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CNS: Structure and function (gross)
Gross anatomy
The central fact of brain anatomy is that the brain is entirely encased in bone. This drives much
of the pathophysiology of the brain: the skull cannot expand, and water cannot be compressed.
Any mass or edema, therefore, leads to increased intracranial pressure (ICP) which results in
decreased blood flow and herniation. So why does the brain, alone of all organs, require rigid
encasement?
The brain is composed of neurons and the neuropil (more on this in: CNS, Structure and function
(microscopic)), with virtually no structural connective tissue. This leaves it with the strength and
consistency of cold butter. With no mechanical strength, the brain must be suspended in a water
bath of cerebral spinal fluid, wrapped in several layers of increasingly tough membranes (the
meninges) and surrounded by the skull.
The brain is soft and friable because it has little stromal collagen. In image 1, we see the
connective tissue support in the liver. While this provides enough structure for the
hepatocytes to organize, it gives little strength to the organ. The clinical consequence of this
is that the liver cannot be sutured, as the thread just tears through the tissue. Coagulative
techniques such as microwave or electrocautery must be used. As one can see in Figure 2,
brain has virtually no collagen structure at all, hence its need to be suspended in CSF and
completely surrounded by bone. As with liver, surgery requires coagulative techniques to
control bleeding.
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Surface anatomy of the brain:
Unlike other organ systems, the clinical approach to a chief complaint first requires localization
of the likely site of disease before listing the differential diagnosis (for further discussion, see:
CNS, clinical pathologic correlation). With the availability of CT scans and MRI, these presenting
symptoms and signs can also be correlated to areas of abnormality in imaging. In the cerebral
hemispheres, the neurons (i.e. gray matter) are found on the outside, while the axons (i.e. white
matter) are internal. Neurons can also be found in the nuclei of the thalamus, basal ganglia and
cranial nerves (CN) I and II. With gray matter on the outside of the cerebral hemispheres, surface
anatomy can be correlated to many CNS functions. The most important surface areas are seen in
the image below.
By comparison, the brain stem (i.e. midbrain, pons and medulla) has its white matter mostly on
the outside, with cranial nerve nuclei III-XII on the inside. In the spinal cord, white matter is on
the outside and gray matter is on the inside.
The term “bulbar palsy” refers to weakness from disease in the cranial nerves of the
pons and medulla, which have the shape of a bulb. This traditionally includes CN IX-XII,
resulting in dysarthria, dysphagia, and weakness of the neck. These are lower motor neurons
and physical examination shows decreased reflexes and fasciculations of the tongue.
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Stroke is the fifth commonest cause of death in the USA (2017: 146,000 deaths). Correlation of
neuroanatomy to blood supply is another essential way of correlating structure to function (for
more information, see: CNS, Stroke, under construction)

