

generated (non-linear monoexponential ADC map (9.3)).  All exponential maps (DWI, T2, T2*, LIC T2, LIC T2*) and 
permeability maps (MRU and T1 DCE) are hierarchical. 

You may exclude noisy pixels when making certain maps by setting the MAPPING THRESHOLD.  CTRL+RIGHT CLICK 
on the THRESHOLD SLIDER to toggle mapping threshold mode on/off.  Adjust the threshold while in mapping 
threshold mode to exclude pixels below that value when generating parametric maps.  Excluded pixels will be set to 
a value of 0. 



5.8 MIPS 

Open the PARAMETRIC MAPS CONTEXT MENU to see available MIP options at the bottom of the menu.  There 
are four types of MIPs.  These are: 

MIP (spatial): Press M to activate or select from the menu.  Available if current map has more than one slice.  
Maximum intensity projection through slices.  The SLICE SLIDER becomes a range of minimum and maximum slices 
to project while in MIP (spatial) mode. 

MIP (temporal): Press CTRL+M to activate or select from the menu.  Available if current map has more than one 
dynamic.  Maximum intensity projection through dynamics on the current slice.  The DYNAMICS SLIDER becomes 
a range of minimum and maximum dynamic points to project while in MIP (temporal) mode. 

MinIP (Spatial): Press SHIFT+M to activate or select from the menu.  Available if current map has more than one 
slice.  Minimum intensity projection through slices.  The SLICE SLIDER becomes a range of minimum and maximum 
slices to project while in MinIP (spatial) mode. 

MinIP (Temporal): Press CTRL+SHIFT+M to activate or select from the menu.  Available if current map has more than 
one dynamic.  Minimum intensity projection through dynamics on the current slice.  The DYNAMICS SLIDER 
becomes a range of minimum and maximum dynamic points to project while in MinIP (temporal) mode. 

5.9 IMAGE ORIENTATION (AXIAL/CORONAL/SAGITTAL/ROTATE) 

Reconstructions in the axial, coronal, sagittal and freely rotated planes are available for data with two or more slices. 

Press SPACE to switch between original1, axial, coronal, sagittal and free rotation orientations.  The MAP TEXT 
LABEL will display an “A” at the end for axial, “C” for coronal, “S” for sagittal and “R” for rotation.  No extra status 
will be shown while viewing the original, unaltered data. 

When the free rotation plane is selected, click on the GRAPH PREVIEW BUTTON (or press 2) and click anywhere 
on the image to set the center of rotation.  Next, RIGHT CLICK on the GRAPH PREVIEW BUTTON and select the 
rotation tool (or press 2 repeatedly) to activate mouse rotation.  Drag with the LEFT MOUSE button to rotate around 
the center point.  DOUBLE CLICK to reset.  You may use all features of the program in any arbitrary plane that you 
define this way. 

1NOTE: It is recommended to do a final visual inspection of ROI coverage on the original data because 
axial/coronal/sagittal/free reconstructions may produce small rounding artifacts in some cases (similar to a partial 
volume effect). 

5.10 3D PROJECTIONS 

3D Projections are available for data with two or more slices. 

Switch to one of the viewing planes (5.9) and press M to make a MIP (5.8) projected 
through the selected plane. 

When projections are active and the free rotation plane (5.9) is selected, RIGHT CLICK on 
the GRAPH PREVIEW BUTTON and select the rotation tool (or press 2 repeatedly) to activate mouse rotation.  Drag 
with the LEFT MOUSE button to rotate the projection.  DOUBLE CLICK to reset.  If you are projecting a dynamic map, 
adjust the DYNAMICS SLIDER (or CTRL+MOUSE WHEEL) to update the projection in real time. 

5.11 3D SURFACE RENDERING 



3D Surface Rendering is available for data with two or more slices. 

Select 3D SURFACE RENDERING from the PARAMETRIC MAPS CONTEXT MENU to 
generate a surface and toggle the 3D SURFACE INTERFACE.  Depending on the size of your 
data, this process may take a little time (approximately 6 seconds for the image to the left on 
my test machine). 

Up to 3 independent surfaces and 5 ROI surfaces may be rendered and 
displayed at the same time.  The image to the right is a rendering of an 

MRU with 3 surfaces (ΔSI temporal MIP for excretion, bi-directional model alpha parameter for 
arteries, bi-directional model κ1 parameter for veins) and 3 ROIs (right kidney, left kidney, aorta 
+ bladder). 

Drag the LEFT MOUSE button to rotate the image.  RIGHT MOUSE button to move the image.  
MOUSE WHEEL to move the camera (zoom in/out).  Use the W A S D Q E keys to change the 
camera angle.  Hold SPACE while adjusting camera position/angle for quicker adjustments.  
DOUBLE CLICK to reset image rotation and camera position. 

Select a surface type from the SURFACE TYPE DROP LIST and enter an iso value into the ISO VALUE TEXT BOX to 
generate a new surface for the given iso value.  Once a surface is generated, you may toggle it on/off by clicking the 
SURFACE TOGGLE BUTTON, adjust the transparency with the SURFACE TRANSPARENCY SLIDER, and change 
the color with the SURFACE COLOR DROP LIST.  The MASTER ROI TRANSPARENCY SLIDER and MASTER ROI 
TOGGLE BUTTON allow to quickly adjust all ROI surfaces at the same time. 

When a dynamic surface type is selected from the SURFACE TYPE DROP LIST, RIGHT CLICK on the SURFACE 
TOGGLE BUTTON to bring up controls to set the dynamic point (time point, echo time, inversion time, etc…) from 
which the surface will be rendered.  In cases of dynamic MIPs (surface types with the word “MIP” or “MinIP” at the 
end), set the minimum and maximum projection range instead.  Watching the demonstrational video at 
www.parametricmri.com is recommended. 

You may mask part of the image when generating a surface by assigning an active ROI to be the mask in the ROI 
Operations menu (5.17). 

5.12 ROI DRAWING MODES 

LEFT CLICK the DRAW ROI MODE BUTTON or press 3 to activate ROI mode.  RIGHT CLICK on the DRAW ROI 
MODE BUTTON to switch between various ROI drawing modes (or press 3 repeatedly).  There are five different 
modes and they share some similar functionality. 

LEFT MOUSE to draw new ROI on current slice.  CTRL+LEFT MOUSE to draw new ROI on all slices.  RIGHT MOUSE to 
erase on current slice.  CTRL+RIGHT MOUSE to erase on all slices.  SHIFT+LEFT MOUSE to add to selection on current 
slice.  CTRL+SHIFT+LEFT MOUSE to add to selection on all slices.  CTRL+RIGHT MOUSE DOUBLE CLICK to erase 
selection on all slices.  All modes work in conjunction with the ROI TOGGLE BUTTONS (described in 5.13) and 
THRESHOLD SLIDER (described in 5.14) 

The differences between the five modes are described below. 

 

Freehand ROI Mode.  Define an ROI of any shape. 

 

Circular ROI Mode.  Draw circular ROIs.  Adjust the diameter of the circle by pressing the + and – keys 
or X+MOUSE WHEEL. 

http://www.parametricmri.com/


 

Polygon ROI Mode.  LEFT CLICK to define polygon vertices.  DOUBLE CLICK to finish the polygon.  The 
same CTRL, SHIFT, RIGHT/LEFT CLICK combinations apply to this mode as well. 

 

Region Growing ROI Mode.  LEFT CLICK to drop a seed (CTRL+LEFT CLICK for 3D region growing).  
Adjust the THRESHOLD SLIDER to grow or shrink the selection as needed.  Hold X to use the Circular 
ROI Mode to create manual boundaries that the region growing algorithm excludes from the search.  
Watching the instructional video on www.parametricmri.com is recommended. 

 

MRU ROI Mode.  This option becomes available when analyzing MRU data.  This mode is a fast but 
powerful three step method.  DOUBLE CLICK on the image to begin.  LEFT CLICK around the outside 
of the aorta or kidneys on the automatically generated 4D Subtraction MIP.  DOUBLE CLICK to finish.  
Place a second region with the circular ROI inside the aorta or kidneys.  DOUBLE CLICK to finish.  Use 
X+LEFT MOUSE to cut off any extraneous regions as needed.  Watching the instructional video on 
www.parametricmri.com is recommended. 

 

5.13 ROI TOGGLE BUTTONS 

ROI TOGGLE BUTTONS allow you to select the currently active ROI as well as display or hide ROI overlays.  There 
are four possible button states toggled with LEFT MOUSE. 

 

SELECTED 

VISIBLE  

NOT SELECTED 

VISIBLE 

 

SELECTED 

NOT VISIBLE  

NOT SELECTED 

NOT VISIBLE 

All ROI drawing (5.12) and thresholding (5.14) is applied to the currently selected ROI only. 

5.14 THRESHOLD SLIDER 

Once an ROI has been defined with one of the ROI modes (5.12) you may adjust the THRESHOLD SLIDER to segment 
the currently displayed image.  RIGHT CLICK on the THRESHOLD SLIDER to toggle a 3x3 Smoothing Median filter 
on/off. 

Type in a minimum and maximum level manually in the THRESHOLD TEXT BOXES.  This is useful when you need 
precise control over the thresholding ranges when working with parametric maps.  For example, you may want to 
select pixels that are above a T2 value of 10msec and below 90msec.  Pressing CTRL+ENTER after entering a value 
also updates the minimum and maximum range of the THRESHOLD SLIDER.  DOUBLE CLICK on the slider to reset 
the restricted range back to default. 

All thresholds are applied to the currently displayed image which allows segmentation of any of the available 
parametric maps (5.7). 

5.15 SLICE RANGE SLIDER 

The SLICE RANGE SLIDER allows you exclude certain slices from segmentation when you have multiple slices.  Slices 
that are below the minimum value and above the maximum value are not considered during segmentation.  DOUBLE 
CLICK on the slider to reset to default values (entire range). 

http://www.parametricmri.com/
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5.16 OVERLAY SLIDER 

The OVERLAY SLIDER adjusts the transparency setting for the displayed ROIs.  A setting all the way to the left makes 
them invisible, and all the way to the right fully opaque. 

5.17 ROI OPERATIONS MENU 

The ROI OPERATIONS MENU has various options to manipulate and combine multiple ROIs together.  You may 
invert or fill the interior of an ROI.  You may also copy, add and subtract ROIs, as well as apply common logical 
operators such as AND, NOT, and XOR. 

The layer option allows you to segment ROIs by multiple parameters.  For example, I may segment a DWI ROI to be 
above a signal intensity of 100 with the THRESHOLD SLIDER.  I select layer from the ROI OPERATIONS MENU.  I 
make an ADC map (5.7) and can now further threshold the ROI to be below an ADC value of 1200 (arbitrary number 
for this example).  I can apply layered thresholding as many times as I wish on as many parameters as I wish.  
Watching the instructional video on www.parametricmri.com is recommended. 

5.18 SAVING DICOM SERIES 

Select File->Save->Save DICOM Series to save the currently displayed map as a series of 16-bit grayscale DICOM 
images.  The series is automatically associated with the currently loaded study and appears in the LOCAL SERIES 
TABLE where it can be exported locally (4.4) or to a PACS server (3.5).  You may edit the series description and series 
number by double clicking on the associated cell. 

Select File->Save->Save DICOM Series (ROIs) to save the currently displayed map as a series of 16-bit grayscale 
DICOM images.  Only pixels that are included in an ROI (5.12, 5.14) are saved.  Uncovered pixels are set to 0.  Use 
this option to save segmented data as a DICOM series.  The series is automatically associated with the currently 
loaded study and appears in the LOCAL SERIES TABLE where it can be exported locally (4.4) or to a PACS server 
(3.5).  You may edit the series description and series number by double clicking on the associated cell. 

PMRI also has the ability to save color screenshots of maps, plots and tables as secondary capture DICOM images 
(7.5). 

6 CURVES PAGE 

6.1 OVERVIEW 

Select Curves Page from the VIEWS menu or press CTRL+4 to access the CURVES PAGE.  The page is split into two 
main components, parametric curves and histograms.  The types of curves and histograms will vary depending on 
the type of analysis (4.7) that is loaded.  Press CTRL+C when viewing any curve or histogram to copy the numerical 
data onto the clipboard (which can be pasted into Excel).  This section explains some of the common functions of 
the page. 

6.2 PARAMETRIC CURVES AND CURVE FITTING 

Toggle Parametric Curve mode by clicking on the PARAMETRIC CURVE BUTTON.  The PARAMETRIC CURVE 
SELECTION BUTTONS switch between various curve types and model fits depending on the type of data. 

Adjust the PLOT RANGE SLIDER to display a subset of the plotted curves. 

Press the SIGMA BUTTON to toggle a standard deviation overlay when available. 

All different curve types and fits are described in later sections. 

http://www.parametricmri.com/


6.3 HISTOGRAMS 

Toggle Histogram mode by clicking on the HISTOGRAM BUTTON.  You may adjust the minimum and maximum 
values of the histogram as well as set the number of bins.  Toggle data annotations on and off to display the mean, 
standard deviation, skewness and kurtosis in the top right of the graph.  All histogram first order features are 
described in the PARAMETER TABLE (7.3) on the RESULTS PAGE.   You may toggle a gaussian fit on/off with the 
GAUSSIAN FIT BUTTON.  When on, the gaussian mean and standard deviation are shown in the annotations. 

Select the type of histogram you wish to view from the HISTOGRAM DROPLIST.  Some types of histograms are only 
available after making the corresponding parametric map (5.7).  For example, I can only view a T1 histogram after 
making a T1 map, and so on. 

Some histograms can be viewed dynamically.  These include signal intensity, Hounsfield units, counts, ΔSI, 
Enhancement, Excretion, ΔR2* and various model reconstruction histograms.  When viewing a dynamic histogram, 
adjust the DYNAMICS SLIDER (or MOUSE WHEEL) to scroll through the available dynamics. 

6.4 DISTANCE PROJECTIONS 

Toggle Distance Projection mode by clicking the DISTANCE PROJECTION BUTTON.  
Distance projections are parameter value vs distance from near to far edge of an ROI 
relative to a point of origin.  Points of origin are set per ROI per slice by selecting an 
active ROI (5.13), holding A on the keyboard and left clicking on the image in the 
desired location.  Holding CTRL+A sets a 3D point of origin. 

Thousands of rays are projected from the point of origin outwards in all directions.  
The near and far edges of the appropriate ROI are found, and values are interpolated 
in N equal steps, as set by the N STEPS control, between those edges.  This is useful 
when studying ROI parameter variability vs distance from ROI edge, like in the 
following article:  Li (2019). 

Select the type of distance projection you wish to view from the DISTANCE PROJECTION DROPLIST.  Some types 
of projections are only available after making the corresponding parametric map (5.7).  For example, I can only view 
a T1 distance projection after making a T1 map, and so on. 

You may choose single slice, average of all slices, and 3D projections.  When viewing single slice projections, adjust 
the SLICE SLIDER (or MOUSE WHEEL) to scroll through the available slices. 

Some projections can be viewed dynamically.  These include signal intensity, Hounsfield units, counts, ΔSI, 
Enhancement, Excretion, ΔR2* and various model reconstruction histograms.  When viewing a dynamic distance 
projection, adjust the DYNAMICS SLIDER (or MOUSE WHEEL) to scroll through the available dynamics. 

Press the SIGMA BUTTON to toggle a standard deviation overlay when available. 

6.5 LEGEND 

LEFT CLICK the LEGEND BUTTON to toggle legend display on/off.  RIGHT CLICK to adjust the legend names.  All 
curves, menus and tables are updated with the adjusted names. 

6.6 WEIGHTED FITS 

LEFT CLICK the WEIGHTS BUTTON to toggle weighted fitting on/off.  RIGHT CLICK to adjust the individual weights.  
When making changes to the weights, all parametric curves and tabulated results are updated in real time.  All 
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parametric maps and histograms must be re-generated.  Weighted fitting is available for T1, T2, T2* and DWI data 
types. 

6.7 PLOT TOGGLE BUTTONS 

PLOT TOGGLE BUTTONS allow you to display or hide parametric curves, histograms and distance projections. 

6.8 SIGNAL INTENSITY CALCULATOR 

Select SI Calculator from the VIEWS menu or press CTRL+7 to access the SIGNAL INTENSITY CALCULATOR PAGE.  
Double click ADD NEW ROW inside the PLOT DATA TABLE to add plot points manually, or paste tabulated data 
from excel by pressing the PASTE BUTTON.  Enable or disable individual points using the Enable Point column in 
the PLOT DATA TABLE.  This is identical to weighted fits (6.6). 

Select the SI calculator type from the drop-list (ADC by default).  The PLOT FIT BUTTONS on the right will adjust 
accordingly.  The available SI calculator types are as follows, with more to be added in the future: 

ADC – Calculate the apparent diffusion coefficient (ADC) using various models from a signal intensity vs b-value 
decay curve.  The calculations are taken from the DWI analysis portion of pMRI (9.4). 

T1 – Calculate the T1 recovery time and inversion point from a signal intensity vs Inversion Time curve.  The 
calculations are taken from the T1 analysis portion of pMRI (15.5). 

T2 – Calculate the T2 decay time using various models from a signal intensity vs echo-time decay curve.  The 
calculations are taken from the T2 analysis portion of pMRI (16.4). 

T2* - Calculate the T2* decay time using various models from a signal intensity vs echo-time decay curve.  The 
calculations are taken from the T2* analysis portion of pMRI (17.4). 

7 RESULTS PAGE 

7.1 OVERVIEW 

Select Results Page from the VIEWS menu or press CTRL+5 to access the RESULTS PAGE.  This is where the user 
can view tabulated results, export to excel, manage screenshots, and create DICOM series to send to PACS.  The 
page is split into four components listed in the sections below. 

7.2 RESULTS TABLE 

Click the RESULTS TABLE BUTTON or press 1 to view the RESULTS TABLE.  The RESULTS TABLE displays the main 
result of the analysis in tabulated form.  The values shown vary depending on the analysis type.  You may also write 
a short note about the analysis by pressing the CUSTOM NOTE BUTTON.  This note will be saved with the analysis 
as described in section 8.4. 

7.3 PARAMETER TABLE 

Click the PARAMETER TABLE BUTTON or press 2 to view the PARAMATER TABLE and HISTOGRAM 
PARAMETER TABLE.  The PARAMETER TABLE lists all best fit parameters for the parametric curves as well as the 
equations associated with the fits.  The values shown vary depending on the analysis type. 

The HISTOGRAM PARAMETER TABLE lists first order features of the currently plotted histogram.  This list includes  
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Minimum Minimum value contained in X 

10th Percentile Lowest bin value that contains at least 10% of all 
occurrences at and to the left 

90th Percentile Lowest bin value that contains at least 90% of all 
occurrences at and to the left 

Maximum Maximum value contained in X 

Mean 1
𝑁𝑁𝑁𝑁

�𝑋𝑋(𝑖𝑖)
𝑁𝑁𝑁𝑁

𝑖𝑖=1

 

Median Median value of X 

Interquartile Range 75th Percentile – 25th Percentile 

Range Maximum - Minimum 

Mean Absolute Deviation (MAD) 1
𝑁𝑁𝑁𝑁

��𝑋𝑋(𝑖𝑖) − 𝑋𝑋�
𝑁𝑁𝑁𝑁

𝑖𝑖=1

 

Robust Mean Absolute Deviation (rMAD) 1
𝑁𝑁10−90

� �𝑋𝑋10−90(𝑖𝑖) − 𝑋𝑋10−90�
𝑁𝑁10−90

𝑖𝑖=1

 

Root Mean Squared 

� 1
𝑁𝑁𝑁𝑁

�(𝑋𝑋(𝑖𝑖) + 𝑐𝑐)2
𝑁𝑁𝑁𝑁

𝑖𝑖=1

 

Standard Deviation 

� 1
𝑁𝑁𝑁𝑁

�(𝑋𝑋(𝑖𝑖) − 𝑋𝑋)2
𝑁𝑁𝑁𝑁

𝑖𝑖=1

 

Skewness 1
𝑁𝑁𝑁𝑁∑ (𝑋𝑋(𝑖𝑖) − 𝑋𝑋)𝑁𝑁𝑁𝑁

𝑖𝑖=1

3

� 1
𝑁𝑁𝑁𝑁∑ (𝑋𝑋(𝑖𝑖) − 𝑋𝑋)2𝑁𝑁𝑁𝑁

𝑖𝑖=1

3 

Kurtosis 1
𝑁𝑁𝑁𝑁∑ (𝑋𝑋(𝑖𝑖) − 𝑋𝑋)𝑁𝑁𝑁𝑁

𝑖𝑖=1

4

� 1
𝑁𝑁𝑁𝑁∑ (𝑋𝑋(𝑖𝑖) − 𝑋𝑋)2𝑁𝑁𝑁𝑁

𝑖𝑖=1 �
2 

X is a set of Np voxels in an ROI between the minimum and maximum histogram plot value (6.3). 

