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1. Loading dynamic data 

4D medical imaging data sets usually come in DICOM format. The image stack can be opened in 

MITK either via the opening routine or via DICOM import. 

For the opening routine, select any DICOM file in 

the folder containing the entire image time series. 

When prompted for File reading options select 

MITK DICOM Reader v2 (autoselect) and click OK.  

Caution: Depending on the spatial image size and 

temporal resolution of the 4D data, this might take 

a while 

Alternatively, select the folder containing the entire image time series for scanning in the 

DICOM import plugin. When loaded, double click on the respective time series for display. 

2. Viewing dynamic Data 

To navigate through the 4D time series, use the Image Navigator plugin. Perform a reinit on the 

dynamic image and navigate through the time steps 

by moving the Time slider. This will display the 3D 

image at different time-points. The acquisition time 

of the displayed frame can be seen in the image 

position display on the right hand bottom of the 

Workbench (under Time, given in milliseconds). 

To display the time course of the signal within an 

individual voxel, use the Model Fit Inspector View 

(MFI)  

Open the view and select the dynamic image as 

Input. The graph plot will show the time course of 

signal in the selected voxel (crosshair) as read data 

points. The blue point indicates the frame currently 

displayed in the 4-window view. Below the data 

plot, several options for data visualization can be 

selected.  

The Fit info tab displays meta-data for selected fits performed on the displayed data set. If no fit 

was performed and only raw data is visualized, the fields are empty.  

The Fit parameter tab shows fit related parameter estimate values, derived parameters and fit 



criterion values in the selected voxel. If no fit was performed and only raw data is visualized, 

the fields are empty. 

The Inspection positions tab displays the current spatial position at which the dynamic data are 

captured. Multiple positions can be added as bookmarks.  

The View settings tab is used to adjust the plot display, namely, x and y axis scales. 

Displayed voxel data (Input image) together with model fit values and AIF values can be 

exported to csv documents using the Plot Data Export tab. 

3. DCE MRI model fitting 

For pharmacokinetic analysis of DCE MRI/CT data using compartment models in non-linear least 

square fitting the DCE MR Perfusion Datafit 

plugin was designed. The plugin currently 

offers voxel wise and/or ROI averaged fits of 

intensity-time curves with different 

quantitative and semi-quantitative models. 

In principle, every model can be fitted to the 

entire image. However, for model 

configuration reasons (e.g. AIF required) and 

computational time cost, this is often not advisable. Therefore, apart from the image to be 

fitted (Selected Time Series), a ROI segmentation can be defined (Selected Mask), within which 

model fitting is performed. If a mask is selected, ROI-based fitting (fit average curve within ROI) 

is also possible (radio button Fitting Strategy – Pixel based / ROI based) 

Currently the following pharmacokinetic models for gadolinium-based contrast agent are 

available: 

- The Descriptive Brix model [1] 

- A semi-quantitative three segment linear 

model (3SL) 

- The standard Tofts model [2] 

- The extended Tofts model [3] 

- The two compartment exchange model 

(2CXM) [4, 5] 

 

 



Selecting any of the above models in the dropdown menu will open below tabs for specific 

configurations of the chosen model. 

a) The descriptive Brix model requires only definition of the duration of the bolus, i.e. the 

overall time of the injection (Injection Time [min]). 

b) The 3SL is a semi-quantitative descriptive model that distinguishes three different 

segments of the signal: A constant baseline, the initial fast rise (wash-in) and the final 

slow rise / signal decrease (washout). Each of these segments is approximated by a 

linear curve, with change points in-between. It requires no further configuration. 

c) The standard Tofts model, the extended Tofts model and the 2CXM are all three 

compartment models that require the input of the concentration time curve in the 

tissue feeding artery, the AIF. In the DCE MRI model fit plugin, the arterial input function 

can be defined in several ways. For patient individual image derived AIFs, select the 

radio button Select AIF from Image. In that case, a segmentation ROI for the artery has 

to be given to the tool (Drop-down menu AIF Mask from Data Manager). In cases where 

the respective artery does not lie in the same image as the investigated tissue (e.g. in 

animal experiments, where a slice through the heart is used for AIF extraction), a 

Dedicated AIF Image can be selected from the Data Manager. 