A. Arteries: ischemic stroke
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B. Small vessels (arterioles): hemorrhagic stroke
- Hemorrhagic strokes account for 10-15% of strokes
- Two-thirds of hemorrhagic strokes are highly correlated to hypertension, which
causes hyaline arteriolosclerosis in small arteries and arterioles inside the brain. The
weakened walls rupture and the intracranial hemorrhage causes damage to the
surrounding neurons. Small bleeds are compatible with survival and leave small
pockets of liquefactive necrosis called lacunae. Large bleeds can be fatal.
o 1/3 of hemorrhagic strokes occur in the cerebral cortex (i.e. they are lobar).
These are mostly due to amyloid vasculopathy. Multiple small bleeds can occur
asymptomatically over years, causing vascular dementia.
- The commonest vessels involved are the lenticulostriate arteries, the first branches
off the middle cerebral artery (MCA).
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C. Venous system (thrombosis)
- The brain lacks a lymphatic system. This requires unique pathways for the clearance
of interstitial fluid.
o Arachnoid granulations: these protuberances of the arachnoid-pia extend into
the superior sagittal sinus (#1 in the image) and allow for the passage of fluid
into the sinus venous system. The mechanism of flow is not well understood.
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Dysfunction of the arachnoid granulations may occur after infection or
bleed. This is thought to be the basis of normal pressure hydrocephalus.
 Meningiomas ae thought to arise in the arachnoid granulations.
o Olfactory nerve: as much as 30% of CSF drainage is thought to leave through
the the cribriform plate of the olfactory nerve. This flows into lymphatics of the
ethmoid space and from there to the deep cervical lymph nodes.
o Dural lymphatics: These are increasingly seen to be important, but they are not
well understood.
o Perivenous space into the veins and venules: Glial cells lining the perivascular
space surrounding venules have aquaporin 4 channels that drain interstitial
fluid.
Emissary veins (#2 in the image) connect the superior sagittal sinus to superficial veins
of the scalp. They can be torn with trauma, giving rise to subdural hematomas.
Facial sinuses can be infected by the fungi Mucorales (disease: mucormycosis) and
Phycomycetes (disease: phycomycosis) in immune impaired patients, particularly
diabetes mellitus. The infection can spread into the periorbital tissues. Vascular
infection (#3 in the image) can lead to direct extension into the brain and death.
Cushing disease can be differentiated from paraneoplastic secretion of ACTH by direct
sampling of the pituitary via the inferior petrosal sinuses (#4 in the image). In tertiary
medical centers, this is replacing the high-dose dexamethasone suppression test.
Venous sinus thrombosis is an uncommon disease in which occlusion of the sinus
leads to necrosis of the brain through poorly understood mechanisms. Thrombosis
occurs in hypercoagulable states, the most common of which are oral contraceptives
and pregnancy. Presentation is highly variable but usually includes raised intracranial
pressure and headache. Diagnosis is by neuroimaging.


-

-

-
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Autoregulation of cerebral perfusion pressure (CPP)
The brain has high metabolic demand, using 20% of the body’s oxygen. This requires coordination
of blood flow to neuronal demand both to the brain and to specific brain regions. Constant flow
is achieved by a well-developed autoregulation, by which a constant blood flow of 50
mL/min/100 gm tissue can be maintained over a cerebral perfusion pressure (CPP) of 60-160
mmHg.
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Oxygen: blood flow increases in arteries and arterioles when PaO2 < 50 mmHg.
CO2: a direct and profound effect on both arteries and arterioles is mediated by extracellular
H+ on vascular smooth muscles.
In the red regions, blood flow depends on mean arterial pressure, in a linear fashion.
Autoregulation in most organs is achieved through changing the resistance in arterioles. Brain is
somewhat unique because 50% of
regulation is also through the large arteries,
namely the internal carotid and vertebral
arteries, especially for high pressures.
Autoregulation in the brain cannot be
sustained at <60 mmHg or >160 mmHg. At
these pressures, cerebral blood flow is
dependent on MAP in a linear relationship.
At high systemic blood pressure, CPP is
maintained within its homeostatic range by
the myogenic reflex of smooth muscle cells
in the arteries. Autoregulation is
maintained by metabolic signals from
numerous local cells and include CO2, O2,
H+, K+, endothelin and others, which induce
NO release by endothelial cells. Endothelial cells
Perpendicular orientation of endothelial cells and
can also directly detect flow through shearing
smooth muscle cells in the arteriole.
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forces. At the microvascular level, flow is regulated by the pericyte. This allows for increased
perfusion when local neurons are active. The autonomic nervous system does not have a major
effect on cerebral circulation.