H(i) is the first order histogram with Ng equally spaced bins. 



h(i) is the normalized first order histogram H(i)/Np 

c is an offset to prevent negative data values.  It is set to the histogram minimum if the minimum is less than zero 
and zero otherwise. 

VVoxel is the voxel size in mm3. 

ϵ is a small number ≈ 2.2 x 10-16 

Please visit https://pyradiomics.readthedocs.io/en/latest/features.html#module-radiomics.firstorder for more 
information. 

7.4 PLOT DATA TABLES 

Click the PLOTS TABLE BUTTON or press 3 to view the plot data tables.  There are two tables on this page.  The 
RAW DATA TABLE displays numerical values of all generated parametric curves.  The HISTOGRAMS TABLE 
displays numerical values of the last generated histogram.  Any time you create a new histogram (6.3) this table is 
updated. 

7.5 SCREENSHOTS AND PACS 

Click the SCREENSHOTS TABLE BUTTON or press 4 to view and manage screenshots.  There are two ways to take 
a screenshot.  File->Save->Screenshot (PNG) or SHIFT+S saves a PNG file of the currently displayed map, plot or table.  
File->Save->Screenshot (DICOM) or SHIFT+D saves the image to the SCREENSHOTS LIST. 

Click the SAVE DICOM BUTTON to automatically convert all saved screenshots into a new DICOM series and 
associate it with the currently open study.  The newly converted series appears in the LOCAL SERIES TABLE where 
it can be exported locally (4.4) or to a PACS server (3.5).  You may edit the series description and series number by 
double clicking on the associated cell. 

Press CTRL+A to select all screenshots.  DELETE to delete selected screenshots.  RIGHT CLICK on the SCREENSHOTS 
LIST to open a context menu for more options. 

8 SAVING RESULTS AND BATCH PROCESSING 

8.1 OVERVIEW 

PMRI is able to send screen captures to PACS, export tabulated results to applications like excel, and batch process 
hundreds of cases.   

The purpose of batch processing is to keep large research projects organized.  Typing values into excel manually 
from multiple cases is error prone.  It is easy to miss a decimal place, enter a value into the wrong cell, or miss a case 
entirely.  Batch processing removes some of these difficulties by making the software do this type of work for you. 

The workflow is as follows:  Analyze a case, save the analysis (8.4), repeat for multiple cases, load the analyses for 
batch processing (8.6). 

8.2 SCREEN CAPTURES AND DICOM SERIES 

Screenshots are captured and managed during the analysis as described in 7.5.  The user is also able to save 
parametric maps with or without ROIs as described in 5.16.  This method preserves spatial information about the 
image and can be imported into other medical image processing software.  External secondary capture images may 
also be imported as described in 4.3. 

https://pyradiomics.readthedocs.io/en/latest/features.html%23module-radiomics.firstorder


8.3 EXPORT TO EXCEL 

All tabulated data and graphs can be copied into excel.  This includes the lists of studies on the LOCAL STUDIES 
PAGE (4) and NETWORK PAGE (3), the various charts on the CURVES PAGE (6), the various results on the RESULTS 
PAGE (7) as well as result summaries on the BATCH PROCESSING PAGE (8).  Make a selection with the mouse (or 
press CTRL+A to select everything) and press CTRL+C to copy the selected data to the clipboard (or just press CTRL+C 
when viewing curves).  The data may now be pasted into an application like excel.   

8.4 SAVING THE ANALYSIS 

Select SAVE ANALYSIS from the FILE->SAVE menu (or press CTRL+S) while analyzing a case to save all ROI 
coordinates, slider settings, plots and results.  The * symbol in the top left corner by the PROGRAM TITLE will 
disappear signifying that there are no unsaved changed pending. 

You may also make multiple versions and backups of the analysis by selecting SAVE ANALYSIS FILE from the FILE-
>SAVE menu (or press CTRL+SHIFT+S). 

Both save options may then be loaded on a case by case basis (8.5) or in bulk (8.6). 

Select SAVE ANALYSIS FILE (NIFTI) from the FILE->SAVE menu to export a NIFTI (.nii) file with the ROI coordinates.  
The segmentation coordinates are stored in a single unsigned short integer (2 bytes per value) array for all ROIs.  Bit 
manipulation is performed to store multiple coordinates in a single array.  For example, the bit value of the unsigned 
short array at coordinate I where ROIs 1, 4 and 5 are set would be 

unsignedShortArray[i] = 00000000 00011001 

  Orientation information is stored via method 3 as specified by the NIFTI file format. 

8.5 LOADING THE ANALYSIS 

The LOAD ANALYSIS option from the FILE->SAVE menu becomes available once an analysis has been saved (8.4) 
for a given case.  Selecting this option while analyzing a case will restore all ROI coordinates, slider settings, plots 
and results. 

You may also drag and drop a saved analysis file (8.4) onto the LOCAL STUDIES TABLE.  This will locate the correct 
study1, load the appropriate series and restore all ROI coordinates, slider settings, plots and results. 

Finally, you may drag and drop a saved analysis file on the ANALYSIS IMAGE WINDOW to load the analysis. 

1NOTE: you will be prompted if the study associated with the analysis file is not currently imported into your local 
database. 

8.6 BATCH PROCESSING – TABLES 

Select Batch Processing from the VIEWS menu or press CTRL+6 to access the BATCH PROCESSING PAGE and press 
the TABLE BUTTON (pressed by default).  Press LOAD to populate the table with all saved analyses.  Press LOAD 
EXTERNAL or drag and drop a folder onto the BATCH PROCESSING TABLE to load all saved analysis files located 
in selected folder (all subfolders are also scanned). 

The table will be updated with all saved analysis information including a summary of the results.  The types of results 
saved vary depending on the analysis type.  Right click on the BATCH PROCESSING TABLE and select CHART 
LEGEND from the context menu to see what all the different parameters mean.  Select LOAD FULL CASE from the 
context menu to load the analysis associated with the selected table entry.  LOAD AND TRANSFORM ROI will apply 

https://brainder.org/2012/09/23/the-nifti-file-format/


the DICOM affine coordinate transformation to the selected ROI and overlay it on the currently loaded case.  SAVE 
ROI FILES and SAVE ROI FILES (NIFTI) will create backups of the selected results in either pMRI or NIFTI formats. 

The BATCH PROCESSING TABLE is divided into six color coded sections.  The first section contains study related 
information such as medical record numbers, dates, and type of analysis.  The next five sections contain summarized 
results calculated from the user defined ROIs (one section per ROI).  The types of results are listed below. 

DWI 

Name: user defined ROI name, set via the LEGEND BUTTON (6.5) 

Volume: total volume of ROI in cm3 

Param 1: mean ADC value of the ROI based on the linear monoexponential model.  ADC Log from DWI results (9.7) 

Param 2: the square of the linear Pearson correlation coefficient of the fit to produce the ADC value in the row above 

Param 3: mean ADC value of the ROI based on the non-linear monoexponential model.  ADC from DWI results (9.7) 

Param 4: the square of the linear Pearson correlation coefficient of the fit to produce the ADC value in the row above 

Param 5: The “fast” ADC component calculated by the biexponential model.  ADC Biexp from DWI results (9.7) 

Param 6: The “slow” ADC component calculated by the biexponential model.  ADC(2) Biexp from DWI results (9.7) 

Param 7: the square of the linear Pearson correlation coefficient of the fit to produce the two ADC values in the rows 
above 

MR UROGRAPHY 

Name: Aorta (only volume reported), Right/Left Kidney + Upper/Lower pole in duplex cases 

Volume: total volume of ROI in cm3 

Param 1: volumetric differential renal function vDRF 

Param 2: Patlak differential renal function pDRF 

Param 3: Calyceal Transit Time CTT in minutes 

Param 4: Renal Transit Time in minutes 

Param 5: Time to Peak in minutes 

Param 6: volumetric Patlak differential renal function vpDRF 

Param 7: the square of the linear Pearson correlation coefficient of the Patlak model fit 

RENAL SCINTIGRAPHY 

Name: Bladder, Right Kidney, Left Kidney, Right Background or Left Background 

Volume: number of pixels in the ROI 

Param 1: total counts between 1 and 2 minutes 

Param 2: split function (R or L kidney only) (13.9) 



Param 3: Calyceal Transit Time CTT in minutes (R or L kidney only) (13.9) 

Param 4: Renal Transit Time in minutes (R or L kidney only) (13.9) 

Param 5: Time to Peak in minutes (R or L kidney only) (13.9) 

Param 6: Peak to T75 in minutes (R or L kidney only) (13.9) 

Param 7: Peak to T½ in minutes (R or L kidney only) (13.9) 

T1 DCE 

Name: Vessel/Tissues 

Volume: total volume of ROI in cm3 

Param 1: Patlak model slope in (mL/min)/mL 

Param 2: Patlak model intercept [%] 

Param 3: the square of the linear Pearson correlation coefficient of the Patlak model fit 

Param 4: bi-directional model κ1 parameter in (mL/min)/mL 

Param 5: bi-directional model κ2 parameter in (mL/min)/mL 

Param 6: bi-directional model α parameter [%] 

Param 7: the square of the linear Pearson correlation coefficient of the bi-directional model fit 

T1 MAPPING 

Name: user defined ROI name, set via the LEGEND BUTTON (6.5) 

Volume: total volume of ROI in cm3 

Param 1: mean T1 value of the ROI 

Param 2: mean R1 value of the ROI 

Param 3 mean T1* value of the ROI 

Param 4: mean R1* value of the ROI 

Param 5: mean time of inversion of the ROI 

Param 6: the square of the linear Pearson correlation coefficient of the fit to produce values in the rows above 

T2/T2* MAPPING, T2/T2* LIC 

Name: user defined ROI name, set via the LEGEND BUTTON (6.5) 

Volume: total volume of ROI in cm3 

Param 1: mean R2(*) value of the ROI based on the linear monoexponential model 



Param 2: the square of the linear Pearson correlation coefficient of the fit to produce the R2(*) value in the row 
above 

Param 3: mean R2(*) value of the ROI based on the non-linear monoexponential model.  In the case of a T2* mapping 
case with only 2 echo times, the echo ratio (17.7) is reported instead. 

Param 4: the square of the linear Pearson correlation coefficient of the fit to produce the R2(*) value in the row 
above 

Param 5: The “fast” R2(*) component calculated by the biexponential model 

Param 6: The “slow” R2(*) component calculated by the biexponential model 

Param 7: the square of the linear Pearson correlation coefficient of the fit to produce the two R2(*) values in the 
rows above 

T2* PERFUSION 

Name: Vessel/Tissues 

Volume: total volume of ROI in cm3 

Param 1: number of pixels in the ROI 

Param 2: area under the curve (AUC) of the gamma variate fit for the ROI 

Param 3: cerebral blood volume (CBV) of the ROI [%] 

Param 4: the square of the linear Pearson correlation coefficient of the gamma variate model fit 

VOLUMETRIC ANALYSIS 

Name: user defined ROI name, set via the LEGEND BUTTON (6.5) 

Volume: total volume of ROI in cm3 

Param 1: number of pixels in the ROI 

Param 2: average pixel value in the ROI 

Param 3: standard deviation of the pixels values in the ROI 

Param 4: average Hounsfield unit in the ROI (CT Volumetric data only) 

8.7 BATCH PROCESSING – CURVES 

While on the BATCH PROCESSING PAGE (8.6), press the PLOTS BUTTON to go into batch plots mode.  Use the 
BATCH PLOTS SLIDER (or MOUSEWHEEL) to change studies.  Press SHIFT+S to save a screenshot in PNG format.  
This mode works in conjunction with the BATCH PROCESSING TABLE.  Here is an example to illustrate the point: 

Load many different analyses into the batch table (8.6).  Now we want to quickly view all enhancement curves for 
MRU data of patients with delayed CTT on the right side.  This is accomplished by first typing MRU into the top filter 
row of the “Analysis Type” column to hide all data besides MRU data.  Now we click on the Param 3 column header 
(CTT) in the ROI 2 section (Right Kidney) to sort our table by Right Kidney CTT values.  Finally, click on the PLOTS 
BUTTON.  The curves will be displayed in the same order as the table, which is currently in increasing Right Kidney 
CTT order. 



Another good method is to sort the data by correlation coefficient (params 2, 4 and 7 for DWI, T2, T2*, T2 LIC, T2* 
LIC, param 7 for T1 DCE, MRU, param 6 for T1 mapping, and param 4 for T2* perfusion) to identify and analyze poor 
or high quality cases. 

The following curves are displayed for various data types: 

DWI 

Average signal intensity vs b-value (mm/s2) 

MR UROGRAPHY 

Average enhancement vs time (mins) 

RENAL SCINTIGRAPHY 

Total counts vs time (mins) 

T1 DCE 

Average enhancement vs time (mins) 

T1 MAPPING 

Inversion adjusted average signal intensity vs inversion time (msec) 

T2/T2* MAPPING, T2/T2* LIC 

Average signal intensity vs echo time (msec) 

T2* PERFUSION 

Average ΔR2* vs time (secs) 

VOLUMETRIC ANALYSIS 

Pixel value histogram (# occurrences vs pixel value) 

9 DIFFUSION WEIGHTED IMAGING (DWI) 

9.1 OVERVIEW 

The same types of questions come up repeatedly in research involving DWI.  Which b-values 
were used and why?  Were perfusion effects accounted for?  Was background noise accounted 
for?  PMRI provides the necessary tools to answer these questions given enough data. 

ADC values are calculated using linear and non-linear monoexponential models, as well as 
biexponential models 9.3.  Generate mean ROI values, histograms and parametric maps. 

The workflow is as follows:  Load a case (4.6), view the images (5.2-5.5), make an ADC map 
(5.6,5.7), define an ROI (5.12-5.14), view signal intensity vs b-value parametric curves (6.2) and ADC histograms (6.3), 
view and save the results of the analysis (7). 

9.2 DATA COMPATIBILITY 

DWI Analysis requires a diffusion weighted sequence with a minimum of 2 b-values.  B-values are read automatically 
from the DICOM header and the images are sorted accordingly in ascending order.  If DICOM tag 0018-9087 exists, 



b-values are read from there.  Otherwise, DICOM tag 0018-0024 is parsed for numerical values (for example, a tag 
value of *ep_b50t is read as b-value = 50 by pMRI). 

9.3 ADC MODELS 

 

LINEAR MONOEXPONENTIAL 𝑺𝑺(𝒃𝒃) = 𝑺𝑺𝟎𝟎𝒆𝒆−𝑨𝑨𝑨𝑨𝑨𝑨𝒃𝒃  
NON-LINEAR MONOEXPONENTIAL1 𝑺𝑺(𝒃𝒃) = 𝑺𝑺𝟎𝟎𝒆𝒆−𝑨𝑨𝑨𝑨𝑨𝑨𝒃𝒃 + 𝑨𝑨 
BIEXPONENTIAL2 𝑺𝑺(𝒃𝒃) = 𝑺𝑺𝟎𝟎(𝟏𝟏)𝒆𝒆−𝑨𝑨𝑨𝑨𝑨𝑨(𝟏𝟏)𝒃𝒃 + 𝑺𝑺𝟎𝟎(𝟐𝟐)𝒆𝒆−𝑨𝑨𝑨𝑨𝑨𝑨(𝟐𝟐)𝒃𝒃 + 𝑨𝑨 
 
𝒃𝒃  = b-value [sec/mm2], 𝑺𝑺(𝒃𝒃)  = signal intensity at b-value b, 𝑺𝑺𝟎𝟎  = signal intensity at b-value 0 excluding 
contributions from noise, 𝑨𝑨𝑨𝑨𝑨𝑨 = Apparent Diffusion Coefficient [10-6mm2/sec], 𝑨𝑨 = signal intensity at infinite b-
values. 

 
1NOTE: The non-linear monoexponential model requires a minimum of 3-bvalues to become available. 
2NOTE: The biexponential model requires a minimum of 5-bvalues to become available.  This model is sometimes 
used to study perfusion Dijkstra (2012), Heusch (2013)  
 

9.4 PARAMETRIC CURVES 

Parametric curves are available after defining an ROI (5.12-5.14) via the PARAMETRIC CURVE SELECTION 
BUTTONS.  The following curve types are available in DWI mode: 

SIGNAL INTENSITY:  Plot the average signal intensity of the ROI(s) vs b-value. 

LOG:  Plot the average signal intensity of the ROI(s) vs b-value and fit the data with the linear monoexponential 
model (9.3). 

MONOEXPONENTIAL:  Plot the average signal intensity of the ROI(s) vs b-value and fit the data with the non-linear 
monoexponential model (9.3). 

BIEXPONENTIAL:  Plot the average signal intensity of the ROI(s) vs b-value and fit the data with the biexponential 
model (9.3). 

Hover over the curve to display all fit parameters and correlation coefficient of the currently selected model.  The fit 
parameters and correlation coefficients of all 3 models also appear in the PARAMETER TABLE (7.3). 

9.5 MAPS 

You may generate and view parametric maps as described in 5.7.  The types of maps are grouped by model.  If you 
generate a map from a particular model, the other maps from the same model become immediately available and 
do not need to be recalculated.  The models have a hierarchical structure.  For example, generating a map from the 
non-linear monoexponential model also generates all maps from the linear monoexponential model.  Generating 
any biexponential map also generates all linear and non-linear monoexponential maps.  All maps are affected by 
weights (6.6).  Here is a complete list: 

Image:  Displays the raw signal intensity as read directly from the DICOM file. 

ADC:  Displays an ADC map in units of 10-6mm2/sec calculated by the linear monoexponential model.  This map is 
generated very quickly and is usually how ADC maps are calculated in most PACS systems.  This is the same as the 
Log ADC map (see below). 

LOG MODEL 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3297749/
https://www.ncbi.nlm.nih.gov/pubmed/23249648


Log Reconstruction:  Displays the reconstructed signal intensity at a virtual user selectable b-value (via DYNAMICS 
SLIDER).  The reconstruction is performed using the linear monoexponential model. 

Log ADC:  Displays an ADC map in units of 10-6mm2/sec calculated by the linear monoexponential model.  This is 
usually how ADC maps are calculated in most PACS systems. 

Log S0:  Displays a map of the 𝑺𝑺𝟎𝟎  parameter calculated by the linear monoexponential model.  This is the 
reconstructed signal intensity at b-value 𝒃𝒃 = 0. 

Log Correlation:  Displays a map of the linear Pearson correlation coefficient between the original image and linear 
monoexponential model fit in units of R2 x 103.  

MONOEXP MODEL 

Monoexp Reconstruction:  Displays the reconstructed signal intensity at a virtual user selectable b-value (via 
DYNAMICS SLIDER).  The reconstruction is performed using the non-linear monoexponential model. 

Monoexp ADC:  Displays an ADC map in units of 10-6mm2/sec calculated by the non-linear monoexponential model.   

Monoexp S0:  Displays a map of the 𝑺𝑺𝟎𝟎 parameter calculated by the non-linear monoexponential model.  This is the 
reconstructed signal intensity at b-value 𝒃𝒃 = 0 excluding contributions from noise (+C). 

Monoexp +C:  Displays a map of the 𝑨𝑨 parameter calculated by the non-linear monoexponential model.  This is the 
reconstructed signal intensity at infinite b-values. 

Monoexp Correlation:  Displays a map of the linear Pearson correlation coefficient between the original image and 
non-linear monoexponential model fit in units of R2 x 103.  

BIEXP MODEL 

Biexp Reconstruction:  Displays the reconstructed signal intensity at a virtual user selectable b-value (via DYNAMICS 
SLIDER).  The reconstruction is performed using the biexponential model. 

Biexp ADC:  Displays a map of the 𝑨𝑨𝑨𝑨𝑨𝑨(𝟏𝟏) parameter in units of 10-6mm2/sec calculated by the biexponential model.  
This is the “fast” component of the decay.  

Biexp S0:  Displays a map of the 𝑺𝑺𝟎𝟎(𝟏𝟏) parameter calculated by the biexponential model.  This is the “fast” component 
of the reconstructed signal intensity at b-value 𝒃𝒃 = 0 excluding contributions from noise (+C). 

