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Abstract 
 

   The amount of knowledge and skills that an average university student should 

learn in any given course is increasing each year. On the other hand, the time 

dedicated for formal teaching is decreasing for various reasons. New and 

emerging topics need more time to cover. Newer approaches to learning place 

more emphasis on self-directed and interactive learning as opposed to didactic 

methods. Online learning is becoming a very popular method of delivering 

course materials, with institutions and students alike, that could very well restore 

the balance between time and content to be learnt. For institutions, it can free 

up time slots of busy lecture halls and seminar rooms, and valuable faculty time 

that could be utilized in research. For the learners, it means convenience in 

terms of when and where to study and at what pace. 

   The topic of "Blood and Cerebrospinal fluid Circulations in the Brain and 

Spinal Cord" is a good example of anatomical content that can be presented as 

an online learning module. The idea stemmed from the movement of the 

medical school at Queen's University to revamp its curriculum with an expected 

reduction of the hours dedicated to Anatomy. Another initiative came from the 

clinical residents at the Kingston General Hospital, who expressed the interest 

of having learning materials made available online for quick reference and 

refreshment of knowledge. 

   To address those needs and requests of the clinical residents, and to serve 

students in the Life Sciences, Medicine, and MSc Anatomy programs, an online 

learning module on the blood and cerebrospinal fluid circulations in the brain 
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and spinal cord was created.  Unique to the design of this online module is a 

virtual dialogue that covers the content of the topic and its appeal to a wide 

readership. For some it represents most of what they need to know, while for 

the others it would be an introduction or a quick refresher. It is designed in a 

way to mimic the interaction between the student and a professor with questions 

that stimulate and engage the learner. Finally, the basic knowledge presented 

was fortified with clinical scenarios that describe their application and utility in a 

clinical setting. 
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Chapter 1: Introduction  

1.1 E-Learning:   

 "Necessity is the mother of invention". In the current times there has been 

growing pressure and demand for innovative ways to enable students to learn 

new knowledge and skills in a timely and  cost-effective manner. Lifelong 

learning is becoming the new keyword in educational circles (1). Recent 

advances in information and communication technology make this possible by 

providing a more individualized, adaptive, and portable environment for the 

learners. The marriage between this demand and the provision led to the 

appearance and thriving of internet/electronic/distance learning or e-learning . 

E-learning is electronically supported learning, with the educational content (text 

and media) being delivered via the inter-/intranet. It can be instructor led or self 

paced, pure (online or traditional face-to-face learning) or a blended approach 

(1). The fastest growing form of distance education is postgraduate education 

that is being delivered via the internet to mature working men and women (1). 

Some of the pros and cons of both traditional and e-learning approaches can be 

summarized in Table 1. 
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Table 1: Advantages and Disadvantages of Traditional and E-learning (1) 

 Traditional Learning E-learning 

Advantages  Immediate feedback 

 Being familiar to both 
Instructors and 
students 

 Social interaction and 
group dynamics 

 Learner centered and self 
paced 

 Time and location flexible 

 Cost effective for learners 
(and possible institutions as 
well) 

 Potential audience 
theoretically unlimited  

 Archival capability for 
knowledge reuse and 
sharing 

 Ease of access 

 Automated assessments 

Disadvantages   Instructor centered 

 Time and location 
constraints 

 More expensive to 
deliver 

 Requires a larger 
working force and 
more co-ordination 
efforts 

 Lack of immediate feedback 
in asynchronous e-learning 

 Impersonal nature of learning 

 Increased work load on the 
instructor 

 Not suitable for all people, 
computer and minimal 
technical literacy required 

 Could potentially cause more 
frustration, anxiety, and 
confusion 

 Generally not suitable for 
highly technical hands-on 
skills 

 Technology failures or 
incompatibility 

 

   E-learning appeals to students because of its flexibility and offering of learning 

anytime anywhere possible thanks to the ubiquity of the internet (2). To 

university administrators it brings a cost effective solution and permits course 

expansion without the limitation of classroom availability (2). Students perceive 

online learning positively with the majority reporting a moderate to high 
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satisfaction rate. However, online courses require greater dedication and 

determination from the side of the learner as compared to traditional face-to-

face courses(2,3). This explains the higher dropout rates in online courses (3). 

For this reason, it is very important that the students know from the outset what 

to expect, e.g., in terms of time commitment, the level of technological literacy 

required, the type and amount of support provided, etc (3). 

   Some of the challenges facing online education include resistance from 

institution administrators and faculty members. Some of their concerns are the 

amount of time and resources invested in what is usually perceived as not as 

effective method of education as compared to the traditional type. Furthermore, 

some authorities believe that degrees earned through online education are less 

prestigious and offer lower chances of employment (3). This is in part true as 

quality online instruction is more expensive than the traditional type, but it offers 

advantages such as being unrestricted in terms of site and distance and 

possibly number of enrolment (3). Unfortunately, concerns exist despite 

evidence attesting to the equivalency of online and face-to-face learning (3). 

Though more cost effective to the student, uncertainty and concerns over quality 

and future employment prospects still remain (4). 

   True online postgraduate education should ideally have all of the following 

constituents (5): 

 distance education, which invariably utilizes some form of technology to 

connect the learners and the instructional agent; 
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 utilization of technology to bridge time/distance/venue gap, e.g. web 

based face-to-face discussions, online learning environments, virtual 

microscopy, endoscopy, etc.; 

 life-long education, which is a corner stone objective of modern education 

and a prerequisite for current learners to remain up-to-date and viable in 

the competitive job market; and 

 be cognizant of the nature of its mature audience (e.g., working full or 

part time, family commitments) seeking various higher degrees and 

diplomas. 

1.2 E-Learning as a Popular and Effective Way of Education: 

   By 2006, 3.5 million students were participating in on-line learning at 

institutions of higher education in the United States of America (USA) (6). There 

has been an increase of around 12–14 percent per year on average in 

enrollments for fully online learning over the past five years (2004–2009) in the 

US post-secondary system, compared with an average of approximately 2 per 

cent increase per year in enrollments overall (6). It was estimated that in 2009, 

44 percent of post-secondary students in the USA were taking some or all of 

their courses online, and projected that this figure would rise to 81 percent by 

2014 (6).  

   One study showed a greater advantage of a hybrid approach combining online 

and face-to-face instruction compared to a purely face-to-face one (3). In turn 

purely face-to-face instruction had a greater advantage over purely online 

instruction. The effectiveness of online instruction was independent of the level 
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of learner (undergraduate/graduate/professional) and also independent of the 

subject being learnt (except for purely psychomotor skills which obviously need 

a face-to-face component) (3). Another study comparing two groups of students 

learning a non-hands on course showed no difference in test scores, grades 

and overall performance between campus, face-to-face education students, and 

online learning students utilizing a virtual learning environment (7). 

   A favorable and comparable setup is required for online education to become 

conducive for learning(8). Although seemingly different at the outset, traditional 

and e-learning systems depend on the same basic curriculum design principles 

in order to be effective. Some of these requirements are learner involvement, 

collaboration, interactivity, learning in a relevant context, constructive and 

incremental acquisition of knowledge, and a self directed approach from the 

side of the learner (8). Furthermore, learning material should be designed in a 

way to encourage critical thinking, problem solving, stimulate the interest in the 

learner to want to know more, and make the learning experience more 

enjoyable. As such, uploading a video of a two hour lecture, in which the learner 

has no control over its playback properties and thus cannot interact with it, is 

counterproductive (8). Provision of a discussion forum on the other hand is a 

good way of stimulating learner interaction, peer learning, and both direct and 

indirect feedback about the learning material (7).  

1.3 Modalities of Learning: 

   Learning styles and learning modalities are often used interchangeably. 

Modalities refer to how learners use their senses for learning. Four modalities 
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are usually considered: visual, auditory, kinesthetic, and tactile (9). The great 

majority of students can learn using all four modalities, but most have 

preferences that can be capitalized on. The more senses/modalities engaged in 

the learning process, the better the learning. Ideally, we must provide an 

environment that is conducive to all four (9). Traditional face-to-face instruction 

relies heavily on auditory stimulation with lecture and discussions. E-learning 

readily caters for visual and auditory learners, but is usually limited when it 

comes to kinesthetic and tactile styles. 

1.4 Modern Methods of Delivery of Course Materials: 

   Distance education, the forefather of current e-learning, began as 

correspondence based courses that relied on postal services to deliver learning 

resources and assignments between teachers and students (10,11).  Shipment 

transit times and potential loss thereof were the principal drawbacks. 

Appearance and popularity of the radio provided a more convenient route of 

delivering instructional material (10,11). Although this added the advantage of 

sound which is definitely useful in learning languages, yet the visual element 

was totally lacking. The next wave of development brought along the television 

which added a motion picture to the sound providing further support to distance 

education. Program schedules, hardware costs, and service coverage were 

some of the disadvantages, specially for truly remote learners (10,11). The 

introduction of the World Wide Web in the 1990s ushered a new era for distance 

education. The explosive development of computer hardware and software 
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allowed the transmission of text, picture, sound, and the creation of powerful 

content that did not exist before (10,11). 

