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Dr. Sawyer

Vasculature of the CNS, and the Blood-Brain Barrier

SN:  Dr. Sawyer followed his notes almost verbatim.  If you haven’t printed the notes off the web, everything is already in this scribe.  If you did and don’t want to reprint everything, I have added the addition lecture info in blue.  You can just write it in your notes if you want.
I.    General Considerations

A.  Requirement of the CNS for O2 and glucose

1. The CNS stores very small amounts of O2 and glycogen, which places a high constant demand for 

blood-derived O2 and glucose.  Thus, neurons have an absolute requirement for O2 and glucose, i.e., 

for all intents and purposes, the CNS lacks anaerobic metabolism   No storage of energy..

2.   Neurons have a high metabolic rate, due largely to the energy required to actively pump large quantities 

3.        of ions across their membranes.  (During action potentials and synaptic potentials.)
4. As a result of (1) and (2), under resting conditions, the adult brain utilizes 20% of the body’s O2 

consumption and 17% of the cardiac output, even though it accounts for only 2% of body weight.  

Blood flow rate to the brain is 50 ml blood / 100 gm brain tissue / min (total of about 750 ml / min).

5. The metabolic rate is four times higher in gray matter than in white matter, and there is a 

correspondingly higher density of capillaries in gray matter. Most of metabolic activity is happening in 

i. cell bodies and dendrites.  Likewise, the cerebral blood flow rate is higher in gray matter (70 to 80 ml / 

ii. 100 gm brain tissue) than in white matter (30 ml / 100 gm brain tissue).  

6. Unlike most other tissues of the body, neurons do not require insulin for the transport of glucose 

iii. through the cell membrane.  Fortunate for diabetics.
7. Ten seconds of brain ischemia leads to unconsciousness; a few minutes of ischemia leads to necrosis of 

neural tissue.  Irreversible brain damage will occur if cerebral blood flow is maintained at less than 15 

ml / 100 gm brain tissue.

iv. Safety factor:  under normal conditions the CNS receives 3 times it’s required oxygen and 7 times it’s required glucose.  Since there aren’t energy stores, these will deplete within seconds.  With ischemia, anoxia will occur first and then glucose deficit problems.
B.   Regulation of Blood Flow to the CNS

v. 1.    Important concept: The CNS takes a "me first" approach to the body’s blood supply.

2. Blood flow rate to the CNS is maintained at a constant level over a large range of systemic blood 

pressures.  Cerebral blood flow is maintained at about 50 ml/100 gm/min so long as the mean arterial 

vi. blood pressure is at least 50 mm Hg.  Only at the extremes of hypotension will there be too little flow.
3. There is a dynamic regional variation of blood flow to the CNS in order to meet metabolic demands.  

For example, repeatedly opening and closing your hand will transiently increase blood flow in the 

region of motor cortex that is involved in movements of that hand, due to a transient increase in 

vii. metabolic activity of neurons in that region of motor cortex.  Dynamic increases in blood flow can be as large as 100%.
4. Factors intrinsic to the brain and spinal cord that regulate cerebral blood flow. The metabolic demands 

of the CNS necessitates that the brain and spinal cord receive appropriate amounts of blood under a 

variety of physiological conditions.  There are three mechanisms engaged to accomplish this, the most 

important of which is autoregulation:

a. Autoregulation –  Cerebral blood vessels dynamically alter their lumen diameter in order to 

maintain a constant flow of blood despite changes in perfusion pressure.  There is a need to 

maintain a constant cerebral blood flow (CBF) to the brain and spinal cord under different 

conditions (e.g., changes in body position; changes in blood pressure) that alter cerebral 

perfusion pressures (CPP).  

viii. CPP is equal to the mean arterial pressure (MAP) minus the 

ix. intracranial pressure (ICP).  MAP – ICP = CPP.  Be aware of this equation.

x. As heart is pumping, it is facing the pressure from within the head.  MAP needs to be greater than ICP in order to get blood into the head.

xi. Danger of ( ICP is a ( CPP

xii. In normal healthy individuals, cerebral blood flow (CBF) is constant over a wide 

range of MAP (60 to 150 mm Hg).   

xiii. When the CPP increases (usually due to increased MAP), the cerebral vessels 

constrict (i.e., cerebral vascular resistance increases); during decreases in CPP 

(due to decreased MAP and/or increased ICP), the cerebral vessels dilate, 

thereby helping to maintain a constant CBF.  Even if there is more extreme 

a. hypotension, the brain can become more efficient at oxygen extraction.  You 

b. may then not see ischemia until the MAP is at 30 mmHg.  