Biexp ADC2:  Displays a map of the 𝑨𝑨𝑨𝑨𝑨𝑨(𝟐𝟐) parameter in units of 10-6mm2/sec calculated by the biexponential model.  
This is the “slow” component of the decay.   

Biexp S02:  Displays a map of the 𝑺𝑺𝟎𝟎(𝟐𝟐)  parameter calculated by the biexponential model.  This is the “slow” 
component of the reconstructed signal intensity at b-value 𝒃𝒃 = 0 excluding contributions from noise (+C). 

Biexp +C:  Displays a map of the 𝑨𝑨 parameter calculated by the biexponential model.  This is the reconstructed signal 
intensity at infinite b-values. 

Biexp S0 ratio:  Displays a map of the relative contribution of the “fast” component of the biexponential model as a 
percentage.  The image is generated by the following formula: 

𝑀𝑀𝑀𝑀𝑁𝑁 =  
𝑺𝑺𝟎𝟎(𝟏𝟏)

𝑺𝑺𝟎𝟎(𝟏𝟏) + 𝑺𝑺𝟎𝟎(𝟐𝟐)
∗  𝟏𝟏𝟎𝟎𝟎𝟎%  



Biexp Correlation:  Displays a map of the linear Pearson correlation coefficient between the original image and 
biexponential model fit in units of R2 x 103.  

If your data has multiple slices, all maps can be MIPed (5.8). 

Press CTRL+C when viewing any curve to copy the numerical data onto the clipboard (which can then be pasted into 
applications like Excel). 

9.6 HISTOGRAMS 

Histograms (6.3) are available for every map1 in 9.5.  The following histograms are dynamic (the DYNAMICS SLIDER  
and MOUSE WHEEL adjust the b-value of dynamic histograms): 

Signal Intensity, Log Reconstruction, Monoexp Reconstruction, Biexp Reconstruction. 

Press CTRL+C when viewing any histogram to copy the numerical data onto the clipboard (which can then be pasted 
into applications like Excel). 

1NOTE: The map must be generated prior to viewing the corresponding histogram. 

9.7 RESULTS 

The RESULTS TABLE 7.2 displays the following values for each defined ROI: 

ADC:  The mean apparent diffusion coefficient (ADC) in 10-6mm2/sec of the corresponding region of interest 
calculated by fitting the non-linear monoexponential model 9.3 to the average signal intensity vs b-value parametric 
curve 9.4.  If your data has only 2 b-values, the linear monoexponential model is used.  Weights 6.6 are factored into 
this value. 

Correlation R2: The square of the linear Pearson correlation coefficient of the fit to produce the ADC value in the row 
above. 

Volume [pixel]:  The number of pixels in the corresponding ROI. 

Volume [cm3]:  The volume of the corresponding ROI in cm3.  Volumes are calculated by multiplying the number of 
pixels (above) by voxel_x_size * voxel_y_size * Slice Thickness.  If the Spacing Between Slices DICOM tag is present, 
it is used in place of Slice Thickness. 

ADC Log:  This value is reported only if your data has 3 or more b-values.  This is the mean ADC calculated using the 
linear monoexponential model (as opposed to the top entry in the chart which uses the non-linear model). 

ADC Biexp:  The “fast” ADC component calculated by the biexponential model.  This value is reported only if your 
data has 5 or more b-values. 

ADC(2) Biexp: The “slow” ADC component calculated by the biexponential model.  This value is reported only if your 
data has 5 or more b-values. 

The PARAMETER TABLE 7.3 lists the fit parameters for all three ADC models (9.3) in one table. 

The RAW DATA TABLE 7.4 displays tabulated values of the mean signal intensity vs b-value parametric curves while 
the HISTOGRAMS TABLE displays tabulated values of the last plotted histogram. 

You may click in any of the tables and press CTRL+A and CTRL+C to select all values and copy them to the clipboard 
for easy export. 

Be sure to save your results (CTRL+S) (8.4) for later recall (8.5) and batch processing (8.6). 



10 LIVER IRON CONCENTRATION (LIC) T2 

10.1 OVERVIEW 

T2 values are calculated using linear and non-linear monoexponential models, as well as 
biexponential models 10.3.  T2 LIC analysis is based on the R2 vs LIC relationship described 
by St Pierre (10.4).  Generate mean ROI values, histograms and parametric maps. 

The workflow is as follows:  Load a case (4.6), view the images (5.2-5.5), make an LIC map 
(5.6,5.7), define an ROI (5.12-5.14), view signal intensity vs echo time parametric curves 

(6.2) and LIC histograms (6.3), view and save the results of the analysis (7). 

10.2 DATA COMPATIBILITY 

T2 LIC Analysis requires a multi-echo spin-echo sequence with a minimum of 2 echo times (See St. Pierre (2005) for 
recommended sequence).  Echo times are read automatically from the DICOM header (DICOM tag 0018-0081) and 
the images are sorted accordingly in ascending order. 

10.3 T2 MODELS 

 

LINEAR MONOEXPONENTIAL 𝑺𝑺(𝑻𝑻𝑻𝑻) = 𝑺𝑺𝟎𝟎𝒆𝒆−𝑻𝑻𝑻𝑻/𝑻𝑻𝟐𝟐  
NON-LINEAR MONOEXPONENTIAL1 𝑺𝑺(𝑻𝑻𝑻𝑻) = 𝑺𝑺𝟎𝟎𝒆𝒆−𝑻𝑻𝑻𝑻/𝑻𝑻𝟐𝟐 + 𝑨𝑨 
BIEXPONENTIAL2 𝑺𝑺(𝑻𝑻𝑻𝑻) = 𝑺𝑺𝟎𝟎(𝟏𝟏)𝒆𝒆−𝑻𝑻𝑻𝑻/𝑻𝑻𝟐𝟐(𝟏𝟏) + 𝑺𝑺𝟎𝟎(𝟐𝟐)𝒆𝒆−𝑻𝑻𝑻𝑻/𝑻𝑻𝟐𝟐(𝟐𝟐) + 𝑨𝑨 
 
𝑻𝑻𝑻𝑻 = echo time [msec], 𝑺𝑺(𝑻𝑻𝑻𝑻) = signal intensity at echo time TE, 𝑺𝑺𝟎𝟎 = signal intensity at echo time 0 excluding 
contributions from noise, 𝑻𝑻𝟐𝟐 = T2 value [msec], 𝑨𝑨 = signal intensity at infinite echo times 
 
1NOTE: The non-linear monoexponential model requires a minimum of 3 echo times to become available. 
2NOTE: The biexponential model requires a minimum of 5 echo times to become available. 

10.4 LIC MODEL 

PMRI uses the St. Pierre LIC Model based on R2 values as reported by Wood (2005)1 

𝑹𝑹𝟐𝟐 [𝑯𝑯𝑯𝑯] =  
𝟏𝟏
𝑻𝑻𝟐𝟐

∗ 𝟏𝟏𝟎𝟎𝟑𝟑 

𝑳𝑳𝑳𝑳𝑨𝑨 �
𝒎𝒎𝒎𝒎𝒎𝒎𝒆𝒆
𝒎𝒎

� = (𝟐𝟐𝟐𝟐.𝟕𝟕𝟕𝟕 − √𝟐𝟐𝟎𝟎𝟎𝟎.𝟕𝟕 − 𝟐𝟐.𝟐𝟐𝟐𝟐𝟑𝟑𝑹𝑹𝟐𝟐)𝟏𝟏.𝟒𝟒𝟐𝟐𝟒𝟒 

The R2 value used in the LIC equation above can be calculated from any of the T2 models (10.3).  The T2 model is 
user selectable from the LIC MENU (non-linear monoexponential is set by default). 

1NOTE: At the time of this writing, there appears to be a typo in the equation in this online version of the article.  
Please see Hernando (2014) or the original article for the correct version. 

10.5 PARAMETRIC CURVES 

Parametric curves are available after defining an ROI (5.12-5.14) via the PARAMETRIC CURVE SELECTION 
BUTTONS.  The following curve types are available in T2 LIC mode: 

SIGNAL INTENSITY:  Plot the average signal intensity of the ROI(s) vs echo time. 

https://www.ncbi.nlm.nih.gov/pubmed/15256427
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1895207/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4308740/


LOG:  Plot the average signal intensity of the ROI(s) vs echo time and fit the data with the linear monoexponential 
model (10.3). 

MONOEXPONENTIAL:  Plot the average signal intensity of the ROI(s) vs echo time and fit the data with the non-
linear monoexponential model (10.3). 

BIEXPONENTIAL:  Plot the average signal intensity of the ROI(s) vs echo-time and fit the data with the biexponential 
model (10.3). 

LIC HISTORY:  Plot the mean liver iron concentration (LIC) in mg[Fe]/g of ROI 1 vs study date for all analyzed/saved 
studies for the current patient using the currently selected LIC model (10.4). 

Hover over the curve to display all fit parameters and correlation coefficient of the currently selected model.  The fit 
parameters and correlation coefficients of all 3 models also appear in the PARAMETER TABLE (7.3). 

Press CTRL+C when viewing any curve to copy the numerical data onto the clipboard (which can then be pasted into 
applications like Excel). 

10.6 MAPS 

You may generate and view parametric maps as described in 5.7.  The T2 LIC mode has a special “Smooth” (10.8) 
option that is only available for T2 LIC data.  The types of maps are grouped by model.  If you generate a map from 
a particular model, the other maps from the same model become immediately available and do not need to be 
recalculated.  The models have a hierarchical structure.  For example, generating a map from the non-linear 
monoexponential model also generates all maps from the linear monoexponential model.  Generating any 
biexponential map also generates all linear and non-linear monoexponential maps.  All maps are affected by weights 
(6.6).  Here is a complete list: 

Image:  Displays the raw signal intensity as read directly from the DICOM file. 

LIC:  Displays an LIC map in units of mg/g dry liver calculated as described in 10.4. 

LOG MODEL 

Log Reconstruction:  Displays the reconstructed signal intensity at a virtual user selectable echo time (via DYNAMICS 
SLIDER).  The reconstruction is performed using the linear monoexponential model. 

Log T2:  Displays a 𝑻𝑻𝟐𝟐 map in units of msec calculated by the linear monoexponential model. 

Log R2:  Displays an 𝑹𝑹𝟐𝟐 map in units of Hz calculated by the linear monoexponential model. 

Log S0:  Displays a map of the 𝑺𝑺𝟎𝟎  parameter calculated by the linear monoexponential model.  This is the 
reconstructed signal intensity at echo time 𝑻𝑻𝑻𝑻 = 0. 

Log Correlation:  Displays a map of the linear Pearson correlation coefficient between the original image and linear 
monoexponential model fit in units of R2 x 103.  

MONOEXP MODEL 

Monoexp Reconstruction:  Displays the reconstructed signal intensity at a virtual user selectable echo time (via 
DYNAMICS SLIDER).  The reconstruction is performed using the non-linear monoexponential model. 

Monoexp T2:  Displays a 𝑻𝑻𝟐𝟐 map in units of msec calculated by the non-linear monoexponential model.   

Monoexp R2:  Displays an 𝑹𝑹𝟐𝟐 map in units of Hz calculated by the non-linear monoexponential model.   



Monoexp S0:  Displays a map of the 𝑺𝑺𝟎𝟎 parameter calculated by the non-linear monoexponential model.  This is the 
reconstructed signal intensity at echo time 𝑻𝑻𝑻𝑻 = 0 excluding contributions from noise (+C). 

Monoexp +C:  Displays a map of the 𝑨𝑨 parameter calculated by the non-linear monoexponential model.  This is the 
reconstructed signal intensity at infinite echo times. 

Monoexp Correlation:  Displays a map of the linear Pearson correlation coefficient between the original image and 
non-linear monoexponential model fit in units of R2 x 103.  

BIEXP MODEL 

Biexp Reconstruction:  Displays the reconstructed signal intensity at a virtual user selectable echo time (via 
DYNAMICS SLIDER).  The reconstruction is performed using the biexponential model. 

Biexp T2:  Displays a map of the 𝑻𝑻𝟐𝟐(𝟏𝟏) parameter in units of msec calculated by the biexponential model.  This is the 
“fast” component of the decay.  

Biexp R2:  Displays a map of the 𝑹𝑹𝟐𝟐(𝟏𝟏) parameter in units of Hz calculated by the biexponential model.  This is the 
“fast” component of the decay.  

Biexp S0:  Displays a map of the 𝑺𝑺𝟎𝟎(𝟏𝟏) parameter calculated by the biexponential model.  This is the “fast” component 
of the reconstructed signal intensity at echo time 𝑻𝑻𝑻𝑻 = 0 excluding contributions from noise (+C). 

Biexp T22:  Displays a map of the 𝑻𝑻𝟐𝟐(𝟐𝟐) parameter in units of msec calculated by the biexponential model.  This is the 
“slow” component of the decay.   

Biexp R22:  Displays a map of the 𝑹𝑹𝟐𝟐(𝟐𝟐) parameter in units of Hz calculated by the biexponential model.  This is the 
“slow” component of the decay.   

Biexp S02:  Displays a map of the 𝑺𝑺𝟎𝟎(𝟐𝟐)  parameter calculated by the biexponential model.  This is the “slow” 
component of the reconstructed signal intensity at echo time 𝑻𝑻𝑻𝑻 = 0 excluding contributions from noise (+C). 

Biexp +C:  Displays a map of the 𝑨𝑨 parameter calculated by the biexponential model.  This is the reconstructed signal 
intensity at infinite echo times. 

Biexp S0 ratio:  Displays a map of the relative contribution of the “fast” component of the biexponential model as a 
percentage.  The image is generated by the following formula:  

𝑀𝑀𝑀𝑀𝑁𝑁 =  
𝑺𝑺𝟎𝟎(𝟏𝟏)

𝑺𝑺𝟎𝟎(𝟏𝟏) + 𝑺𝑺𝟎𝟎(𝟐𝟐)
∗  𝟏𝟏𝟎𝟎𝟎𝟎%  

Biexp Correlation:  Displays a map of the linear Pearson correlation coefficient between the original image and 
biexponential model fit in units of R2 x 103.  

If your data has multiple slices, all maps can be MIPed (5.8). 

10.7 HISTOGRAMS 

Histograms (6.3) are available for every map1 in 10.6.  The following histograms are dynamic (the DYNAMICS SLIDER  
and MOUSE WHEEL adjust the echo time of dynamic histograms): 

Signal Intensity, Log Reconstruction, Monoexp Reconstruction, Biexp Reconstruction. 

Press CTRL+C when viewing any histogram to copy the numerical data onto the clipboard (which can then be pasted 
into applications like Excel). 



1NOTE: The map must be generated prior to viewing the corresponding histogram.  Also note that in T2 LIC mode, 
the Smooth (10.8) option for maps also affects histograms. 

10.8 5X5 SMOOTHING FILTER 

When Smooth is checked in the PARAMETRIC MAPS CONTEXT MENU, a 5x5 mean filter is applied to the data 
prior to model fitting.  Toggling Smooth on/off recalculates the current map.  The Smooth option in conjunction with 
the non-linear monoexponential model is a close approximation to the methodology described by Clark (2000).  
Please note that histograms are also affected by the Smooth option. 

10.9 EXCLUDING VESSELS 

Vessel exclusion can be performed in several different ways.  I prefer to manually exclude vessels using the circular 
ROI mode (5.12).  A better method is described in the T2* LIC section (11.8), but is not always possible for T2 LIC 
data due to motion artifact. 

10.10 RESULTS 

Click SAVE LIC RESULTS from the FILE->SAVE menu to automatically generate several DICOM series summarizing 
the LIC analysis.  These included tabulated results described below, various curves (10.5), histograms (10.7) and 
maps (10.6) as well as a series of ROI overlays.  The created series will automatically appear in the LOCAL SERIES 
TABLE of the loaded case on the LOCAL STUDIES PAGE. 

The RESULTS TABLE 7.2 displays the following values for each defined ROI: 

LIC:  The mean liver iron concentration (LIC) in mg[Fe]/g of the corresponding region of interest calculated as 
described in 10.4 from the average signal intensity vs echo time parametric curve (10.5).  Weights (6.6) are factored 
into this value. 

T2:  The mean T2 value of the ROI in msec calculated using the non-linear monoexponential model1.  Weights (6.6) 
are factored into this value. 

R2:  The mean R2 value of the ROI in Hz calculated using the non-linear monoexponential model1.  Weights (6.6) are 
factored into this value. 

Correlation R2: The square of the linear Pearson correlation coefficient of the fit to produce the R2 and T2 values in 
the rows above. 

Volume [pixel]:  The number of pixels in the corresponding ROI. 

Volume [cm3]:  The volume of the corresponding ROI in cm3.  Volumes are calculated by multiplying the number of 
pixels (above) by voxel_x_size * voxel_y_size * Slice Thickness.  If the Spacing Between Slices DICOM tag is present, 
it is used in place of Slice Thickness. 

The PARAMETER TABLE 7.3 lists the fit parameters for all three T2 models (10.3) in one table. 

The RAW DATA TABLE 7.4 displays tabulated values of the mean signal intensity vs echo time parametric curves 
while the HISTOGRAMS TABLE displays tabulated values of the last plotted histogram. 

You may click in any of the tables and press CTRL+A and CTRL+C to select all values and copy them to the clipboard 
for easy export. 

Be sure to save your results (CTRL+S) (8.4) for later recall (8.5) and batch processing (8.6). 

1NOTE: If your data has only 2 echo times, the linear monoexponential model is used. 

https://www.ncbi.nlm.nih.gov/pubmed/10788721


11 LIVER IRON CONCENTRATION (LIC) T2* 

11.1 OVERVIEW 

T2* values are calculated using linear and non-linear monoexponential models, as well as 
biexponential models 11.3.  T2* LIC analysis is based on the R2* vs LIC relationship 
described by several different publications (11.4).  Generate mean ROI values, histograms 
and parametric maps. 

The workflow is as follows:  Load a case (4.6), view the images (5.2-5.5), make an LIC map 
(5.6,5.7), define an ROI (5.12-5.14), view signal intensity vs echo time parametric curves (6.2) and LIC histograms 
(6.3), view and save the results of the analysis (7). 

11.2 DATA COMPATIBILITY 

T2* LIC Analysis requires a multi-echo T2* gradient echo sequence with a minimum of 2 echo times (See Wood 
(2005) or Henninger (2015) for recommended sequence).  Echo times are read automatically from the DICOM header 
(DICOM tag 0018-0081) and the images are sorted accordingly in ascending order. 

11.3 T2* MODELS 

 

LINEAR MONOEXPONENTIAL 𝑺𝑺(𝑻𝑻𝑻𝑻) = 𝑺𝑺𝟎𝟎𝒆𝒆−𝑻𝑻𝑻𝑻/𝑻𝑻𝟐𝟐∗   
NON-LINEAR MONOEXPONENTIAL1 𝑺𝑺(𝑻𝑻𝑻𝑻) = 𝑺𝑺𝟎𝟎𝒆𝒆−𝑻𝑻𝑻𝑻/𝑻𝑻𝟐𝟐∗ + 𝑨𝑨 
BIEXPONENTIAL2 𝑺𝑺(𝑻𝑻𝑻𝑻) = 𝑺𝑺𝟎𝟎(𝟏𝟏)𝒆𝒆−𝑻𝑻𝑻𝑻/𝑻𝑻𝟐𝟐∗(𝟏𝟏) + 𝑺𝑺𝟎𝟎(𝟐𝟐)𝒆𝒆−𝑻𝑻𝑻𝑻/𝑻𝑻𝟐𝟐∗(𝟐𝟐) + 𝑨𝑨 
 
𝑻𝑻𝑻𝑻 = echo time [msec], 𝑺𝑺(𝑻𝑻𝑻𝑻) = signal intensity at echo time TE, 𝑺𝑺𝟎𝟎 = signal intensity at echo time 0 excluding 
contributions from noise, 𝑻𝑻𝟐𝟐∗ = T2* value [msec], 𝑨𝑨 = signal intensity at infinite echo times 
 
Reading the He (2008) article (or something comparable) is recommended if unfamiliar with the various models.  
For example, the “Truncation model” described in the article is achieved by using the linear monoexponential 
model in conjunction with weighted fits (6.6). 
 
1NOTE: The non-linear monoexponential model requires a minimum of 3 echo times to become available. 
2NOTE: The biexponential model requires a minimum of 5 echo times to become available.  