   Although the boundaries are becoming blurred by recent advances, distance 

education technologies are divided into two modes of delivery: synchronous and 

asynchronous learning (11). In synchronous learning, all participants are 

"present" at the same time. In this regard, it resembles traditional classroom 

teaching methods despite the participants being located remotely.  Web 

conferencing, videoconferencing, educational television, instructional television 

are examples of synchronous technology, as are direct-broadcast 

satellite (DBS), internet radio, live streaming, telephone, and web-based Voice 

Over Internet Protocol (VoIP) (11). 

   In asynchronous learning, participants access course materials flexibly on 

their own schedule. Students are not required to be together at the same time. 

Mail correspondence, which is the oldest form of distance education, is an 

asynchronous delivery technology as are message board forums, email, 

video and audio recordings, print materials, voicemail and fax (11). Distance 

learning can also use interactive radio instruction (IRI), interactive audio 

instruction (IAI), online virtual worlds, digital games, webinars, and web casts 

(11).  

 1.5 Justification: 

  E-learning industry is currently estimated at $ 48 billion (6). The Gartner 

Market Research Company reports that 154 million smartphones were sold in 

the second quarter 2012, compared to 491 million in all of 2011, and 119 million 



8 

 

tablets were sold in 2012, which is double the figure for 2011(12). Furthermore, 

55% of US mobile owners have a smartphone (110 million) vs 45% in Canada 

(9 million) (12). These statistics point towards increasing popularity of the 

internet and the mounting use of portable devices to access it, a trend which 

could be utilized to deliver learning content. 

It is evident that online learning is the current trend and the evidence points to 

its equivalence to traditional learning if not surpassing it in many aspects. To 

achieve the best outcomes, specially designed learning resources should be 

used, and not simply uploading material that was originally designed for in-class 

use such as power point presentations. E-books and commercial software are 

valuable as references and/or stand alone material for self study. On the other 

hand, custom made modules that compliment in-class teaching (lecture, lab, 

etc.) suit a hybrid educational approach, and are more useful as they can be 

tailored to the specific needs of the target audience. In house development of 

such modules may reduce their cost and allow for periodic review and 

modifications. Involvement of graduate students in their creation is a real 

learning and teaching experience as the saying goes "see one, do one, teach 

one".  
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Chapter 2: Hypothesis and Objectives: 

Hypothesis: 

   Provision of learning material as an online resource greatly facilitates self-

directed learning while at the same time offers flexibility in terms of time, place, 

and pace. 

Objectives:  

   This project aims to develop an online study module on the circulation of the 

blood and cerebrospinal fluid in the brain and spinal cord as a study aid for 

students in various streams and levels learning anatomy or simply wishing to 

refresh their knowledge. Knowledge of this area of central nervous system 

anatomy is very important as disorders of its structures and function carry a high 

clinical significance. Quite often the offending cause is directly or indirectly 

related to an abnormality or disturbance of the blood supply, making knowledge 

of this topic highly valuable in understanding the disease, its diagnosis, and 

treatment. 

   The module also aims to act as a nucleus for similar projects and pave the 

way for further work along the same lines to end up with a comprehensive 

online anatomy study companion. 
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Chapter 3: Materials and Methods: 

   This module was designed for a wide audience ranging from undergraduates 

in Life and Health Sciences through medical students to postgraduates in 

medical and anatomical programs. The core knowledge was obtained from 

common references which were available for the learners for future consultation. 

Suitable good quality images were found among the Bassett Collection of 

Stereoscopic Images of Human Anatomy (brain) (13). These had the advantage 

of being images of wet specimens with injected vessels. Moreover, all the 

images were accompanied by an explanatory line diagram that detailed the 

various structures seen in the particular image.  

   One limitation was encountered with these images, namely the file size was 

bigger than what was allowed by the host platform. This was resolved by 

inserting the image to the dimensions allowed and hyper-linking it to the original 

image on the Bassett's page. Clicking on the image opens the source website in 

a new tab in the internet browser. This way the learner would appreciate a 

larger image in addition to the explanatory diagram.  

   With the assistance of a web developer, an online community for this project 

was created on MEdTech Central (the learning management system developed 

by the School of Medicine at Queen's University). This community gave an 

overview of the platform and tools available to accomplish the task. The 

background information was assembled and catalogued. The information was 

pooled and articulated into simple and straight forward explanations. The 

content of the online module was organized under the following headings:   
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1. Learning Tips 

2. Introduction 

3. Objectives 

4. Arterial Supply 

a. Circle of Willis 

a. The Brain 

a. Spinal Cord 

5. Venous Drainage 

a. Spinal Cord 

a. Special Veins 

6. Disorders of the Blood Supply 

7. Lymphatic Drainage 

8. Ventricular System 

a. Brain Ventricles 

a. Formation of the CSF 

a. Circulation of the CSF 

a. Functions of the  CSF 

a. Blood Brain Barrier 

a. Disorders of the CSF 

9. Summary 

10. Glossary 

11. References  

12. Gallery 



12 

 

   The community is an open one and this learning resource can be accessed by 

any Queen's University Student with access to MEdTech Central. Alternatively, 

they can be granted access to that site by one of the administrators such as a 

faculty member with access adding to his or her class of students.  

   On the community page itself there is a link for feedback and also the email of 

the developer for questions or comments.  
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Chapter 4: Results 

  This module was created in a response to requests from the clinical neurology 

residents at the Kingston General Hospital during traditional face-to-face 

sessions on applied basic science. The sessions were well received and highly 

praised (14). The residents asked whether the content of such sessions could 

be made available online for future reference. The module is hosted on 

MEdTech Central, on a community called "Blood and Cerebrospinal Fluid 

Circulations in the Brain and Spinal Cord".  

   The module is organized into units as mentioned earlier and these fall into 

three main categories namely, arterial supply, venous drainage, and the 

ventricular system. Each unit has subunits giving further details. The main body 

of the information appears in black, with application interactive questions 

showing in blue. Additional knowledge such as synonyms or course of a 

structure appear in green. 

   In addition to the three main units, there are also the following pages: 

1. Tips: this page welcomes the learners to the community and gives them 

a quick start up guide on how to navigate the module and make the most 

out of it. 

2. Introduction: explains the importance of understanding the topics 

addressed in the module and their clinical implications. 

3. Objectives: lists the learning outcomes expected of the learner upon 

successful completion of the module. 

4. Summary: touches on the main points in the module. 
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5. Glossary: lists the anatomical terms encountered in the module and their 

meaning from their original derivation. 

6. References: sources from which the information was obtained 

7. Gallery: a page containing all the module's photos. 

Figure 1: MEdTech Central Homepage. From here the student can access the 
module, among other educational resources. 
 

Access to the 

content 
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Figure 2: Secure login page. This is needed to access resources available for 
approved users, e.g., students enrolled in a specific course. 

 

 
 

Figure 3: User landing page. This is the user specific page, that displays 
information relevant to the particular user. 
 

 

Access to 

the 

community 
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Figure 4: The Introductory page of the module. The first page of the module, 
with a welcoming statement and important learning tips. Navigation links are 
available on the left of the screen. 
 

 

 

 

 

 

 

 

 

 

 

 

Title 

Navigation 

Menu 

Information 

coded by color 
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Figure 5: First page of the arterial supply section. This shows how the 
information is presented in different colors together with the relevant images. 
 

 

Quick submenu 

shortcuts 

Submenu 

within current 

title MEdTech 

Shortcuts 
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Figure 6: Second page of the arterial supply section. The discussion of the topic 
continues, now addressing a different point. 
 

 

 



19 

 

Figure 7: Third page of the arterial supply section (upper half of page). This section 

describes the anatomy of the main arteries supplying the brain. 
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Figure 8: Third page of the arterial supply section (lower half of page). 
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Figure 9: Fourth page of the arterial supply section. 

 

(A slightly modified, text based version of the module is included in the 

appendix).  
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Chapter 5: Discussion 

5.1 Why online learning and why this topic?     

   Online learning seems to befit the newer and younger generation who are in 

tune to touch screens and the internet. It provides accessibility, portability, 

ubiquity (smartphones and superphones), search ability, and is sharing friendly 

(allowing for collaborative learning via discussion forums). However, it does 

come with disadvantages such as cost and complexity of the computing 

hardware involved, environmental impact in the long term, and negative effect 

on "classical" social interaction skills. Resource fragmentation and distraction 

because of multitasking is another possible major drawback that can impact 

concentration and retention.   

    The reasons for choosing the task of putting together a learning module were 

mainly: 

1. There is a need for tailored online resources that are developed "in-house" 

so that they can fit easily with existing and evolving curricula and which can 

address the specific needs of its target population. 

2. Feasibility of execution within the time frame permitted by the nature of the 

program 

      The value of online study guides/modules was stressed in this study which 

specifically explored their use in anatomy:  "Online (radiologic) anatomy study 

guides greatly improve the understanding of students' anatomical knowledge as 

demonstrated by better performance in radiologic, practical and written anatomy 

exams" (8).  
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   In keeping with the current trend towards online learning and to cater for 

tailored resources, the decision was made to prepare a unit covering the 

requested topics. 

