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Central Nervous System: Clinical Pathologic Correlation

1

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org
In other organ systems, the approach to a diagnosis is chief complaint → differential diagnosis
(organ > family of diseases > specific disease). In neurologic diagnosis, one starts by finding the
chief complaint, but this is followed by anatomical localization and time frame to establish a
differential diagnosis. The need to first localize the disease is distinctive to neurology.

1.Peripheral nervous system, 2. Neuromuscular junction

Time frame of neurologic diseases:
-

-

-

-
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Ischemia: neurons can only survive 3-5 minutes of hypoxia before they lose function. The
onset of stroke is referred to as “the hand of God” for its
suddenness of onset.
Abscess: in a bacterial infection, symptoms start to appear
about day 3, the period of peak neutrophil response.
Neoplasm: unless otherwise specified, neoplasms are
presumed to be aggressive in behavior. Aggressive
malignancies usually develop progressively severe
symptoms over 8-16 weeks.
Degenerative diseases: the dementias which are mostly
proteinopathies, are progressive over years. Alzheimer
disease has a typical life expectancy of 8 years, with wide
variation. Prion disease is a noteworthy exception as it
progresses to death over months.
Autoimmune disease: multiple sclerosis is distinctive as it
waxes and wanes over months to years.
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Localization of neurologic pathology

Cerebrum > basal ganglia > cerebellum > spinal cord > spinal root > PNS > NMJ > muscle

Chronic disease presentations with specific localization
Structure
Cerebrum

Presentation
↓mental function
Judgement
Contralateral agnosia
Agraphia, finger agnosia,
acalculia, L-R dissociation
Aphasia, receptive
Aphasia, expressive
Acute confusion, ataxia,
nystagmus
Chronic confabulation
Basal
Movement disorders
ganglia
(tremor)
Brain stem “Crossed” defect
Cerebellum Ataxia, limbs
Ataxia, core
Spinal cord Specific body level
Pain/temperature opposite
side to vibration
Spinal root Radiating limb pain,
radicular pattern
Peripheral Sensory / Motor loss
nerve
NMJ
Weakness that changes
with exercise
Muscle
Weakness with tenderness

CNS region
Global
Frontal
R parietal-temporal
L parietal-temporal

Model diseases
ALZ1, vascular dementia, LBD2
FTD3, Huntington disease
Stroke
Stroke (Gerstman syndrome)

Wernicke
Broca area
Mamillary body

Stroke
Stroke
Wernicke encephalopathy
(thiamine deficiency)
Korsakoff syndrome
Parkinson disease
Huntington chorea
Lateral medullary syndrome
Stroke, neoplasm

Substantia nigra
Caudate, frontal
Medulla
Hemisphere
Vermis

Paraplegia, quadriplegia
Brown-Sequard syndrome
Protruding lumbar disc
Carpal tunnel4, foot drop5,
stockings & gloves6, shingles7
MG8, Eaton-Lambert
syndrome
Myositis

1. Alzheimer disease, 2. Lewy body dementia, 3. Frontotemporal dementia, 4. Median nerve, 5. Peroneal, 6.
Diabetes mellitus, 7. Varicella-Zoster dermatome, 8. Myasthenia gravis
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How to use a table for learning

