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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. 

 



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). 

5 relevanteste eigene Publikationen  

Schneider SC, Kaczmarz S, Göttler J, Kufer J, Zott B, Priller J, Kallmayer M, Zimmer C, 
Sorg C, Preibisch C. Stronger influence of systemic than local hemodynamic-
vascular factors on resting-state BOLD functional connectivity. Neuroimage. 2023 
Nov 1;281:120380. doi: 10.1016/j.neuroimage.2023.120380. Epub 2023 Sep 22. 
PMID: 37741595  

Schneider SC, Archila-Meléndez ME, Göttler J, Kaczmarz S, Zott B, Priller J, Kallmayer M, 
Zimmer C, Sorg C, Preibisch C. Resting-state BOLD functional connectivity depends 
on the heterogeneity of capillary transit times in the human brain: A combined 
lesion and simulation study about the influence of blood flow response timing. 



Neuroimage. 2022 Jul 15;255:119208. doi: 10.1016/j.neuroimage.2022.119208. 
Epub 2022 Apr 12. PMID: 35427773 

Archila-Meléndez ME, Sorg C, Preibisch C. Modeling the impact of neurovascular 
coupling impairments on BOLD-based functional connectivity at rest. Neuroimage. 
2020 Sep;218:116871. doi: 10.1016/j.neuroimage.2020.116871. Epub 2020 Apr 23. 
PMID: 32335261  

Göttler J, Kaczmarz S, Nuttall R, Griese V, Napiórkowski N, Kallmayer M, Wustrow I, 
Eckstein HH, Zimmer C, Preibisch C, Finke K, Sorg C. The stronger one-sided relative 
hypoperfusion, the more pronounced ipsilateral spatial attentional bias in patients 
with asymptomatic carotid stenosis. J Cereb Blood Flow Metab. 2020 
Feb;40(2):314-327. doi: 10.1177/0271678X18815790. Epub 2018 Nov 27. PMID: 
30480463  

Göttler J, Kaczmarz S, Kallmayer M, Wustrow I, Eckstein HH, Zimmer C, Sorg C, Preibisch 
C, Hyder F. Flow-metabolism uncoupling in patients with asymptomatic unilateral 
carotid artery stenosis assessed by multi-modal magnetic resonance imaging. J 
Cereb Blood Flow Metab. 2019 Nov;39(11):2132-2143. doi: 
10.1177/0271678X18783369. Epub 2018 Jul 3. PMID: 29968499 

 


