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Project description  

Internal Carotid Artery Stenosis (ICAS) is a 

major public health concern, accounting for 

10-15% of all ischemic strokes. 

Conventionally, ICAS patients without 

transient or permanent neurological deficits 

are deemed clinically 'asymptomatic'. This, 

however, ignores a frequently observed 

gradual cognitive decline in these patients, 

which may eventually lead to severe 

dementia. The underlying mechanisms of this cognitive decline are poorly understood. 

Our research aims at understanding the complex pathophysiological mechanisms 

underpinning cognitive decline in ICAS patients. A seminal observation from our previous study 

is that alterations of cerebral hemodynamics in ICAS patients are intricately linked with 

attention deficits (Göttler et al., 2020; Schmitzer et al., 2021). This finding is particularly 

profound for patients without explicit neurological deficits but enduring detrimental 

hemodynamic impairments. 

This project is designed to further investigate the association between hemodynamic 

impairments, white matter structural alterations and cognitive performance in patients with 

high-grade asymptomatic ICAS. The multi-parametric MRI protocol has been developed by 

our interdisciplinary research group. Applied methods are state-of-the-art and developed in 

close collaboration with Philips Healthcare and internationally renowned experts, e.g., Prof. 

van Osch (Leiden University). This includes cerebral perfusion MRI (based on contrast agent 

and arterial spin labeling), diffusion tensor imaging, and cerebrovascular reactivity mapping 

via CO2 inhalation in the scanner. To increase sensitivity for subtle hemodynamic alterations, 

we thereby delineate individual cerebral watershed areas by a procedure developed by our 

group (Kaczmarz et al., 2018). Moreover, comprehensive neuro-cognitive evaluation of study 

participants will be performed to discern mild cognitive deficits across various domains in ICAS 

patients. 

 



An innovative facet of our approach lies in machine learning, aiming to elucidate correlations 

between white matter alterations, hemodynamic shifts, and potential trajectories of progression 

and cognitive deterioration in subsequent assessments. Additionally, machine learning-

assisted segmentations, focusing on regions like white matter hyperintensities and adjacent 

tissues, aim to unveil subtle, yet crucial, insights into white matter structural alteration that 

remain elusive in current scientific discourse. 

Preliminary results  

In a previous multi-parametric study in ICAS patients, we observed significant hemodynamic 

alterations (Göttler et al., 2019) that were pronounced in individual watershed areas (Kaczmarz 

et al., 2018&2020; Schmitzer et al. 2021) and related to reductions in BOLD functional 

connectivity (Schneider et al., 2022,2023). In particular, we observed associations between 

hemodynamic impairments and cognitive decline (Göttler et al., 2020) and used machine 

learning to predict ICAS (Gleißner et al. 2024). 

 

Feasibility (max 500 characters)  

The study is DFG funded and ethics approval exists. Data acquisition has already started, 

major data processing pipelines exist and preliminary results are promising. Our 

interdisciplinary research group has excellent expertise in conducting clinical studies, data 

analysis and supervising students.  

Related funding (max 500 characters )  

CP, JG & SK received DFG grants to study hemodynamics, structural alternations and their 

impact on cognition in patients with asymptomatic ICAS (project numbers 395030489 & 547 

163 214). 



Track record of successful graduations 

Our research group has an excellent track record of successful graduations, several with 

honours: Dr. rer. nat. Anne Kluge, Dr. med. Vanessa Griese, Dr. rer. nat. Stephan Kaczmarz, 

Dr. rer. nat. Ronja Berg, Dr. med. Miriam Reichert, Carina Gleißner (Dr. med. cand., 

dissertation submitted), Jan Kufer (Dr. med. cand.), Lena Schmitzer (Dr. med. cand.), 

Franziska Richter (Dr. med. cand.). 
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