It is important to avoid passive learning when studying a table. One should cover a column and then fill it
in the blanks. In this table, take a specific presentation and then state where the abnormality would be
found in the CNS. For example, a patient with receptive aphasia would most likely have a stroke involving
Wernicke’s area. Be sure to cover different columns. For example, a stoke in Broca’s area would have
what presentation? Correlate these presentations to images from neuroanatomy. These would be the
three images necessary for the presentations which can be localized:
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Localization in long tract pathway pathology:
This is not meant to be an exhaustive correlation, but more an illustration of how to correlate
presentation to localization and its likely pathology. For motor defects (i.e. weakness), the
diagnostic process follows this progression:
Motor: corticospinal tract
1. Pattern of weakness:
a. Severity of weakness:
i. Palsy………………………………..nonspecific term for any degree of weakness
ii. Paresis……………………………..weakness
iii. Paralysis or ____plegia…….no movement
b. Pattern of weakness:
i. Hemi-………………………………one side (i.e. left or right)
ii. Di-…………………………………..symmetrical (i.e. both sides, esp. cerebral palsy)
iii. Para-……………………………….both legs
iv. Tetra- or quadri-……………..arms and legs
2. Upper motor neuron versus lower motor neuron
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Time frame (discussed above):
•
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The commonest pathology of the CNS is either stroke, which has a sudden onset
of symptoms over minutes or neoplasm, which has progressive symptoms over
weeks to months. Stroke has 2 basic pathologies, hemorrhagic stroke associated
with the hyaline arteriolosclerosis of hypertension and ischemic stroke
associated with thrombosis of atherosclerotic plaque in arteries. Ischemic stroke
can either be embolic from the heart, seen with dyskinetic ventricular walls from
coronary artery disease or arrhythmia such as atrial fibrillation.
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Case 1. Unilateral weakness of the face and arm
o Localization (site of defect):
o Probable: contralateral primary motor cortex
o Unlikely:
 Internal capsule: (this is a small region
and it is uncommon not to also involve
the leg)
 Peripheral nerve (PNS): geographically
too remote to each other.
o Directed physical exam (to support localization):
o UMN signs
o Adjacent functions: Sensory loss, Broca area
dysarthria, non-dominant parietal lobe
hemineglect.
o Time frame:
o Acute: superior branch of the middle cerebral
artery (MCA)
o Chronic: mass lesion (e.g. neoplasm)
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Case 2. Pure unilateral motor hemiparesis
o Localization:
o Possible: below the cortex and above the
medulla. Most likely is the internal capsule
where the corticospinal tracts run close
together.
o Unlikely:
 Cortex: would have to involve the
entire motor cortex without
involving the sensory cortex
 Spinal cord: would spare the face
o Directed physical examination:
o Upper motor neuron (UMN) signs
o Time frame:
o Acute (minutes):
 Small stroke (lenticulostriate artery
from the MCA). These small strokes
are often referred to as lacunar
infarcts.
o Chronic:
 Mass lesion (e.g. neoplasm,
abscess).
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Case 3. Unilateral leg weakness
o Localization:
o Possible:
 Primary motor cortex, medial surface
of the frontal lobe
 Spinal cord lesion, unilateral,
involving the corticospinal tract
below T1 (as arm is spared).
 Peripheral nerve to the leg
o Unlikely:
 Internal capsule down to the cervical
spinal cord, as face and arm spared
o Directed physical exam:
 UMN versus LMN
 Brown-Sequard (contralateral loss of
pain/temperature)
 Foot drop: the common peroneal
nerve travels outside the fibular head
and can have compression
dysfunction.
o Time frame:
o Motor cortex: infarct of the ACA, mass lesion
(especially a meningioma arising on the falx
cerebri)
o Spina cord: trauma, tumor, multiple sclerosis
o Peripheral nerve: compression lesion,
diabetes mellitus
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Sensory: spinothalamic tracts & dorsal columns
Sensory loss can be caused by lesions anywhere along the somatosensory pathways, which are
discussed in detail in the neuroanatomy section. The 2 key clinical presentations for these
pathways are one-sided loss of sensation due to stroke of the primary sensory cortex.