Clinical-pathologic correlation of cerebral blood flow
Cerebral perfusion is driven by the cerebral perfusion pressure (CPP). This is the net pressure of
the mean arterial pressure (MAP) minus the intracranial pressure (ICP) or venous pressure. As
the skull has a fixed volume, ICP increases as intracranial volume increases. As ICP increases, CSF
is first displaced into the spinal cord spaces and ventricles. When these are full to capacity, then
there is a decrease in venous blood. After this, there is decrease in cerebral blood flow.
Maintaining the CPP in the normal range of 60-80 mmHg is critical in patients with intracranial
pathology or hemodynamic distress.
1. Hemodynamic:
a. Hypertensive emergency: BP > 160/120 mmHg
b. Hypotension / shock: BP < 60 mmHg
2. Intracranial pathology:
a. Space-occupying lesions (e.g. tumors, hemorrhage)
b. Cerebral edema

•
•
•

CPP = cranial perfusion pressure
MAP = mean arterial pressure
ICP = intracranial pressure

Arterial pressure can be directly measured or calculated (MAP = 1/3 systolic pressure + 2/3
diastolic pressure). ICP is usually directly measured by an intraventricular catheter, although
noninvasive ultrasound techniques are available. The generally accepted normal value of ICP is
8-12 mmHg.
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Cerebrospinal fluid (CSF)
The flow of fluids through the brain is different from other organs in the body because the brain
has two fluid flows: blood and CSF. Compare the water compartments of the body to that of the
central nervous system:
-

-

Body:
o
o
o
CNS:
o
o
o
o

Intracellular: 65%
Interstitial: 27%
Intravascular: 8%
Intracellular: 68%
Interstitial: 12%
Intravascular: 10%
CSF: 10%

The CNS has a new compartment, the CSF, but no
lymphatic system. Interstitial fluid is cleared by a
complex, poorly understood system regulated by the
glial cells, called the Glymphatic system (discussed in:
CNS, Structure and function, Histology).
There is about 150 mL of CSF and it turns over
about 3 times/day, a production of ≈500 mL/day.

Structure and flow of the CSF
1. 80% of the CSF is produced in the choroid plexus of the lateral ventricles.
a. Choroid plexus is also found in the 3rd and 4th ventricles.
b. CSF is produced in 2 steps:
i. Through the fenestrated endothelium by systolic pulse pressure
ii. Through the choroid epithelium through selective channels. CSF has higher
levels of Na+, Cl- and glucose than plasma.
2. CSF passes through the foramen of Munro into the 3rd ventricle
3. It passes down the aqueduct of Sylvius into the 4th ventricle, with its cerebellar roof.
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4. It passes out of the midline foramina of Magendie and lateral foramina of Luschka into
the subarachnoid space.
5. CSF is resorbed into the dural venous sinuses through the arachnoid granulations.

5

1

2

3

4
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Why is there an internal ventricular system?
It is self-evident that the soft, friable brain is protected by floating it in the water bath
of external CSF. It is not clear why there is an internal ventricular system that produces the
CSF, which then flows to the outside. The best guess is that the embryologic development of
the brain occurs by growth signals released into the ventricular CSF by periventricular tissues.
The ventricles grow together with the cortex, Neurons and glial precursor cells form in
subependymal tissue around the ventricles, called the germinal matrix. These cells migrate
to the cortex from the germinal matrix from week 8 to week 28, after which the matrix
regresses.
The germinal matrix (GM) has a unique vasculature that is prone to rupture in
premature infants, causing periventricular and intraventricular hemorrhage (GMH/IVH).

Clinical pathologic correlation of the ventricles and periventricular tissues
-
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Hydrocephalus
o Hydrocephalus refers to an increase in cerebrospinal fluid (CSF) within the
ventricles and/or the subarachnoid space. There are many causes, but the
commonest causes can be classified into:
 Childhood
• Congenital:
o Stenosis of the aqueduct (idiopathic): most common cause
o Malformations
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Dandy-Walker malformation: obstruction of foramina of
Magendie and Luschka leading to cerebellar atrophy
Chiari malformations: protrusion of cerebellum into the
spinal canal, with obstruction of foramina

Acquired:
o Neoplasia (and infection and hemorrhage): most childhood CNS
neoplasms are infratentorial. Increased ICP causes headache
and cerebellar involvement causes ataxia.
 Adults
• Normal pressure hydrocephalus (NPH)
o Most childhood hydrocephalus is due to obstruction in ventricular drainage
(aka non-communicating hydrocephalus).
 Presentation: depends upon whether or not there is fusion of the cranial
sutures.
• Before closure, the children develop large heads with few early
symptoms.
o P/E shows increased head circumference
• After closure, there is rapid increase in ICP with destruction of brain
tissue.
o Symptoms usually include headache along with neurologic
abnormalities
o Signs include dorsal mid-brain pathology
 Sunset eyes: at rest, there is downward gaze and sclera
above the irises
•

