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CNS: Dementia and the neurodegenerative diseases
-

Introduction:
o The neurodegenerative diseases all have progressive loss of functional groups of
neuron. This is different than the geographic relationship seen in diseases like
cerebrovascular disease. In the degenerative diseases, the neurons are part of a
neural system, which gives them characteristic symptoms and signs.
o These diseases all have a common pathophysiology: the accumulation of protein
aggregates. These aggregates cannot be degraded and their accumulation can be
toxic to the neuron and/or trigger the misfolded protein response that induces
apoptosis. This common feature has led to the group to be called the
proteinopathies. For example. Parkinson disease and Lewy body dementia are
called synucleinopathies as the protein that accumulates is synuclein.
o Many of these protein aggregates have been recognized and named over the years.
These proteins and the cells in which they accumulate are often the diagnostic
hallmark of the disease.
o Neurodegenerative diseases can be approached clinically by their functional
pattern or pathologically by their cellular / molecular abnormalities.

Disease
Alzheimer
FTD2

٠Parkinson
٠Lewy body
dementia
Huntington
CreutzfeldtJakob
ALS3

Protein
٠Amyloid β
٠Tau
Amyloid β
TDP-43, tau, FUS
α-synuclein

Huntingtin
PrPsc
٠SOD (familial)
٠TDP-43

Pathology
٠Plaque
٠NFT1
Vasculopathy
Pick body
Lewy body

Aggregates
Spongiform
degeneration
Aggregates

Region affected
Hippocampus

Presentation
Memory loss

Cerebral arteries
Stepwise dementia
Frontotemporal lobe Executive function
Nigrostriatal system Motor function
Cortex

Dementia

٠Caudate nucleus

٠Motor function

٠Frontal lobe
Diffuse

٠Executive function
Dementia over
months
weakness

UMN and LMN4

1. Neurofibrillary tangles, 2. Frontotemporal dementia, 3. Amyotrophic lateral sclerosis, 4. Upper and lower motor
neurons

-
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Overview of dementia
o Definition: acquired loss of the cognitive ability needed for daily activities.
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o Benign forgetfulness of the elderly is a common finding with aging.
 12% /year of these patients will progress to Alzheimer disease (AZD) over
the next 4 years
 There is limited ability to predict which patients will develop AZD
• Imaging: temporal lobe atrophy
• Genetics: presence of APOE allele
o The 3 commonest causes of dementia are:
 Alzheimer disease
 Vascular dementia
 Parkinson disease
Common reversible causes of dementia
1.
2.
3.
4.

Depression
Alcoholism (+ vitamin deficiencies)
Communicating hydrocephalus (i.e. normal pressure hydrocephalus)
Chronic subdural hematoma

Alzheimer disease (AZD)
-

-
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Epidemiology
o The most common cause of dementia; its incidence is related to age.
o Prevalence rises from 1% at age 65 to 40% at age 90 years
 AZD is rare before age 50 years.
o 5-10% are hereditary.
Pathophysiology:
o The fundamental abnormality is the accumulation of 2 proteins:
1. Amyloid (Aβ):
• Amyloid precursor protein (APP) is a transmembrane domain of
uncertain function, located on chromosome 21.
o Trisomy 21 (Down syndrome) has overrepresentation of
APP due to the extra chromosome 21. Increased plaques
and NFT are evident in these patients by age 40. 75% have
AZD by age 65 years.
• Normal metabolism of APP is by α-secretase which cleaves the Aβ
segment in its transmembrane region. The resulting fragments can be
completely processed.
• When AP is cleaved by β-secretase and then γ-secretase, the Aβ
fragments are released into the extracellular space where they form
oligomer aggregates.
• The aggregates can β-pleat to form amyloid.
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Amyloid can accumulate in the extracellular space to form
- Neuritic plaques (aka senile plaques)
- In cortical arteries, causing amyloid vasculopathy.
2. Hyperphosphorylated tau:
• Tau is a microtubule-associated protein that becomes
hyperphosphorylated in AZD, forming neurofibrillary tangles.
• This disrupts normal axonal transportation.
• Hyperphosphorylated tau can propagate from one neuron to another.
• It can be found in other neurodegenerative diseases (the “tauopathies”)
including frontotemporal dementia, some cases of Parkinson disease,
and acquired diseases like post-trauma and lead toxicity.
•

