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Projektbeschreibung

Internal Carotid Artery Stenosis (ICAS) is a major public health concern, accounting for
10-15% of all ischemic strokes. Although ICAS patients without transient or permanent
neurological deficits are clinically characterized as 'asymptomatic', careful cognitive
assessment reveals a gradual cognitive decline that may progress to dementia, the
mechanism of which is poorly understood.

This project aims to investigate cortical and subcortical fluctuations in blood
oxygenation, i.e., the BOLD (blood oxygenation level-dependent) signal, by integrating
innovative multi-echo echo-planar imaging (EPI) with advanced hemodynamic-
oxygenation MRI in patients with asymptomatic ICAS. Cerebral BOLD signals serve as
indicators of cognitive processes, and their impairments are associated with
neurocognitive decline.

Multi-echo EPI enables the simultaneous acquisition of BOLD- and perfusion-sensitive
signals during rest, allowing for the decomposition of macroscopic vascular effects
(e.g., systemic low-frequency oscillations) from local neurovascular contributions (e.g.,
neurally induced oxygenation changes). In contrast to single-echo EPI, multi-echo data
support precise physiological noise regression, encompassing cardiac, respiratory,
motion, and large-scale perfusion delays, yielding "local" BOLD time courses that are
cleaned of non-neuronal confounds. This framework is designed to disentangle
hemodynamic (systemic/local) from neuro-metabolic influences, enabling a
hemodynamics-informed interpretation of resting-state fMRI in patients with ICAS.
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The medical doctoral student will be involved in data acquisition from healthy elderly
controls and patients with ICAS, including patient recruitment, cognitive testing, and
MRI. The student will implement and apply preprocessing tailored to multi-echo data
(slice timing, motion correction, distortion correction) and TE-dependent denoising/ME-
ICA to separate blood oxygenation from non-oxygenation components. They will then
compute “cleaned” BOLD signal time series, derive BOLD functional connectivity
(especially homotopic connectivity), and relate these measures to quantitative
hemodynamic and oxygenation maps, as well as to simulation results.

The proposed project is ambitious and best suited for a student who is considering a
research-oriented career path. Prior knowledge of Matlab and/or Python would be
helpful. We offer dedicated supervision and mentoring in a multidisciplinary team of
medical doctors and natural scientists.

Vorarbeiten

In previous work, using multimodal MRI, we demonstrated that asymptomatic unilateral
ICAS patients exhibit impaired hemodynamics and disturbed flow-metabolism coupling
between hemispheres. Resting-state BOLD functional connectivity (FC) is influenced by
global (systemic) and local (micro-) vascular impairments. In a simulation study, we
showed that altered neurovascular coupling and systemic perfusion delays alone can
substantially reduce or even invert BOLD-FC, independent of neuronal changes.

Machbarkeit

The study is DFG-funded, and ethics approval exists. Data acquisition is nearly
complete, and a comprehensive data processing pipeline is in place. Our
interdisciplinary research group has excellent expertise in conducting functional MRI
and clinical studies, data analysis, and supervising students.

Bezug zu Drittmittelprojekten

CP & CS receive DFG funding to explore the feasibility of calibration approaches for
resting state functional magnetic resonance imaging (project numbers 395030489).
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