5.2 Why this design for the module? 

   The basic theme focuses on a simplistic yet informative and interesting layout, 

a classical form in a contemporary style. This caters for the novice technology 

user, while remaining easy for the expert. The simplistic design also favors 

minimal overhead costs to initiate, maintain, and deliver, especially when 

learning is on the go e.g. during travel (less data charges as size is smaller). 

The textual format favors the "reader function" , which is a common feature in 

many portable devices such as tablets and smart phones.  

   The main and basic part of the text is in black. Extra information that can be 

useful to more advanced users is in green. Blue color was used for application 

questions, which are useful to all levels of learners, but could be left unexplored 

during the initial round of learning. Use of different colors in the text was aimed 

at making the material visually appealing and eye friendly, while at the same 

time hinting to the user the three levels of structure of the module namely, ideas, 

connections, and extensions. Hiding the extra details and making them appear 

on clicking or hovering, or adding them to footnotes, was felt to cause them be 

overlooked all together, and may very well be incompatible with one or more 

operating systems especially mobile ones. Colors help prevent monotony and 

eye fatigue and if format becomes more widely applied may well help learners of 

varying levels to selectively read what they want more efficiently. 
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5.3 Why pictures of wet specimens?  

   There is no substitute for the real thing! Diagrams are inherently simplified, 

they are useful to introduce the basic concept but cannot replace the original, 

and may suffer the drawback of transference of skills (context), i.e., the learner 

being unable to identify the same structure in a real specimen or actual living 

patient for instance. 

5.4 Justification for the module structure: 

   "Before you treat, always ask yourself why treat?" is a basic concept in 

Medicine. As such the introductory page aims at highlighting the serious 

implications of cerebrovascular accidents (CVAs/strokes) to the individual and 

the community. A better appreciation of one's goals is a strong motivator for 

learning and may help the learner relate to personal experiences.  The 

objectives serve as a roadmap for a learner who's new to the topic and at the 

same time function as a self evaluation tool specially in this module as no formal 

questions were included.  

   Inquisitive learning favors deeper learning, for this reason the questions were 

blended into the body of the unit, to make it more interesting and stimulating. 

From a personal experience, students in a lab session reacted very favorably to 

a prelab based on questions titled "did/do you know"? The questions also help 

stimulate the learner to go beyond the ideas and try to make connections and 

extensions to what he/she is learning. For example the tortuous course of the 

internal carotid artery could be recalled when examining the splenic artery and 

contrasted to the lingual and inferior thyroid arteries. In the unit some basic 
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principles are also highlighted such as the specific gravity of the brain in relation 

to its fat content. This  will be helpful to medical students when they encounter a 

patient with difficult to flush stools and become alerted to their higher fat content 

as a sequel to a possible malabsorptive disorder. 

   The ordering of the topics follows the convention of arterial supply, venous 

drainage, lymphatic drainage, tracing the journey taken by the flowing blood. It 

also stresses the systematic thinking of possible disease etiologies in this 

category such as reduced perfusion, obstructed venous drainage, 

overproduction of CSF, etc. The valuable functions of the CSF are also 

highlighted. 

   A summary identifies the main points addressed in the different sections. 

While the glossary section mainly aims to make learning fun by allowing the 

learner to explore the original definition of anatomical terms encountered in the 

module, to further deepen its understanding. This is also useful as many of the 

terms are/will be encountered elsewhere e.g. atrium: in the brain, heart, and in 

architecture; neo- : new, neo-vascularization in tumors, neo-terminal ileum in 

surgery; sinus: hollow or cavity, in the dura, nose, in surgery, etc. The inclusion 

of the gallery page was mainly for technical reasons to act as a repository for 

the images used in the module for embedding purposes. 
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5.5 Conclusion: 

   Although the module still remains to be formally evaluated by its target 

audience in its full extent, it strikes a balance between simplicity, visual appeal, 

detail, and at the same time remains interesting and fairly interactive. It 

maintains the traditional design of text resources but with the added touch of a 

modern layout. Its full effect will become apparent when it is used with courses 

that include the topic and the students' performance analyzed. It is expected 

that a greater benefit will be gained when this module becomes part of a more 

extensive series of online learning modules covering most of Anatomy. 

5.6 Limitations: 

   Copyright and financial considerations were a hindrance in obtaining high 

quality schematics to complement the wet specimens pictures. The "free to use" 

resources did not have suitable good diagrams.  

   One of the issues that may arise in the future concerns the hyperlink that links 

the images to the source website. Naturally its viability depends on the source 

not being altered or removed altogether. 

   The module did not receive formal feedback, as it was still "under 

construction" at the time a relevant course was running. However, a couple of 

verbal comments were made regarding the images being small. That was 

addressed by providing links to the source webpage. 
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Chapter 6: Recommendations and future directions 

 The module should be made available to its intended target learners and 

their feedback solicited. Based on these comments, necessary 

modifications are to be implemented. 

 The content of the module and the platform in general should be more 

mobile and tablet friendly to facilitate the increasing use of these devices. 

 Continue negotiations with scientific media providers such as Netter's 

Atlas and Acland's Anatomy to allow use of material in this and other 

modules. A better alternative would be, if Queen's would make its own 

images and media to have full legal control of it. 

 Expand the spectrum of these modules to include other areas of anatomy 

and eventually cover the whole breadth of the various anatomy curricula 

offered by the Department of Biomedical and Molecular Sciences.  



28 

 

References 

1. Dongsong Zhang, J. Leon Zhao, Lina Zhou, Jay F. Nunmaker, Jr. Can e-

learning replace classroom learning?  Communications of the ACM. 47 (5): 

75-79, 2004. 

2. COOKSON, P.. Editorial ~ Online Postgraduate Education: Some 

reflections. The International Review of Research in Open and Distance 

Learning, North America, 3, oct. 2002. Available at: 

<http://www.irrodl.org/index.php/irrodl/article/view/113/193>. Date accessed: 

13 Jan. 2013. 

3. E. Perry, M. Pilatti. Online Learning. New Directions for Teaching and 

Learning, Special Issue: Evidence Based Teaching. 2011 (128): 95-104, 

2011. 

4. M. Loakimidis. Online or On campus: A Student Tertiary Education Cost 

Model Comparing the two, with a Quality Proviso. Higher Education in 

Europe.  32 (2-3): 647-663, 2007.  

5. I. Mcphee, T. Soederstroem. Distance, Online, and Campus Higher 

Education: Reflections on learning outcomes. Campus-Wide Information 

Systems. 29 (3): 144-155, 2012. 

6. E-Learning [Internet] [Cited 2013]. Available from: 

http://en.wikipedia.org/wiki/E-learning#cite_note-5 

7. C. Manathunga. Designing Online Learning Modules: An Australian Example 

in Teacher Education. International Journal of Instructional Media. 29 (2): 

185-195, 2002. 

http://www.irrodl.org/index.php/irrodl/article/view/113/193


29 

 

8. A. Philips, S. Smith, C. Ross, C. Straus. Improved Understanding of Human 

Anatomy through Self-Guided Radiological Anatomy Modules. Academic  

Radiology. 19 (7): 902-907, 2012. 

9. Learning Modalities [Internet] [Cited 2013]. Available from: 

http://www.education.com/reference/article/learning-modalities/ 

10. A Brief History of Distance Education.[Internet] [Cited 2013]. Available from:  

http://www.seniornet.org/edu/art/history.html 

11. Distance Education. [Internet] [Cited 2013]. Available from: 

http://en.wikipedia.org/wiki/Distance_education 

12. Market Share of Smartphones and Tablets. [Internet} [Cited 2013]. Available 

from: http://www.gartner.com/it/page.jsp?id=2227215 

13. Bassett Collection of Stereoscopic Images of Human Anatomy (brain) 

[Internet] [Cited 2012]. Available from: 

 www.lane.stanford.edu/biomed-resources/bassett/index.html. 

Note: The website and its contents are available through the Queen's 

University Library secure website via log-in, and as such were licensed to 

the Queen's community. 

14. Personal communication: verbal feedback from the audience during the 

discussion at the end of the session. 

 



30 

 

Appendix:     

A print version of the module. Note that the color coding used in the electronic 

version of the module was replaced with italics (for the blue color) and 

underlining (for the green color). This was meant to avoid fading of the colors 

during printing and with time. Labels were also added to the images to 

compensate for the inability to have the enlarged and detailed image in the 

printed version. 
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Introduction  

   Why do we need to know about the blood supply of the CNS, the CSF, and 

the meninges? 

 

   Short answer: Understanding the Blood Supply of the CNS, the CSF, and the 

meninges is important because of the various diseases that result from them. 

 

Long answer: A stroke/Cerebrovascular accident (CVA) is the sudden death of 

some brain cells due to lack of oxygen when the blood flow to the brain is 

impaired by blockage or rupture of an artery to the brain (1).  

Strokes  are the third leading cause of death in Canada with nearly 14,000 

deaths annually. Every 10 minutes a stroke occurs somewhere in Canada, with 

a resultant effect of $ 3.6 billion a year in related health services and income lost 

(2). 