o Pathology:
1. Neuritic plaques:
• Cores of amyloid Aβ are surrounding by dystrophic axons and dendrites
of the neuron, microglial cells and reactive astrocytes.
• Plaques start in the hippocampus so that memory is lost first and with
progression over the cortex over years.
2. Neurofibrillary tangles:
• Paired helical filaments of hyperphosphorylated tau are found in the
cytoplasm of neurons, especially around the nucleus and in the
dystrophic axons and dendrites in the periphery of plaques.
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Their shape varies by neuron: “flame-shaped” in pyramidal neurons,
“basket-weave” in round neurons.
• Like the plaques, they start in the medial temporal lobe.
3. Amyloid vasculopathy
• The same amyloid Aβ found in neuritic plaques is found in the arteries.
• It has a high prevalence in AZD, making the dementia a mixed pathology
(i.e. both AZD and vascular dementia).
• The rupture of the weakened vessel wall leads to cortical hemorrhages
and vascular dementia.
•

4. Gross pathology:
• The brain shows cerebral atrophy, starting in the medial temporal lobes
and then progressing over the cortex.
- The hallmark of atrophy is widening of the cerebral sulci.
• End stage disease shows enlarged ventricles, called hydrocephalus ex
vacuo, which is 2° to loss of brain volume.
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Presentation:
o Symptoms:
1. Memory impairment is the commonest initial symptom. It is specifically a
loss of retention and recall of facts, called declarative memory.
2. Executive function and judgement are lost with progression of the disease.
3. Dementia is commonly mixed with vascular dementia from the amyloid
vasculopathy.
o Physical exam is not central to the diagnosis and treatment of AZD.
o Testing:
1. Neurocognitive testing: sensitive to many impairments, including executive
function. It is useful in establishing a baseline and monitoring progression.
2. Neuroimaging:
• MRI is useful in ruling out other causes of dementia.
• Hippocampal and medial temporal atrophy are supportive of the
diagnosis.
o Diagnosis:
1. Definitive diagnosis is made by finding a significant increase in plaques and
NFTs in the temporal lobe in a patient with matching clinical findings. This
can only be done at autopsy.
• There is an increase in plaques and NFT with normal aging. These must
be significantly increased to diagnose AZD.
2. A provisional diagnosis can be made in a living patient by showing
impairment of memory and one other cognitive domain abnormality (e.g.
aphasia, apraxia, executive function), together with chronic progression and
no other neurologic disease (i.e. negative MRI scan).
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Natural history:
o Prognosis: median survival is 8-10 years, but there is wide variation.
o Treatment:
1. There is only mild benefit and no evidence of neuroprotective effects.
2. Cholinesterase inhibitors: increase acetyl choline levels in the nucleus basalis
of the forebrain. This area has broad function, including memory and
attentiveness.
3. Memantine: acts as an antagonist to glutamine receptors, decreasing
excitotoxicity. Memantine is used as a second line drug.

Frontotemporal dementia (FTD)
-

-

-
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Epidemiology:
o Younger age of onset for a dementia (median age = 58 years)
o Strong family history of psychiatric disease / dementia. 10-20% are autosomal
dominant.
Pathophysiology:
o Neuronal loss in the frontal and temporal lobes is associated with the buildup of
proteins in the cell.
1. Most common proteins are FDP-43, tau and FUS
2. The specific protein is not associated with any specific pattern of disease.
o Pathology:
1. Atrophy of the frontal and temporal lobes.
2. Neurons with tau aggregates are called Pick bodies.
Presentation:
o The frontotemporal lobes manage executive functions. Patients present with
disruption of core emotional and personality attributes.
o Diagnosis:
1. Neuropsychological testing: impairment of executive function
2. Imaging: atrophy of frontotemporal lobes
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Natural history:
o Prognosis: 8-10 years from presentation of symptoms
o Treatment: none are disease specific.

Parkinson disease (PD)
-
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Introduction:
o Parkinson disease is a disease of hypokinesis due to failure of the substantia nigra
pars compacta to produce dopamine.
o Parkinsonism refers to clinical entities that produce signs and symptoms similar to
Parkinson disease.
 Secondary parkinsonism
• In addition to other uncommon primary neurodegenerative diseases,
the motor abnormalities of tremor, bradykinesia, rigidity and postural
instability can also be seen in:
- Wilson disease
- Anti-psychotic drugs
- Trauma, especially repeated trauma like boxing
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Toxins: CO, CN, MPTP
MPTP: modeling Parkinson disease
In 1983, 4 young adults developed Parkinsonism after
injection of an illegal synthetic opioid. Subsequent
investigation showed that a contaminant, MPTP, was
neurotoxic to the basal ganglia. Mammal models of
Parkinson disease are made by the injection of MPTP.