Case 1. Unilateral sensory loss of arm and leg
o Localization:
o Probable: contralateral primary sensory
cortex
o Unlikely: thalamus (sparing of midline cortex)
o Directed physical exam:
 UMN signs
 Adjacent functions: 1° motor cortex,
Broca area dysarthria, parietal lobe
(Gerstmann if dominant side, hemineglect if non-dominant side)
o Time frame:
o Acute: superior branch of the MCA occlusion
(thrombosis/embolus)
o Chronic: mass lesion (e.g. neoplasm)
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Functional anatomy of the middle cerebral artery (MCA)
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Case 2. Unilateral sensory loss to entire side
o Localization
o Probable: contralateral thalamus (thalamic
radiations from VPL & VPM nuclei)
o Unlikely:
 MCA as there is leg involvement,
supplied by the ACA
o Directed exam:
 UMN signs
 Motor involvement if the internal
capsule is involved.
o Time frame:
o Acute: branches of the PCA (hemorrhagic
stroke in hypertension or lacunar infarcts)
o Chronic: mass
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Case 3. Lateral medullary syndrome (aka
Wallenberg)
Ipsilateral ataxia (cerebellar peduncle)
Ipsilateral ↓pain & temperature of
face (CN V nucleus & tract)
• Contralateral ↓pain & temperature of
body (spinothalamic tract)
• Vertigo (vestibular nucleus)
• Hoarseness (nucleus ambiguus)
o Localization:
o Probable: lateral medulla
o Unlikely: medial medulla (which would involve
the corticospinal tracts)
o Directed exam: ischemia may extend to
involve the sympathetic chain (Horner
syndrome) or nucleus solitarius (ipsilateral
taste)
o Time frame:
o Acute: occlusion of vertebral artery
(atherosclerosis or chiropractic manipulation)
o Chronic: mass
•
•
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The lateral medullary syndrome and neuroanatomy
The lateral medullary syndrome is often used as a reference point for understanding all other brain stem
syndromes. It is worth taking the time to master the anatomy.

14

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org
Localization in cranial nerve pathology:
The emphasis in this section will be on the pathologic processes that are associated with
isolated cranial nerve disease. A comprehensive discussion of the physical examination of the
cranial nerves is discussed in the neuroscience section of Medical School Companion.org (see:
Neuroscience, brain stem)

I
II2

Comment
Congenital

Pathology
Impaired migration of GnRH cells

Acquired

Traumatic fracture of cribriform plate
Optic neuritis in MS
Pituitary adenoma at chiasma
Uncal herniation in cerebral edema
Trigeminal neuralgia
Herpes viruses4
Meningeal tuberculosis

III
V
VI

Longest nerve
along base of brain
VII UMN
LMN
VIII Auditory
Vestibular

Virus4, Lyme disease, idiopathic
Acoustic neuroma

Presentation
Kallman syndrome
(anosmia, IHH1)
Rhinorrhea (CSF leak)
Pain, loss of vision
HA3, hemianopsia
Coma, “blown pupil”
Stabbing pain in face
Cold sores, shingles
Diplopia
Bell palsy
Deafness (mechanical)
NF25
Ménière disease
(vertigo)

1. Idiopathic hypogonadotropic hypogonadism, 2. Visual field defects is a large subject, 3. Headache 4.
Herpes simplex virus > varicella-zoster virus, 5. Neurofibromatosis type 2

Notes:
Kallman syndrome:
o Pathophysiology:
o Gonadotropic hormone releasing cells fail to migrate to the hypothalamus from their
origin in the olfactory epithelium. Defect is in the protein anosmin.
o Lack of GnRH leads to deficiencies of FSH and LH and “idiopathic” hypogonadotropic
hypogonadism (IHH).
o Presentation:
o Males > females (4:1)
o Failure to start puberty. In females, this manifests as 1° amenorrhea
o Diagnosis:
 Low FSH/LH levels; low sex hormones
 Difficult to differentiate from constitutional delay without (+) family history
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o Natural history:
o Treatment:
 Induction of puberty:
• Females: estrogen
• Males: testosterone
 Fertility:
• Gonadotropins or pulsatile GnRH