11.4 LIC MODELS 

Reading the Henninger (2015) LIC model comparison article is strongly recommended.  PMRI uses five different user-
selectable LIC models listed below: 

𝑹𝑹𝟐𝟐∗ [𝑯𝑯𝑯𝑯] =  
𝟏𝟏
𝑻𝑻𝟐𝟐∗

∗ 𝟏𝟏𝟎𝟎𝟑𝟑 
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Henninger (2015) 𝑳𝑳𝑳𝑳𝑨𝑨 �
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The R2* value used in the LIC equations above can be calculated from any of the T2* models (11.3).  The T2* and LIC 
models are user selectable from the LIC MENU (non-linear monoexponential T2* and Wood (2005) LIC models are 
set by default). 

11.5 PARAMETRIC CURVES 

Parametric curves are available after defining an ROI (5.12-5.14) via the PARAMETRIC CURVE SELECTION 
BUTTONS.  The following curve types are available in T2* LIC mode: 

SIGNAL INTENSITY:  Plot the average signal intensity of the ROI(s) vs echo time. 

LOG:  Plot the average signal intensity of the ROI(s) vs echo time and fit the data with the linear monoexponential 
model (11.3). 

MONOEXPONENTIAL:  Plot the average signal intensity of the ROI(s) vs echo time and fit the data with the non-
linear monoexponential model (11.3). 

BIEXPONENTIAL:  Plot the average signal intensity of the ROI(s) vs echo-time and fit the data with the biexponential 
model (11.3). 

LIC HISTORY:  Plot the mean liver iron concentration (LIC) in mg[Fe]/g of ROI 1 vs study date for all analyzed/saved 
studies for the current patient using the currently selected LIC model (11.4). 

Hover over the curve to display all fit parameters and correlation coefficient of the currently selected model.  The fit 
parameters and correlation coefficients of all 3 models also appear in the PARAMETER TABLE (7.3). 

Press CTRL+C when viewing any curve to copy the numerical data onto the clipboard (which can then be pasted into 
applications like Excel). 

11.6 MAPS 

You may generate and view parametric maps as described in 5.7.  The types of maps are grouped by model.  If you 
generate a map from a particular model, the other maps from the same model become immediately available and 
do not need to be recalculated.  The models have a hierarchical structure.  For example, generating a map from the 
non-linear monoexponential model also generates all maps from the linear monoexponential model.  Generating 
any biexponential map also generates all linear and non-linear monoexponential maps.  All maps are affected by 
weights (6.6).  Here is a complete list: 

Image:  Displays the raw signal intensity as read directly from the DICOM file. 

LIC:  Displays an LIC map in units of mg/g dry liver calculated as described in 11.4. 

LOG MODEL 

Log Reconstruction:  Displays the reconstructed signal intensity at a virtual user selectable echo time (via DYNAMICS 
SLIDER).  The reconstruction is performed using the linear monoexponential model. 

Log T2*:  Displays a 𝑻𝑻𝟐𝟐∗ map in units of msec calculated by the linear monoexponential model. 

Log R2*:  Displays an 𝑹𝑹𝟐𝟐∗ map in units of Hz calculated by the linear monoexponential model. 

https://www.ncbi.nlm.nih.gov/pubmed/25877992


Log S0:  Displays a map of the 𝑺𝑺𝟎𝟎  parameter calculated by the linear monoexponential model.  This is the 
reconstructed signal intensity at echo time 𝑻𝑻𝑻𝑻 = 0. 

Log Correlation:  Displays a map of the linear Pearson correlation coefficient between the original image and linear 
monoexponential model fit in units of R2 x 103.  

MONOEXP MODEL 

Monoexp Reconstruction:  Displays the reconstructed signal intensity at a virtual user selectable echo time (via 
DYNAMICS SLIDER).  The reconstruction is performed using the non-linear monoexponential model. 

Monoexp T2*:  Displays a 𝑻𝑻𝟐𝟐∗ map in units of msec calculated by the non-linear monoexponential model.   

Monoexp R2*:  Displays an 𝑹𝑹𝟐𝟐∗ map in units of Hz calculated by the non-linear monoexponential model.   

Monoexp S0:  Displays a map of the 𝑺𝑺𝟎𝟎 parameter calculated by the non-linear monoexponential model.  This is the 
reconstructed signal intensity at echo time 𝑻𝑻𝑻𝑻 = 0 excluding contributions from noise (+C). 

Monoexp +C:  Displays a map of the 𝑨𝑨 parameter calculated by the non-linear monoexponential model.  This is the 
reconstructed signal intensity at infinite echo times. 

Monoexp Correlation:  Displays a map of the linear Pearson correlation coefficient between the original image and 
non-linear monoexponential model fit in units of R2 x 103.  

BIEXP MODEL 

Biexp Reconstruction:  Displays the reconstructed signal intensity at a virtual user selectable echo time (via 
DYNAMICS SLIDER).  The reconstruction is performed using the biexponential model. 

Biexp T2*:  Displays a map of the 𝑻𝑻𝟐𝟐∗(𝟏𝟏) parameter in units of msec calculated by the biexponential model.  This is 
the “fast” component of the decay.  

Biexp R2*:  Displays a map of the 𝑹𝑹𝟐𝟐∗(𝟏𝟏) parameter in units of Hz calculated by the biexponential model.  This is the 
“fast” component of the decay.  

Biexp S0:  Displays a map of the 𝑺𝑺𝟎𝟎(𝟏𝟏) parameter calculated by the biexponential model.  This is the “fast” component 
of the reconstructed signal intensity at echo time 𝑻𝑻𝑻𝑻 = 0 excluding contributions from noise (+C). 

Biexp T2*2:  Displays a map of the 𝑻𝑻𝟐𝟐∗(𝟐𝟐) parameter in units of msec calculated by the biexponential model.  This is 
the “slow” component of the decay.   

Biexp R2*2:  Displays a map of the 𝑹𝑹𝟐𝟐∗(𝟐𝟐) parameter in units of Hz calculated by the biexponential model.  This is the 
“slow” component of the decay.   

Biexp S02:  Displays a map of the 𝑺𝑺𝟎𝟎(𝟐𝟐)  parameter calculated by the biexponential model.  This is the “slow” 
component of the reconstructed signal intensity at echo time 𝑻𝑻𝑻𝑻 = 0 excluding contributions from noise (+C). 

Biexp +C:  Displays a map of the 𝑨𝑨 parameter calculated by the biexponential model.  This is the reconstructed signal 
intensity at infinite echo times. 

Biexp S0 ratio:  Displays a map of the relative contribution of the “fast” component of the biexponential model as a 
percentage.  The image is generated by the following formula:  

𝑀𝑀𝑀𝑀𝑁𝑁 =  
𝑺𝑺𝟎𝟎(𝟏𝟏)

𝑺𝑺𝟎𝟎(𝟏𝟏) + 𝑺𝑺𝟎𝟎(𝟐𝟐)
∗  𝟏𝟏𝟎𝟎𝟎𝟎%  



Biexp Correlation:  Displays a map of the linear Pearson correlation coefficient between the original image and 
biexponential model fit in units of R2 x 103.  

If your data has multiple slices, all maps can be MIPed (5.8). 

11.7 HISTOGRAMS 

Histograms (6.3) are available for every map1 in 11.6.  The following histograms are dynamic (the DYNAMICS SLIDER  
and MOUSE WHEEL adjust the echo time of dynamic histograms): 

Signal Intensity, Log Reconstruction, Monoexp Reconstruction, Biexp Reconstruction. 

Press CTRL+C when viewing any histogram to copy the numerical data onto the clipboard (which can then be pasted 
into applications like Excel). 

1NOTE: The map must be generated prior to viewing the corresponding histogram. 

11.8 EXCLUDING VESSELS 

Vessels and liver parenchyma have different R2* values, thus making an R2* map an ideal choice to segment vessels 
away (T2* vascular segmentation is described by McCarville (2010)).  Generate a monoexponential R2* map (11.6), 
define an ROI (5.12) and use the THRESHOLD SLIDER (5.14) to remove the vessels.  You may also use an R2* 
histogram (11.7) as a visual guide for threshold setting. 

11.9 RESULTS 

Click SAVE LIC RESULTS from the FILE->SAVE menu to automatically generate several DICOM series summarizing 
the LIC analysis.  These included tabulated results described below, various curves (11.5), histograms (11.7) and 
maps (11.6) as well as a series of ROI overlays.  The created series will automatically appear in the LOCAL SERIES 
TABLE of the loaded case on the LOCAL STUDIES PAGE. 

The RESULTS TABLE 7.2 displays the following values for each defined ROI: 

LIC:  The mean liver iron concentration (LIC) in mg[Fe]/g of the corresponding region of interest calculated as 
described in 11.4 from the average signal intensity vs echo time parametric curve (11.5).  Weights (6.6) are factored 
into this value. 

T2*:  The mean T2* value of the ROI in msec calculated using the non-linear monoexponential model1.  Weights (6.6) 
are factored into this value. 

R2*:  The mean R2* value of the ROI in Hz calculated using the non-linear monoexponential model1.  Weights (6.6) 
are factored into this value. 

Correlation R2: The square of the linear Pearson correlation coefficient of the fit to produce the R2 and T2 values in 
the rows above. 

Volume [pixel]:  The number of pixels in the corresponding ROI. 

Volume [cm3]:  The volume of the corresponding ROI in cm3.  Volumes are calculated by multiplying the number of 
pixels (above) by voxel_x_size * voxel_y_size * Slice Thickness.  If the Spacing Between Slices DICOM tag is present, 
it is used in place of Slice Thickness. 

The PARAMETER TABLE 7.3 lists the fit parameters for all three T2* models (11.3) in one table. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3164974/


The RAW DATA TABLE 7.4 displays tabulated values of the mean signal intensity vs echo time parametric curves 
while the HISTOGRAMS TABLE displays tabulated values of the last plotted histogram. 

You may click in any of the tables and press CTRL+A and CTRL+C to select all values and copy them to the clipboard 
for easy export. 

Be sure to save your results (CTRL+S) (8.4) for later recall (8.5) and batch processing (8.6). 

1NOTE: If your data has only 2 echo times, the linear monoexponential model is used. 

12 MR UROGRAPHY (MRU) 

12.1 OVERVIEW 

PMRI picks up where CHOP-fMRU left off.  The core analysis is the same as described in Khrichenko 
(2010).  There are large upgrades to ease of use, workflow, and processing power.  The speed with 
which I can analyze an MRU has increased significantly, largely due to the inclusion of PACS 
integration and new ROI tools. 

There are dedicated segmentation tools for collecting system and bladder as well as a redone 
“auto ROI” tool.  A detailed MRU report including tabulated results, curves and maps can be saved in DICOM format, 
ready to be sent to PACS, with a single click of the mouse. 

The workflow is as follows:  Load a case (4.6), view the images (5.2-5.5), segment the aorta, kidneys and bladder 
(12.4-12.7), record CTT and RTT (12.8), view enhancement and Patlak plots (12.9) and histograms (12.11), check the 
Patlak settings (12.12), view and save the results of the analysis (12.13). 

12.2 DATA COMPATIBILITY 

MRU Analysis requires a T1 dynamic contrast enhanced (DCE) MRI scan (see Delgado (2015) for an example).  
Multiple dynamic series1 are loaded and automatically sorted in ascending order of spatial (slice location DICOM tag 
0020-1041) and temporal (acquisition time DICOM tag 0008-0032 or trigger time 0018-1060) location. 

1NOTE: Please be sure to only select the dynamic series from the LOCAL SERIES TABLE when loading an MRU.  
Including other series that are not part of the dynamic (such as MIPs) will not work! 

12.3 PERMEABILITY MODELS 

 
PATLAK MODEL 𝑨𝑨𝒕𝒕(𝒕𝒕) = 𝜶𝜶𝑨𝑨𝑵𝑵(𝒕𝒕) +  𝜿𝜿∫ 𝜶𝜶𝑨𝑨𝑵𝑵(𝝉𝝉)𝒕𝒕

𝟎𝟎 𝒅𝒅𝝉𝝉  
BI-DIRECTIONAL MODEL 𝑨𝑨𝒕𝒕(𝒕𝒕) = 𝜶𝜶𝑨𝑨𝑵𝑵(𝒕𝒕) +  𝜿𝜿𝟏𝟏𝒆𝒆−𝜿𝜿𝟐𝟐𝒕𝒕 ∫ 𝜶𝜶𝑨𝑨𝑵𝑵(𝝉𝝉)𝒆𝒆𝜿𝜿𝟐𝟐𝝉𝝉𝒕𝒕

𝟎𝟎 𝒅𝒅𝝉𝝉  

The Patlak model is used to calculate kidney function (Khrichenko (2010)) and is robust.  However, it also sets two 
conditions, uni-directional flow of contrast (aorta->kidney) and any contrast that enters the kidney (parenchyma) 
must remain there.  This is of course not true, so we must make some adjustments to the model as described in 
12.12. 

The bi-directional model (Roberts (2009)) removes some of the constraints of the Patlak model and needs no 
adjustment.  However, it is less robust and has not been studies extensively for the purposes of MRU. 

12.4 AORTA SEGMENTATION AND NUMBER OF BASELINES 

 The ROI TOGGLE BUTTONS are A for aorta, R for right kidney, and L for left kidney.  In cases of duplicated systems 
(12.6), there may be a lower and upper pole button, such as RL and RU.  This section describes how to use the MRU 
ROI tool to segment the aorta.  This is not mandatory, and any of the other ROI tools (5.12) may also be used. 

http://www.chop-fmru.com/
https://www.ncbi.nlm.nih.gov/pubmed/20012602
https://www.ncbi.nlm.nih.gov/pubmed/20012602
https://www.ncbi.nlm.nih.gov/pubmed/25792155
https://www.ncbi.nlm.nih.gov/pubmed/20012602
https://www.cambridge.org/core/books/clinical-mr-neuroimaging/permeability-imaging-in-adult-neoplasia/4B02EC654D4591F18C568C23887CB0EA


Click on A (aorta) to select it and choose the MRU ROI drawing mode (5.12) by right clicking on the DRAW ROI 
MODE BUTTON (or by pressing 3 repeatedly).  The mouse cursor will turn into a kidney when hovering over the 
image signifying that MRU ROI mode is active. 

DOUBLE CLICK anywhere on the image to begin the segmentation process.  A 4D subtraction MIP will appear.  LEFT 
CLICK around the aorta (RIGHT CLICK to undo).  DOUBLE CLICK to close the ROI and move to the next and final step 
of the segmentation (FIG 12.4A). 

A temporal subtraction MIP will appear.  Locate the aorta and use the circular ROI tool to paint a small section around 
the level of the renal arteries.  LEFT CLICK to add, RIGHT CLICK to subtract, and press the + and – keys to change the 
size of the circle (or X+MOUSE WHEEL) (FIG 12.4B).  Using the zoom tool (5.5) is recommended for easier 
visualization.  DOUBLE CLICK to finish.  You should see a red overlay over the aorta (FIG 12.4C). 

You may subtract away unwanted regions with the LEFT MOUSE while holding X on the keyboard.  You may also 
adjust the THRESHOLD SLIDER (which is currently in MRU mode) for more or less coverage (default value 50). 

The number of baselines (number of dynamics before contrast was injected) has been calculated automatically and 
is displayed via the BASELINE SLIDER.  If this number is calculated incorrectly (due to motion, problem with 
injection, etc..), you may readjust the slider to the correct value. 

   
FIG 12.4A FIG 12.4B FIG 12.4C 

12.5 PARENCHYMA SEGMENTATION 

This section describes how to use the MRU ROI tool to segment the kidneys.  This is not mandatory, and any of the 
other ROI tools (5.12) may also be used. 

Select R or L (right or left kidney) via the ROI TOGGLE BUTTONS and choose the MRU ROI drawing mode (5.12) by 
right clicking on the DRAW ROI MODE BUTTON (or by pressing 3 repeatedly).  The mouse cursor will turn into a 
kidney when hovering over the image signifying that MRU ROI mode is active. 

DOUBLE CLICK anywhere on the image to begin the segmentation process.  A 4D subtraction MIP will appear.  LEFT 
CLICK around the kidney (RIGHT CLICK to undo).  DOUBLE CLICK to close the ROI and move to the next step of the 
segmentation (FIG 12.5A). 

A temporal subtraction MIP will appear.  Locate the kidney and use the circular ROI tool to paint a section 
encompassing the full width of the parenchyma.  Do not include any collecting system or regions outside of the 
kidney, but be sure to trace along the edge of both.   LEFT CLICK to add, RIGHT CLICK to subtract, and press the + 
and – keys to change the size of the circle (or X+MOUSE WHEEL) (FIG 12.5B).  Using the zoom tool (5.5) is 



recommended for easier visualization.  Using several slices may help for noisy data.  DOUBLE CLICK to finish.  You 
should see a color overlay over the parenchyma and another one over the enhancing portions of the collecting 
system (FIG 12.5C). 

You may subtract away unwanted regions with the LEFT MOUSE while holding X on the keyboard.  You may also 
adjust the THRESHOLD SLIDER (which is currently in MRU mode) for more or less coverage (default value 50). 

Parenchymal function is heterogeneous, and different kidneys will have different levels of heterogeneity, yet we are 
treating the entire parenchyma as one unit.  Partial volume effects and motion artifacts further complicate the issue.  
Thus, use adjustments described in the previous paragraph to make sure you have even coverage between the R 
and L sides if necessary (FIG 12.5D).  This step is both very subjective and very important! 

FIG 12.5E shows underestimation on the L relative to the R (the threshold value was raised on the L side for 
demonstrational purposes).  Similarly, FIG 12.5F shows overestimation on the L relative to the R (the threshold 
value was lowered on the L side for demonstrational purposes). 

   
FIG 12.5A FIG 12.5B FIG 12.5C 

 

 

 

 

 
FIG 12.5D FIG 12.5E FIG 12.5F 

12.6 DUPLICATED SYSTEMS 

In case of duplicated systems, select the appropriate choice (Right duplication, Left duplication or Bilateral 
duplication) from the MRU SETTINGS menu.  The ROI TOGGLE BUTTONS will adjust accordingly.  R becomes RL 
and L becomes LL to signify right and left lower pole.  RU and LU also become available for the upper poles. 



Select the appropriate ROI and follow all of the steps in 12.5, but making sure to only include the selected pole 
(upper or lower) during the initial segmentation phase (FIG 12.6A).  Any overlap introduced in this step between 
upper and lower poles is automatically removed. 

The results table (12.13) will included a “total” column for any duplicated system for a total volume, vDRF and vpDRF. 

 
FIG 12.6A 

12.7 COLLECTING SYSTEM AND BLADDER SEGMENTATION 

The collecting system is automatically segmented during parenchymal segmentation (12.5).  However, the automatic 
segmentation may not be ideal in dilated systems due to the heterogeneous nature of enhancement.  You may 
adjust the collecting system segmentation as well as segment the bladder by following the steps below. 

RIGHT CLICK on the ROI TOGGLE BUTTONS and click the EXCRETION MODE BUTTON on the popup (or press E) 
to toggle excretion segmentation mode on/off.  The ROI TOGGLE BUTTONS will adjust accordingly.  When on, the 
first button becomes B to signify bladder, and the other buttons add the letter “e” as a superscript to signify 
excretion.  You may now use any of the ROI tools (5.12) (except for the MRU ROI tool since it segments the 
parenchyma and pelvis at the same time) to adjust the collecting systems or to segment the bladder.  I find using 
the 3D Region Growing ROI mode in conjunction with a subtraction temporal MIP to be the best tool for bladder 
segmentation.  Viewing the demonstrational video at www.parametricMRI.com is recommended. 

12.8 CTT AND RTT 

Calyceal transit time (CTT) represents the time that the calyces first become visible after contrast injection. Renal 
transit time (RTT) represents the time that the ureters first become visible after contrast injection.  Using a 
subtraction spatial MIP to visualize both CTT and RTT is recommended. 

RIGHT CLICK on the ROI TOGGLE BUTTONS to bring up the excretion popup.  Scroll through the images (subtraction 
spatial MIP recommended) and click on CTT or RTT for the appropriate kidney in the popup as they first appear on 
the images.  The clicked button will turn green.  The results table (12.13) is automatically updated every time CTT or 
RTT is clicked.  If you click on an inappropriate setting, such as a CTT on an image prior to contrast injection, the 
clicked button will turn red.  You may delete a CTT/RTT entry by right clicking on the associated CTT/RTT button. 

12.9 PARAMETRIC CURVES 

Parametric curves are available after defining an ROI (5.12-5.14) via the PARAMETRIC CURVE SELECTION 
BUTTONS.  The following curve types are available in MRU Analysis mode: 

http://www.parametricmri.com/


SIGNAL INTENSITY:  Plot the average signal intensity of the aorta and parenchymal ROIs vs time (mins). 