-

Others

Pathophysiology:
o Normal signaling of the basal ganglia (aka extrapyramidal system), called the
nigrostriatal pathway, is characterized by dopamine production in the substantia
nigra compacta (SNc) released in the putamen (or striatum as it is composed of the
putamen and caudate nucleus together). There are 2 different dopamine receptors
in the putamen:
1. Direct pathway (D1 receptors): these are net stimulatory to the thalamus
2. Indirect pathway (D2 receptors): these are net inhibitory to the thalamus
The nigrostriatal pathway: what to learn
One can learn all of the steps of the pathway. This are not routinely needed in patient
care and so they will be quickly forgotten. What is needed in patient care is an
understanding of deep brain stimulation (DBS) in PD. A wire can be threaded through
the skull to the globus pallidus internal (GPi) and/or the subthalamic nucleus (STN).
When stimulated, the signal suppresses the target structure.
-

GPi is inhibitory and suppression decreases its inhibition of the thalamus.
STN stimulates the GPi. Inhibition of the STN decreases the inhibitory signal of
the GPi.

DBS does not bring Parkinson patients back to normal function, but only to their best
functioning level. It mostly improves motor function.
o PD has progressive loss of the substantia nigra pars compacta (SNc).
Symptoms start when there is an 80% decrease in dopamine levels,
which occurs after a loss of >60% of dopaminergic cells.
o There is accumulation of α-synuclein in the neurons of the SNc. It is
presumed that this is either toxic to the neuron or induces apoptosis
through the misfolded protein stress response.
 The accumulated of α-synuclein is called a Lewy body.
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The dark pigment in the substantia nigra is a neurocatecholamine that is
unrelated to the disease.

The basal ganglia and their signaling pathways
-
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Presentation:
o Symptoms:
1. Tremor: most patients first recognize their disease due to hand tremor.
2. Bradykinesia: initiation of movement and “smallness” of action can be seen
in the gait and handwriting.
3. Rigidity: this is experienced by the patient as pain and tightness of muscles
4. Postural instability: falls are a major risk factor for patients
5. Non-motor: depression, anxiety, autonomic nervous system dysfunction.
o Physical examination:
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1. Tremor.

•
•
•

Pathologic tremors
Resting: typical of Parkinson disease. Alleviated by intentional action
Intention: zigzag action of hand when reaching. Typical of cerebellar dysfunction.
Essential: high frequency. Worse with action or arms extended. Hereditary.

2. “Cogwheel” rigidity of limb motion
3. Bradykinesia: multiple small steps, difficulty turning around and difficulty
walking backwards
4. Postural instability: patient cannot recover if pulled from behind

-
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o Testing:
 Diagnosis is clinical. The accuracy at first visit is about 80%, as there are many
diseases with parkinsonian features. PD is progressive over years.
o Key triad of: tremor, rigidity and bradykinesia, together with a
positive response to a trial of L-dopa.
 Neuroimaging: MRI is performed to exclude other underlying pathology.
Natural history:
o Prognosis: most patients live a near normal life span.
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o Complications:
 Falls
 Aspiration
 Dementia: mild cognitive impairment is common after 10 years. About 10%
of patient will develop dementia.
o Treatment:
 Principles:
• Motor fluctuations and dyskinesia are of foremost importance in treatment:
- Motor fluctuations refers to the “on” period, where there is response to
the L-dopa, and “off” period, where the response wears off. Critical in this
is “freezing of gait” in which there is an intention to walk but no leg
response. This is a common cause of falls, a major cause of morbidity and
mortality.
- Dyskinesias are the abnormal movements brought on by the use of L-dopa.
 Peak dose occurs 60-90 minutes after ingestion when the patient is
“on”.
• Over years, the therapeutic window between “on” and “off” narrows, making it
hard to strike the right dosing balance. After 10 years of disease, a majority of
patients have this problem.
- Solutions include:
 More frequent, smaller doses, but this requires high compliance
 Amantadine: this decreases the dyskinesia, allowing higher dose of Ldopa.
 Dopamine agonists: they allow for longer L-dopa activity, smoothing
out the “off” periods between doses.
• L-dopa has to be absorbed across both the small bowel and the blood brain
barrier (BBB) through an amino acid transporter. L-dopa should be taken more
than 30 minutes after eating for optimal gut absorption. Amino acids in the
blood from any meat in a meal can also interfere with BBB transport.
• Other common symptoms of PD include anxiety (benzodiazepines), depression
(SSRIs) and abnormal autonomic nervous system function (constipation and
GERD).
 L-dopa /carbidopa
• L-dopa is the precursor to the active ingredient dopamine, which does not cross
the BBB. In the CNS, the L-dopa is taken up by neurons and converted to
dopamine.
• L-dopa is a precursor for all catecholamines (i.e. epinephrine, norepinephrine
and dopamine). This means that there is extensive peripheral metabolism of Ldopa such that only 1% would be available for CNS absorption. By adding a
decarboxylase inhibitor, carbidopa, 9% is available for the CNS.
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Amantadine
• Used to control dyskinesia, allowing for higher doses of L-dopa.
• Poorly understood mechanisms of action
Dopamine agonists (e.g. ropinirole): used to smooth out “off” periods in more
advanced disease
Other drugs, such as COMT inhibitors and MAO inhibitors are also used to decrease
“off” periods.



