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OVERVIEW 

 

The aim of our studies was to reveal the role of static ( CT - CoW, plaque and ischemic lesion 

analysis, OCT, ect.) and dynamic (TCD, NIRS, intraarterial blood pressure measurement, ect.) 

parameters in the background of neurological events in patients with carotid stenosis. We also 

examined functional parameters such as cognitive function, which we compared with the 

previous ones. In our clinical study, we performed several imaging and hemodynamic 

measurements pre-, intra- and postoperatively. Examination of the patients, sample 

collection, and evaluation were performed by a multidisciplinary team. We have co-operated 

with the Department of Neurology (NK) of Semmelweis University (SE), the Department of 

Anaesthesiology and Intensive Therapy (AIK) of SE, and the Department of Ophthalmology 

(SZK) of SE, in order to carry out additional studies for the project. Part of this co-operation 

included pre-operative TCD measurements that were used for the project. The planned 

protocol was modified: intra-operative TCD monitoring was removed due to its complexity. 

Instead, intra-operative neurological monitoring was performed using NIRS monitoring, in 

cooperation with SE-AIK. The necessary devices were acquired from allocated funds from the 

grant. Pre- and post-operative TCD measurements were performed in cooperation with the 

Department of Neurology of SE. The mathematical calculations, 1D and 3D modeling were 

carried out by staff of Department of Hydrodynamics Systems, Budapest University of Technology 

and Economics participating in our OTKA/NKFI study. 

We have applied for Ethical Approval and received Regional Ethical Approvals SE-RKEB 

256/2018 and SE-RKEB 84/2019. The finalised study protocol was approved at 

clinicaltrials.gov, and registered under no. NCT03840265. 

During the period 1/9/2019-31/8/2023, pre-and post-operative examinations and 

measurements (CTA, MR, TCD, OCT, NIRS, plaque sampling, lab test and CTA plaque analysis) 

were performed in accordance with the protocol in the case of the enrolled patients.  

Due to the COVID-19 pandemic the study period has been prolonged with 1 year. Statistical 

evaluations were performed. The results have been published in several conference abstracts 

and 10 original articles and 2 review articles have been published in international Q1 and Q2 

journals. Currently, 4 manuscripts are pending and under revision.  

 

DETAILED REPORT OF INDIVIDUAL SUB-PROJECTS  

Pre- and post-operative investigations and measurements (CTA, MR, TCD, OCT, NIRS, plaque 

sampling, laboratory testing and CTA plaque analysis, cognitive tests) were performed 



according to the protocol for all included patients between 1 January 2020 and 31 November 

2022. 

Retrospective studies of the CoW anatomical variation’s effects on the clinical outcome of the 

carotid artery reconstruction were published. Our retrospective study results with the 

contralateral carotid occlusion with insufficient CoW without intraoperative shunting is under 

review in Journal of Vascular Surgery.  

CoW status of each enrolled patient based on carotid CTA images were evaluated, which were 

compared with OCT, TCD and NIRS results. OCT measurement results were presented in SIVS 

International Congress. The manuscript about Cow and OCT results has been published in 

Journal of Clinical Medice. The stump pressure measurements and CoW morphology results 

were analysed and send for publication, the article has been under review in Scientific Reports 

yet. The NIRS measurement evaluation needs further and more complex data analysis. The 

studies with NIRS measurements will be published in 2024.  

Based on the CTA images, the 3D flow models created in the Slicer program were compared 

with the lumen models created in the VascuCap software on Wacom monitor. An article, 

which shows the outcome of the comparison, was accepted for publication in the Applied 

Science Special Issue “Applications of Image Processing in Anatomy”. A numerical boundary 

condition (BC) package was developed based on the measurements done by a parallel working 

group. The BC package is a set of correction procedures to modify the inlet (CCA) and outlet 

(ICA, ECA) diameters so that Doppler flow measurements obtained in the internal and external 

carotid artery can be used. A conference abstract was accepted for oral presentation about 

the method and a manuscript for a journal article is underway. Comparison of intraoperative 

backflow measurements with CoW status in 3D model is currently under evaluation. 