xiv. Excessive hypertensive systolic blood pressure will eventually reduce CBF, as 

the cerebral arterioles constrict to prevent edema.  Subjects with chronic 

moderate hypertension have normal cerebral blood 

flow, because the autoregulatory mechanisms in these individuals is set to a 

higher threshold.  Autoregulation is a local phenomenon.

i. Response to metabolites 

i.  Cerebral blood vessels dilate in response to increases in CO2 or H+ levels (and to decreases in O2 levels) in brain extracellular fluid.  Inverse changes have opposite effects.

c. ii.   
Carbon dioxide increases cerebral blood flow indirectly, via the production of hydrogen 

ions: CO2 + H2O ––> H2CO3 (carbonic acid) ––> H+ + HCO3– (bicarbonate ion)

Local increases in hydrogen ion concentration cause a dose-dependent vasodilation of 

cerebral vessels (up to 2-fold increase in cerebral blood flow).  The increased blood flow 

flushes out excess levels of carbon dioxide and hydrogen, thereby resulting in a return to 

“normal” levels of these metabolites and attenuation of the vasodilation.  Other 

substances (such as lactic acid) that increase acidity of the brain, and thereby increase the 

concentration of hydrogen ions, will also increase CBF.

d. c.   Nervous innervation of cerebral vessels  – is provided by autonomic and central fibers.

i. Cerebral arteries are innervated by central fibers that utilize a wide variety of 

e. neurotransmitters, including serotonin (know serotonin and that it’s effect is generally to constrict blood vessels), neuropeptide Y, norepinephrine, 

acetylcholine, epinephrine, vasoactive intestinal peptide (VIP), peptide histidine, 

isoleucine, substance P, neurokinin A, calcitonin, gene-related peptide (CGRP), 

cholecystokinin (CCK), dynorphin B, galanin, gastrin-related peptide, ADH, 

neurotensin, somatostatin, glutamate, enkephalin, dopamine, and prostanoids (28-

40).  These neurotransmitters cause vasoconstriction or vasodilation on the cerebral 

vasculature.  The neurons innervating the cerebral vessels arise from numerous 

nuclei in the brain and spinal cord. The most prominent innervation is by 

serotonergic fibers, which have a largely vasoconstrictor action, although in some 

cases vasodilation occurs.

ii.    Cerebral circulatory system receives a substantial sympathetic innervation from the 

        cervical sympathetic ganglia that innervates large superficial arteries and the smaller 

        diameter deep cerebral arteries.  Stimulation or transection of these sympathetic 

         nerves has little effect on cerebral blood flow, leading to the classical inference that 

         the sympathetic system has little role in regulating cerebral blood flow.  Indeed, 

         under normal physiological conditions, local autoregulation mechanisms 

         compensate and negate sympathetic influences on the regulation of cerebral blood 

         flow.  However, during physiological states in which autoregulation is inadequate to 

         compensate, such as substantial increases in arterial pressure during strenuous 

         exercise, the sympathetic system constricts the large and intermediate sized cerebral 

         arteries to prevent small arteries from being exposed to elevated pressures.  [The 

         preceding text is based on Textbook of Medical Physiology, by Guyton and Hall, 

         10th edition, p. 710.]

5.   Safety factor: Under normal circumstances, the brain receives three times its required oxygen and seven 

      times its required glucose.  Since the safety factor for oxygen is lower than that for glucose, anoxia is 

      the initial component of ischemia.

6.   The brain normally extracts about 35% of the oxygen from its arterial blood supply. When MAP falls 

      below 50 mm Hg and autoregulation cannot increase blood supply, the brain can increase oxygen 

      extraction so that ischemia may not occur even when MAP is as low as 30 mm Hg.

II.   Arterial Supply to the CNS

A.  Two sources of blood supply to the brain:

1. Two internal carotid arteries (internal carotid arterial system), for the anterior circulation.  [Carotid = 

“deep sleep,” because it was known in ancient times that animals became sleepy when these vessels 

f. were compressed.]  Supplies rostral 2/3 of brain.
g. 2.   Two vertebral arteries (vertebral-basilar arterial system), for the posterior (1/3) circulation.

B.   Two sources of blood supply to the spinal cord (Haines, Figure 2-3):

1. One anterior spinal artery (branches off vertebral arteries) and two posterior spinal arteries (which 

branch off either the vertebral arteries or the posterior inferior cerebellar arteries).

h. Numerous radicular (a.k..a. segmental or medullary) arteries, which supplement the blood supply in the spinal arteries.

III. Major Arteries of the Brain – The brain receives blood supply from the internal carotid and vertebral arteries.

A.  Vertebral-Basilar arterial system (Haines, Figures 2-3, 2-16, 2-19, 2-22, 2-33, 2-36, Ch 8; Kiernan, Figure 25-1):

1. Vertebral arteries are branches of the subclavian arteries, and ascend vertically through the transverse 

foramina of the C6 to C1 vertebrae, pierce the atlanto-occipital membrane (a continuation of the 

anterior longitudinal ligament), dura and arachnoid mater, and then enter the posterior fossa of the 

cranium via the foramen magnum.