ENHANCEMENT:  Plot the average enhancement of the aorta and parenchymal ROIs vs time (mins).  Enhancement 
is defined as:  𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄(𝐄𝐄) = (𝐒𝐒𝐒𝐒(𝐄𝐄) − 𝐛𝐛𝐄𝐄𝐛𝐛𝐄𝐄𝐛𝐛𝐛𝐛𝐄𝐄𝐄𝐄)/𝐛𝐛𝐄𝐄𝐛𝐛𝐄𝐄𝐛𝐛𝐛𝐛𝐄𝐄𝐄𝐄  where SI(t) is the signal intensity at time t, 
baseline is the average signal intensity before contrast injection, and enhancement(t) is the enhancement at time t. 

EXCRETION:  Plot the average enhancement of the aorta and parenchymal ROIs as well as all associated collecting 
systems and bladder vs time (mins). 

PATLAK:  Display the Patlak plot of all defined parenchymal ROIs.  You must define both the aorta (12.4) and 
parenchyma (12.5) before Patlak plots are available.  This is a visual representation of the solution of the Patlak 
equation (12.3).  The slope of this graph is the Patlak number which is used to calculate pDRF.  Be sure to check the 
Patlak settings (12.11) when viewing this plot. 

TWO COMPARTMENT:  Plot the average enhancement of the parenchymal ROIs vs time (mins) and fit the data 
with the two compartment model (12.3).  You must define both the aorta (12.4) and parenchyma (12.5) before two 
compartment plots are available.  

CHOP NORMAL DATA:  Approximately 400 kidneys diagnosed as “normal” were selected from 1000 MRUs done 
at CHOP.  An average normal enhancement curve with a 1 standard deviation confidence interval of the aorta and 
parenchyma was calculated for 4 age groups: 0y-2y, 2y-10y, 10y+, all ages.  Enhancement is overlaid on top of the 
CHOP normal confidence interval based on age.  The NORMALIZE TOGGLE BUTTON switched between regular 
enhancement and normalized enhancement where𝐍𝐍𝐍𝐍𝐍𝐍𝐄𝐄𝐄𝐄𝐛𝐛𝐛𝐛𝐍𝐍𝐄𝐄𝐍𝐍𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄(𝐄𝐄) = 𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄(𝐄𝐄)/𝐀𝐀𝐀𝐀𝐀𝐀  
and AUC is the area under the curve.  The following 3 parameters are reported: 

Scale: This is the ratio of the currently loaded case’s area under the curve and CHOP Normal Data area under the 
curve calculated as Scale =  (AUCCase/AUCCHOPNormalData)x100% 

Quality: This is a measure of deviation from the normal curve combined with time of enhancement.  Early 
enhancement (time < CHOP normal data peak, Enhancement > CHOP normal data) increases the quality score while 
late enhancement (time > CHOP normal data peak, Enhancement > CHOP normal data) decreases the quality score.  
Only reported when NORMALIZE TOGGLE BUTTON is on. 

Mean σ: The average difference between Enhancement and CHOP normal data in units of standard deviations.  Only 
reported when NORMALIZE TOGGLE BUTTON is on. 

Press CTRL+C when viewing any curve to copy the numerical data onto the clipboard (which can then be pasted into 
applications like Excel). 

12.10 MAPS 

You may generate and view parametric maps as described in 5.7.  The types of maps are grouped by model.  If you 
generate a map from a particular model, the other maps from the same model become immediately available and 
do not need to be recalculated.  The Patlak and Bi-directional models have a hierarchical structure.  For example, 
generating a map from the Bi-directional model also generates all maps from the Patlak model.  The aorta must be 
defined (12.4) prior to viewing the Patlak and Bi-directional maps.  Adjusting the Patlak settings (12.12) is strongly 
recommended as well.  Here is a complete list of available maps: 

Image:  Displays the raw signal intensity as read directly from the DICOM file. 

Subtraction:  Display the change in signal intensity post contrast as: 𝐒𝐒𝐒𝐒𝐛𝐛𝐄𝐄𝐍𝐍𝐄𝐄𝐄𝐄𝐄𝐄𝐛𝐛𝐍𝐍𝐄𝐄(𝐄𝐄) = 𝐒𝐒𝐒𝐒(𝐄𝐄) − 𝐛𝐛𝐄𝐄𝐛𝐛𝐄𝐄𝐛𝐛𝐛𝐛𝐄𝐄𝐄𝐄 where 
SI(t) is the signal intensity at time t, baseline is the average signal intensity before contrast injection, and 
Subtraction(t) is the change in signal intensity at time t. 



Enhancement:  Display the relative change in signal intensity post contrast as a percentage defined as: 
𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄(𝐄𝐄) = 𝟏𝟏𝟎𝟎𝟎𝟎% ∗ (𝐒𝐒𝐒𝐒(𝐄𝐄) − 𝐛𝐛𝐄𝐄𝐛𝐛𝐄𝐄𝐛𝐛𝐛𝐛𝐄𝐄𝐄𝐄)/𝐛𝐛𝐄𝐄𝐛𝐛𝐄𝐄𝐛𝐛𝐛𝐛𝐄𝐄𝐄𝐄 where SI(t) is the signal intensity at time t, baseline 
is the average signal intensity before contrast injection, and Enhancement(t) is the relative percent change in signal 
intensity at time t. 

MIPS (4D) 

MIP (4D):  Display a maximum intensity projection through all slices and dynamics. 

Subtraction MIP (4D):  Display a maximum intensity projection through all slices and dynamics based on subtraction 
units. 

Enhancement MIP (4D):  Display a maximum intensity projection through all slices and dynamics based on 
enhancement units. 

PATLAK MODEL 

Patlak KPS:  Display a map of the κ parameter of the Patlak model.  This is the slope of the Patlak model and is related 
to permeability and GFR.  Be sure to check the Patlak settings (12.12) prior to viewing Patlak maps. 

Patlak FBV:  Display a map of the α parameter of the Patlak model.  This is the y-intercept of the Patlak model and is 
related to fractional blood volume.  Vessels and the renal cortex should be clearly visible on this map.  Be sure to 
check the Patlak settings (12.12) prior to viewing Patlak maps. 

Patlak Correlation:  Displays a map of the linear Pearson correlation coefficient of the Patlak model fit in units of R2 
x 103.  Be sure to check the Patlak settings (12.12) prior to viewing Patlak maps. 

BI-DIRECTIONAL MODEL 

Two Comp κ1:  Display a map of the κ1 parameter of the bi-directional model which is related to flow from the 
vascular space into the tissue space. 

Two Comp κ2:  Display a map of the κ2 parameter of the bi-directional model which is related to flow from the tissue 
space into the vascular space. 

Two Comp α:  Display a map of the α parameter of the bi-directional model which is related to the fractional blood 
volume. 

Two Comp ve:  Display a map of the ve parameter of the bi-directional model which is related to the fractional 
extracellular extravascular volume where 𝒗𝒗𝒆𝒆 =  𝛋𝛋𝟏𝟏

𝛋𝛋𝟐𝟐
 

Two Comp Correlation:  Displays a map of the linear Pearson correlation coefficient of the bi-directional model fit in 
units of R2 x 103.  

If your data has multiple slices, all maps (except for 4D MIPs) can be MIPed (5.8).  Try a subtraction temporal MIP to 
aid in the detection of crossing vessels (Khrichenko (2016)). 

12.11 HISTOGRAMS 

Histograms (6.3) are available for every map1 in 12.10. as well as excretion histograms, which are enhancement 
histograms of the collecting systems and bladde.. The following histograms are dynamic (the DYNAMICS SLIDER  
and MOUSE WHEEL adjust the time of dynamic histograms): 

Signal Intensity, Subtraction, Enhancement, Excretion. 

https://link.springer.com/article/10.1007/s00247-016-3625-8


Press CTRL+C when viewing any histogram to copy the numerical data onto the clipboard (which can then be pasted 
into applications like Excel). 

1NOTE: The map must be generated prior to viewing the corresponding histogram. 

12.12 PATLAK SETTINGS 

One of the assumptions of the Patlak model is that once the contrast agent enters the renal parenchyma, it stays 
there.  This is of course not true, so we must analyze only a subset of the dynamic scan with the Patlak model during 
which this condition holds. 

The subset we choose should be during the filtration phase and before the excretion phase because the excretion 
phase violates the condition of the Patlak model stated above.  This is done automatically by the software but should 
always be checked and adjusted if necessary. 

To view and adjust the settings, view the Patlak plots (12.9) on the CURVES PAGE.  RIGHT CLICK on the PATLAK 
PLOTS BUTTON to open the Patlak settings. 

Each kidney has a Patlak TMin and Patlak TMax setting (there is also a Maps column which affects Patlak maps 
(12.10)).  Clicking AUTO FIT will calculate the mathematically “best” Patlak TMin and TMax for each kidney and is 
the default setting.  This works for the majority of cases, but unusual physiology and image artifacts sometimes make 
it necessary to adjust these settings.  There are three simple rules1 to follow, listed below. 

Rule 1 – Make sure Patlak TMin is 3-8 larger than the number of baselines.  This means that the Patlak analysis should 
begin 30-80 seconds after contrast was injected.  If TMin is earlier than this, the contrast agent may not be evenly 
diluted or the concentration may be too low.  If it is later than this, we may end up in the excretion phase. 

Rule 2 – Make sure Patlak TMax is 4-8 larger than Patlak TMin.  This means that we only look at 50–90 seconds of 
the dynamic scan for the function.  If the gap between Patlak TMin and TMax is too small, we will have too few data 
points for an accurate estimate.  If the gap between Patlak TMin and TMax is too large, we may end up in the 
excretion phase.  This is similar to how the split function calculation is limited to one minute of data in nuclear 
medicine (13.9). 

Rule 3 – Make sure all Patlak TMin and TMax settings are the same for all kidneys/moieties.  More research needs 
to be done to validate this “rule”.  The reasoning behind it is as follows.  We are looking at relative function, R vs L.  
We have no way of correlating any one Patlak TMin/TMax setting with absolute single kidney function.  With this 
limitation, the best we can do is to make sure we treat both sides evenly by making all settings related to functional 
calculation identical. 

Example:  We have 7 pre-contrast acquisitions (displayed on the BASELINE SLIDER (12.4)).  The R kidney TMin is 12 
and TMax is 17.  The L kidney TMin is 14 and TMax is 20. 

Let’s check the R kidney first.  Rule 1, TMin is 12 and number of baselines is 7.  12 is 5 larger than 7, so rule 1 is okay.  
Rule 2, TMax is 17 and TMin is 12.  TMax is 5 larger than TMin, so rule 2 is okay. 

Now let’s do the same for the L.  Rule 1, TMin is 14 and the number of baselines is 7.  14 is 7 larger than 7, so rule 1 
is okay.  Rule 2, TMax is 20 and TMin is 14.  TMax is 6 larger than TMin, so rule 2 is okay. 

Now we can check rule 3.  The R and L settings are not the same, so we have a problem.  In this situation, we have 
no way of knowing if we should set the R settings to be the same as the L, or the L settings to be the same as the R 
since both R and L do not violate the first two rules.  In such cases, I choose the setting that gives me the highest 
average correlation of the Patlak fit.  This is one of the limitations of the Patlak model, but the relative function, 
pDRF, remains robust (Khrichenko (2016)). 

https://link.springer.com/article/10.1007/s00247-015-3532-4


1NOTE: these settings are discussed under the assumption that each dynamic takes approximately 10 seconds to 
acquire.  Adjust as necessary if acquisition time deviates significantly from 10 seconds. 

12.13 RESULTS 

Click SAVE MRU RESULTS from the FILE->SAVE menu to automatically generate several DICOM series summarizing 
the MRU analysis.  These included tabulated results described below, various curves (12.9) and maps (12.10) and a 
series of ROI overlays (12.4-12.7).  The created series will automatically appear in the LOCAL SERIES TABLE of the 
loaded MRU on the LOCAL STUDIES PAGE. 

The RESULTS TABLE 7.2 displays the following values for the R and L kidney (and any poles in a duplicated system): 

CTT [min, sec]:  Calyceal Transit Time.  This represents the time that the calyces first become visible after contrast 
injection (time of injection is calculated automatically during aorta segmentation 12.4). 

RTT [min, sec]:  Renal Transit Time.  This represents the time that the ureters first become visible after contrast 
injection (time of injection is calculated automatically during aorta segmentation 12.4).  Note, this time should not 
be directly compared to the RTT reported from the Renal Scintigraphy Analysis (13.9).  During an MRU scan, Lasix is 
normally given prior to contrast injection.  During a Mag3 scan, Lasix is given in the middle of the scan.  Thus, the 
MRU RTT should be much faster than the Mag3 RTT.  Patient position also affects the RTT significantly in a dilated 
system. 

TTP [min, sec]:  Time to Peak.  This is the time at which the parenchymal curve reaches its maximum value.  Note, 
the TTP reported from the Renal Scintigraphy Analysis (13.9) is for the entire kidney (parenchyma + collecting 
system) while the TTP from an MRU is for the parenchyma only.  These two times should not be compared directly. 

Volume [mL]:  The total volume, in mL, of the parenchymal ROIs (excluding calyces and pelvis) as defined in 12.5. 

vDRF[%]:  Volumetric Differential Renal Function.  Split renal function based on the enhancing renal parenchymal 
volumes converted into percentages out of 100%:  𝒗𝒗𝑨𝑨𝑹𝑹𝒎𝒎𝑹𝑹𝑹𝑹𝑳𝑳 =  𝟏𝟏𝟎𝟎𝟎𝟎% ∗ 𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝒎𝒎𝒆𝒆𝑹𝑹𝑹𝑹𝑳𝑳

𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝒎𝒎𝒆𝒆𝑻𝑻𝑽𝑽𝒕𝒕𝑻𝑻𝑽𝑽
 where 𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝒎𝒎𝒆𝒆𝑹𝑹𝑹𝑹𝑳𝑳  is the 

volume of the parenchymal ROI in mL and 𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝒎𝒎𝒆𝒆𝑻𝑻𝑽𝑽𝒕𝒕𝑻𝑻𝑽𝑽  is the total volume of all defined parenchymal ROIs 
(including any duplications) in mL. 

pDRF[%]:  Patlak Differential Renal Function.  Split renal function per unit tissue based on the calculated Patlak 
numbers converted into percentages out of 100%:  𝑵𝑵𝑨𝑨𝑹𝑹𝒎𝒎𝑹𝑹𝑹𝑹𝑳𝑳 =  𝟏𝟏𝟎𝟎𝟎𝟎% ∗ 𝑷𝑷𝑻𝑻𝒕𝒕𝑽𝑽𝑻𝑻𝑷𝑷𝑹𝑹𝑹𝑹𝑳𝑳

𝑷𝑷𝑻𝑻𝒕𝒕𝑽𝑽𝑻𝑻𝑷𝑷𝑻𝑻𝑽𝑽𝒕𝒕𝑻𝑻𝑽𝑽
 where 𝑷𝑷𝑻𝑻𝒕𝒕𝑽𝑽𝑻𝑻𝑷𝑷𝑹𝑹𝑹𝑹𝑳𝑳 is the Patlak 

number of the parenchymal ROI and 𝑷𝑷𝑻𝑻𝒕𝒕𝑽𝑽𝑻𝑻𝑷𝑷𝑻𝑻𝑽𝑽𝒕𝒕𝑻𝑻𝑽𝑽 is the sum of the Patlak numbers of all defined parenchymal ROIs 
(including any duplications).  This parameter is calculated per unit tissue, which means the size of the kidney does 
not affect it.  Thus, vpDRF is a better comparison to the split function calculated in the Renal Scintigraphy Analysis 
(13.9). 

vpDRF[%]:  Volumetric and Patlak Differential Renal Function.  Split renal function based on the enhancing renal 
parenchymal volumes and Patlak numbers converted into percentages out of 100%:  

𝒗𝒗𝑵𝑵𝑨𝑨𝑹𝑹𝒎𝒎𝑹𝑹𝑹𝑹𝑳𝑳 =  𝟏𝟏𝟎𝟎𝟎𝟎% ∗
𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝒎𝒎𝒆𝒆𝑹𝑹𝑹𝑹𝑳𝑳 ∗ 𝑷𝑷𝑻𝑻𝒕𝒕𝑽𝑽𝑻𝑻𝑷𝑷𝑹𝑹𝑹𝑹𝑳𝑳

∑𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝒎𝒎𝒆𝒆𝑹𝑹𝑹𝑹𝑳𝑳𝑹𝑹 ∗ 𝑷𝑷𝑻𝑻𝒕𝒕𝑽𝑽𝑻𝑻𝑷𝑷𝑹𝑹𝑹𝑹𝑳𝑳𝑹𝑹
 

where 𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝑽𝒎𝒎𝒆𝒆𝑹𝑹𝑹𝑹𝑳𝑳 is the volume of the parenchymal ROI,  𝑷𝑷𝑻𝑻𝒕𝒕𝑽𝑽𝑻𝑻𝑷𝑷𝑹𝑹𝑹𝑹𝑳𝑳 is the Patlak number of the parenchymal 
ROI, and the summation term is the sum of the products of the volumes and patlak numbers of all defined 
parenchymal ROIs (including any duplications). 

Patlak [(mL/min)/mL]:  This is the absolute Patlak number calculated by the Patlak model (12.3). 

The PARAMETER TABLE 7.3 lists all fit parameters for the Patlak and two compartment models (12.3). 



The RAW DATA TABLE 7.4 displays tabulated values of the average signal intensity vs time parametric curves while 
the HISTOGRAMS TABLE displays tabulated values of the last plotted histogram. 

You may click in any of the tables and press CTRL+A and CTRL+C to select all values and copy them to the clipboard 
for easy export. 

Be sure to save your results (CTRL+S) (8.4) for later recall (8.5) and batch processing (8.6). 

13 RENAL SCINTIGRAPHY 

13.1 OVERVIEW 

Calculate split kidney function and functional curves based on a dynamic nuclear medicine 
renogram. 

The workflow is as follows:  Load a case (4.6), view the images (5.2-5.5), segment the bladder and 
kidneys (13.3), define background regions (13.4), view counts vs time parametric curves (13.6) 
and histograms (13.8), view and save the results of the analysis (13.9). 

13.2 DATA COMPATIBILITY 

Renal Scintigraphy Analysis requires a dynamic multi-frame nuclear medicine renogram DICOM file1.  The “Frame 
Increment Pointer” (0028-0009) DICOM tag is read to then locate the Energy Window, Detector, Phase and Time 
Slice vectors.  The data is then loaded and sorted according to section C.8.4.8 of the DICOM standard. 

1NOTE: Sometimes several temporal reconstructions of the dynamic scan are saved with the same SeriesUID.  In such 
cases, you can use the PREVIEW IMAGE SLICE SLIDER and PREVIEW IMAGE FRAME SLIDER to find the correct 
file (usually the one with the most frames) in the LOCAL SERIES TABLE. 

13.3 SEGMENTATION 

The ROI TOGGLE BUTTONS are B for bladder, R for right kidney, L for left kidney, BgR for right background region 
and BgL for left background region.  Select one of the ROI TOGGLE BUTTONS (5.13) and use one of the ROI drawing 
modes (5.12) to define the ROIs.  Using a temporal MIP (5.8) makes visualization easier. 

13.4 BACKGROUND REGIONS 

You may define a background region for each kidney using the BgR and BgL ROI TOGGLE BUTTONS.  If no 
background regions are defined, all results (13.9) will be calculated based on the raw counts without background 
subtraction and you will see a “*” symbol in the results table symbolizing this. 

Once both background regions have been defined, the background adjusted curves (13.6) become available and all 
results are updated automatically. 