Basilar skull fractures with CSF leak
o Pathophysiology:
o Blunt trauma to the head causes linear fractures of the skull. Basilar fractures occur
along the skull base and are associated with tearing of the meninges. This is significant
for 2 reasons. Firstly, tearing has associated bleeding which causes irritation and
headaches. Secondly, 20% of tears are have a CSF leak, either into the ear (i.e. otorrhea)
or ethmoid sinus (i.e. rhinorrhea).
 Falls are the commonest cause of trauma in children <2 years old. Assault and
MVA are commonest in young adults.
o Presentation:
o Leakage of CSF through the ethmoid sinus presents as rhinorrhea
o Diagnosis is by CT scan.
o Natural history:
o Treatment:
 Most CSF leaks spontaneously resolve with 7 days.
 After 7 days, surgical closure is indicated.
 Vaccination with Pneumovax for prophylaxis. Antibiotics have not proven to be
helpful.
o Complications:
 The major risk is meningitis, especially by pneumococcus.
Optic neuritis
o Pathophysiology:
o Optic neuritis is an acute demyelinating disease of the optic nerve.
o It is the commonest presentation of multiple sclerosis (MS), the first manifestation in
20% of cases, and occurs in 50% of patients over the course of the illness
o As a manifestation of MS, it is presumed to be immunologic in origin, with inflammatory
destruction, demyelination and lipid-laden macrophages.
o Presentation:
o Epidemiology: mirrors MS (i.e. female, 20-40 years old, Northern geography)
o Symptoms:
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 Monocular vision loss over hours to days
 Eye pain, worse with eye movement
o Signs:
 Papillitis
 Visual field defects
o Testing:
 MRI with contrast
• Optic nerve inflammation
• Multiple foci of cortical demyelination, seen in >40% of patients at time
of first presentation.
o Natural history:
o Prognosis:
 90% will have return to near normal vision over 1 year
 50% will develop MS over the next 15 years, with median time to onset of 3
years.
o Treatment:
 IV steroids
 If there are multiple brain lesions, then MS treatment of interferon-β is
indicated.
Pituitary adenoma with bilateral homonymous hemianopsia
o For more information see: Endocrine, anterior pituitary gland.
Coma with “blown pupil” in uncal herniation
o For more information, see: CNS, general pathology, cerebral edema, herniation.
Trigeminal neuralgia
o Pathophysiology:
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o Compression of the trigeminal nerve as it enters the pons causes
focal demyelination. The commonest cause is an aberrant looping
artery or vein.
 It is not well understood how the demyelination occurs.
o Presentation:
o Symptoms:
 Unilateral, sharp, stabbing pain in the distribution of the
trigeminal nerve.
 The pain can be triggered by light touching.
o Diagnosis: clinical
o Natural history:
o Treatment: carbamazepine
Herpes viruses and the cranial nerves
o Herpes simplex virus (HSV) and varicella-zoster virus (VZV) are neurotropic and have the
natural history of latency. After an acute infection, they have the capacity to become
dormant and antigenically undetectable for decades.
o It is thought that HSV latency in the ganglia of CN V and CN I account for the development
of HSV encephalitis in the temporal lobes.
o The 2 peak incidences of HSV encephalitis are in young adults, associated with primary
infection and in 50 year olds, with re-activation as immunity dysregulates.
o VZV infects sensory nerves after it establishes skin infection. Latency occurs in the regional
sensory nerve ganglia, including cranial nerves, Re-activation leads to shingles.

Tuberculous meningitis (TBM)

o The most lethal form of tuberculosis, it has a non-specific
presentation of fever, malaise and headache.
o Pathophysiology: blood-borne organisms from the lung
form sub-pial abscesses that rupture into the CSF. Most of
the meningeal involvement is along the base. Cranial nerve
VI has a long course in the basilar location and its loss of
function is a distinctive finding on the physical examination
in TBM
o It usually takes several days to make the diagnosis as testing
is problematic. Direct acid-fast stains are insensitive,
cultures require a sophisticated laboratory and take 1-2
weeks for growth, nucleic acid amplification tests (NAAT)
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are expensive and require sophisticated laboratories and Interferon-γ release assays (IGRA)
have not worked well in active disease.
Bell palsy