2. As the vertebral artery passes from the atlas into the foramen magnum, it bends and contains some 

slack for free play in order to allow the neck to rotate without damaging or stretching the vessel.  

However, the vertebral artery is susceptible to being kinked in this region during head movements, 

which will interrupt blood supply to the brainstem; this is not compatible with sustained consciousness 

and the individual will feel light-headed and eventually pass out.  This syndrome is assessed with the 

tests for vertebral-basilar insufficiency (VBI)  [Test: subject is supine, head is supported and held in an 

extended and rotated position for 30 to 60 seconds.  Repeat with head rotated in opposite direction.  

Test is positive if subject feels lightheaded or loses consciousness.]

3. Branches of vertebral arteries supply the cervical spinal cord, medulla, pons, cerebellum, and portions 

of the diencephalon, occipital lobes and temporal lobes.

4.   Branches of the vertebral artery (Haines, Figures 2-3, 2-19, 2-22, 2-33, 2-36):

i. Posterior spinal arteries – supplies posterior medulla and posterior spinal cord. (may come 

off PICA in some specimen)
b. b.   Anterior spinal arteries – supplies medial medulla and anterior spinal cord. 

c.   Posterior inferior cerebellar arteries (PICA) – supplies posterior and inferior parts of the 

cerebellum, and lateral medulla.

5.   The two vertebral arteries join to form the large basilar artery on the ventral surface of the brainstem.

6.   Branches of the basilar artery (Haines, Figures 2-16, 2-19, 2-22, 2-33, 2-36):

a. Anterior inferior cerebellar arteries (AICA) – supply the anterior and inferior parts of the 

cerebellum and caudal pons.

b. Labyrinthine (internal acoustic) arteries – supply the inner and middle ear.  The labyrinthine 

arteries sometimes branch off the AICA instead of the basilar artery.

c. Pontine arteries – are referred to as paramedian and short and long circumferential pontine 

arteries.  They supply the medulla and pons.  Paramedian arteries distribute medially, and 

circumferential arteries distribute laterally.

d. Superior cerebellar arteries – supply the superior portion of the cerebellum, and rostral pons 

and caudal midbrain.

7. The posterior cerebral artery (Haines, Figures 2-13, 2-16, 2-19, 2-22, 2-25) represents the termination 

a. and continuation of the basilar artery.  This is one of the three major paired cerebral arteries.  The numerous branches of the posterior cerebral artery supply the inferior and medial aspect of the temporal and occipital lobes.  (You don’t need to know names of branches just know the territory they supply.)
b. Occipital area controls vision.

c. An occlusion of the artery can cause blindness.

B.   Internal carotid arterial system (Haines, Figures 2-16, 2-19, Chapter 8; Kiernan, Figure 25-1)

1. Internal carotid arteries are bifurcations of the common carotid arteries.  The internal carotid arteries 

enter the cranium via the carotid canal and foramen lacerum of the temporal bone, and travel to the 

middle cranial fossa through the superior part of the cavernous sinus.

2. Branches of the internal carotid arteries supply those portions of the diencephalon and telencephalon 

not supplied by the vertebral arteries.

3.   Branches of the internal carotid artery include the (Haines, Figure 2-19):

a. Ophthalmic artery – supplies the retina and optic nerve.  There are extracranial-intracranial 

anastomoses between the ophthalmic artery and the external carotid artery.

b. Anterior choroidal artery – supplies the optic tract, choroid plexus of the lateral ventricles, 

cerebral peduncles, and some deep forebrain structures.

8. c.   Posterior communicating artery – communicates with the posterior cerebral artery.

4.    The internal carotid terminates by bifurcating into two major cerebral arteries (Haines, Figures 2-7, 2-

10, 2-13, 2-19, 2-25):

a. Anterior cerebral artery – is one of the three major paired cerebral arteries.  The numerous 

branches of the anterior cerebral artery supply the medial aspect of the frontal and parietal 

lobes.

b. Middle cerebral artery – is often considered to be a continuation of the internal carotid, this is 

one of the three major paired cerebral arteries.  The numerous branches of the middle cerebral 

c. artery supply the insula and lateral surface of cerebral hemisphere.