The background is subtracted using the following formula: 

𝑨𝑨𝑽𝑽𝑽𝑽𝑪𝑪𝒕𝒕𝑹𝑹𝑨𝑨𝒅𝒅𝑨𝑨𝑽𝑽𝑹𝑹𝒕𝒕𝒆𝒆𝒅𝒅(𝒕𝒕) =  𝑨𝑨𝑽𝑽𝑽𝑽𝑪𝑪𝒕𝒕𝑹𝑹𝑲𝑲𝒊𝒊𝒅𝒅𝑪𝑪𝒆𝒆𝑲𝑲(𝒕𝒕) −
𝑨𝑨𝑽𝑽𝑽𝑽𝑪𝑪𝒕𝒕𝑹𝑹𝑩𝑩𝑻𝑻𝒄𝒄𝑷𝑷𝒎𝒎𝑩𝑩𝑽𝑽𝑽𝑽𝑪𝑪𝒅𝒅(𝒕𝒕) ∗ 𝑷𝑷𝒊𝒊𝑷𝑷𝒆𝒆𝑽𝑽𝑹𝑹𝑲𝑲𝒊𝒊𝒅𝒅𝑪𝑪𝒆𝒆𝑲𝑲

𝑷𝑷𝒊𝒊𝑷𝑷𝒆𝒆𝑽𝑽𝑹𝑹𝑩𝑩𝑻𝑻𝒄𝒄𝑷𝑷𝒎𝒎𝑩𝑩𝑽𝑽𝑽𝑽𝑪𝑪𝒅𝒅
 

Where 𝑨𝑨𝑽𝑽𝑽𝑽𝑪𝑪𝒕𝒕𝑹𝑹𝑲𝑲𝒊𝒊𝒅𝒅𝑪𝑪𝒆𝒆𝑲𝑲(𝒕𝒕) = total counts in the kidney ROI at time = t, 𝑨𝑨𝑽𝑽𝑽𝑽𝑪𝑪𝒕𝒕𝑹𝑹𝑩𝑩𝑻𝑻𝒄𝒄𝑷𝑷𝒎𝒎𝑩𝑩𝑽𝑽𝑽𝑽𝑪𝑪𝒅𝒅(𝒕𝒕) = total counts in the 
background ROI at time = t, 𝑷𝑷𝒊𝒊𝑷𝑷𝒆𝒆𝑽𝑽𝑹𝑹𝑲𝑲𝒊𝒊𝒅𝒅𝑪𝑪𝒆𝒆𝑲𝑲 = number of pixels in the kidney ROI, 𝑷𝑷𝒊𝒊𝑷𝑷𝒆𝒆𝑽𝑽𝑹𝑹𝑩𝑩𝑻𝑻𝒄𝒄𝑷𝑷𝒎𝒎𝑩𝑩𝑽𝑽𝑽𝑽𝑪𝑪𝒅𝒅 = number of pixels 
in the background ROI. 

13.5 CTT AND RTT 

http://dicom.nema.org/medical/dicom/current/output/chtml/part03/sect_C.8.4.8.html


The Calyceal Transit Time (CTT) and Renal Transit Time (RTT) (13.9) are marked by the user.  Scroll through the 
images until the collecting system is first visible on either side.  RIGHT CLICK on THE ROI TOGGLE BUTTONS to 
bring up the EXCRETION CONTROLS.  LEFT CLICK the CTT BUTTON for the appropriate side.  The button color will 
change from white to green to signify that the CTT has been recorded.  RIGHT CLICK to clear the recorded CTT.  The 
CTT BUTTON color will change back to white.  

Repeat for RTT when the ureter is first visible as well as CTT and RTT on the other side.  Unmarked CTTs and RTTs 
will be recorded as an ‘X’ in the results table (13.9). 

13.6 PARAMETRIC CURVES 

Parametric curves are available after defining an ROI (5.12-5.14) via the PARAMETRIC CURVE SELECTION 
BUTTONS.  The following curve types are available in Renal Scintigraphy mode: 

TOTAL:  Plot the total counts (kilo counts) of the ROI(s) vs time (mins) 

AVERAGE:  Plot the average counts of the ROI(s) vs time (mins). 

PHASE:  If your scan was performed with multiple phases (uptake, filtration, excretion, etc…), LEFT CLICK to toggle 
plotting the selected phase only on/off.  RIGHT CLICK to change selected phase. 

PER SECOND:  Click to toggle per second scaling on/off.  When on, the counts are scaled to a 1 second temporal 
resolution for each acquired data point. 

BACKGROUND:  Click to toggle background subtraction for the R and L kidney as described in 13.4 on/off.  This 
option becomes available after both background regions have been defined. 

Press CTRL+C when viewing any curve to copy the numerical data onto the clipboard (which can then be pasted into 
applications like Excel). 

13.7 MAPS 

You may view parametric maps as described in 5.7.  Here is a complete list: 

Counts:  Displays the raw counts as read directly from the DICOM file. 

Counts Per Second:  Displays the counts scaled to a one second temporal resolution. 

Both maps can be MIPed dynamically (5.8). 

13.8 HISTOGRAMS 

Histograms (6.3) are available for both maps in 13.7.  Both histograms are dynamic (the DYNAMICS SLIDER  and 
MOUSE WHEEL adjust the time of dynamic histograms). 

Press CTRL+C when viewing any histogram to copy the numerical data onto the clipboard (which can then be pasted 
into applications like Excel). 

13.9 RESULTS 

The RESULTS TABLE 7.2 displays the following values for the R and L kidney: 

Split Function [%]:  The relative total function of R kidney vs L as a percentage.  This value is computed by adding up 
the total counts between 1 and 2 minutes, and taking the ratio between the two sides.  If no background regions 
(13.4) were defined, there will be a “*” next to these values signifying that no background subtraction has been 



performed.  If background regions are defined, the split function is adjusted accordingly.  Note, this split function 
signifies the total function of the entire kidney (not per unit volume/area).  The closest comparison from the MRU 
Analysis is vpDRF, which is the total split function per kidney. 

Function/unit area [%]:  The relative function per unit area of R kidney vs L as a percentage.  This value is computed 
by adding up the average counts per unit area between 1 and 2 minutes, and taking the ratio between the two sides.  
If no background regions (13.4) were defined, there will be a “*” next to these values signifying that no background 
subtraction has been performed.  If background regions are defined, the function per unit area is adjusted 
accordingly. 

Counts:  The total counts between 1 and 2 minutes of the R and L kidney.  If no background regions (13.4) were 
defined, there will be a “*” next to these values signifying that no background subtraction has been performed.  If 
background regions are defined, the counts are adjusted accordingly. 

# Pixels: The number of pixels from the R and L kidney ROIs. 

CTT [min, sec]:  Calyceal Transit Time.  This represents the time that the calyces become visible after the beginning 
of the scan. 

RTT [min, sec]:  Renal Transit Time.  This represents the time that the ureters become visible after the beginning of 
the scan.  Note, this time should not be directly compared to the RTT reported from the MRU Analysis (12.13).  During 
an MRU scan, Lasix is normally given prior to contrast injection.  During a Mag3 scan, Lasix is given in the middle of 
the scan.  Thus, the MRU RTT should be much faster than the Mag3 RTT.  Patient position also affects the RTT 
significantly in a dilated system. 

TTP [min, sec]:  Time to Peak.  This is the time at which the functional curve reaches its maximum value.  Note, the 
TTP reported from the Renal Scintigraphy Analysis is for the entire kidney (parenchyma + collecting system) while 
the TTP from an MRU (12.13) is for the parenchyma only.  These two times should not be compared directly. 

Peak to T75 [min, sec]:  The time at which the functional curve drops below 75% of the maximum value. 

Peak to T½ [min, sec]:  The time at which the functional curve drops below 50% of the maximum value. 

The PARAMETER TABLE 7.3 lists total counts, average counts and the number of pixels for the kidneys and 
background regions in one table.  Bg Scaled Counts are background counts scaled to the size of their respective 
kidney ROI for direct subtraction. 

The RAW DATA TABLE 7.4 displays tabulated values of the total counts vs time parametric curves while the 
HISTOGRAMS TABLE displays tabulated values of the last plotted histogram. 

You may click in any of the tables and press CTRL+A and CTRL+C to select all values and copy them to the clipboard 
for easy export. 

Be sure to save your results (CTRL+S) (8.4) for later recall (8.5) and batch processing (8.6). 

14 T1 DCE 

14.1 OVERVIEW 

Permeability constants are calculated using multi compartment modeling.  The Patlak model and 
a custom bi-directional model (Roberts (2009)) are implemented. 

The workflow is as follows:  Load a case (4.6), view the images (5.2-5.5), segment a vessel and 
region of interest (12.4-12.7), view enhancement, Patlak and bi-directional model plots (12.9) and 

https://www.cambridge.org/core/books/clinical-mr-neuroimaging/permeability-imaging-in-adult-neoplasia/4B02EC654D4591F18C568C23887CB0EA


histograms (12.11), check the Patlak settings (12.12), generate permeability maps, view and save the results of the 
analysis (12.13). 

14.2 DATA COMPATIBILITY 

T1 DCE Analysis requires a T1 dynamic contrast enhanced (DCE) MRI scan.  Multiple dynamic series1 are loaded and 
automatically sorted in ascending order of spatial (slice location DICOM tag 0020-1041) and temporal (acquisition 
time DICOM tag 0008-0032 or trigger time 0018-1060) location. 

1NOTE: Please be sure to only select the dynamic series from the LOCAL SERIES TABLE when loading a case.  
Including other series that are not part of the dynamic (such as MIPs) will not work! 

14.3 PERMEABILITY MODELS 

 
PATLAK MODEL 𝑨𝑨𝒕𝒕(𝒕𝒕) = 𝜶𝜶𝑨𝑨𝑵𝑵(𝒕𝒕) +  𝜿𝜿∫ 𝜶𝜶𝑨𝑨𝑵𝑵(𝝉𝝉)𝒕𝒕

𝟎𝟎 𝒅𝒅𝝉𝝉  
BI-DIRECTIONAL MODEL 𝑨𝑨𝒕𝒕(𝒕𝒕) = 𝜶𝜶𝑨𝑨𝑵𝑵(𝒕𝒕) +  𝜿𝜿𝟏𝟏𝒆𝒆−𝜿𝜿𝟐𝟐𝒕𝒕 ∫ 𝜶𝜶𝑨𝑨𝑵𝑵(𝝉𝝉)𝒆𝒆𝜿𝜿𝟐𝟐𝝉𝝉𝒕𝒕

𝟎𝟎 𝒅𝒅𝝉𝝉  

The Patlak model can be used to calculate KPS and fractional blood volume (FBV) and is robust.  However, it also sets 
two conditions, uni-directional flow of contrast (vessel->EES) and any contrast that enters the EES must remain there.  
This is not guaranteed to always be true, so we must make some adjustments to the model as described in 12.12. 

The bi-directional model (Roberts (2009)) removes some of the constraints of the Patlak model and needs no 
adjustment.  However, it is more sensitive to noise. 

14.4 VESSEL SEGMENTATION AND NUMBER OF BASELINES 

 The ROI TOGGLE BUTTONS are V for vessel and T1, T2, T3 and T4 for tissues 1 through 4.  Permeability maps (14.7) 
are only available after a vessel has been defined.  Click on V (vessel) to select it and use one of the ROI drawing 
modes (5.12) by right clicking on the DRAW ROI MODE BUTTON (or by pressing 3 repeatedly) to segment a vessel. 

Once a vessel has been defined, click the plots page button (or press CTRL+3) to view the signal intensity vs time 
curve (14.6).  The number of baselines (number of dynamics before contrast was injected) is calculated automatically 
and is displayed via the BASELINE SLIDER.  If this number is calculated incorrectly (due to motion, problem with 
injection, etc..), you may readjust the slider to the correct value. 

14.5 TISSUE SEGMENTATION 

Click on T1, T2, T3 or T4 to select one of the tissue ROIs and use one of the ROI drawing modes (5.12) to define it.  A 
good starting point is to use a subtraction temporal MIP (14.7, 5.8) during segmentation. 

14.6 PARAMETRIC CURVES 

Parametric curves are available after defining an ROI (5.12-5.14) via the PARAMETRIC CURVE SELECTION 
BUTTONS.  The following curve types are available in T1 DCE Analysis mode: 

SIGNAL INTENSITY:  Plot the average signal intensity vs time (mins). 

ENHANCEMENT:  Plot the average enhancement vs time (mins).  Enhancement is defined as:  𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄(𝐄𝐄) =
(𝐒𝐒𝐒𝐒(𝐄𝐄) − 𝐛𝐛𝐄𝐄𝐛𝐛𝐄𝐄𝐛𝐛𝐛𝐛𝐄𝐄𝐄𝐄)/𝐛𝐛𝐄𝐄𝐛𝐛𝐄𝐄𝐛𝐛𝐛𝐛𝐄𝐄𝐄𝐄 where SI(t) is the signal intensity at time t, baseline is the average signal intensity 
before contrast injection, and enhancement(t) is the enhancement at time t. 

PATLAK:  Display the Patlak plot of all defined tissue ROIs.  You must define both the vessel (14.4) and tissue (14.5) 
before Patlak plots are available.  This is a visual representation of the solution of the Patlak equation (14.3).  The 

https://www.cambridge.org/core/books/clinical-mr-neuroimaging/permeability-imaging-in-adult-neoplasia/4B02EC654D4591F18C568C23887CB0EA


slope of this graph is the Patlak number which is related to KPS, and the intercept is the fractional blood volume 
(FBV).  Be sure to check the Patlak settings (14.11) when viewing this plot. 

TWO COMPARTMENT:  Plot the average enhancement of the tissue ROIs vs time (mins) and fit the data with the 
two compartment model (14.3).  You must define both the vessel (14.4) and tissue (14.5) before two compartment 
plots are available.  

Press CTRL+C when viewing any curve to copy the numerical data onto the clipboard (which can then be pasted into 
applications like Excel). 

14.7 MAPS 

You may generate and view parametric maps as described in 5.7.  The types of maps are grouped by model.  If you 
generate a map from a particular model, the other maps from the same model become immediately available and 
do not need to be recalculated.  The Patlak and Bi-directional models have a hierarchical structure.  For example, 
generating a map from the Bi-directional model also generates all maps from the Patlak model.  A vessel ROI must 
be defined (14.4) prior to viewing the Patlak and Bi-directional maps.  Adjusting the Patlak settings (14.9) is strongly 
recommended as well.  Here is a complete list of available maps: 

Image:  Displays the raw signal intensity as read directly from the DICOM file. 

Subtraction:  Display the change in signal intensity post contrast as: 𝐒𝐒𝐒𝐒𝐛𝐛𝐄𝐄𝐍𝐍𝐄𝐄𝐄𝐄𝐄𝐄𝐛𝐛𝐍𝐍𝐄𝐄(𝐄𝐄) = 𝐒𝐒𝐒𝐒(𝐄𝐄) − 𝐛𝐛𝐄𝐄𝐛𝐛𝐄𝐄𝐛𝐛𝐛𝐛𝐄𝐄𝐄𝐄 where 
SI(t) is the signal intensity at time t, baseline is the average signal intensity before contrast injection, and 
Subtraction(t) is the change in signal intensity at time t. 

Enhancement:  Display the relative change in signal intensity post contrast as a percentage defined as: 
𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄(𝐄𝐄) = 𝟏𝟏𝟎𝟎𝟎𝟎% ∗ (𝐒𝐒𝐒𝐒(𝐄𝐄) − 𝐛𝐛𝐄𝐄𝐛𝐛𝐄𝐄𝐛𝐛𝐛𝐛𝐄𝐄𝐄𝐄)/𝐛𝐛𝐄𝐄𝐛𝐛𝐄𝐄𝐛𝐛𝐛𝐛𝐄𝐄𝐄𝐄 where SI(t) is the signal intensity at time t, baseline 
is the average signal intensity before contrast injection, and Enhancement(t) is the relative percent change in signal 
intensity at time t. 

MIPS (4D) 

MIP (4D):  Display a maximum intensity projection through all slices and dynamics. 

Subtraction MIP (4D):  Display a maximum intensity projection through all slices and dynamics based on subtraction 
units. 

Enhancement MIP (4D):  Display a maximum intensity projection through all slices and dynamics based on 
enhancement units. 

PATLAK MODEL 

Patlak KPS:  Display a map of the κ parameter of the Patlak model.  This is the slope of the Patlak model and is related 
to permeability.  Be sure to check the Patlak settings (14.9) prior to viewing Patlak maps. 

Patlak FBV:  Display a map of the α parameter of the Patlak model.  This is the y-intercept of the Patlak model and is 
related to fractional blood volume.  Be sure to check the Patlak settings (14.9) prior to viewing Patlak maps. 

Patlak Correlation:  Displays a map of the linear Pearson correlation coefficient of the Patlak model fit in units of R2 
x 103.  Be sure to check the Patlak settings (14.9) prior to viewing Patlak maps. 

BI-DIRECTIONAL MODEL 

Two Comp κ1:  Display a map of the κ1 parameter of the bi-directional model which is related to flow from the 
vascular space into the tissue space. 



Two Comp κ2:  Display a map of the κ2 parameter of the bi-directional model which is related to flow from the tissue 
space into the vascular space. 

Two Comp α:  Display a map of the α parameter of the bi-directional model which is related to the fractional blood 
volume. 

Two Comp ve:  Display a map of the ve parameter of the bi-directional model which is related to the fractional 
extracellular extravascular volume where 𝒗𝒗𝒆𝒆 =  𝛋𝛋𝟏𝟏

𝛋𝛋𝟐𝟐
 

Two Comp Correlation:  Displays a map of the linear Pearson correlation coefficient of the bi-directional model fit in 
units of R2 x 103.  

If your data has multiple slices, all maps (except for 4D MIPs) can be MIPed (5.8).  

14.8 HISTOGRAMS 

Histograms (6.3) are available for every map1 in 14.7.  The following histograms are dynamic (the DYNAMICS SLIDER  
and MOUSE WHEEL adjust the time of dynamic histograms): 

Signal Intensity, Subtraction, Enhancement. 

Press CTRL+C when viewing any histogram to copy the numerical data onto the clipboard (which can then be pasted 
into applications like Excel). 

1NOTE: The map must be generated prior to viewing the corresponding histogram. 

14.9 PATLAK SETTINGS 

One of the assumptions of the Patlak model is that once the contrast agent enters the EES, it stays there.  This is not 
guaranteed to be true, in which case we must analyze only a subset of the dynamic scan with the Patlak model during 
which this condition holds. 

To view and adjust the settings, view the Patlak plots (14.6) on the CURVES PAGE.  RIGHT CLICK on the PATLAK 
PLOTS BUTTON to open the Patlak settings.  The AUTO FIT BUTTON will find the mathematically “best” value for 
the minimum and maximum Patlak times.  The Maps column adjusts the settings for the various Patlak maps (14.7). 

14.10 RESULTS 

The RESULTS TABLE 7.2 displays the following values for any defined tissue ROIs. 

Volume [pixel]:  The total volume, in mL, of the tissue ROIs as defined in 14.5. 

Volume [cm3]:  The total volume, in cubic centimeters, of the tissue ROIs as defined in 14.5. 

FBV [%]:  This is the intercept of the Patlak model (14.3) and is related to the fractional blood volume. 

KPS [(mL/min)/mL]:  This is the slope of the Patlak model (14.3) and is related to KPS. 

Correlation R2: The square of the linear Pearson correlation coefficient of the Patlak model (14.3) fit to produce the 
FBV and KPS values in the rows above. 

The PARAMETER TABLE 7.3 lists all fit parameters for the Patlak and two compartment models (14.3). 

The RAW DATA TABLE 7.4 displays tabulated values of the average signal intensity vs time parametric curves while 
the HISTOGRAMS TABLE displays tabulated values of the last plotted histogram. 



You may click in any of the tables and press CTRL+A and CTRL+C to select all values and copy them to the clipboard 
for easy export. 

Be sure to save your results (CTRL+S) (8.4) for later recall (8.5) and batch processing (8.6). 

15 T1 MAPPING 

15.1 OVERVIEW 

T1 values are calculated by finding the inversion point (15.4) and using a non-linear monoexponential 
model (15.3) to fit the sign corrected data.  Generate mean ROI values, histograms and parametric 
maps. 

The workflow is as follows:  Load a case (4.6), view the images (5.2-5.5), make a T1 map (5.6,5.7), 
define an ROI (5.12-5.14), view signal intensity vs inversion time parametric curves (6.2) and T1 

histograms (6.3), view and save the results of the analysis (7). 

15.2 DATA COMPATIBILITY 

T1 Mapping Analysis requires a modified look-locker inversion recovery (MOLLI) sequence with a minimum of 3 
inversion times.  Inversion times are read automatically from the DICOM header (DICOM tag 0018-0082) and the 
images are sorted accordingly in ascending order. 

