NeuroNetFlow: A MATLAB-based software toolbox for analysing flow dynamics based on phase-contrast MRI
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NeuroNetFlow is a MATLAB-based software toolbox designed for end-to-end quantitative
analysis of CSF flow dynamics using phase-contrast MRI (PC-MRI) in conjunction with
physiological signals, including respiratory belt recordings and photoplethysmography
(PPG). The toolbox provides a framework that combines image preprocessing, semi-
automated region-of-interest (ROI) definition, physiological signal processing, and
multimodal feature extraction within a unified graphical user interface (GUI).
The goal is to enable reproducible and interactive analysis of respiration- and cardiac-
& @ Plot _ Analysis CSF signal related CSF dynamics in human PC-MRI data. By explicitly linking PC-MRI-derived CSF
magnitude image pyt with physiology data velocity signals with synchronized physiological recordings, the software facilitates detailed
investigation of cardio-respiratory contributions to CSF circulation,. The architecture is
modular to ensure flexibility, reproducibility, and extensibility. Each module can operate
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still hampered by the scarcity of suitable open-source toolboxes. The (Respiration Signal)

NeuroNetFlow tqolbox was developed to overcome thgse ~ (Calibration window Processing CSF _ —
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cycles and masks them using a previously established algorithm, ‘ , G : : : L . 2 : . ,
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oscillation components- This framework allows users to intuitively Visualize ROI signals with all image area within one breathing cycle - Launching image preprocessing and signal  cardiac-filtered)
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GUI environment. Furthermore, the toolbox includes calibration and

alignment functions that synchronize CSF data with external
physiological signals, such as PPG and respiration. Building on
empirical evidence that CSF dynamics also contain respiratory
oscillation components, NeuroNetFlow provides an additional
dedicated function to extract and mask these specific signals,
enabling a comprehensive analysis of cardio-respiratory-related CSF
movement:
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| : Ty ‘ segmentation interface, a user can define a specific bounding box via a mouse click,
which triggers the automatic identification of voxels associated with CSF signals and
the subsequent generation of a binary mask. This initial segmentation can be further
refined through a semi-automatic process in a dedicated analysis window, accessed by
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Link for download:
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