   Hydrocephalus (excessive -relative or absolute- amounts of CSF in the cranial 

cavity) affects about 2 out of every 1000 live births with an estimated annual in 

hospital care cost of $ 3.6 million in Manitoba alone (3).  

   The brain, although only representing about 2% of the total body weight,  

receives 50-65 ml/100 g/minute of blood supply. This equates to a liter of blood 

every minute or roughly 15-20% of the cardiac output. Things would quickly 

make sense once we learn that the brain accounts for 15% of the total body 

metabolism. With such a high metabolic rate, a very limited capacity for 

anaerobic metabolism, and almost non-existent glycogen stores, the need for 
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continuous blood supply is a must. As a matter of fact, neuronal function would 

cease completely with a consequent coma, 5-10 seconds after cessation of 

blood supply. Permanent damage will take place after five minutes of continued 

lack of blood supply (4) . For these reasons, cerebral blood supply is 

strategically planned and meticulously regulated in response to changes in the 

local concentration(s) of oxygen, carbon dioxide, and hydrogen ions. In this unit 

emphasis will be on the anatomical aspect of the blood supply, namely the 

vessels. 

   The need to have fluid surrounding the brain will be addressed in more depth 

later on. However, one of the functions of this fluid is to float the brain. This is 

possible because the brain and the cerebrospinal fluid almost have the same 

specific gravity(5). What makes the brain so light to have a specific gravity close 

to that of water? The reason for this is mainly twofold: the CNS has minimal 

supporting fibrous stroma and depends largely on the astrocytes for support, 

i.e., cells supporting cells; and second, the high content of fat in neuronal cell 

membranes and myelin sheaths. So the brain is essentially a mass of cells 

supported by cells, thus it is very soft and gel-like in consistency. These factors 

make neural tissue relatively lighter than other soft body tissues (6). 

Objectives 

After completing this unit, the learner is expected to be able to: 

1.  Describe the vascular supply of the brain and spinal cord in terms of 

names, course, and distribution of the main cerebral and spinal arteries; 
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arterial anastomoses that exist between these arteries; names, course and 

drainage areas of the main venous sinuses 

2.   Explain likely neurological deficits that would result from lesions of the main 

arteries;  

3.  Describe the anatomy of the ventricular system of the brain in terms of 

developmental anatomy, relative location and shape, and connecting channels; 

4.  Trace the journey of CSF from production to absorption; 

5.  Outline and explain the different functions of the CSF and their importance; 

6.  Compare and contrast between the effects of obstruction to CSF flow at 

various levels; 

7.  Name the meninges that cover the brain and spinal cord; 

8.  Describe the arrangement of these meninges relative to each other; and 

9.  Outline the spaces that exist between the meninges, their contents, and 

clinical significance; 

 

Arterial Supply of the brain 

   The arteries that provide the brain (and spinal cord) with blood behave in a 

unique manner. Do you know what makes them unique? It is because they join 

together before separating again into their final branches. They form the "Circle 

of Willis",  also known as polygon / hexagon of Willis, circulus arteriosus. Four 

main arteries enter the skull to provide cerebral arterial supply, these are the 

two internal carotids (internal carotid system) and the two vertebrals 

(vertebrobasilar system). 
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   The internal carotid begins as one of the two terminal branches of the 

common carotid artery in the neck at the level of the upper border of the thyroid 

cartilage. From there it proceeds straight up without giving any branches in the 

neck. It enters the carotid canal at the base of the skull and follows its path 

(which causes it to make a right angle bend, travel anteromedially and after a 

short distance, make another right angle turn, and travel vertically upwards) to 

emerge through the foramen lacerum. It immediately enters the cavernous 

sinus. There it follows an S-shaped course forming the carotid siphon and 

emerges behind the anterior clinoid processes and just lateral to the optic 

chiasm. Do you know why the internal carotid makes a lot of bends? 

Anatomically, it is following a course that has obstacles around which it needs to 

navigate, like the foramen lacerum being closed below and open above while 

the reverse is true for the carotid canal. Functionally, it is believed that this 

windy course helps reduce the pressure and speed of the blood to a favorable 

level (7). Remember that the carotids have maintained an almost straight course 

from their aortic origin. It gives off a couple of branches, Which ones are those? 

The ophthalmic artery which accompanies the optic nerve to the eye and the 

anterior choroidal artery to the choroid plexus of the lateral and third ventricles, 

before committing to the Circle of Willis. 
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Figure 1: Internal Carotid Artery. This is a lateral view of a dissected left 
cavernous sinus showing the carotid siphon and its relation to the 

pituitary fossa and the surrounding structures.  
 

   The vertebral artery is a branch of the first part of the subclavian artery. It 

travels backwards through a triangle formed by the longus cervicis, lower 

cervical vertebrae and the first rib. From its origin it sets to travel through the 

foramina in the transverse processes of the upper six cervical vertebrae. Do you 

know why? The vertebral vein on the other hand passes through all seven 

transverse foramina. One reason for this discrepancy might be that the vertebral 

vein drains into the brachiocephalic vein, at a level which is lower than the origin 
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of its partner artery. This would necessitate the artery to make a sharper 

backward turn were it to try entering through the seventh transverse foramen.  

Along its journey through this side "vertebral canal", the vertebral artery 

provides segmental branches that augment the main spinal arteries coming 

from above. Some of these are notably larger. Can you guess which/where? 

Opposite the cervical enlargement of the spinal cord, for the spinal cord 

segments contributing to the brachial plexus.  

 

Figure 2: Right view of the Vertebral Artery as it courses through the 
cervical spine and giving off branches. 
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   Upon reaching the foramen magnum, the artery curves medially and enters 

the cranium anterior to the spinomedullary junction. Shortly after entering the 

cranium, it gives off an anterior and a posterior spinal artery and the posterior 

inferior cerebellar artery. The two vertebral arteries then unite to form the basilar 

artery, Why is this artery named so? Because it lies in the basilar groove of the 

pons opposite the basilar part of the occipital bone. The basilar artery gives rise 

to the anterior inferior cerebellar artery, labyrinthine (internal auditory artery), 

perforating pontine branches, and the superior cerebellar artery. It terminates by 

dividing into the two posterior cerebral arteries. Did you know..? The labyrinthine 

artery travels with the facial nerve through the internal auditory meatus; an 

aneurysm of this artery may produce facial muscular twitches that are 

synchronous with the patient's pulse !    

 

Circle of Willis 

   The two main arterial systems (internal carotid and vertebrobasilar) that 

supply the brain  meet to form an important anastomosis before breaking up into 

the main vessels that go to specific regions of the brain. This anastomotic circle 

lies on the ventral surface of the brain around the interpeduncular fossa. We can 

trace the arteries contributing to the circle as follows:  

 The right internal carotid gives off the right anterior cerebral artery; 

 The right anterior cerebral is connected to its left counterpart by the 

anterior communicating artery; 
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 The latter artery leads to the left anterior cerebral and back to the left 

internal carotid; 

 The left internal carotid gives off the posterior communicating artery 

which leads to, 

 The left posterior cerebral artery which in turn leads to, 

 The basilar which also gives off the right posterior cerebral that is in turn 

connected to, 

 The right posterior communicating artery, which is a branch of the right 

internal carotid. 

 The internal carotid, beyond the Circle of Willis, continues as the middle 

cerebral. 

In this way the main channels supplying the brain are connected in a functional 

anastomosis. This circle helps equalize the pressure inside the main vessels 

and also serves as a supplementary channel in case one of the main vessels 

becomes blocked, while the others are patent and healthy.  

Some variations may exist in the channel: 

One or both posterior communicating arteries may be small or absent. The 

posterior cerebrals may be thin, large or asymmetrical (embryonic type). 

In general, points of branching in the circle may become the origin of berry 

aneurysms that may rupture at some point leading to subarachnoid 

hemorrhage. 
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Figure 3: Inferior view of the brain showing the arteries involved in the 
formation of the Circle of Willis.  
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Figure 4: Inferior view of the brain showing the major arteries supplying 
the brain and their branches. 

 

Cerebral Arteries 

   The cerebrum is supplied by the three cerebral arteries as follows: 

The Anterior cerebral is the artery of the medial surface of the hemispheres. 

From its origin in the circle of Willis, it continues anteriorly and curves upwards 

and backwards following the corpus callosum and reaches as far back as the 

parieto-occipital sulcus. It supplies: 

 most of the medial surface (except for that of the occipital lobe); 

 the frontal pole; 
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 a narrow strip on the superolateral surface of the cerebral hemisphere, 

which includes the leg and perineum area in both motor and sensory 

areas around the central sulcus and the premotor area of the hands in 

the supplemental motor area of the hands; 

 in addition to the corpus callosum, septum pellucidum, and the anterior 

limb of the internal capsule. 

 

 

Figure 5: Medial view of the brain showing the anterior cerebral artery 
coursing in the supracallosal sulcus.  
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 Try to predict the effects of a stroke in the anterior cerebral artery territory. 

