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Systematic indications for seminar classes on the topic № 75: Vessels and nerves of the brain. Circulation of cerebrospinal fluid
Motivational characteristic of the topic:

The knowledge of this topic are necessary for doctors of all specialities, it represents special interest for therapists.
Aims of the classes:

To get known about formation, circulation and functions of cerebrospinal fluid.
The student must be able to demonstrate:

Way of circulation of cerebrospinal fluid.
The student must know:

The ventricles are four fluid-filled cavities located within the brain; these are the two lateral ventricles, the third ventricle, and the fourth ventricle. The two lateral ventricles communicate through the interventricular foramina (of Monro) with the third ventricle. The third ventricle is connected to the fourth ventricle by the narrow cerebral aqueduct (aqueduct of Sylvius). The fourth ventricle, in turn, is continuous with the narrow central canal of the spinal cord and, through the three foramina in its roof, with the subarachnoid space. The central canal in the spinal cord has a small dilatation at its inferior end, referred to as the terminal ventricle. 

The ventricles are lined throughout with ependyma and are filled with cerebrospinal fluid. The ventricles are developmentally derived from the cavity of the neural tube. 

SUBARACHNOID SPACE 

The subarachnoid space is the interval between the arachnid mater and pia mater and, therefore, is present where these meninges envelop the brain and spinal cord. The space is filled with cerebrospinal fluid and contains the large blood vessels of the brain. This space is traversed by a network of fine trabeculae, formed of delicate connective tissue. The subarachnoid space completely surrounds the brain and extends along the olfactory nerves to the mucoperiosteum of the nose. The subarachnoid space also extends along the cerebral blood vessels as they enter and leave the substance of the brain and stops where the vessels become an arteriole or a venule. 

In certain situations around the base of the brain, the arachnoid does not closely follow the surface of the brain so that the subarachnoid space expands to form subarachnoid cisterns. The descriptions of the cerebellomedullary cistern, the pontine cistern, and the interpeduncular cistern, which are the largest cisterns. 

Inferiorly, the subarachnoid space extends beyond the lower end of the spinal cord and invests the cauda equina. The subarachnoid space ends below at the level of the interval between the second and third sacral vertebrae. The subarachnoid space surrounds the cranial and spinal nerves and follows them to the point where they leave the skull and vertebral canal. Here the arachnoid mater and pia mater fuse with the perineurium of each nerve. 

CEREBROSPINAL FLUID 

The cerebrospinal fluid is found in the ventricles of the brain and in the subarachnoid space around the brain and spinal cord. It is a clear, colorless fluid. It possesses, in solution, inorganic salts similar to those in the blood plasma. The glucose content is about half that of blood, and there is only a trace of protein. Only a few cells are present, and these are lymphocytes. The normal lymphocyte count is 0 to 3 cells per cubic millimeter. The pressure of the cerebrospinal fluid is kept remarkably constant. In the lateral recumbent position, the pressure, as measured by spinal tap, is about 60 to 150 mm of water. This pressure may be raised by straining, coughing, or compressing the internal jugular veins in the neck. 

The total volume of cerebrospinal fluid in the subarachnoid space and within the ventricles is about 130 ml. 

Functions. The cerebrospinal fluid, which bathes the external and internal surfaces of the brain and spinal cord, serves as a cushion between the central nervous system and the surrounding bones, thus protecting it against mechanical trauma. Because the density of the brain is only slightly greater than that of the cerebrospinal fluid, it provides mechanical buoyancy and support for the brain. The close relationship of the fluid to the nervous tissue and the blood enables it to serve as a reservoir and assist in the regulation of the contents of the skull. For example, if the brain volume or the blood volume increases, the cerebrospinal fluid volume decreases. Since the cerebrospinal fluid is an ideal physiological substrate, it probably plays an active part in the nourishment of the nervous tissue; it almost certainly assists in the removal of products of neuronal metabolism. It is possible that the secretions of the pineal gland influence the activities of the pituitary gland by circulating through the cerebrospinal fluid in the third ventricle. 

Formation. The cerebrospinal fluid is formed mainly in the choroid plexuses of the lateral, third, and fourth ventricles; some originates from the ependymal cells lining the ventricles and from the brain substance through the perivascular spaces. The choroid plexuses have a much folded surface, and each fold consists of a core of vascular connective tissue covered with cuboidal epithelium of the ependyma. Electron-microscopic examination of the epithelial cells shows that their free surfaces are covered with microvilli. The blood of the capillaries is separated from the ventricular lumen by endothelium, a basement membrane, and the surface epithelium. The epithelial cells are fenestrated and permeable to large molecules. 

The choroid plexuses actively secrete cerebrospinal fluid, and this creates a small pressure gradient. At the same time, they actively transport nervous system metabolites from the cerebrospinal fluid into the blood. Active transport also explains the fact that the concentrations of potassium, calcium, magnesium, bicarbonate, and glucose are lower in the cerebrospinal fluid than in the blood plasma. 

The cerebrospinal fluid is produced continuously at a rate of about 0.5 ml per minute and with a total volume of about 130 ml; this corresponds to a turnover time of about 5 hours. It is important to realize that the production of cerebrospinal fluid is not pressure regulated (as in the case of blood pressure) and it continues to be produced even if the reabsorption mechanisms are obstructed. 

Circulation. The circulation begins with its secretion from the choroid plexuses in the ventricles and its production from the brain surface. The fluid passes from the lateral ventricles into the third ventricle through the interventricular foramina. It then passes into the fourth ventricle through the narrow cerebral aqueduct. The circulation is aided by the arterial pulsations of the choroid plexuses and by the cilia on the ependymal cells lining the ventricles. 