C. If a blood clot travels down the internal carotid, will it go to the anterior or middle cerebral 

artery?  It will likely go down the middle because the diameter is larger and the flow is more continuous.  This is the most common site of occlusion from a blood clot floating through.
1. The anterior, middle and posterior cerebral arteries have branches that can be classified into two categories.
a. Cortical or circumferential branches – supply the superficial aspects of brain  (Haines 2-7)

b. Anterior cerebral artery goes rostral along cingulate gyrus to supply the medial aspect of the rostal 

c. 2/3 of brain, including the frontal and parietal lobes.

d. Middle cerebral artery – lateral aspect of brain

e. Posterior cerebral artery 

f. (Know the territories supplied but not the branch names)

1. 2.    Central or ganglionic branches – supply the deeper aspects
D. Central (ganglionic) branches – Numerous branches arising from the anterior, middle and posterior cerebral 

arteries supply deep forebrain structures, such as the diencephalon, basal ganglia and internal capsule (Haines, 

Figures 2-19, 2-22, 2-33, 2-36).  There are many branches.  The more prominent and clinically relevant 

2. branches are the (and the ones to know):

1. Medial striate artery – is a branch of anterior cerebral artery; it supplies the caudate nucleus and part of 

internal capsule.

2. Lateral striate (lenticulostriate) artery – is a branch of middle cerebral artery; it supplies the internal 

capsule, globus pallidus and putamen.

Note: The walls of the striate arteries are relatively thin, and the anastomoses of these arteries are 

insufficient to maintain adequate circulation if a major vessel is occluded.  For these reasons, these arteries 

are common sites of stroke that produce ischemic damage to the internal capsule, resulting in capsular 

3. hemiplegia. (leads to significant sensory and motor deficits)
3. Thalamogeniculate artery – is a branch of posterior cerebral artery; it supplies the following thalamic 

nuclei: pulvinar, medial geniculate and lateral geniculate.

4. E.  Anastomoses of the Internal Carotid / Vertebral-Basilar arterial systems:

5. Anastomoses serve to help equalize blood pressure between the internal carotid and vertebral-basilar 

artery systems, and  between the left and right hemispheres.  In addition, anastomoses can provide 

alternative sources of blood in the event of a progressively occluded artery. 

2.   There are two major sites of anastomoses:

a. At the Circle of Willis, which encircles the optic chiasm and pituitary on the ventral surface of 

the brain (Haines, Figure 2-19).  The Circle of Willis has a variable morphology, but usually 

is composed of the following arteries:

i.    Anterior cerebral.

ii.    Anterior communicating (the only unpaired artery in the Circle of Willis).

iii.   Middle cerebral (at termination of internal carotid).

iv.   Posterior communicating.

b. v.   Posterior cerebral.

c. On the lateral surface of the hemispheres, there is an arc of tissue with relatively low arterial 

blood pressure.  This territory corresponds to the border zones of the territories supplied by 

anterior, middle and posterior cerebral arteries, at the “termination” of the three cerebral 

arteries.  The arc of neural tissue supplied by these vessels on the lateral extent of the two 

hemispheres (Haines, Figure 2-10) are called the watershed zones, and they exhibit increased 

susceptibility to ischemia upon sudden systemic hypotension or hypoperfusion, resulting in 

borderzone or watershed infarcts (see page 148 of Haines atlas).

3.    Note that there few anastomoses between intracranial and extracranial arteries, so the extracranial 

arterial supply cannot compensate loss of blood to the CNS that arises from blockage of intracranial 

arteries.  An exception: When the internal carotid artery is occluded proximal to the ophthalmic artery, 

the external carotid artery can be a source of blood to the brain via anastomoses with the ophthalmic 

artery.

E. Summary of sources of blood supply to different regions of the brain (Haines, Figures 2-7, 2-10, 2-13, 2-25, 5-

14, 5-21, 5-27, 5-38):

1.   Forebrain – anterior, middle and posterior cerebral arteries, and their branches.

2.   Midbrain – primarily by posterior cerebral artery; also branches of basilar artery.

3.   Pons and cerebellum – basilar artery, and branches of the basilar and vertebral arteries that give rise to the 

cerebellar arteries.

       4.   Medulla – vertebral and spinal arteries.

            
      
Clinical Note:  You will learn more about vascular lesions later in the course, but at this point you should 

be making associations between blood vessels that innervate regions of the CNS, and the expected deficits 

that would occur if blood supply to that region was interrupted.  For example, it is clinically important to 

know which parts of the cerebral hemispheres are supplied by which cerebral artery.  The clinical 

consequences of occlusion of these arteries is dependent on the hemispheric territories supplied by the 

arteries.  Specifically, you should understand why occlusion of the anterior cerebral artery can result in 

hemiparesis of the contralateral lower extremity, whereas occlusion of the middle cerebral artery can result 

in hemiparesis of the contralateral upper extremity and face.  If it is not clear to you, compare Haines 

Figures 2-7, 2-10 and 2-25 with Purves et al. Figure 17.9.