15.3 T1 MODEL 
 
NON-LINEAR MONOEXPONENTIAL 𝑺𝑺(𝑻𝑻𝑳𝑳) = − 𝑺𝑺𝟎𝟎𝒆𝒆−𝑻𝑻𝑳𝑳/𝑻𝑻𝟏𝟏∗ + 𝑨𝑨 
 
𝑻𝑻𝑳𝑳 = inversion time [msec], 𝑺𝑺(𝑻𝑻𝑳𝑳) = signal intensity at inversion time TI, 𝑺𝑺𝟎𝟎 = signal intensity at inversion time 0 
excluding contributions from C, 𝑻𝑻𝟏𝟏∗= T1* value [msec], 𝑨𝑨 = signal intensity at infinite inversion times 
Where 𝑻𝑻𝟏𝟏 = 𝑻𝑻𝟏𝟏∗(𝑺𝑺𝟎𝟎

𝑨𝑨
− 1) Deichmann (1992) 

 

15.4 INVERSION POINT CALCULATION 

T1 is calculated from magnitude image data.  The information about the sign is lost and the point at which the signal 
flips from negative to positive must be found prior to calculating T1.  This is accomplished by fitting the T1 model 
(15.3) for every1 possible inversion point.  If there are N inversion times, N + 1 possible inversion points exist (one 
for every inversion time plus one for no inversion (all positive)).  The fit that yields the highest correlation is chosen 
to represent the correct inversion point. 

1NOTE: This method is computationally inefficient and slow.  To speed up processing time, the initial inversion point 
fits are performed with low precision.  Once the inversion point is found, a final fit is performed with high precision 
using the correct inversion point. 

15.5 PARAMETRIC CURVES 

Parametric curves are available after defining an ROI (5.12-5.14) via the PARAMETRIC CURVE SELECTION 
BUTTONS.  The following curve types are available in T1 Mapping mode: 

SIGNAL INTENSITY:  Plot the average signal intensity of the ROI(s) vs inversion time. 

MONOEXPONENTIAL:  Find the inversion point (15.4), plot the average signal intensity (sign adjusted) of the ROI(s) 
vs inversion time and fit the data with the non-linear monoexponential model (15.3). 

https://www.sciencedirect.com/science/article/pii/002223649290347A


Hover over the curve to display all fit parameters and correlation coefficient of the currently selected model.  The fit 
parameters and correlation coefficients of all 3 models also appear in the PARAMETER TABLE (7.3). 

Press CTRL+C when viewing any curve to copy the numerical data onto the clipboard (which can then be pasted into 
applications like Excel). 

15.6 MAPS 

You may generate and view parametric maps as described in 5.7.  As soon as you generate any map from the list 
below (except “Image”), all other maps become immediately available and do not need to be recalculated.  All maps 
are affected by weights (6.6).  Here is a complete list: 

Image:  Displays the raw signal intensity as read directly from the DICOM file. 

Reconstruction:  Displays the reconstructed signal intensity at a virtual user selectable echo time (via DYNAMICS 
SLIDER).  The reconstruction is performed using the non-linear monoexponential model. 

T1*:  Displays a 𝑻𝑻𝟏𝟏∗ map in units of msec calculated by the non-linear monoexponential model.   

T1:  Displays a 𝑻𝑻𝟏𝟏 map in units of msec calculated by the non-linear monoexponential model.   

R1*:  Displays an 𝑹𝑹𝟏𝟏∗ map in units of Hz calculated by the non-linear monoexponential model. 𝑹𝑹𝟏𝟏∗[𝑯𝑯𝑯𝑯] =  𝟏𝟏
𝑻𝑻𝟏𝟏∗

∗ 𝟏𝟏𝟎𝟎𝟑𝟑   

R1:  Displays an 𝑹𝑹𝟏𝟏 map in units of Hz calculated by the non-linear monoexponential model  𝑹𝑹𝟏𝟏 [𝑯𝑯𝑯𝑯] =  𝟏𝟏
𝑻𝑻𝟏𝟏
∗ 𝟏𝟏𝟎𝟎𝟑𝟑  

S0:  Displays a map of the 𝑺𝑺𝟎𝟎  parameter calculated by the non-linear monoexponential model.  This is the 
reconstructed signal intensity at echo time 𝑻𝑻𝑻𝑻 = 0 excluding contributions from +C. 

+C:  Displays a map of the 𝑨𝑨  parameter calculated by the non-linear monoexponential model.  This is the 
reconstructed signal intensity at infinite echo times. 

Inversion Point:  Displays a map of the time in msec when the image intensity sign changes from negative to positive 
as calculated in 15.4.  𝑳𝑳𝑪𝑪𝒗𝒗𝒆𝒆𝑩𝑩𝑹𝑹𝒊𝒊𝑽𝑽𝑪𝑪 𝑷𝑷𝑽𝑽𝒊𝒊𝑪𝑪𝒕𝒕 [𝒎𝒎𝑹𝑹𝒆𝒆𝒄𝒄] = −𝑽𝑽𝑪𝑪 � 𝑨𝑨

𝑺𝑺𝟎𝟎
� ∗ 𝑻𝑻𝟏𝟏∗ 

Correlation:  Displays a map of the linear Pearson correlation coefficient between the original image and non-linear 
monoexponential model fit in units of R2 x 103.  

If your data has multiple slices, all maps can be MIPed (5.8). 

15.7 HISTOGRAMS 

Histograms (6.3) are available for every map1 in 15.6.  The following histograms are dynamic (the DYNAMICS SLIDER  
and MOUSE WHEEL adjust the inversion time of dynamic histograms): 

Signal Intensity, Reconstruction 

Press CTRL+C when viewing any histogram to copy the numerical data onto the clipboard (which can then be pasted 
into applications like Excel). 

1NOTE: The map must be generated prior to viewing the corresponding histogram. 

15.8 RESULTS 

The RESULTS TABLE 7.2 displays the following values for each defined ROI: 



T1:  The mean T1 value of the ROI in msec calculated by fitting the non-linear monoexponential model 15.3 to the 
average signal intensity vs echo time parametric curve 15.5.  Weights (6.6) are factored into this value. 

R1:  The mean R1 value of the ROI in Hz calculated by fitting the non-linear monoexponential model 15.3 to the 
average signal intensity vs echo time parametric curve 15.5 where 𝑹𝑹𝟏𝟏 [𝑯𝑯𝑯𝑯] =  𝟏𝟏

𝑻𝑻𝟏𝟏
∗ 𝟏𝟏𝟎𝟎𝟑𝟑.  Weights (6.6) are factored 

into this value. 

Correlation R2: The square of the linear Pearson correlation coefficient of the fit to produce the R2 and T2 values in 
the rows above. 

Volume [pixel]:  The number of pixels in the corresponding ROI. 

Volume [cm3]:  The volume of the corresponding ROI in cm3.  Volumes are calculated by multiplying the number of 
pixels (above) by voxel_x_size * voxel_y_size * Slice Thickness.  If the Spacing Between Slices DICOM tag is present, 
it is used in place of Slice Thickness. 

The PARAMETER TABLE 7.3 lists the fit parameters for the T1 model (15.3) as well as the inversion point (15.4). 

The RAW DATA TABLE 7.4 displays tabulated values of the mean signal intensity vs inversion time parametric curves 
while the HISTOGRAMS TABLE displays tabulated values of the last plotted histogram. 

You may click in any of the tables and press CTRL+A and CTRL+C to select all values and copy them to the clipboard 
for easy export. 

Be sure to save your results (CTRL+S) (8.4) for later recall (8.5) and batch processing (8.6). 

16 T2 MAPPING 

16.1 OVERVIEW 

T2 values are calculated using linear and non-linear monoexponential models, as well as 
biexponential models 16.3.  Generate mean ROI values, histograms and parametric maps. 

The workflow is as follows:  Load a case (4.6), view the images (5.2-5.5), make a T2 map (5.6,5.7), 
define an ROI (5.12-5.14), view signal intensity vs echo time parametric curves (6.2) and T2 
histograms (6.3), view and save the results of the analysis (7). 

16.2 DATA COMPATIBILITY 

T2 Mapping Analysis requires a multi-echo spin-echo sequence with a minimum of 2 echo times.  Echo times are 
read automatically from the DICOM header (DICOM tag 0018-0081) and the images are sorted accordingly in 
ascending order. 

16.3 T2 MODELS 

 

LINEAR MONOEXPONENTIAL 𝑺𝑺(𝑻𝑻𝑻𝑻) = 𝑺𝑺𝟎𝟎𝒆𝒆−𝑻𝑻𝑻𝑻/𝑻𝑻𝟐𝟐  
NON-LINEAR MONOEXPONENTIAL1 𝑺𝑺(𝑻𝑻𝑻𝑻) = 𝑺𝑺𝟎𝟎𝒆𝒆−𝑻𝑻𝑻𝑻/𝑻𝑻𝟐𝟐 + 𝑨𝑨 
BIEXPONENTIAL2 𝑺𝑺(𝑻𝑻𝑻𝑻) = 𝑺𝑺𝟎𝟎(𝟏𝟏)𝒆𝒆−𝑻𝑻𝑻𝑻/𝑻𝑻𝟐𝟐(𝟏𝟏) + 𝑺𝑺𝟎𝟎(𝟐𝟐)𝒆𝒆−𝑻𝑻𝑻𝑻/𝑻𝑻𝟐𝟐(𝟐𝟐) + 𝑨𝑨 
 
𝑻𝑻𝑻𝑻 = echo time [msec], 𝑺𝑺(𝑻𝑻𝑻𝑻) = signal intensity at echo time TE, 𝑺𝑺𝟎𝟎 = signal intensity at echo time 0 excluding 
contributions from noise, 𝑻𝑻𝟐𝟐 = T2 value [msec], 𝑨𝑨 = signal intensity at infinite echo times 
 



1NOTE: The non-linear monoexponential model requires a minimum of 3 echo times to become available. 
2NOTE: The biexponential model requires a minimum of 5 echo times to become available. 

16.4 PARAMETRIC CURVES 

Parametric curves are available after defining an ROI (5.12-5.14) via the PARAMETRIC CURVE SELECTION 
BUTTONS.  The following curve types are available in T2 Mapping mode: 

SIGNAL INTENSITY:  Plot the average signal intensity of the ROI(s) vs echo time. 

LOG:  Plot the average signal intensity of the ROI(s) vs echo time and fit the data with the linear monoexponential 
model (16.3). 

MONOEXPONENTIAL:  Plot the average signal intensity of the ROI(s) vs echo time and fit the data with the non-
linear monoexponential model (16.3). 

BIEXPONENTIAL:  Plot the average signal intensity of the ROI(s) vs echo-time and fit the data with the biexponential 
model (16.3). 

Hover over the curve to display all fit parameters and correlation coefficient of the currently selected model.  The fit 
parameters and correlation coefficients of all 3 models also appear in the PARAMETER TABLE (7.3). 

Press CTRL+C when viewing any curve to copy the numerical data onto the clipboard (which can then be pasted into 
applications like Excel). 

16.5 MAPS 

You may generate and view parametric maps as described in 5.7.  The types of maps are grouped by model.  If you 
generate a map from a particular model, the other maps from the same model become immediately available and 
do not need to be recalculated.  The models have a hierarchical structure.  For example, generating a map from the 
non-linear monoexponential model also generates all maps from the linear monoexponential model.  Generating 
any biexponential map also generates all linear and non-linear monoexponential maps.  All maps are affected by 
weights (6.6).  Here is a complete list: 

Image:  Displays the raw signal intensity as read directly from the DICOM file. 

T2:  Displays a 𝑻𝑻𝟐𝟐 map in units of msec calculated by the linear monoexponential model. 

LOG MODEL 

Log Reconstruction:  Displays the reconstructed signal intensity at a virtual user selectable echo time (via DYNAMICS 
SLIDER).  The reconstruction is performed using the linear monoexponential model. 

Log T2:  Displays a 𝑻𝑻𝟐𝟐 map in units of msec calculated by the linear monoexponential model. 

Log R2:  Displays an 𝑹𝑹𝟐𝟐 map in units of Hz calculated by the linear monoexponential model. 

Log S0:  Displays a map of the 𝑺𝑺𝟎𝟎  parameter calculated by the linear monoexponential model.  This is the 
reconstructed signal intensity at echo time 𝑻𝑻𝑻𝑻 = 0. 

Log Correlation:  Displays a map of the linear Pearson correlation coefficient between the original image and linear 
monoexponential model fit in units of R2 x 103.  

MONOEXP MODEL 



Monoexp Reconstruction:  Displays the reconstructed signal intensity at a virtual user selectable echo time (via 
DYNAMICS SLIDER).  The reconstruction is performed using the non-linear monoexponential model. 

Monoexp T2:  Displays a 𝑻𝑻𝟐𝟐 map in units of msec calculated by the non-linear monoexponential model.   

Monoexp R2:  Displays an 𝑹𝑹𝟐𝟐 map in units of Hz calculated by the non-linear monoexponential model.   

Monoexp S0:  Displays a map of the 𝑺𝑺𝟎𝟎 parameter calculated by the non-linear monoexponential model.  This is the 
reconstructed signal intensity at echo time 𝑻𝑻𝑻𝑻 = 0 excluding contributions from noise (+C). 

Monoexp +C:  Displays a map of the 𝑨𝑨 parameter calculated by the non-linear monoexponential model.  This is the 
reconstructed signal intensity at infinite echo times. 

Monoexp Correlation:  Displays a map of the linear Pearson correlation coefficient between the original image and 
non-linear monoexponential model fit in units of R2 x 103.  

BIEXP MODEL 

Biexp Reconstruction:  Displays the reconstructed signal intensity at a virtual user selectable echo time (via 
DYNAMICS SLIDER).  The reconstruction is performed using the biexponential model. 

Biexp T2:  Displays a map of the 𝑻𝑻𝟐𝟐(𝟏𝟏) parameter in units of msec calculated by the biexponential model.  This is the 
“fast” component of the decay.  

Biexp R2:  Displays a map of the 𝑹𝑹𝟐𝟐(𝟏𝟏) parameter in units of Hz calculated by the biexponential model.  This is the 
“fast” component of the decay.  

Biexp S0:  Displays a map of the 𝑺𝑺𝟎𝟎(𝟏𝟏) parameter calculated by the biexponential model.  This is the “fast” component 
of the reconstructed signal intensity at echo time 𝑻𝑻𝑻𝑻 = 0 excluding contributions from noise (+C). 

Biexp T22:  Displays a map of the 𝑻𝑻𝟐𝟐(𝟐𝟐) parameter in units of msec calculated by the biexponential model.  This is the 
“slow” component of the decay.   

Biexp R22:  Displays a map of the 𝑹𝑹𝟐𝟐(𝟐𝟐) parameter in units of Hz calculated by the biexponential model.  This is the 
“slow” component of the decay.   

Biexp S02:  Displays a map of the 𝑺𝑺𝟎𝟎(𝟐𝟐)  parameter calculated by the biexponential model.  This is the “slow” 
component of the reconstructed signal intensity at echo time 𝑻𝑻𝑻𝑻 = 0 excluding contributions from noise (+C). 

Biexp +C:  Displays a map of the 𝑨𝑨 parameter calculated by the biexponential model.  This is the reconstructed signal 
intensity at infinite echo times. 

Biexp S0 ratio:  Displays a map of the relative contribution of the “fast” component of the biexponential model as a 
percentage.  The image is generated by the following formula:  

𝑀𝑀𝑀𝑀𝑁𝑁 =  
𝑺𝑺𝟎𝟎(𝟏𝟏)

𝑺𝑺𝟎𝟎(𝟏𝟏) + 𝑺𝑺𝟎𝟎(𝟐𝟐)
∗  𝟏𝟏𝟎𝟎𝟎𝟎%  

Biexp Correlation:  Displays a map of the linear Pearson correlation coefficient between the original image and 
biexponential model fit in units of R2 x 103.  

If your data has multiple slices, all maps can be MIPed (5.8). 

16.6 HISTOGRAMS 



Histograms (6.3) are available for every map1 in 16.5.  The following histograms are dynamic (the DYNAMICS SLIDER  
and MOUSE WHEEL adjust the echo time of dynamic histograms): 

Signal Intensity, Log Reconstruction, Monoexp Reconstruction, Biexp Reconstruction. 

Press CTRL+C when viewing any histogram to copy the numerical data onto the clipboard (which can then be pasted 
into applications like Excel). 

1NOTE: The map must be generated prior to viewing the corresponding histogram. 

16.7 RESULTS 

The RESULTS TABLE 7.2 displays the following values for each defined ROI: 

T2:  The mean T2 value of the ROI in msec calculated by fitting the non-linear monoexponential1 model 16.3 to the 
average signal intensity vs echo time parametric curve 16.4.  Weights (6.6) are factored into this value. 

R2:  The mean R2 value of the ROI in Hz calculated by fitting the non-linear monoexponential1 model 16.3 to the 
average signal intensity vs echo time parametric curve 16.4 where 𝑹𝑹𝟐𝟐 [𝑯𝑯𝑯𝑯] =  𝟏𝟏

𝑻𝑻𝟐𝟐
∗ 𝟏𝟏𝟎𝟎𝟑𝟑.  Weights (6.6) are factored 

into this value. 

Correlation R2: The square of the linear Pearson correlation coefficient of the fit to produce the R2 and T2 values in 
the rows above. 

Volume [pixel]:  The number of pixels in the corresponding ROI. 

Volume [cm3]:  The volume of the corresponding ROI in cm3.  Volumes are calculated by multiplying the number of 
pixels (above) by voxel_x_size * voxel_y_size * Slice Thickness.  If the Spacing Between Slices DICOM tag is present, 
it is used in place of Slice Thickness. 

T2 Log:  This value is reported only if your data has 3 or more echo times.  This is the mean T2 calculated using the 
linear monoexponential model (as opposed to the top entry in the chart which uses the non-linear model). 

T2 Biexp:  The “fast” T2 component calculated by the biexponential model.  This value is reported only if your data 
has 5 or more echo times. 

T2(2) Biexp: The “slow” T2 component calculated by the biexponential model.  This value is reported only if your data 
has 5 or more echo times. 

The PARAMETER TABLE 7.3 lists the fit parameters for all three T2 models (16.3) in one table. 

The RAW DATA TABLE 7.4 displays tabulated values of the mean signal intensity vs echo time parametric curves 
while the HISTOGRAMS TABLE displays tabulated values of the last plotted histogram. 

You may click in any of the tables and press CTRL+A and CTRL+C to select all values and copy them to the clipboard 
for easy export. 

Be sure to save your results (CTRL+S) (8.4) for later recall (8.5) and batch processing (8.6). 

1NOTE: If your data has only 2 echo times, the linear monoexponential model is used. 

17 T2* MAPPING 

17.1 OVERVIEW 



T2* values are calculated using linear and non-linear monoexponential models, as well as 
biexponential models 17.3.  Generate mean ROI values, histograms and parametric maps. 

The workflow is as follows:  Load a case (4.6), view the images (5.2-5.5), make a T2* map (5.6,5.7), 
define an ROI (5.12-5.14), view signal intensity vs echo time parametric curves (6.2) and T2* 
histograms (6.3), view and save the results of the analysis (7). 

17.2 DATA COMPATIBILITY 

T2* Mapping Analysis requires a multi-echo T2* gradient echo sequence with a minimum of 2 echo times.  Echo 
times are read automatically from the DICOM header (DICOM tag 0018-0081) and the images are sorted accordingly 
in ascending order. 

17.3 T2* MODELS 

 

LINEAR MONOEXPONENTIAL 𝑺𝑺(𝑻𝑻𝑻𝑻) = 𝑺𝑺𝟎𝟎𝒆𝒆−𝑻𝑻𝑻𝑻/𝑻𝑻𝟐𝟐∗   
NON-LINEAR MONOEXPONENTIAL1 𝑺𝑺(𝑻𝑻𝑻𝑻) = 𝑺𝑺𝟎𝟎𝒆𝒆−𝑻𝑻𝑻𝑻/𝑻𝑻𝟐𝟐∗ + 𝑨𝑨 
BIEXPONENTIAL2 𝑺𝑺(𝑻𝑻𝑻𝑻) = 𝑺𝑺𝟎𝟎(𝟏𝟏)𝒆𝒆−𝑻𝑻𝑻𝑻/𝑻𝑻𝟐𝟐∗(𝟏𝟏) + 𝑺𝑺𝟎𝟎(𝟐𝟐)𝒆𝒆−𝑻𝑻𝑻𝑻/𝑻𝑻𝟐𝟐∗(𝟐𝟐) + 𝑨𝑨 
 
𝑻𝑻𝑻𝑻 = echo time [msec], 𝑺𝑺(𝑻𝑻𝑻𝑻) = signal intensity at echo time TE, 𝑺𝑺𝟎𝟎 = signal intensity at echo time 0 excluding 
contributions from noise, 𝑻𝑻𝟐𝟐∗ = T2* value [msec], 𝑨𝑨 = signal intensity at infinite echo times 
 
1NOTE: The non-linear monoexponential model requires a minimum of 3 echo times to become available. 
2NOTE: The biexponential model requires a minimum of 5 echo times to become available.  