The other option is to define the AIF via an external file (e.g. for population derived AIFs 

or AIFs from blood sampling). By clicking the Browse button, one can select a csv file 

that holds the arterial intensity values and corresponding time points (in tuple format 

(Time, Value)). Caution: the file may not contain a header line, but the first line must 

start with time and intensity values. 

Furthermore, the hematocrit level has to be set (from 0 to 1) for conversion from whole 

blood to plasma concentration. It is set to the literature default value of 0.45. 

 



Apart from these model specific configurations, the tool allows for further configuration of 

technical aspects of the fitting routine, which can be found in the box Model Fit Configuration.  

a) Most models require concentration values as input rather than raw signal intensities 

(i.e. all compartment models). The DCE MR Perfusion tool offers conversion to 

concentration by means of relative and absolute signal enhancement as well as a special 

conversion for turbo flash sequences. Furthermore, conversion via T1 map is feasible. 

 

b) To limit the fitting search space and to exclude unphysical/illogical results for model 

parameter estimates, constraints to individual parameters as well as combinations can 

be imposed. Each model has default constraints, however, new ones can be defined or 

removed by the + and – buttons in the table. The first column specifies the parameter(s) 

involved in the constraint (if multiple selected, their sum will be used) by selection in the 

drop down menu. The second column defines whether the constraints defines an upper 

or lower boundary. Value and Width define the actual constraint value, that should not 

be crossed, and a certain tolerance width. 

 

c) In cases of noisy data it can be useful to define the initial starting values of the 

parameter estimates, at which optimization starts, in order to prevent optimization 



results in local minima. Each model has default scalar values (applied to every voxel) for 

initial values of each parameter, however these can be adjusted. Moreover, initial 

values can also be defined locally for each individual voxel via starting value images. 

 

 

After configuration of the entire fit routine, the respective time series to be fitted and 

eventually the ROI mask have to be selected. If only an image is needed, selection of the 

respective time series in the data manager is sufficient. If a mask is to be selected as well, image 

and mask have to be selected by holding the shift key and selecting them in this order from the 

Data manager. 

In order to distinguish results from different model fits to the data, a Fitting name can be 

defined in the bottom field. As default, the name of the model and the fitting strategy 

(pixel/ROI) are given. This name will then be appended by the respective parameter name. 

For development purposes and evaluation of the fits, the option Generate debug parameter 

images is available. Enabling this option will result in additional parameter maps displaying the 

status of the optimizer at fit termination, like needed optimization time, number of iterations, 

constraint violations and reasons for fit termination (criterion reached, maximum number of 

iterations, etc.). 

After all necessary configurations are set, the button Start Modelling is enabled, which starts 

the fitting routine. Progress can be seen in the message box on the bottom. Resulting 

parameter maps will afterwards be added to the data manager as sub-nodes to the analyzed 4D 

image.  

4. Fit evaluation 

After the respecitve model fit to the data has been performed, several ways exist to evaluate 

quality and results of the analysis. Parameter estimates can be assessed via their parameter 

maps in the Data manager. Chosing the colormap Jet Transparent (Rightklick on image  

Colormap) allows colorcoded visualization of the voxewise parameter values as overlay with 

other images (e.g. static morphological MR images). Caution: If ROI-based fitting was 



performed, all voxels within the ROI will have the same parameter value, displayed as a singe-

value mask. 

By positioning the cross-hair at a certain voxel, the exact voxel value of the respective 

parameter can be read out on the right bottom of the Workbench. Fit quality can be inspected 

voxelwise and on a overall global scale, both qualitatively and quantitatively. The model fit 

produces maps of evaluation and criterion parameters. Criterion parameters are the 

parameters on which the fit decision was made, i.e. the similarity measure in the optimization 

routine, e.g. the sum of squared residuals (denoted as sum_diff^2). Criterion parameters are fit-

routine specific. Evaluation parameters are parameters that are not used for optimization but 

quantify fit quality. A common example is Chi^2 or reduced Chi^2 (Sum of squared residuals 

normalized to the data uncertainty (noise) and degrees of freedom in the fit). These parameter 

maps can be evaluated as whole parameter maps in order to indentify regions of high or low 

fitting measure.  