Strokes involving the artery may produce weakness and numbness affecting the 

contralateral leg and perineum. Affection of the frontal pole may cause 

personality changes and disinhibition. Loss of skillful hand movements like 

knitting may become manifest if the lesion affects the dominant hemisphere. 

   The posterior cerebral curves around the midbrain and follows the parieto-

occipital sulcus and then the calcarine fissure. It is the artery of the inferior 

surface of the brain. It supplies the following: 

 the inferior surface of the brain including the temporal pole; 

 the occipital lobe and its pole; 

 a narrow strip on the inferior medial surface, and 

 the midbrain 

What will be the effect of a stroke involving this vessel? Strokes in the posterior 

cerebral artery may be dominated by visual disturbances like contralateral 

homonymous hemianopsia. In addition ischemia of the midbrain especially the 

area of the crura cerebri and the tegmentum may lead to interruption of long 

descending and ascending tracts leading to hemiparesis and hemianesthesia. 

      The middle cerebral artery is a direct continuation of the internal carotid and 

is thus the largest of the trio and supplies the largest area. From the circle of 

Willis it curves laterally to enter the medial end of the lateral fissure and follows 

it laterally over the insula and appears on the superolateral surface of the 

hemisphere. Its ramifications can be seen by parting the banks of the lateral 

fissure. 
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Figure 6: Posteroinferior view of the brain showing the distribution of the 
posterior cerebral artery  

 

The middle cerebral is the artery of the superolateral surface and supplies most 

of this surface except for the areas supplied by the other two arteries. In addition 

it supplies the following: 

 the diencephalon; 

 the caudate and lentiform nuclei; 

 the insula; 
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 the primary motor and part of the supplemental motor area on the frontal 

lobe; 

 the sensory and sensory association areas of the opposite half of the 

body excluding the area supplied by the anterior cerebral artery; 

 the Broca's and the Wernicke's areas of speech. Both these areas are 

lateralized to the dominant hemisphere; 

 the primary auditory cortex and its association area in the temporal lobe. 

Lesions of the middle cerebral artery have the potential to produce devastating 

effects  because of its wide territory. Strokes most commonly affect its 

lenticulostriate branches.  

  

 Figure 7:Autopsy specimen of a coronal section in the brain, showing 
intracerebral hemorrhage in the area of the basal ganglia and internal 
capsule. 
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   Do you know their nickname? Artery/arteries of cerebral hemorrhage. These 

supply the caudate and lentiform nuclei in addition to the posterior limb of the 

internal capsule. Mention the tracts that travel in the posterior limb of the internal 

capsule. From anterior to posterior, corticospinal tract, sensory radiation, 

auditory radiation, and visual radiation. What would the effects of a lesion here 

be? Effects would include: contralateral hemiparesis, hemianesthesia, 

homonymous hemianopsia, and reduced auditory acuity on both sides. If the 

lesion affects the dominant hemisphere, aphasia might also be present. 

 

 
Figure 8: Left view of the brain showing the middle cerebral artery, right 

temporal pole removed  
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   The posterior inferior cerebellar artery supplies the medulla in addition to the 

inferior part of the cerebellum. The anterior inferior cerebellar artery is mainly 

destined to the cerebellum but also supplies the pons, specially its lateral 

portions. Its median portions are supplied by perforating pontine branches of the 

basilar artery. 

   Strokes affecting the brain stem may result in medial or lateral syndromes 

depending on which vessels are involved. For example in the medial medullary 

syndrome the median penetrating branches of the vertebral artery are affected 

leading to ischemia of the medullary pyramid and the exiting hypoglossal nerve 

fibers. Which body parts would be affected by such a lesion and on which side? 

This produces an alternating hemiplegia with paralysis of half of the tongue on 

one side and paralysis of one half of the body on the opposite side of the lesion. 

   The lateral medullary syndrome of Wallenberg comprises ischemia of the 

rootlets of the ninth, tenth, and eleventh cranial nerves and the ascending 

trigeminal lemniscus, spinothalamic tracts and lateral lemniscus, descending 

sympathetic tracts, as well as the inferior cerebellar peduncle. What would the 

features of this syndrome be? Results include hoarseness of voice, dysphagia, 

hemianesthesia of the face, vertigo, deafness, ataxia on the same side, and 

Horner's syndrome (7). 

 

Arterial Supply of the Spinal Cord 

   The two anterior spinal arteries join to form a single large anterior spinal artery 

that descends in the anterior median fissure of the spinal cord. The posterior 
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spinal arteries remain separate and descend as such. The anterior spinal artery 

is the main source of arterial blood and it supplies about two thirds of the cross-

sectional area of the cord, namely the anterior and lateral funiculi and the 

anterior horns. The posterior horns and columns are supplied by the posterior 

spinal arteries.  

   The spinal arteries are fortified along the length of the cord by segmental 

arteries that enter at each intervertebral foramen. These arise from the 

vertebral, posterior intercostal, lumbar, and median saccral arteries. Which 

segmental artery is the largest? Where is it located? The largest segmental 

artery is the great radicular artery of Adamkiewicz which mainly supplies the 

lumbar enlargement of the spinal cord. Damage to this artery, e.g., during repair 

of an abdominal aortic aneurysm, may cause infarction of the cord at that level 

with motor deficits of the lower limbs and sphincteric disturbances. 

 

Venous Drainage of the Brain   Blood leaves the brain through a number of 

veins that eventually converge towards one of the several dural sinuses. These 

sinuses are cavities between the periosteal and meningeal layers of the dural 

and are thus peripherally located close to the skull bones. The inferior sagittal 

and straight sinuses are exceptions as they are located centrally within the 

cranium and are contained within the meningeal layer only.  
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Figure 9: Left anterolateral view of the brain showing some cerebral veins 
converging on the superior sagittal sinus. 

  

  The dural sinuses are not true blood vessels. Why? They lack the usual intima, 

media, and adventitia seen in regular blood vessels. They are only cavities 

within the dura lined by endothelium. Since the dura is quite tough and inelastic, 

just like deep fascia, these sinuses cannot expand or, more importantly, 

collapse. What effect would this have on the pressure inside them? This 

important feature causes them to have a negative pressure inside because 

blood readily leaves them when the head is above the heart as is the case most 

of the time. In this way, the sinuses act like vacuum cleaners drawing blood 
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from the brain efficiently and acting as safeguards against the buildup of excess 

interstitial fluid and consequently brain edema. 

    The largest of the sinuses is the superior sagittal sinus. It begins as a small 

blind ending tube anteriorly in the foramen cecum of the frontal bone. It gains in 

size as it travels posteriorly following the concavity of the calvaria and imprinting 

it. Throughout its length its is contained in the attachment of the falx cerebri. It 

receives a number of the bridging cerebral veins that run on the superolateral 

surface of the brain beneath the arachnoid mater, which they pierce to reach the 

sinus. 

   Somewhat parallel and inferior to it, is the inferior sagittal sinus that lies within 

the free margin of the falx cerebri. It joins the great cerebral vein of Galen close 

to the splenium of the corpus callosum to form the straight sinus. The latter 

sinus travels between the attachment of the falx cerebri to the tentorium 

cerebelli. The straight sinus continues directly posteriorly towards the internal 

occipital protuberance, to the confluence of sinuses. Here it meets the superior 

sagittal sinus coming from above and the occipital sinus coming from below in 

the falx cerebelli. Two transverse sinuses leave the confluence and travel 

laterally and anteriorly towards the petrous part of the temporal bone within the 

attachment of the tentorium cerebelli to the skull. The term confluence of 

sinuses is a misnomer. 

    Why do you think is the reason? Only infrequently do the sinuses really 

converge. Most of the time, the superior sagittal sinus at the "confluence" of 

sinuses curves and becomes the right transverse sinus, while the straight 
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becomes the left transverse sinus. Less frequently the arrangement may be the 

reverse of this. 

 

Figure 10: Posterior view of the Superior Sagittal, right, and left transverse 
sinuses. Note how the superior sagittal sinus curves to the right.  

 

 Each transverse sinus upon reaching the petrosquamous junction of the 

temporal bone, curves down and changes name to the sigmoid sinus. The latter 

follows a somewhat S-shaped downwards course and exists the skull through 

the jugular canal and becomes continuous with the internal jugular vein. Do you 

expect the jugular canals in a real skull to be of equal size? Why? The right is 

commonly bigger as the superior sagittal sinus usually curves right and 

eventually becomes the right internal jugular vein. The left would be bigger if it 
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curves to the left, and they would be of equal size if there was a true 

"confluence" of sinuses. 

    Another smaller but very important sinus is the cavernous sinus. It is a paired 

structure that owes its name to multiple small cavities that form its lumen and 

which are produced by criss-crossing fibrous strands inside it. 

The cavernous sinus extends from the superior orbital fissure anteriorly to the 

dorsum sellae posteriorly, and from the level of the pituitary fossa superiorly to 

the level of the foramen lacerum inferiorly. It receives the superior ophthalmic 

vein (from the orbit), sphenoparietal sinus (draining veins from the area of the 

lateral fissure of the cerebrum), and some of the hypophyseal veins (pituitary). 