F. Meningeal Arteries – Most blood supply to the meninges is from arteries that do not perfuse the CNS.  The 

6. primary source of blood to the meninges is the middle meningeal artery, a branch of the maxillary artery.   Head trauma can shear the meningeal artery and lead to an epidural bleed – a medical emergency.
 IV. Arteries of the Spinal Cord

A.  Descending vertebral arteries (Haines, Figures 2-3, 2-19, 2-22, 2-33, 2-36, 5-6)

1.   Anterior spinal artery

a.   Each vertebral artery gives rise to one anterior spinal branch.  These two branches join to form 

      the anterior spinal artery, which runs the length of the spinal cord.

b.   Courses along the anterior median fissure of the spinal cord.

d. Supplies the anterior two-thirds of spinal cord (blood supply is supplemented by the radicular 

arteries).

2.   Posterior (Posterolateral) spinal arteries

a.   Each vertebral artery (or PICA) gives rise to one posterior spinal artery, each of which runs the 

      length of the spinal cord.

b.   Courses along the left and right dorsolateral sulci of spinal cord, just medial to dorsal roots.

d. Supplies the posterior third of the spinal cord (blood supply is supplemented by the radicular 

arteries).

B.   Radicular arteries (Haines, Figures 2-3, 5-6)

1.   Originate from numerous segmental arteries.

7. Segmental arteries pass through intervertebral foramina and divide into anterior and posterior radicular 

arteries that run within the subarachnoid space near the ventral (anterior) and dorsal (posterior) roots, 

respectively.  They then anastomose with the spinal arteries.

8. The radicular arteries supply the vertebrae, spinal meninges and spinal arteries. (They don’t come in at 

every vertebral level but are interspersed within the area)
4. The artery of Adamkiewicz, also known as the artery of the lumbar enlargement, is a particularly large 

anterior radicular artery that is clinically important because it is the major source of blood supply to the 

inferior two-thirds of the spinal cord.

C.  Sources of blood supply to different spinal levels:

1.   Cervical levels are supplied primarily by the anterior spinal, posterior spinal and radicular arteries.  The 

      blood supply from the vertebral arteries to the spinal arteries is only sufficient to supply cervical levels.

2.   The source of blood to thoracic, lumbar, sacral and coccygeal levels are supplied primarily by the 

radicular arteries that anastomose with the spinal arteries.

D.  Collateral circulation and areas of susceptibility in the spinal cord:

1. For most levels of the spinal cord, there is extensive collateral circulation of arterial blood supply by 

virtue of the anastomoses between spinal and radicular arteries.

2. However, some levels of the spinal cord have relatively little collateral circulation.  These areas are 

susceptible to infarction following occlusion of the supplying radicular artery.  These spinal cord levels 

are:

a.   T1 to T4, particularly T4

b.   L1

3.  There is more “back up” blood supply for the spinal cord than the brain as a whole.

V.  Venous Drainage of the Brain (Haines, Figures 2-8, 2-11, 2-14, 2-17, Chapter 8)

A. Venous drainage of the brain is indirect.  Capillaries in the brain empty into small veins located either deep to 

the pia mater or in the subarachnoid space.  Unlike veins in the rest of the body, cerebral veins do not typically 

course adjacent to arteries.  Veins in the CNS drain either:

1.   directly into the systemic circulation (spinal cord and medulla), or....

2.   into dural sinuses (cerebral areas) that in turn empty into the internal jugular veins.  

B.   Two groups of veins drain into dural sinuses:

1.   Superficial cerebral veins:

a.   drain external structures: cerebral cortex, brainstem, cerebellum.

b.   feed into superior sagittal sinus.

2.   Deep cerebral veins:

a.   drain internal structures: basal ganglia, diencephalon, internal capsule.

b.   eventually feed into straight (rectus) sinus.

C.  Flow of venous blood from dural sinuses to internal jugular vein:

1. Major source of brain blood drainage: The inferior sagittal sinus (located in inferior margin of falx 

cerebri) and the great cerebral vein of Galen return venous blood to the straight (rectus) sinus.  At the 

occipital pole, the superior sagittal sinus (located in superior margin of falx cerebri) joins the straight 

sinus and occipital sinus at the confluence of sinuses to form the left and right transverse sinuses.  The 

transverse sinuses drain into the left and right sigmoid sinuses, which drain into the left and right 

internal jugular veins.

a. Cerebrospinal fluid (CSF) enters the dural sinuses via arachnoid villi (which are particularly 

numerous in the superior sagittal sinus); CSF becomes incorporated into venous blood 

(Haines, Figure 2-41).

b.   Dural sinuses also receive blood from the face and scalp via emissary veins, which connect the 

      intracranial venous sinuses with veins outside the cranium.  The emissary veins are valveless, 

      which permits blood to flow both ways (although it usually flows away from the brain).  