For voxelwise visual inspection of fits, the Model Fit Inspector can be used. Selecting a 

parameter map of the fit of interest in the Data Manager will display the raw data curve in red 

dots with corresponding fit as black line in the selected cross-hair possition. If an AIF-based 

model was used, the utilized AIF (averaged over AIF mask) is also displayed (default in green). 

The color of the AIF display can be adjusted. For ROI based fits, the MFI will display both the 

current data curve in the selected voxel (in red) and the ROI-averaged fitted curve (in dark 

green, can be adjusted). Scrolling through the individual voxels will change the current data 

curve, but the ROI-based curve remains the same.  

If voxels outside the fitted area defined by the mask are selected, the raw data voxel values will 

be displayed, however no black fit line is visualized.  

In the Fit parameter tab, all parameter estimates, evaluation and criterion parameters in the 

selected voxel are listed as a table. The raw data curve, together with the fit curve, AIF and time 

points can be exported to csv files via the Plot data export tab. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

 

 

 

 

 

5. Semi-quantitative parameters from time curves. 

In cases where data quality is not sufficient for dedicated pharmacokinetic analysis, or if global 

scouting of the overall image should be performed to identify regions of interest, it is often 

advisable to use semi-quantitative measures that describe the general shape and type of the 

curve. The Perfusion Curve Description Parameters plugin  can be used to voxel-wise 

calculate these parameters. Currently, the parameters area-under-the-curve (AUC), area-under 

the first moment curve (AUMC), Maximum, mean-residence-time (MRT; AUMC/AUC), time to 

peak and maximum signal are offered by the tool. 

These parameters are calculated directly from 

the sampled data. AUC and AUMC are calculated 

by step-wise integration with linear interpolation 

between sampling points. Maximum and time to 

peak are derived from the highest intensity value 

(overall maximum) of all data points.  

Note: If semi-quantitative parameters should be 

calculated from concentration time curves rather 

than raw data signal intensities, use the 

concentration curve converter view (See 5) 



Parameters of interest can be selected from the list. Selecting a 4D image in the Data manager 

enables the Calculate Parameters button. Resulting parameter maps will afterwards be added 

to the data manager as sub-nodes to the analyzed 4D image 

 

 

6. Concentration Curve Converter View. 

Stand-alone conversion of image signal intensities to contrast agent concentration units can be 

performed with a dedicated plugin. The plugin distinguishes between T1 weighted and T2 

weighted sequences. T1 conversion can be performed in terms of absolute and relative signal 

enhancement as well as turbo flash sequences for both 3D images (baseline images S0 without 

contrast enhancement (pre-contrast) input required) and 4D sequences (baseline selected as 

first frame of time series). 

 

7. PET dynamic data modeling 

Pharmacokinetic analysis of concentration time curves is also of interest in the context of 

dynamic PET acquisition over the accumulation of a radioactive tracer in tissue. 

The PET dynamic plugin works in analogy to the DCE MRI perfusion plugin. It currently supports 

the following compartmental models: 

- One tissue compartment model (without blood volume VB) 

- Extended one tissue compartment model (with blood volume VB) 

- Two tissue compartment model (with blood volume) 

- Two tissue compartment model for FDG (without back exchange k4) 

All models require definition of the arterial tracer concentration, i.e. the AIF. For AIF definition 

see section 3. Instead of the hematocrit level, the whole blood to plasma correction value 

needs to be specified. The literature value commonly used is 0.1 

Since PET images are already in concentration units of activity per volume ([Bq/ml], translates 

to number of nuclei per volume), no conversion of signal intensities to concentration is offered 

in the plugin. If, however, conversion of the 4D images to standard uptake values (SUV) is 

desired, this can be performed with the separate PET SUV calculation plugin. 

Start parameters and parameter constraints can be defined in the same manner as for the DCE 

tool.  
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