Sunset eyes in hydrocephalus
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Parinaud syndrome (dorsal midbrain): vertical gaze palsy,
pupillary near-light dissociation, lid retraction,
convergence-retraction nystagmus
• Diagnosis: imaging to show ventricular dilation, ↑CSF pressure, usually
measured by a surgically implanted ventricular pressure transducer.
o Adults: normal pressure hydrocephalus (NPH)
 An idiopathic disease with ventricular dilation. This is
Triad of NPH:
associated with the triad of: gait disturbance (most
• Wet (incontinence)
important), incontinence and dementia. Spinal tap has a
• Wacky (dementia)
normal opening pressure.
• Wobbly (ataxia)
• This is presumed to be a disease of decreased
absorption of CSF by the arachnoid granulations. >50% of NPH
patients have granulation fibrosis. The commonest cause is
hemorrhage.
 This is one of the few reversible causes of dementia (also reversible are:
depression, alcoholism and subdural hematoma).


-
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Premature infants and periventricular leukomalacia and hemorrhage (GMH-IVH)
o As discussed above, development of the cerebral cortex seems to require
ventricles. The CSF formed in choroid plexus of the ventricles carries the
growth factors and other signals necessary for embryologic development.
o It is in the periventricular germinal matrix, in the subependymal tissues, that
the glial and neurons are formed and migrate to populate the gray matter of
cortex.
o The germinal matrix peaks in volume around week 23 and involutes by week
33. This is significant as it is a highly vascular tissue and its unique blood
vessels are fragile and prone to rupture in hypoxia.

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org
o There are 2 pattern of pathology associated with the germinal matrix:
 Periventricular leukomalacia: early injury in the second trimester causes
white matter necrosis. If the fetus survives, repair changes of gliosis and
lacunae from liquefactive necrosis are found. This is associated with the
motor defects of spastic diplegia seen in cerebral palsy (discussed further
below).
 Periventricular hemorrhage: premature infants (i.e. gestational age < 36
weeks) are at risk for acute respiratory distress syndrome and hypoxia. A
major complication of this is germinal matrix hemorrhage (GMH), due to
the fragile capillaries in this tissue. If this hemorrhage is large enough, it
can rupture into the ventricle (i.e. intraventricular hemorrhage, IVH). This
has significant risk of death and long term morbidity. This continuum of
disease is often abbreviated as GMH/IVH.
-
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Cerebral palsy
o A heterogeneous group of congenital, non-progressive disorders of motor
function. There are two general patterns:
 Spastic subtypes:
• Spastic diplegia: associated with prematurity and its pathology of
periventricular leukomalacia. Legs are affected.
• Spastic hemiplegia: stroke-like, with arm > leg and both motor and
sensory loss
 Dyskinetic subtype: associated with severe hypoxia. Due to involvement of
thalamus and basal ganglia.

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org
CNS: Structure and function (gross)
Do You Know It?
1. Correlate the region to its clinical function:

2. What are the 4 commonest sites of hemorrhagic stroke?
a. How is the pathology of a lobar hemorrhagic stroke different from that of a
stroke in the basal ganglia?

3. Describe a characteristic pathology associated with the following cerebral venous
structures:
a. Transverse sinus
b. Emissary veins
c. Ophthalmic veins
d. Inferior petrosal vein
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4. How does the physician evaluate adequacy of cerebral perfusion when there is acute
intracerebral pathology?

5. Describe the flow of CSF from its formation to its absorption.

6. What are the commonest causes of hydrocephalus?

7. If a premature infant does not die from the hypoxia of acute respiratory distress
syndrome, what is their next greatest life-threatening complication?
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