      Through these emissary veins, the facial and superior and inferior ophthalmic veins can drain 

      into the cavernous sinus.  These emissary veins are possible routes of infection of the 

      meninges, since bacterial infections of the face can be transmitted by venous blood into the 

      cavernous sinus.  For this reason, the location of these emissary veins in the nose and upper lip 

      is called the triangle of danger.  For this reason, squeezing pimples in this part of the face can 

      potentially lead to bacterial infection of the meninges or the brain.

2. Minor source of brain blood drainage: At the base of the diencephalon are the cavernous, anterior 

intercavernous and posterior intercavernous sinuses, all of which are interconnected.  From these 

sinuses arise the superior petrosal sinus, which drains into the transverse sinus, and the inferior petrosal 

sinus, which drains into the internal jugular veins.

D.  Characteristics of brain veins (and dural sinuses):

1.   Distribution of veins in brain differs from that of arteries.

2.   There are no valves in cerebral veins or dural sinuses.

3. Venous drainage routes have extensive anastomoses with each other.  For this reason, occlusion of 

cerebral veins usually has no clinical consequences.

VI. Venous Drainage of the Spinal Cord

A. Spinal cord venous blood drains directly to the systemic circulation, via numerous irregular plexiform channels.  

These channels are drained by radicular veins, which feed into the epidural venous plexuses (located between 

dura and vertebral periosteum), which feed into the external venous plexus and other systemic veins.

B.   Characteristics of spinal veins:

1.   Distribution is similar to that of spinal arteries.

2.   No valves, so the direction of venous blood flow between the spinal cord and periphery depends on 

differences in blood pressure.  The lack of valves is the reason why spinal veins are a common route of 

metastasis from the periphery to the CNS.


C.   Unlike the brain, the veins of the spinal cord run with the arteries of the spinal cord.
VII.  Clinical Considerations

A. Ischemic stroke – is a sudden vascular insufficiency most commonly caused by either a thrombus (blood clot 

within a vessel) or embolus (a loosened blood clot or other particulate matter that travels in a blood vessel until 

it forms a clot).  Incidence of ischemic strokes is higher with atherosclerosis.  If an occlusion occurs proximal to 

or within the Circle of Willis, then adequate circulation may be maintained due to arterial anastomoses; this is 

more likely with a progressive rather than acute occlusion.  However, an occlusion distal to the Circle of Willis 

is likely to cause an infarct.  The magnitude of the neurological deficit depends on the location and extent of the 

B. infarction.  Now sometimes referred to as a brain attack.  The key is the sudden onset of symptoms.
C. Transient ischemic attack (TIA) – The crucial difference between a TIA and an ischemic stroke is that a TIA 

persists for only a few minutes or hours (by definition, less than 24 hours), and is followed by an essentially 

D. complete recovery.  TIAs are usually caused by minute emboli.  TIAs are harbingers of an imminent stroke.

E. Hemorrhagic stroke – (“a bleed”) is most commonly the result of rupture of small ganglionic arteries or the rupture of an aneurysm.  More common with hypertension.

1. Subdural hematoma – involves rupture of the bridging veins (or arteries) in the meninges.  These veins drain blood from veins in the subarachnoid space to the sinuses.  They can be torn by shear stresses, usually due to head trauma.  The size of a subdural hematoma usually increases slowly (hours) compared to an epidural hematoma.  As a result, the clinical manifestations may take hours to emerge; this is why someone with a non-symptomatic head injury warrants observation for a day or two.

2. Epidural hematoma – usually involves rupture of the meningeal artery, often due to trauma.  Since this 

involves arterial bleeding, blood accumulates quickly and presses against the brain.  Prompt 

emergency surgery is often required to relieve mounting intracranial pressure.

F. Aneurysm – is a balloon-like swelling of an arterial wall.  Aneurysms are most common at arterial bifurcations, 

especially in the Circle of Willis (saccular or berry aneurysms, which are common causes of subarachnoid 

hemorrhage).  Aneurysms can cause neurological deficits in two ways: they can push against and compress 

neural tissue, and they can rupture.

G. Arteriovenous malformation – is a congenital malformation in which large anastomoses exist between arteries 

and veins, usually in circumscribed areas.  This can lead to poor perfusion and oxygenation of the supplied 

H. neural tissue.

1. More clinicals – occlusions

2. The middle cerebral artery supplies the motor and somatosensory cortex that controls the upper part of the body.  An occlusion will cause a motor deficit in the upper body.