Posteriorly, it drains into the superior and inferior petrosal sinuses. The superior 

petrosal sinus joins the transverse, while the inferior one exits the skull and 

drains in the internal jugular vein as soon as it is formed. 

Apart from having a unique internal structure, the cavernous sinus houses part 

of the internal carotid artery and the abducent nerve within it. It also carries the 

oculomotor, trochlear, and the upper two divisions of the trigeminal in its side 

wall. There is some evidence from animal studies that the sinus plays an 

important role in cooling the blood in the internal carotid artery as it travels 

inside it. How do you think it does that? The nasal cavity normally functions to 

humidify the inspired air. This cools the blood running in its mucosa because of 

evaporation. This cool blood eventually reaches the cavernous sinus via the 

pterygoid plexus of veins and bathes the carotid artery. The caverns inside the 

sinus also help cushion the pulsatile force of the artery and dampen it. Some 
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believe that this helps prevent transmitting the sound of the pulsations to the 

inner ear (8). 

 

Figure 11: Left view of the pituitary fossa showing the dissected 
cavernous sinus and its contents  

    

   The cavernous sinus is perhaps the only major dural sinus that receives 

drainage from an extracranial source. Bacteria from an infection in the 

dangerous area of the face (medial angle of the eyelid to the tragus of the ear to 

the corner of the mouth bilaterally) can reach and get trapped in the sinus. 

Cavernous sinus thrombosis may ensue as a result with ophthalmoplegia and 

serious edema of the orbit. Infection may extend to the other sinuses as well. 
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Other dural sinuses may become thrombosed secondary to dehydration. This 

will eventually lead to severe brain edema in the affected areas. 

 

Venous Drainage of the Spinal Cord 

   The veins that drain the spinal cord follow the arteries upwards towards the 

vertebrals or sideways towards the segmental arteries. The smaller veins form a 

plexus inside the vertebral canal but outside the dura mater- the internal 

vertebral venous plexus, and outside the canal around the vertebral venous 

plexus. 

 

Emissary Veins and Vertebral Venous Plexus 

   Dural sinuses are connected to veins in the scalp by emissary veins. These 

traverse their own foramina, e.g., the parietal foramina or share existing 

foramina with other structures, e.g., the stylomastoid foramen. They function as 

safety valves and help decrease the pressure inside the sinuses when it 

becomes elevated in situations like coughing, sneezing, straining, etc. They 

momentarily shunt the blood to the rich venous plexus outside the skull. In such 

times, blood is also channeled to the internal and external vertebral venous 

plexuses. When the elevated pressure abates, blood flows back through the 

usual routes. Hence these veins are valve less. Interestingly, the red marrow of 

the skull also drains via these emissary veins. The bodies of the vertebrae 

likewise drain into the internal vertebral venous plexus. Do you expect the 

hematocrit of the blood leaving the head or vertebral column to be different from 
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other regions of the body? Theoretically speaking, if one were to measure the 

hematocrit of the venous blood coming from the head or spine, it would be 

found higher than the rest of the body due to the increased hematopoiesis in 

these bones. 

   The emissary and segmental veins may at times be the portal of entry for 

unwelcomed guests. Scalp infections may gain entry into the cranium via an 

emissary vein. Malignant cells from the breast or prostate gland my get sucked 

in the vertebral canal during changes of intra-thoracic pressure to become 

lodged in the venous plexus there. This explains the common occurrence of 

metastases in the spine from these tumors. 

 

Disorders of Blood Supply  

Epi- and Subdural Hematomas 

   Strokes can be hemorrhagic or ischemic in nature depending on whether the 

affected vessel became occluded or has ruptured. In either scenario, the area it 

supplies becomes ischemic with consequent neuronal dysfunction and 

eventually death and loss of function. Unfortunately no part of the brain is 

immune, but one of the commonest sites of stroke is the area of the basal 

ganglia and internal capsule. Its effects were mentioned earlier with the middle 

cerebral artery. 

   Vascular accidents may occur outside the brain, like in the case of a 

subarachnoid hemorrhage, e.g., when a berry aneurysm ruptures. Recall that all 

the major arteries and veins lie in the subarachnoid space on the surface of the 
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brain. Similarly, bleeding may result from the bridging cerebral veins as they 

pierce the arachnoid on their way to empty into the superior sagittal sinus. 

Where would the blood accumulate in this case? Blood will collect in the 

subdural space producing a subdural hematoma.  

   In other situations, bleeding may be of arterial source from the middle 

meningeal artery where it crosses the pterion. Where would the blood collect in 

this instance? A resulting hematoma would collect outside the dura as an 

extradural hematoma. Both these types of bleeding affect the brain indirectly by 

acting as space occupying lesions that impinge on the brain, causing midline 

shifts, and an increase in the overall intracranial pressure which leads to 

reduction in cerebral perfusion. Cerebral perfusion pressure  =  mean arterial 

blood pressure - intracranial pressure. Normally it is about 70-90 mmHg (MAP = 

60-150 mmHg, ICP ≈10 mmHg)  

 

 

 

 

 

 

 

 

 

Figure 12: Left view of the dura mater showing the middle meningeal 
vessels. 
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Figure 13: A superior view of An autopsy specimen showing a right sided 
extradural hematoma. Note that the blood is outside the dura 

   

 Extradural hematomas usually occur in the young while subdural hematomas 

tend to affect the elderly, Why? Which is usually called acute and which is 

chronic? In younger people the skull is still slightly resilient which allows it to 

sometimes stretch without breaking and the periosteum is not firmly attached to 

the bone. Hence a blow to the pterion can cause a tear in the middle meningeal 

artery without an accompanying fracture of the overlying bone. In much older 

people the brain atrophies as a result of age and the bridging cerebral veins 

assume a more and more vertical course to their termination in the superior 

sagittal sinus. The brain eventually becomes "suspended" by these thin veins. A 

minor trauma can shake the head with sufficient force and cause one or more of 

these veins to tear and bleed. As this is venous bleeding, it tends to accumulate 
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slowly and usually produces clinical symptoms and signs days to weeks late, by 

which time, the original trauma might have been long forgotten. This makes the 

diagnosis of a subdural hematoma clinically challenging and requiring a high 

index of suspicion. A subdural hematoma because of its insiduous onset, is 

called chronic, while the extradural one is called acute as it evolves over a few 

hours. 

 

 

 

 

 

 

 

 

 

 

Figure 14: A posterosuperior view of an autopsy specimen showing a left 
subdural hematoma. The dura is reflected towards the right bottom corner 

of the picture. 
  

  A 30 years old male presents to the emergency department after being hit by a 

golf ball on the side of his head. He lost consciousness for less than a minute, 

but is otherwise without complaints. During further observation his level of 

consciousness starts to deteriorate, his pulse is slowing down and his blood 

pressure is rising. His right pupil is now dilated. 
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What do you think is this patient's problem? He is most likely having increased 

intracranial pressure secondary to an extradural hematoma. 

Why is his pulse slowing and his blood pressure increasing? This is known as a 

Cushing reflex (hypertension with bradycardia) and is a sign of increasing 

intracranial pressure which is affecting cerebral perfusion. It would have made 

sense if the pulse also increased, wouldn't it? Why then is it like that? Try to 

think of the explanation. You may email me later for the answer. 

On what side do you think is his extradural hematoma? Why? It is most likely on 

the right side. As a rule in patient with such a condition, the side whose pupil 

dilates first is the side of the bleeding. The expanding hematoma pushes the 

brain to the opposite side and causing it to herniate under the falx cerebri. This 

stretches the oculomotor nerve leading to an oculomotor palsy with pupillary 

dilatation. 

 

Lymphatic Drainage of the CNS  

   The brain and spinal cord are peculiar in lacking lymphatic vessels like the 

ones found in most of the other organs. However, specialized channels called 

the perivascular spaces, exist around the arterioles. These are cuffs of pia 

mater that surround the smaller branches of the arteries as they penetrate the 

brain substance. The cuff continues to surround the vessels until the level of 

arterioles. This cuff carries with it a film of CSF. Excess tissue fluid with its 

contained dissolved substances flows into these perivascular sleeves back into 

the main pool of CSF. 
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   This arrangement perhaps helps to save space and mass in the CNS. It also 

helps maintain the secluded neural environment separate from the rest of the 

body. 

 

Ventricular System  

   During early development, the first indication of the developing nervous 

system is the formation of the neural plate. This plate, flat at first, soon starts to 

proliferate and folds to form a tube that detaches from the surface epithelium 

and comes to lie deep to it. The newly formed neural tube bears three vesicles 

in its cranial end, the future brain, but remains as a tubular structure caudally. 

This latter part will become the spinal cord. Throughout its development, the 

neural tube maintains its lumen. Rostrally, the lumen inside the three brain 

vesicles expands with their proliferation to form the cavities that exist in the 

different parts of the brain know as ventricles. 

The cavities are as follows: 

A. Forebrain vesicle or prosencephalon grows two lateral extensions the 

telencephalon which will grow outward, backward, downward, and forward to 

form the cerebral hemisphere on each side. The initial cavity, the lateral 

telocele, follows that growth pattern closely and eventually becomes the 

lateral ventricle. Each lateral ventricle has an anterior, posterior, and inferior 

horns and a body/atrium/trigone where all these horns meet. Each of these 

parts occupies a specific brain lobe. 