From the fourth ventricle, the fluid passes slowly through the median aperture and the lateral foramina of the lateral recesses of the fourth ventricle and enters the subarachnoid space. The fluid then moves through the cerebellomedullary cistern and pontine cisterns and flows superiorly through the tentorial notch of the tentorium cerebelli to reach the inferior surface of the cerebrum. It then moves superiorly over the lateral aspect of each cerebral hemisphere, assisted by the pulsations of the cerebral arteries. Some of the cerebrospinal fluid moves inferiorly in the subarachnoid space around the spinal cord and cauda equina. Here the fluid is at a dead end, and its further circulation relies on the pulsations of the spinal arteries and the movements of the vertebral column, respiration, coughing, and the changing of the positions of the body. 

The cerebrospinal fluid not only bathes the ependymal and pial surfaces of the brain and spinal cord but also penetrates the nervous tissue along the blood vessels. 

Absorption. The main sites for the absorption of the cerebrospinal fluid are the arachnoid villi that project into the dural venous sinuses, especially the superior sagittal sinus. The arachnoid villi tend to be grouped together to form elevations known as arachnoid granulations. Structurally, each arachnoid villus is a diverticulum of the subarachnoid space that pierces the dura mater. The arachnoid diverticulum is capped by a thin cellular layer, which, in turn, is covered by the endothelium of the venous sinus. The arachnoid granulations increase in number and size with age and tend to become calcified with advanced age. The absorption of cerebrospinal fluid into the venous sinuses occurs when the cerebrospinal fluid pressure exceeds the venous pressure in the sinus. Electronmicroscopic studies of the arachnoid villi indicate that fine tubules lined with endothelium permit a direct flow of fluid from the subarachnoid space into the lumen of the venous sinuses. Should the venous pressure rise and exceed the cerebrospinal fluid pressure, compression of the tips of the villi closes the tubules and prevents the reflux of blood into the subarachnoid space. The arachnoid villi thus serve as valves. 

Task for self-control of the initial level of knowledge:

1. Producing of cerebrospinal fluid.
2. Circulation of cerebro-spinal fluid.
Control questions:

1. Structure of meningeas of the brain.

2. Formation of cerebro-spinal fluid.

3. Circulation of cerebro-spinal fluid.

4. Functions of cerebro-spinal fluid.

Methodic of class work:
    a) interrogation of the students on the home task;

    b) study of samples (topic according to the plan);

    c) fill in the protocol of current lesson;

    d) checking and signing the protocols by teacher. 

The illustrative material: tables, samples.
Control of knowledge with the help of situational tasks.

The newborn child is hydrocephal. Which anatomical formations were not developed?

A-central chanell

B-aqueductus cerebri

C-choroid plexus

* D-Lushka’s and Mojendi’s foramens

E-interventricular foramens

There are delated lateral ventricles and delated third ventricle of the brain on the X-ray picture. Which communication was injured?

A-interventricular foramen

B-Lushka’s foramen

C-Majendi’s foramen

* D-aqueductus cerebri

E-central chanel of the spinal cord

Where does the cerebrospinal fluid flow out from the ventricle?

A-aqueductus cerebri

B-subdural space

* C-suparachnoideal space

D-subarachnoideal space

D-epidural space

E-big cerebral vein

There is fracture of the occipital bone, disturbed blood supply, cerebellar disturbances. Which artery was injured?

A-media

B-optic cerebralis

* C-basilaris

D-vertebralis

E-anterior cerebralis

The patient has hydrocephalia. It is possible that Lushka’s and Magendi’s foramens are closed. Which anatomical formations are these foramens located?

A-centrral channel of the spinal cord

* B-forth ventricle

C-third ventricle

D-aqueductus

E-lateral ventricles

There is decreasing of the cerebrospinal liquid located in the cerebral ventricles. Which formation does not work properly?

A-hypocampus

B-epitelial plane

C-septum pellucidum

* D-choroid plexuses

E-reticular formation

There is broken out flowing of the cerebrospinal fluid ffrom subarachnoideal space to superior sagital sinus. Which foramen does the cerebrospinal fluid pass through?

A-flax cerebri major

B-choroid plexus

* C-granulations arachnoidales

D-falx cerebri minor

E-epitelial plane

Literature for final level of the knowledge:

а) basic

1. Gray's Anatomy for Students / Richard L. Drake Ph.D, A. Wayne Vogl, Adam W.M. Mitchell, - 2010, 2092 p.

2. Clinically Oriented Anatomy / by Keith L. Moore, Anne M. R. Agur, 2013.

3. Atlas of Human Anatomy / Frank H. Netter,- 5 edition, - 2011 by Saunders, an Imprint of Elsevior Inc.

4. Guidance for practical classes on Human Anatomy / Borys Y. Reminetskyy, Yaroslav I. Fedonyuk, Volodymyr D. Voloshyn. - Ternopil, Ukrmedknyha. - 2003, 203 p.

5. Materials preparation for lectures

6. Materials preparation for practical classes

b) additional

1. Lecture.

2. Human anatomy & physiology / Elaine N. Marieb, Katja Hoehn., San Francisco : Benjamin Cummings, 2010., 8th edition.

3. Atlas of Human Anatomy/ Sobotta, 2010

4. Atlas of Human Anatomy / Frank H. Netter, 2009

Methodical instructions have been prepared by: I.V. Prus, Assistant.