Furthermore, a smaller and a larger numerical study is in progress, comparing lesion 

characteristics with the flow and wall shear stress field of the pre and post operative states. 

Carotid plaque analysis with the VascuCap software was performed for enrolled patients, 

comparison of this with clinical data is ready. Our propensity matched analysis study of carotid 

stent implantation vs carotid artery endarterectomy in perioperative new DWI lesions on 

postoperative MR images was presented in London Charing Cross Congress and published in 

Journal of Cardiovascular Development and Disease. 

In some targeted patients, intraoperative ultrasound measurements were performed. We 

plan to compare the data of intraoperative backflow measurements with the results measured 

with US. Postoperative 3D US measurements were taken two patients, whose complex pre- 

intra and postoperative hemodynamic measurements will be published in technical note in 

the next year.  

The NIRS measurements dataset has been cleaned and ready for statistical evaluation. With 

NIRS results, the results of these preliminary studies were accepted as abstracts at 

international conferences. Intraoperative NIRS data and changes in intraoperative entropy 

measurements and cognitive function tests caused by desaturation were used to supplement 

the study directions. Both projects’ results will be published within a year.  



Hematoxylin-eosin stained; digitalised slides of the plaque samples are available for every 

case. Detailed analysis of the scanned slides is under investigation. For structural analysis of 

plaques, they had been digitalized with 3DHistech microscope. We have acquired TNFa, IL-6, 

and IL-10 ELISA kits using funds allocated for the project. These were intended to determine 

the extent of atherosclerosis-induced inflammatory stress on the body. Categorization of the 

plaque material components has begun, highlighting the vulnerable components. Evaluation 

will focus on clinically determined subgroups. 

Our review article on the potential role of OCT in the measurement of microcirculatory 

changes caused by carotid artery stenosis reconstruction was published in 2021. Our original 

article on comparing OCT and clinical data has been published in Geroscience in 2022 and OCT 

data compared to CoW status was published in 2013. The proof-of-concept study of OCT and 

TCD study is under review in Journal of Cerebral Blood Flow and Metabolism. The manuscript 

of the comparison of OCT and CoW data was published in Journal of Clinical Medicine. 

Pre-operative TCD tests were performed on all enrolled patients, but unexpectedly high ration 

of the patients did not have a proper TCD window present and therefore were excluded from 

further examination for this sub-project. Cerebrovascular reactivity estimation results 

according to circle of Willis morphology were submitted to Journal of Cerebral Blood Flow and 

Metabolism. Our results were presented at SIVS International Congress. Correlation analysis 

of TCD data and OCTA data were accepted for publication in PlosOne. One manuscript 

regarding the cerebrovascular reactivity on TCD is pending submission to international 

journals.  

 

FUTURE PROSPECTIVES 

We plan to review clinical protocols and surgical indications for asymptomatic patients based 

on our multidisciplinary results. The current multidisciplinary prospective clinical study gave 

some interesting and thought-provoking results due to the interdisciplinary cooperation. 

The results are currently being evaluated using MR, NIRS data and intraoperative entropy and 

desaturation-induced changes in cognitive function. Our aim is to assess diffusion tensor 

imaging metric and volumetric changes from preoperative to 2-year MRI in the white matter 

of the index and contralateral sides of the brain. These results will be published in the next 

year. Our ongoing project’s aim is to investigate the intraoperative US measurements and the 

backflow results, the manuscript is under review. There is plan for further TCD measurements 

evaluation to compare the CO2 reactivity with results obtained with other vasoactive stimuli 

and the CCC results of healthy young individuals in the light of their Willis circle variation.  

Immunohistological processing of collected plaques has been performed. The availability of 

CTA imaging-based lumen segmentation software makes possible to examine the carotid 

artery plaque morphology. The development of the CFD analysis 3D models gives an 

opportunity to describe the non-conventional fluid dynamics system’s pathological changes in 

complex lumen geometries. The combination of the two methods opens a new era in 

examination of the interaction of pathological changes in the stenotic lumen. Our further aim 



is a comparison of a predefined subgroup from our previous results based on histopathological 

features and CFD features to determine hemodynamically prone localization for high-risk 

plaque features. 
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