
Systematic review on the variability of the human brain arterial territories 

assessed using neuroimaging methods 

README FILE 

 

Primary authors: Mr. Charlie Betton (CB) and Dr. Katie Hoban (KH) 

   College of Medicine and Veterinary Medicine, University of Edinburgh, Edinburgh, UK. 

Supervisor: Dr. Maria del C. Valdés Hernández (MVH) 

   Centre for Clinical Brain Sciences, Row Fogo Centre for Research into Ageing and The Brain, 

and Dementia Research Institute, University of Edinburgh, Edinburgh, UK. 

Preparation of this dataset: Dr. Maria del C. Valdés Hernández 

 

Abbreviations used: 

 MRI – magnetic resonance imaging 

 FLAIR – fluid attenuated inversion recovery (i.e., an MRI structural sequence) 

 CT – computerised tomography (scan) 

 ACA – anterior cerebral artery (infarct and/or territory) 

 MCA – middle cerebral artery (infarct and/or territory) 

 PCA – posterior cerebral artery (infarct and/or territory) 

 ACA-MCA – watershed region or anterior border zone between the territories of the anterior 

and middle cerebral arteries  

 MCA-PCA – watershed region or posterior border zone between the territories of the 

anterior and middle cerebral arteries 

 LMCs – leptomeningeal collaterals 

 PET – positron emission tomography  

 CoW – Circle of Willis 

 ICA – internal carotid artery 

 

Summary: 

Imaging methods for brain arterial territories have evolved significantly from cadaver injection 

techniques to combinations of CT angiography with multiple MRI perfusion techniques. The 

variability of the brain arterial territories is well acknowledged in the literature. It has been 

attributed to: (1) haemodynamic factors related to the peripheral resistance of each artery; (2) 

anomalies of the Circle of Willis; (3) the involvement of leptomeningeal collateral (LMCs) arteries; 



and (4) enlargement of arterial territories due to previous stroke; among other factors. We 

separately conducted two systematic literature reviews searching for papers that 1) acknowledge, 

illustrate or analyse the vascular supply of the brain territories and the variability of their 

boundaries; 2) identify and discuss the source of this variability; and 3) present or evaluate useful 

resources to estimate the boundary of the arterial territories from brain MRI data. Each systematic 

search had slightly different aim and inclusion/exclusion criteria. This dataset contains the result of 

the searches and the data extracted.  From analysing the data extracted, the primary source of 

variability in the arterial territories was the involvement of LMCs. These provide emergency blood 

supply across the surface of the brain, between arterial territories, following occlusion. Secondary 

sources included variation of the Circle of Willis and enlargement of arterial territories due to 

previous stroke. After analysing non-contrast FLAIR MRI from 45 stroke patients for border zone and 

LMCs involvement, inter-observer reliability analysis found the prospect of assessing LMCs from 

conventional structural MRI sequences to estimate the variability of these territories to be very low 

(Kappa Statistic = 0.1262). This dataset also includes this inter-observer analysis. 

 

SYSTEMATIC SEARCH 1 

Aims: 1) Identify anatomical landmarks that could be helpful in generating a 3D computational 

resource (i.e., atlas) of the brain arterial territories, considering the variability of their boundaries 2) 

Identify studies that could inform on the methodology to detect the boundaries of the brain arterial 

territories from brain magnetic resonance images 

Period searched: until July 2013 

Basic Search Terms (with variations): “middle cerebral artery AND MRI AND watershed infarction”, 

“anterior cerebral artery AND MRI AND watershed infarction”, “posterior cerebral artery AND MRI 

AND watershed infarction”, “arterial territory variability AND infarct”, “variability of territories AND 

major cerebral arteries” 

Databases: Web of Knowledge©, PubMed©, ScienceDirect© and OVID© 

Inclusion criteria: Studies (including reviews and book chapters) that: 1) describe and/or illustrate 

the anatomical landmarks of the brain arterial territories considering the variability of their 

boundaries (i.e., including the watershed regions); 2) could inform on the methodology to detect the 

boundaries of the brain arterial territories from neuroimaging methods; 3) full text were accessible; 

4) written in English language; 5) involved patients with acute stroke; and 6) described the 

involvement of any of the six major cerebral arteries (i.e., cerebellar vasculature alone was not 

considered  sufficient) in acute stroke. 



Exclusion criteria: 1) not fulfilling the inclusion criteria; 2) MRI was not among the imaging 

modalities (e.g., studies using CT alone were excluded); 3) not human studies 

Number of studies included: 84 

Number of participants from the studies included: data not extracted 

 

SYSTEMATIC SEARCH 2 

Aims: to identify the sources of anatomical variability seen in the brain arterial territories of stroke 

patients to inform the development of resources aimed at stroke classification. 

Period searched: until January 2020 

Basic Search Terms (with variations): "variability AND territor* AND major AND cerebral AND 

arter*", "variability AND territor* AND watershed AND infarction", "variability AND territor* AND 

(anterior OR middle OR posterior) AND cerebral AND arter*", "variability AND territor* AND cerebral 

AND arter*". On Medline©, the limits were set to “English Language, Full Text, Humans”. 

Databases/other sources: Medline© and Web of Knowledge©. Moreover, a web search to identify 

the software and digital sources available for segmenting the brain arterial territories, whilst 

accounting for their variability, was carried out to provide an understanding of the state-of-the-art 

tools available for this task. 

Inclusion criteria: Papers were included if they acknowledged the variability of the arterial territories 

of the human brain in stroke patients and commented on the potential sources of this variation.  

Exclusion criteria: Papers were excluded if they 1) were non-human studies; 2) did not explore 

anatomical variability in the cerebral vasculature; 3) were review articles; 4) full text was not 

available; 5) were not written in English, French or Spanish languages. It was acknowledged that 

venous sinus thrombosis appears similarly to arterial thrombosis, but these cases were excluded as 

they are unrelated to variations in the arterial territories. 

Number of studies included: 17 papers on stroke patients/202 possible candidates, and 39 in non-

stroke individuals 

Number of participants from the studies included: 1250 stroke patients were involved in the 17 

selected papers, with the largest study containing 384 patients (Hupperts et al. 1997). One study 

(sample size n=22) did not provide demographic (i.e. age or gender) information of the patients 

included (Lang et al. 1995). The 39 studies of non-stroke samples involved 1937 individuals.  

 

  



Figure 1. Flow chart of the Systematic Search 1 

 

  



Figure 2. Flow chart of the Systematic Search 2. The colour of the arrows matches the fonts’ colour 

in the worksheets of the file “Variability_Arterial_Territories_Systematic_Search_2.xlsx” 
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