o Presentation:
o Sudden onset over hours of complete facial paralysis. There is loss of facial movement
over the entire face as the pathology is in the facial nerve.
 Lower motor neuron signs are present
 There is sparing of muscles of the forehead, which have a dual innervation.
o Physical exam: Unilateral, ipsilateral to injury
 Drooping eyebrow
 Inability to close eyelids
 Loss of nasolabial fold
 Drooping mouth
o Diagnosis is clinical.
o Pathophysiology
o Usually due to viral infection,
herpes simplex virus > varicella
zoster virus. Inflammation is found
along the entire nerve, but loss of
function is mostly due to
compression of the edematous
nerve as it passes through the
boney facial canal.
o Natural history:
o Prognosis: benign self-limited, with
resolution within 4 months
o Treatment: oral steroids. Anti-viral
medication can be tried in severe
disease.
Acoustic neuroma
o Presentation:
o Epidemiology: peak incidence at age 50 years,
o Symptoms:
 Unilateral deafness and tinnitus
o Physical exam:
 Weber test: tuning fork is placed on the midline head (see image and table)
 Rinne test: bone conduction (mastoid process) duration is compared to air
conduction duration. See image and table

19

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org

Weber test
Rinne test
Normal
Both sides equal
AC1 > BC2
Sensorineural Sound “comes” from AC > BC
loss
normal ear
Conductive
Sound “comes” from BC >>> AC
loss
abnormal ear
1. Air conduction, 2. Bone conduction

o Testing:
 Imaging: MRI scans can detect masses as small as 1-2 mm
o Pathophysiology:
o Acoustic neuronas are schwannomas, benign tumors of the Schwann cell (i.e. myelin
sheath production), that arise from perineural elements.
o 90% arise in the cerebellopontine angle
o Bilateral acoustic neuromas are associated with neurofibromatosis type 2 (NF2).
 NF2 is a loss of function for the protein merlin, a tumor suppressor protein
linked to contact inhibition.
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o Natural history:
o Prognosis: benign, slow-growing tumors
o Treatment:
 Conservative: small tumors with tolerable symptoms in patients > 60 years
 Surgery

For discussion of:
-
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Basal ganglia: see Neuroscience, basal ganglia and Clinical Pathologic correlation, CNS,
movement disorders (both under construction)
Spinal cord: see Neuroscience, vertebral column and spinal cord
Peripheral nerves: see Neuroscience, peripheral nerves (under construction)
NMJ and muscle: see Clinical Pathologic correlation, musculoskeletal system (under
construction)
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Central Nervous System: Clinical Pathologic Correlation
Do You Know It?
1. What is the time frame for presentation and evolution of the following pathologic
processes of the CNS?
a. Acute infection
b. Aggressive malignancy
c. Multiple sclerosis
d. Degenerative dementias
e. Sudden ischemia
2. Fill in the table:
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3. What are the features of an upper motor neuron (UMN) lesion versus a lower motor
neuron (LMN) lesion?

4. Localize the following symptoms and blood vessel, if sudden onset:
A

Weakness

D

Weakness

E

Sensory loss
23

C

B

Weakness

F

Sensory loss

Sensory loss
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Answer 4A. Superior branch MCA (look for matching sensory loss, expressive aphasia), B.
Lenticulostriate arteries (internal capsule, lacunar or hemorrhagic stroke), C. ACA (Upper motor
neuron), spine and PNS (LMN), D. same as “A”, E. Branch of PCA, (thalamus, lacunar or
hemorrhagic stroke), F. vertebral artery > PICA (lateral medullary syndrome)

5. Describe the presentation of a stroke from occlusion of the middle cerebral artery (MCA)
superior division versus the inferior division.

6. Describe the presentation of a lateral medullary syndrome and correlate this to the anatomy of
the medulla.

7. Correlate the following presentations to the appropriate cranial nerve and its likely cause:
a. Primary amenorrhea
b. Cold sore
c. Rhinorrhea
d. Unilateral deafness
e. Loss of facial movement
f. Dilated pupil following head trauma
g. Painful eye with loss of vision
h. Diplopia in a child with tuberculosis
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