 

17.4 PARAMETRIC CURVES 

Parametric curves are available after defining an ROI (5.12-5.14) via the PARAMETRIC CURVE SELECTION 
BUTTONS.  The following curve types are available in T2* Mapping mode: 

SIGNAL INTENSITY:  Plot the average signal intensity of the ROI(s) vs echo time. 

LOG:  Plot the average signal intensity of the ROI(s) vs echo time and fit the data with the linear monoexponential 
model (17.3). 

MONOEXPONENTIAL:  Plot the average signal intensity of the ROI(s) vs echo time and fit the data with the non-
linear monoexponential model (17.3). 

BIEXPONENTIAL:  Plot the average signal intensity of the ROI(s) vs echo-time and fit the data with the biexponential 
model (17.3). 

Hover over the curve to display all fit parameters and correlation coefficient of the currently selected model.  The fit 
parameters and correlation coefficients of all 3 models also appear in the PARAMETER TABLE (7.3). 

Press CTRL+C when viewing any curve to copy the numerical data onto the clipboard (which can then be pasted into 
applications like Excel). 

17.5 MAPS 

You may generate and view parametric maps as described in 5.7.  The types of maps are grouped by model.  If you 
generate a map from a particular model, the other maps from the same model become immediately available and 



do not need to be recalculated.  The models have a hierarchical structure.  For example, generating a map from the 
non-linear monoexponential model also generates all maps from the linear monoexponential model.  Generating 
any biexponential map also generates all linear and non-linear monoexponential maps.  All maps are affected by 
weights (6.6).  Here is a complete list: 

Image:  Displays the raw signal intensity as read directly from the DICOM file. 

T2*:  Displays a 𝑻𝑻𝟐𝟐 map in units of msec calculated by the linear monoexponential model. 

Echo Ratio:  Displays a map of the long to short echo time signal intensity ratio as a percentage calculated as follows:                     
𝐑𝐑𝐄𝐄𝐄𝐄𝐛𝐛𝐍𝐍 = 𝐓𝐓𝐄𝐄𝐋𝐋𝐋𝐋𝐍𝐍𝐋𝐋𝐒𝐒𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐛𝐛𝐛𝐛𝐄𝐄𝐈𝐈

𝐓𝐓𝐄𝐄𝐒𝐒𝐒𝐒𝐋𝐋𝐑𝐑𝐓𝐓𝐒𝐒𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐛𝐛𝐛𝐛𝐄𝐄𝐈𝐈
∗ 𝟏𝟏𝟎𝟎𝟎𝟎%   Bone Porosity is a possible application (Rajapakse (2015)).  This map is only 

available in datasets with two echo times. 

LOG MODEL 

Log Reconstruction:  Displays the reconstructed signal intensity at a virtual user selectable echo time (via DYNAMICS 
SLIDER).  The reconstruction is performed using the linear monoexponential model. 

Log T2*:  Displays a 𝑻𝑻𝟐𝟐∗ map in units of msec calculated by the linear monoexponential model. 

Log R2*:  Displays an 𝑹𝑹𝟐𝟐∗ map in units of Hz calculated by the linear monoexponential model. 

Log S0:  Displays a map of the 𝑺𝑺𝟎𝟎  parameter calculated by the linear monoexponential model.  This is the 
reconstructed signal intensity at echo time 𝑻𝑻𝑻𝑻 = 0. 

Log Correlation:  Displays a map of the linear Pearson correlation coefficient between the original image and linear 
monoexponential model fit in units of R2 x 103.  

MONOEXP MODEL 

Monoexp Reconstruction:  Displays the reconstructed signal intensity at a virtual user selectable echo time (via 
DYNAMICS SLIDER).  The reconstruction is performed using the non-linear monoexponential model. 

Monoexp T2*:  Displays a 𝑻𝑻𝟐𝟐∗ map in units of msec calculated by the non-linear monoexponential model.   

Monoexp R2*:  Displays an 𝑹𝑹𝟐𝟐∗ map in units of Hz calculated by the non-linear monoexponential model.   

Monoexp S0:  Displays a map of the 𝑺𝑺𝟎𝟎 parameter calculated by the non-linear monoexponential model.  This is the 
reconstructed signal intensity at echo time 𝑻𝑻𝑻𝑻 = 0 excluding contributions from noise (+C). 

Monoexp +C:  Displays a map of the 𝑨𝑨 parameter calculated by the non-linear monoexponential model.  This is the 
reconstructed signal intensity at infinite echo times. 

Monoexp Correlation:  Displays a map of the linear Pearson correlation coefficient between the original image and 
non-linear monoexponential model fit in units of R2 x 103.  

BIEXP MODEL 

Biexp Reconstruction:  Displays the reconstructed signal intensity at a virtual user selectable echo time (via 
DYNAMICS SLIDER).  The reconstruction is performed using the biexponential model. 

Biexp T2*:  Displays a map of the 𝑻𝑻𝟐𝟐∗(𝟏𝟏) parameter in units of msec calculated by the biexponential model.  This is 
the “fast” component of the decay.  
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Biexp R2*:  Displays a map of the 𝑹𝑹𝟐𝟐∗(𝟏𝟏) parameter in units of Hz calculated by the biexponential model.  This is the 
“fast” component of the decay.  

Biexp S0:  Displays a map of the 𝑺𝑺𝟎𝟎(𝟏𝟏) parameter calculated by the biexponential model.  This is the “fast” component 
of the reconstructed signal intensity at echo time 𝑻𝑻𝑻𝑻 = 0 excluding contributions from noise (+C). 

Biexp T2*2:  Displays a map of the 𝑻𝑻𝟐𝟐∗(𝟐𝟐) parameter in units of msec calculated by the biexponential model.  This is 
the “slow” component of the decay.   

Biexp R2*2:  Displays a map of the 𝑹𝑹𝟐𝟐∗(𝟐𝟐) parameter in units of Hz calculated by the biexponential model.  This is the 
“slow” component of the decay.   

Biexp S02:  Displays a map of the 𝑺𝑺𝟎𝟎(𝟐𝟐)  parameter calculated by the biexponential model.  This is the “slow” 
component of the reconstructed signal intensity at echo time 𝑻𝑻𝑻𝑻 = 0 excluding contributions from noise (+C). 

Biexp +C:  Displays a map of the 𝑨𝑨 parameter calculated by the biexponential model.  This is the reconstructed signal 
intensity at infinite echo times. 

Biexp S0 ratio:  Displays a map of the relative contribution of the “fast” component of the biexponential model as a 
percentage.  The image is generated by the following formula:  

𝑀𝑀𝑀𝑀𝑁𝑁 =  
𝑺𝑺𝟎𝟎(𝟏𝟏)

𝑺𝑺𝟎𝟎(𝟏𝟏) + 𝑺𝑺𝟎𝟎(𝟐𝟐)
∗  𝟏𝟏𝟎𝟎𝟎𝟎%  

Biexp Correlation:  Displays a map of the linear Pearson correlation coefficient between the original image and 
biexponential model fit in units of R2 x 103.  

If your data has multiple slices, all maps can be MIPed (5.8). 

17.6 HISTOGRAMS 

Histograms (6.3) are available for every map1 in 17.5.  The following histograms are dynamic (the DYNAMICS SLIDER  
and MOUSE WHEEL adjust the echo time of dynamic histograms): 

Signal Intensity, Log Reconstruction, Monoexp Reconstruction, Biexp Reconstruction. 

Press CTRL+C when viewing any histogram to copy the numerical data onto the clipboard (which can then be pasted 
into applications like Excel). 

1NOTE: The map must be generated prior to viewing the corresponding histogram. 

17.7 RESULTS 

The RESULTS TABLE 7.2 displays the following values for each defined ROI: 

T2*:  The mean T2* value of the ROI in msec calculated by fitting the non-linear monoexponential1 model 17.3 to 
the average signal intensity vs echo time parametric curve 17.4.  Weights (6.6) are factored into this value. 

R2*:  The mean R2* value of the ROI in Hz calculated by fitting the non-linear monoexponential1 model 17.3 to the 
average signal intensity vs echo time parametric curve 17.4 where  𝑹𝑹𝟐𝟐∗ [𝑯𝑯𝑯𝑯] =  𝟏𝟏

𝑻𝑻𝟐𝟐∗
∗ 𝟏𝟏𝟎𝟎𝟑𝟑 .  Weights (6.6) are 

factored into this value. 

Correlation R2: The square of the linear Pearson correlation coefficient of the fit to produce the R2 and T2 values in 
the rows above. 



Volume [pixel]:  The number of pixels in the corresponding ROI. 

Volume [cm3]:  The volume of the corresponding ROI in cm3.  Volumes are calculated by multiplying the number of 
pixels (above) by voxel_x_size * voxel_y_size * Slice Thickness.  If the Spacing Between Slices DICOM tag is present, 
it is used in place of Slice Thickness. 

T2* Log:  This value is reported only if your data has 3 or more echo times.  This is the mean T2* calculated using the 
linear monoexponential model (as opposed to the top entry in the chart which uses the non-linear model). 

T2* Biexp:  The “fast” T2* component calculated by the biexponential model.  This value is reported only if your data 
has 5 or more echo times. 

T2*(2) Biexp: The “slow” T2* component calculated by the biexponential model.  This value is reported only if your 
data has 5 or more echo times. 

Echo Ratio:  This value is only reported if your data has 2 echo times.  Displays the long to short echo time signal 
intensity ratio of the average signal intensity vs echo time parametric curve 17.4 as a percentage calculated as 
follows: 𝐑𝐑𝐄𝐄𝐄𝐄𝐛𝐛𝐍𝐍 = 𝐓𝐓𝐄𝐄𝐋𝐋𝐋𝐋𝐍𝐍𝐋𝐋𝐒𝐒𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐛𝐛𝐛𝐛𝐄𝐄𝐈𝐈

𝐓𝐓𝐄𝐄𝐒𝐒𝐒𝐒𝐋𝐋𝐑𝐑𝐓𝐓𝐒𝐒𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐄𝐛𝐛𝐛𝐛𝐄𝐄𝐈𝐈
∗ 𝟏𝟏𝟎𝟎𝟎𝟎%   Bone Porosity is a possible application (Rajapakse (2015)). 

The PARAMETER TABLE 7.3 lists the fit parameters for all three T2* models (17.3) in one table. 

The RAW DATA TABLE 7.4 displays tabulated values of the mean signal intensity vs echo time parametric curves 
while the HISTOGRAMS TABLE displays tabulated values of the last plotted histogram. 

You may click in any of the tables and press CTRL+A and CTRL+C to select all values and copy them to the clipboard 
for easy export. 

Be sure to save your results (CTRL+S) (8.4) for later recall (8.5) and batch processing (8.6). 

1NOTE: If your data has only 2 echo times, the linear monoexponential model is used. 
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18 T2* PERFUSION 

18.1 OVERVIEW 

User manual section coming soon 

19 VOLUMES 

19.1 OVERVIEW 

User manual section coming soon 

20 DUAL ENERGY CT 

20.1 OVERVIEW 

User manual section coming soon 

 

 

 

 

 

 

 

 



APPENDIX 1: REFERENCE IMAGES 

A1.1 LOCAL STUDIES PAGE 

 

1.  LOCAL STUDIES TABLE 

2.  LOCAL SERIES TABLE 

3.  DICOM TAG TABLE 

4.  PREVIEW IMAGE WINDOW 

5.  PREVIEW IMAGE SLICE SLIDER 

6.  PREVIEW IMAGE FRAME SLIDER 

7.  PROGRESS PERCENTAGE 

 

 

 

 

 

 

 



A1.2 DICOM NETWORKING PAGE 

 

 

A1.3 ANALYSIS PAGE 

 

 

 

 



A1.4 CURVES PAGE 

 

 

 

 

 

A1.5 RESULTS PAGE 

 



A1.6 BATCH PROCESSING PAGE 

 

 

A1.7 SIGNAL INTENSITY CALCULATOR PAGE 

 

A1.8 MENUS 

 

 



APPENDIX 2: KEYBOARD AND MOUSE SHORTCUTS 

A2.1 GENERAL 

CTRL + 1:  Navigate to the LOCAL STUDIES PAGE 

CTRL + 2:  Navigate to the DICOM NETWORKING PAGE 

CTRL + 3:  Navigate to the ANALYSIS PAGE 

CTRL + 4:  Navigate to the PLOTS PAGE 

CTRL + 5:  Navigate to the RESULTS PAGE 

CTRL + 6:  Navigate to the BATCH PROCESSING PAGE 

CTRL + -:  Zoom out of interface (decrease font size) 

CTRL + =:  Zoom in to interface (increase font size) 

CTRL + 0:  Reset interface zoom to default  

CTRL + T:  Toggle tooltips on/off  

CTRL + S: Save analysis internally  

CTRL + SHIFT + S:  Save analysis to new file  

ESCAPE:  Cancel various operations (importing data, generating maps, etc…) and close any open popups 

A2.2 LOCAL STUDIES PAGE 

CTRL + I: Import DICOM studies 

DEL:  Delete selected study(ies)/series from database.  The original DICOM files are unaffected. 

CTRL + DEL:  Delete selected study(ies)/series from database and local storage.  The original DICOM files are also 
deleted. 

MOUSE WHEEL (PREVIEW IMAGE WINDOW):  Scroll through slices in series. 

CTRL + MOUSE WHEEL (PREVIEW IMAGE WINDOW):  Scroll through frames if selected image has multiple frames. 

SHIFT + MOUSE WHEEL (PREVIEW IMAGE WINDOW):  Scroll through series in selected study. 

CTRL + SHIFT + MOUSE WHEEL (PREVIEW IMAGE WINDOW):  Scroll through studies. 

LEFT MOUSE (PREVIEW IMAGE WINDOW):  Window/level. 

DOUBLE CLICK (PREVIEW IMAGE WINDOW):  Reset window/level. 

Z + MOUSE WHEEL (PREVIEW IMAGE WINDOW):  zoom in/out. 

Z + LEFT MOUSE (PREVIEW IMAGE WINDOW):  Drag image while zoomed in. 

Z + DOUBLE CLICK (PREVIEW IMAGE WINDOW):  Reset zoom on preview image. 



A2.3 ANALYSIS PAGE 

1:  Toggle Window/Leveling mode. 

2:  Toggle Graph Preview mode (and toggle rotation mode when in the freely rotated plane) 

3:  Toggle ROI Drawing mode.  Press repeatedly to switch between different drawing modes.  If 3D Projections are 
on, toggle image mouse rotation. 

MOUSE WHEEL:  Scroll through slices (dynamics in case of 1 slice and multiple dynamics, zoom in/out in case of 3D 
Surface). 

CTRL + MOUSE WHEEL:  Scroll through dynamics. 

CTRL + DEL:  Delete currently selected ROI. 

SHIFT + S:  Save screenshot of current map to PNG file. 

SHIFT + D:  Save screenshot of current map to RESULTS PAGE (can be converted to DICOM and saved in bulk). 

SPACE:  Toggle through original, axial, coronal, sagittal and free rotation projections if data has multiple slices. 

[:  Set min slice during 3D segmentation. 

]:  Set max slice during 3D segmentation. 

-:  Decrease circular ROI radius when using region growing or MRU ROI modes. 

+:  Increase circular ROI radius when using region growing or MRU ROI modes. 

A:  Toggle distance projection ROI center point placement tool. 

CTRL + A:  Toggle distance projection ROI 3D center point placement tool. 

C:  Toggle color bar visibility on/off. 

SHIFT + C:  Toggle between lower and upper color bar position. 

E:  Toggle excretion mode (MRU data only).  In excretion mode, ROI operations are applied to collecting 
systems/bladder 

M:  Toggle MIPs on/off. 

CTRL + M:  Toggle temporal MIPs on/off. 

SHIFT + M:  Toggle MinIPs on/off. 

CTRL + SHIFT + M:  Toggle temporal MinIPs on/off. 

X:  Toggle ROI splitter tool when using region growing or MRU ROI modes. 

X + MOUSE WHEEL:  Change circular ROI radius when using region growing or MRU ROI modes. 

Z + MOUSE WHEEL:  zoom in/out. 

Z + LEFT MOUSE:  Drag image while zoomed in. 



Z + DOUBLE CLICK:  Reset zoom on preview image. 

CTRL + ENTER (Levels/Thresholds text boxes):  Set new level/threshold value and adjust min/max range of 
levels/threshold slider. 

DOUBLE CLICK:  Reset various parameters to default values.  For example, double clicking the MAP TEXT LABEL 
resets the image window/leveling, rotation, ROI transparency, and map type to default. 

A:  Rotate 3D viewing camera to the left by a 1 degree (available during 3D Surface rendering (5.11)) 

SHIFT + A:  Rotate 3D viewing camera to the left by 5 degrees (available during 3D Surface rendering (5.11)) 

D:  Rotate 3D viewing camera to the right by 1 degree (available during 3D Surface rendering (5.11)) 

SHIFT + D:  Rotate 3D viewing camera to the right by 5 degrees (available during 3D Surface rendering (5.11)) 

W:  Tilt 3D viewing camera upwards by 1 degree (available during 3D Surface rendering (5.11)) 

SHIFT + W:  Tilt 3D viewing camera upwards by 5 degrees (available during 3D Surface rendering (5.11)) 

S:  Tilt 3D viewing camera downwards by 1 degree (available during 3D Surface rendering (5.11)) 

SHIFT + S:  Tilt 3D viewing camera downwards by 5 degrees (available during 3D Surface rendering (5.11)) 

Q:  Roll 3D viewing camera to the left by 1 degree (available during 3D Surface rendering (5.11)) 

SHIFT + Q:  Roll 3D viewing camera to the left by 5 degrees (available during 3D Surface rendering (5.11)) 

E:  Roll 3D viewing camera to the left by 1 degree (available during 3D Surface rendering (5.11)) 

SHIFT + E:  Roll 3D viewing camera to the left by 5 degrees (available during 3D Surface rendering (5.11)) 

A2.4 PLOTS PAGE 

CTRL + C:  Copy plot data to clipboard (can be pasted into Excel). 

A2.5 RESULTS PAGE 

1:  Display main results table. 

2:  Display fit parameters table. 

3:  Display plot data table. 

4:  Display screenshots page.  

A2.6 BATCH PAGE 

CTRL + C (when viewing curves):  Copy chart data to clipboard (can be pasted into Excel). 

MOUSE WHEEL:  Scroll through results/plots. 

 

 

 



APPENDIX 3: SOFTWARE LIBRARIES 

A3.1 MICROSOFT VISUAL STUDIO COMMUNITY EDITION 

pMRI was designed using Microsoft Visual Studio Community Edition.  Visit https://visualstudio.microsoft.com/ for 
more information. 

A3.2 FO-DICOM 

The vast majority of DICOM operations in pMRI use the fo-dicom library.  Visit https://github.com/fo-dicom/fo-
dicom for more information. 

A3.3 EVILDICOM 

A small subset of DICOM operations use the EvilDICOM library.  Visit http://rexcardan.github.io/Evil-DICOM/ for 
more information. 

A3.4 CSMPFIT 

Non-linear least square fitting is performed using the CSMPFIT library.  Visit https://github.com/cureos/csmpfit for 
more information. 

A3.5 SCICOLORMAPS 

The various color look-up tables were taken from SciColorMaps.  Visit https://github.com/ar1st0crat/SciColorMaps 
for more information. 

A3.6 DAPPER 

Dapper was used to interface with the SQLite database for easier database management syntax.  Visit 
https://github.com/StackExchange/Dapper for more information. 

A3.7 SQLITE 

pMRI implements SQLite to access and store study information in database form.  Visit 
https://system.data.sqlite.org/index.html/doc/trunk/www/index.wiki for more information. 

A3.8 SYNCFUSION 

A portion of the graphical user interface was designed with Syncfusion WPF UI controls tools.  Please visit 
https://www.syncfusion.com/wpf-ui-controls for more information. 

https://visualstudio.microsoft.com/
https://github.com/fo-dicom/fo-dicom
https://github.com/fo-dicom/fo-dicom
http://rexcardan.github.io/Evil-DICOM/
https://github.com/cureos/csmpfit
https://github.com/ar1st0crat/SciColorMaps
https://github.com/StackExchange/Dapper
https://system.data.sqlite.org/index.html/doc/trunk/www/index.wiki
https://www.syncfusion.com/wpf-ui-controls
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