 Anterior horn- frontal lobe 
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 body/atrium/trigone- parietal lobe 

 posterior horn- occipital lobe 

 inferior horn- temporal lobe 

 

 Figure 15: Lateral X-ray of the skull showing the ventricles outlined by the 
injection of air  
   

 The midline portion of the prosencephalon will become the diencephalon while 

its cavity, the diocele, will form the slit like third ventricle. 
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B. The mesencephalon remains basically unchanged from its fetal shape and 

its cavity, the mesocele will become the aqueduct of the midbrain. 

C. The rhombencephalon or hind brain will give rise to the pons, medulla and 

cerebellum. Its cavity, the rhombocele will form the fourth ventricle. 

Relations of the Ventricles 

Lateral ventricles: 

Both ventricles are roofed over by the fibers forming the corpus callosum. The 

caudate nucleus sits in the concavity of the lateral ventricle and forms part of the 

floor of the anterior horn and body and the roof of the inferior horn. Otherwise, 

the different parts of the lateral ventricles are related to the gyri and sulci of the 

lobes in which they lie. 

 Third Ventricle: 

   Do you know why it is called by this name? The lateral ventricles represent 

ventricles 1 & 2 ! 

   The third ventricle is the smallest and is just a midline cleft between the two 

thalami. Its floor is the hypothalamus. Anteriorly, it is bounded by the lamina 

terminalis. Do you know what the lamina terminalis was in the embryo ? It was 

the anterior-most limit of the neural tube; it represented the end of the neural 

tube. It is punctured in the operation of third ventriculostomy, see below under 

hydrocephalus. It is roofed over by the fornix and its choroid plexus. High on its 

side wall is the interventricular foramen of Monroe. There is a faint groove that 

runs from the foramen of Monroe to the aqueduct of Sylvius. This groove 

separates the thalamus above from the hypothalamus below. 
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Figure 16: A medial view of the right cerebrum and brainstem showing the 
area of the third ventricle.  

 

Fourth ventricle: 

   This ventricle is shared between the lower pons and upper medulla forming its 

floor, while the cerebellum forms its roof. It has a rhomboid shaped floor, that is 

divided into two triangles, upper and lower. Deeper  nuclei in the pons and 

medulla produce some elevations in the floor of the ventricle. Can you name two 

examples of those? Medial eminence of the locus ceruleus; Facial colliculus of 

the abducens nucleus; hypoglossal nucleus; dorsal motor nucleus of vagus; 

vestibular nuclei. 
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Figure 17: Medial view of the right half of the brain stem showing the 
fourth ventricle and its relations  

 
Formation & Characteristics of the CSF 

   CSF is the fluid that circulates in and around the brain and spinal cord. It is 

clear and colorless and has a volume of about 150 ml. It is continually being 

secreted and reabsorbed with a total turnover volume of about 600 ml daily. 

CSF is produced by specialized capillary-ependymal structures called the 

"choroid plexus". These are formed of specialized capillaries with an overlying 

coat of a single layer of ependymal cells found inside brain ventricles. 

The basic mechanism of secretion is an active pumping of sodium ions into the 

lumen of the ventricle. Which mechanism does the cells use to achieve this? 

Can you predict the following sequence of events? Sodium is pumped out by 
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the Na-K ATPase pump. This will be followed by chloride ions to maintain 

electrical neutrality. This will create an osmotic gradient across the choroid 

plexus cells that will result in water being drawn into the lumen of the ventricle. 

Other constituents of the fluid are then fine tuned. In general, CSF resembles 

tissue fluid, but with a lower concentration of glucose, proteins, and other 

electrolytes. Glucose and proteins are approximately one third lower than in 

plasma. 

A patient arrives in the emergency department after being involved in a motor 

vehicle accident. There is a suspicion that he might have fractured his skull 

base. You know that if this is the case then he might be having a CSF 

rhinorhea. However, the patient also reports having a runny nose from common 

cold. Is there a simple bedside test to distinguish between nasal discharge and 

leaking CSF? You can test for glucose, as no bodily secretion contains glucose ! 

For that you can use a dipstix sugar testing strip. 

   Most of the CSF is produced in the lateral ventricles because of the 

abundance of the choroid plexus there. From there, it flows into the third 

ventricle through the interventricular foramina of Monroe. Some extra CSF is 

contributed by the choroid plexus of the third ventricle. The next station is the 

fourth ventricle, which is connected to the third by the aqueduct of the midbrain 

(Aqueduct of Sylvius). Upon reaching the fourth and last ventricle, still some 

more CSF will be added to the pool and most of the fluid will exit into the 

subarachnoid space through the median foramen of Magendie and the two 

lateral foramina of Luschka. A small amount flows into the central canal of the 
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spinal cord. The bulk of CSF circulates in the subarachnoid space around the 

brain and spinal cord. In some places the CSF forms relatively large pools or 

cisterns, where the pia and arachnoid are widely spaced. These cisterns include 

the 

 cisterna magna around the foramen magnum; 

 cisterna pontis or basilar cistern anterior to the pons; 

 interpeduncular cistern which contains the circle of Willis; 

 quadrigeminal cistern on the posterior aspect of the midbrain; and the 

 lumbar cistern around the cauda equina beyond the termination of the 

spinal cord. 

Which cistern is the first to receive CSF exiting from the fourth ventricle? 

Cisterna Magna. Which cistern is commonly targeted to sample CSF? Why? 

Lumbar cistern. It is the largest, readily accessible by inserting a needle 

between L3-L4, L5-L6. Moreover the spinal cord ends above this level, making 

this site safer for such a puncture. 

   CSF is absorbed back into the blood stream in the superior sagittal sinus via 

the arachnoid villi and granulations. These villi are specialized valve like 

extensions of the arachnoid into the cavity of the sinus that allows CSF to flow 

into the sinus when its pressure is of sufficient value. Multiple villi aggregate to 

form "arachnoid granulations". What makes the CSF travel upwards against 

gravity to get absorbed in the superior sagittal sinus? The negative pressure 

inside the sinuses specially the superior sagittal sinus literally pulls the CSF 

from the subarachnoid space around the brain and spinal cord. This explains 
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why the CSF initially flows downwards to bathe the spinal cord and then flows 

upwards towards its absorption site. 

Functions of the CSF 

   The brain and spinal cord actually float in the CSF pool. This is advantageous 

because it reduces the weight of the brain to about less than 10% of what it 

actually weighs. How does this benefit the brain? This protects the brain from 

being squished under its own weight. At the same time it maintains the 

perfusion of the dependent parts that otherwise would have become ischemic 

due to the weight of the brain occluding the blood vessels. 

The subarachnoid space is traversed by slender fibrous strands (trabeculae) 

that link the arachnoid and pia maters. These are more abundant inferiorly, in 

the area over the cranial fossae. They function to compartmentalize the CSF 

into small pockets that make the whole structure (pia+ arachnoid + CSF 

pockets) act as a soft cushion for the basal parts of the brain. These cushions 

also protects the brain in times when it is displaced by direct or direct trauma to 

the head that cause it to bump on the inside of the skull. What mechanism is in 

place to limit excessive brain movements inside this pool? An amazing 

arrangement  that checks such movements of the brain are the dural folds. The 

falx cerebri limits side to side and front to back movements, while the tentorium 

cerebelli prevents up and down movements. The falx cerebelli acts in the same 

manner as its larger counterpart. 

   CSF has a nutritional role to the meninges but not the brain itself. The pia and 

arachnoid are avascular but living membranes and obviously need nutrition and 
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removal of waste products. The CSF takes care of that with its content of 

glucose and its continuous turnover. The glucose is also there for the cells 

suspended in the CSF e.g. lymphocytes and granulocytes patrolling the area. 

Lastly, the ependymal cells lining the ventricles and central canal of the spinal 

cord are also nourished by the CSF. What factors tell you that the brain relies on 

blood flow rather than CSF for its nutrition? The brain itself relies on the blood 

supply as it has a higher concentration of glucose and a faster rate of turnover: 

CSF flow rate 600 ml/day, blood 1000 ml/min. 

   The pineal gland secretes its hormones into the blood stream but also directly 

into the CSF of the third ventricle. It is believed that this diffuses to exert its 

effect locally on the underlying hypothalamus and pituitary glands. 

It was mentioned above that excess tissue fluid and some waste products are 

removed by the perivascular spaces that eventually lead to the main pool of 

CSF. Thus making the CSF double as a modified lymphatic system. 

   A form of blood-tissue-barrier exists in the brain and spinal cord between 

capillaries and neurons and capillaries and the CSF. In the blood brain barrier, 

blood capillaries are of the continuous type and the endothelial cells are joined 

by tight junctions and are reinforced by a continuous layer of basement 

membrane. The glial cells, namely the astrocytes also send their foot processes 

to surround the capillaries. These three layers 

constitute the blood brain barrier. 

 

                 



68 

 

 

Figure 18: A schematic diagram of the choroid plexus (16), showing the 
arrangement of its various components.  