3. An occlusion in the anterior cerebral artery would cause a motor deficit to the legs.  If the post-central gyrus is involved there would also be a deficit in somatosensory to the legs.

4. If a clot travels to the middle cerebral artery the symptoms will vary from person to person and can depend on the clot itself.
VIII.  Increases in Intracranial Pressure (ICP)

A. The volume of the intracranial space is constant once the cranial sutures fuse early in infancy.  Intracranial 

contents are neural tissue and extracellular fluids (80% of volume), CSF (8%) and blood (12%).  Once the 

cranial vault volume is fixed, if any one of these intracranial constituents increases in volume, it will do so at 

the expense of the other two.  This seemingly obvious concept is called the Monro-Kellie doctrine.  In addition, 

there will be a concomitant increase in intracranial pressure.

B. Edema, tumors, aneurysms, hematomas and hydrocephalus are among the many possible causes of increases in 

ICP.  Edema can result from an inflammatory response (vasogenic edema), swelling of cells in the CNS 

(cytotoxic edema), or increases in the volume of the extracellular volume (interstitial edema).  A Valsalva 

maneuver or a sneeze causes a transient increase in ICP, since the increased intrathoracic pressure produced 

under these conditions pushes CSF from the subarachnoid space in the spinal cord into the brain’s subarachnoid 

space in the cranium.  ICP is normally 5 to 13 mm Hg. (5 – 15 mm Hg)
C.  The medical dangers of increases in ICP are two-fold:

1. Increases in ICP may cause physical trauma to neural tissue through compression: the cerebellar tonsils 

may herniate into the foramen magnum or forebrain structures may herniate into the tentorial incisure 

(tentorial notch).

2. Increases in ICP are likely to decrease the amount of blood perfusion of the brain.  Small increases in 

ICP may exceed venous blood pressure and cause collapse of cerebral veins, which will produce 

vascular congestion and a further increase in ICP.  This may lead to lower levels of cerebral perfusion 

pressure (CPP), resulting in ischemia and necrosis:

CPP = MAP – ICP

where MAP is mean arterial blood pressure.

Recall that mean arterial pressure is not simply the average of systolic and diastolic pressures, because 

blood spends more time near the diastolic than the systolic level. You can get a good approximation of 

mean arterial pressure by adding one-third of the pulse pressure (i.e., systolic – diastolic) to the 

diastolic pressure.  If systolic is 140 mm Hg and diastolic is 80 mm Hg, then pulse pressure is 60 mm 

Hg.  One-third of 60 mm Hg is 20 mm Hg, so mean arterial pressure would be 80 + 20 = 100 mm Hg.

When ICP exceeds mean arterial pressure, there is no cerebral blood flow (i.e., a non-positive CPP) 

and brain ischemia occurs.  This will initiate a brain-mediated ischemic response, which raises arterial 

blood pressure above ICP in order to reinstate perfusion of the brain.  Specifically, brain ischemia 

activates a vasomotor center in the reticular formation of the medulla and caudal pons, which increases 

systemic blood pressure during brain ischemia by activating preganglionic sympathetic neurons in the 

spinal cord.  In the case of ischemia resulting from increased ICP, a Cushing reaction occurs, in which 

MAP increases to exceed ICP, and thereby reinstate a positive CPP.  Associated with the Cushing 

reaction is the Cushing triad, which consists of: (1) systemic hypertension with an increase in pulse 

a. pressure, (2) bradycardia, and (3) respiratory irregularities.   As a clinician these are three things you 

b. can look for as an indication of increased ICP.
Additional information: http://www.nda.ox.ac.uk/wfsa/html/u08/u08_013.htm

c. IX. Techniques for imaging cerebral arteries and veins (Look at the images: Ch 8 of Haines and Kiernan pgs 452-454)

A.  Angiography / Venography

B.   Magnetic Resonance Angiography (MRA)

X.  The Blood-Brain Barrier (BBB) and Blood-CSF Barrier

A. There are three compartments in the CNS: neural tissue, blood and CSF.  Postnatally, there are no anatomical 

barriers between neural tissue and CSF (i.e., between neural tissue and the ventricles/subarachnoid space); these 

areas exchange fluid and compounds via diffusion.  However, there are anatomical barriers to prevent diffusion 

between neural tissue and blood, and between CSF and blood.

B.   Blood-Brain Barrier

1. Injection of trypan blue dye into the systemic bloodstream of experimental animals stains the entire 

body except for the CNS.  The BBB is a barrier that hinders the free exchange of substances between 

the blood/extracellular fluid of the periphery and the CNS.