 

 



69 

 

 

Figure 19: Schematic diagram of the blood-brain and cerebrospinal fluid 
barriers (17), showing how the different tight cellular junctions help 

establish isolated environments 
 

    In the choroid plexus, a similar arrangement exists with the exception that the 

ependymal cells replace the astrocytes. In both these barriers, substances can 

only pass out of or into the capillaries by passing through the cells of the barrier, 

which do not have many fenestrations or pinocytotic activity as elsewhere in the 

body. This allows the cells to selectively allow or inhibit certain substances from 

doing so. This particularly applies to large polar molecules like proteins and 
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drugs. Water and gases diffuse readily and so do non-polar (lipid soluble) 

substances. There are specific sites in the brain that lack a blood brain barrier or 

blood CSF barrier, do you know any of them? Area postrema/ vomitting center 

in the fourth ventricle; pineal gland; organum vasculosum of the lamina 

terminalis, these and other areas are collectively called circumventricular 

organs. These are not behind a "barrier" because they either need to sample 

the blood/CSF for specific parameters or they need to secrete products into the 

blood/CSF. 

   Too much or too little CSF can cause problems. An excess of CSF is called 

hydrocephalus. Most commonly it is due to obstruction to flow or absorption 

rather than increased production. A communicating hydrocephalus is one in 

which CSF readily flows out of the fourth ventricle into the subarachnoid space 

but its flow is halted somewhere between its exit point and its final absorption 

site. While in non-communicating hydrocephalus, CSF flow is obstructed within 

the ventricular system most commonly in the area of the aqueduct of the 

midbrain. This latter type leads to ballooning of the ventricles proximal to the 

obstruction with consequent pressure on the overlying brain tissue and eventual 

atrophy and thinning of the cerebrum. If this occurs in a newborn child with 

unfused skull bones, the whole cranium would eventually balloon. In adults both 

types of hydrocephalus would lead to increased intracranial pressure 

jeopardizing cerebral blood flow and function. 
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Treatment is usually surgical by shunting CSF from the lateral ventricle through 

a subcutaneous tube to the peritoneal cavity, or in some cases from the third 

ventricle to the subarachnoid space through a ventriculostomy. 

 

Figure 20: Diagram showing the normal fundus of the eye as seen by the 
ophthalmoscope, note the central retinal vessels. Can you tell which is the 

artery?  
 

   Increased CSF volume in a skull whose sutures have fused will invariably lead 

to increased intracranial pressure. In turn, this may lead to subfalcine or 

transtentorial herniations (herniation of brain parts under the falx cerebri or 

through the tentorial notch). More seriously, herniation of the cerebellar tonsils 
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or "coning" may result, which could be fatal. In this condition, the cerebellar 

tonsils herniate into the foramen magnum and compress the medulla oblongata. 

Why do you think this is dangerous? Compression of medulla may lead to 

damage of vital centers responsible for breathing and cardiac functions like 

blood pressure control. 

Coning is most commonly an iatrogenic complication, when a lumbar puncture 

is attempted on a patient with an increased intracranial pressure. How can a 

doctor determine if a patient has increased intracranial pressure? Usually there 

are symptoms like occipital headaches, blurring of vision, and vomiting without 

nausea. Examination of the fundus (inside) of the eye using an ophthalmoscope 

can help detect papilledema which is a tell-tale sign of elevated intracranial 

pressure. Do you know how it develops? The eye develops as an outgrowth of 

the diencephalon and hence maintains a sleeve of meninges around its 

connection to the brain, the optic nerve. This sleeve also has an extension of 

the subarachnoid space into it. Within the optic nerve, travel the central artery 

and vein of the retina. Elevated intracranial pressure will be transmitted to the 

CSF sleeve around the optic nerve with consequent compression on the central 

retinal vessels contained. The vein being thinner walled, will be compressed 

more readily. This leads to capillary congestion in its area of drainage with 

increased capillary hydrostatic pressure and consequent edema. This is seen 

using the ophthalmoscope as edema of the optic disc. 

   Theoretically speaking, lumbar puncture could still be done on a background 

of elevated intracranial pressure by having the patient lie on his/her side and 
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lower the head of the bed so that his lower back is in a higher level than his 

head. Then when the lumbar cistern is penetrated, fluid is not allowed to flow 

freely out of the needle, in an attempt to prevent the pressurized CSF from 

trying to escape too quickly and precipitate coning. 

 

Summary 

   The brain receives about one liter of blood each minute via four main arteries: 

two internal carotids and two vertebral arteries. These join to form an important 

arterial circle from which emerge branches that supply the cerebrum. The brain 

stem, spinal cord, and cerebellum are supplied by the vertebrobasilar arterial 

system en route to the circle of Willis. 

All cerebral veins eventually join a dural venous sinus. These in turn converge 

to empty into two sigmoid sinuses that leave the skull and become continuous 

with the internal jugular veins of the neck. Interruption of blood supply can lead 

to a variety of stroke syndromes. 

   There are no lymphatic channels per se in the CNS. However, a modified but 

similar system is represented by the perivascular spaces formed by the sleeves 

of pia mater around the small arteries and arterioles. 

   CSF is produced by the choroid plexuses of the four ventricles. It circulates 

inside and around the brain and spinal cord. It protects these organs in several 

ways and provides nutrition to their enveloping meninges. Increase in CSF 

volume is termed hydrocephalus and it can have detrimental effects on the brain 

specially if it is still growing. 
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Glossary 

A 

Aneurysm: pathological dilatation of a blood vessel wall usually an artery. 

Aqueduct: channel conducting fluid (water) 

Arachnoid: like a spider 

Atheroma: the fatty plaque that deposits in and causes degeneration of the walls 

of arteries 

Atrium: a chamber that is connected to and leads to other chambers 

B 

Basilar: referring to the base of the skull or basal part of the occipital bone 

C 

Carotid: to deep to deep sleep (from compression on these vessels) 

Caudal: towards the tail end 

Cavernous: containing caverns or cave-like spaces 

Cecum: blind ending, closed 

Cephalon: head; encephalon= brain 

Cerebellum: small cerebrum 

Cerebrum: principal and most anterior part of the brain 

Choroid / tela choroidea: like a membrane; tela= fold 

Cistern: tank / reservoir for water 

Corpus: body; corpus callosum= hard body 

Cranial: towards the head end 
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CSF: cerebrospinal fluid, the fluid that surrounds the brain and spinal cord 

D 

Diploic/diploë: thin layer of spongy bone between the inner and outer plates of 

compact bone of the skull 

Dura: tough 

E 

Embolus: clot/air bubble/particulate matter carried by the blood stream to lodge 

in a small vessel resulting in obstruction 

Emissary: ambassador or agent; venous branch 

F 

Falx: sickle shaped 

Fossa: concavity in a bone/organ/surface 

Foramen: hole 

G 

Gyrus: a coil of brain cortex 

H 

Hemianopsia: loss of one half of the visual field e.g. right or left. Could be 

homonymous or heteronymous. 

Hemianesthesia: loss of sensations from one half of the body 

Hemiparesis: weakness of one half of the body 

Hemiplegia: paralysis of one half of the body 

Hemorrhage: escape/flow (usually profuse) of blood from a ruptured vessel 
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Herniation: displacement and protrusion of an organ through the wall of its 

containing cavity 

Homonymous: like, same 

I 

Ipsilateral: same side 

Ischemia: isch- = restriction, -hemaia = blood supply 

J 

Jugular: neck 

K 

 Kyphosis: bent or bowed forward 

L 

Lacerum: lacerated 

Lacuna: small pond or gap 

Lemniscus: band or ribbon 

Leptomeninges: pia and arachnoid  

M 

Macula: spot 

Magna: great 

Meninges: membranes surrounding the CNS; sing. is meninx 

N 

Neo: new 
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Nerve: tendon; later on reserved for a peripheral bundle of fibers which conduct 

impulses to and from the CNS 

Neuroglia: glue; the "connective tissue" of the brain  

O 

Obex: barrier 

Ophthalmoplegi: paralysis of the eye ball 

P 

Palsy: paralysis 

Petrosal: of petrous, resembling rock/stone hardness 

Pia: faithful, follows faithfully 

Plexus: network or plait 

Pterion: wing; an H-shaped suture in the side of the skull, where the sphenoid, 

frontal, parietal, and temporal bones meet 

Q 

Quadrigeminus: paired or twinned, hence four-fold 

R 

Rhomboid: like a rhombus 

S 

Shunt: push/divert from a main (track/vessel/place) to a side one 

Sinus: hollow or space containing air, blood, or fluid 

Sulcus: groove 

T 

Tentorium: tent like 
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Thrombus: clot 

Trigone: triangle shaped 

U 

Uncinate/Uncus: hook(ed) 

V 

Vellum: in old times, a flat, smooth, and durable material made from calf skin 

and used for writing 

Ventricle: small belly 

W 

Watershed area: area or ridge of land separating waters flowing to different 

rivers, basins, or seas 

X 

Xiphoid: shaped like a sword blade  

Y 

Z 
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