2. Under normal physiological conditions, the immune system does not have access to the CNS; as a 

result, the CNS is said to be immunologically privileged.  Microglia play an immunological role within 

d. the CNS.  Complement and antibodies proteins physically cannot cross.
3.   Function of the BBB:

a. Isolates and protects the CNS neurons (which are metabolically sensitive) from many 

substances in blood (such as neurotransmitters released into systemic blood by the autonomic 

nervous system).

b.   The BBB is a barrier to diffusion of proteins and most water-soluble drugs.

c.   The BBB is freely permeable to gases such as C02 and 02, and to most lipid-soluble molecules 

       (including alcohol and barbiturates).

e. Glucose, certain amino acids, nucleosides and Na+ are actively transported across the BBB by 

specific carrier systems.

4.   Anatomical basis for the BBB:

e. Capillary endothelium – There are tight junctions between capillary endothelial cells in the 

CNS, thereby hindering the exchange of most substances.  In addition, unlike systemic 

capillaries, CNS capillaries are not fenestrated (except in the circumventricular regions listed 

below) and have little pinocytotic capacity.

f. Astrocytic end feet – form an almost (85%) continuous covering of the external capillary wall. 

(lipid rich projections that wrap around the capillary – work mostly to take up excess Na+ and 

K+
5. Some regions of the CNS need to monitor or secrete agents in the blood, and a BBB would prevent this 

function.  These regions are located near the ventricles, and are called the circumventricular organs, 

and do not have the anatomical properties of a blood-brain barrier.  A common feature of these areas is 

that they are all highly vascularized.  This is not a route for blood to enter CNS but a way to assay the 

blood.  The following circumventricular structures lack a BBB:

a.   Posterior pituitary

b.   Median eminence of hypothalamus

c.   Area postrema – “vomit center” ; is not circumventricular
d.   Organum vasculosum of the lamina terminalis

e.   Subfornical organ

C.  Blood-CSF Barrier

1. The Blood-CSF barrier is between blood vessels and the extensively vascularized choroid plexus of the 

ventricles (surface area is 1/5000 the area of the BBB).  What is the anatomical basis for the blood-
CSF barrier?  Each choroid plexus is composed of highly vascular pia (tela choroidea = pia and blood 

vessels) that is covered by modified ependymal cells called choroidal epithelium.  The choroidal 

epithelial cells are mechanically joined to each other with tight junctions.  [In contrast, there are not 

tight junctions between the ependymal cells that line ventricular walls, hence there is no barrier, 

A. anatomical or otherwise, to exchange diffusion between the extracellular fluid of the brain and CSF in 

B. the ventricles.]

2. The protein content of the blood plasma is much higher than that of CSF; the serum proteins that do 

pass into the CSF do so by active transport across this barrier.

3.   Surface area of blood-CSF barrier is only 0.02% that of the blood-brain barrier.

XI. Disruption to integrity of BBB

C. Viral and bacterial infections of the CNS occur in the absence of overt gross disruption to the BBB.  In some 

cases, bacteria gain access to the CNS via valveless veins (e.g., spinal cord), and some viruses (e.g., herpes 

zoster) enter via retrograde transport by sensory axons.  These are examples of pathogens gaining entry to the 

D. CNS via a “back door,” in which the BBB has been circumvented.  EX: Polio .
1. The integrity of the BBB can be disrupted in a number of ways.  

2.  Trauma (e.g., open head wound) 

3.  Certain compounds (e.g., intravenous mannitol, which alters osmotic pressure, causing the BBB endothelial cells to transiently and reversibly shrink) can produces intercellular breaches in the BBB.  

4. It is thought that viral (e.g., HIV) and autoimmune responses (e.g., multiple sclerosis) gain access to the CNS by crossing a microscopically compromised BBB.  This passage may be due to an inflammatory reaction at the endothelial cells that form the BBB.

5. For example, increases in levels of the cytokine tumor necrosis factor alpha (TNF-") are associated with increased prevalence of multiple sclerosis (MS) episodes.  It is speculative, but possibly the intermittent nature of many MS episodes is due in part to intermittent breaches of the BBB that allow the immune system access to the CNS, leading to an immune reaction against myelin.

In the case of AIDS, HIV gains access to the CNS in 80-90% of infected individuals, usually early in 

the infection sequence.  It is not clear if HIV enters the CNS as a free virus and/or via infected cells.  

Among the hypotheses are: (i) direct infection of endothelial cells that form the BBB, or (ii) entry via 

other cells (e.g., adhesion of CD4+ T-cells to cerebral vessels) that breach the BBB and are infected 

with HIV.  Since higher than normal levels of serum proteins (fibrinogen and IgG) are detected in 

postmortem brain tissue of HIV-infected individuals, it is possible that there is a diffuse abnormal 

permeability of the BBB with HIV infection.  A similar mechanism may underlie other viral infections 

of the CNS.