Deep brain stimulation (DMS)
o High frequency stimulation by wires implanted in the subthalamic
nucleus and/or the globus pallidus interna is helpful in controlling
dyskinesia and other motor abnormalities in PD.

Lewy body dementia
-

-

When synuclein builds up first in the cortical neurons, forming Lewy bodies, there is loss of higher
mental functions, presenting as dementia. This is called Lewy body dementia.
When synuclein first starts in the substantia nigra compacta, the patient presents with the loss of
dopamine effect of Parkinson disease. !0-20% of Parkinson disease patients develop dementia. This
is called Parkinson disease with dementia.
It is not clear if Lewy body dementia and Parkinson disease are part of a single disease continuum.

Huntington disease (HD)
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Introduction:
o There are 9 diseases with unstable trinucleotide repeats of CAG (cytosine, adenosine and
guanine), including HD and the cerebellar ataxias. They all have in common certain features:
 Presentation in middle age with progressive neuronal loss over the next 10-20 years.
 Increased numbers of CAG repeats have earlier age of onset and more severe
disease.
 Repeats have somatic and germline instability, so that here can be expansion over
successive generations. This leads to earlier and more severe disease in children of
affected patients, called anticipation.
The multiple names for the CAG repeat diseases
-

-

CAG is the nucleotide in the DNA whose increase leads to the elongated
proteins, hence CAG repeat or nucleotide repeat disease.
CAG is the codon for the amino acid glutamine, hence polyglutamine disease
The symbol for glutamine is Q, hence polyQ disease

Pathophysiology:
o The gene HTT encode the protein huntingtin (Htt) which has a region of glutamine repeats
o Autosomal dominant inheritance.
o Normal huntingtin has 7-35 glutamines (or 7-35 CAG repeats in the DNA).When the
glutamine count exceeds 40, breakdown of the larger protein, call mHtt (“m” for mutated)
produces toxic fragments, which the neurons sequesters as aggregates.
o Neuronal death is most marked in the striatum, especially the caudate lobe, and the frontal
cortex.
o This neuronal loss leads to a decrease GABA release in the thalamus, with loss of inhibition
leading to abnormal movement, chorea.
 The loss of inhibition is a mirror image to the loss of stimulation by dopamine in
Parkinson disease.
 The loss of frontal lobe neurons is associated with loss of executive function.
o Pathology: there is atrophy of the striatum, the caudate lobe more than the putamen, and
with them, hydrocephalus. There is cerebral atrophy.
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Presentation:
o Symptoms:
 Chorea: brief, jerky movements of the limbs, face and trunk.
 Psychiatric symptoms: loss of executive function and depression leads to disruption
of social relationships over years.
 Dementia: cognitive decline is relentless.
o Physical exam:
 Abnormal face and limb movement
 Eyes have loss of saccade movement (quick jerking movements in tracking)
o Testing:
 (+) family history (autosomal dominant)
 Neurocognitive testing is abnormal
 Imaging: atrophy of the caudate lobe.
Natural history:
o Prognosis: survival is 10-25 years from onset of symptoms, proportional to the length of the
CAG repeats
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o Treatment: none
Types of abnormal movements
•
•
•
•
•
•
•

Tremor: Rhythmic oscillations (see above).
Tics: Paroxysmal, stereotyped muscle contractions, temporarily suppressible.
Myoclonus: Shock-like, arrhythmic twitches. Not suppressible.
Chorea: Dance-like movements, often seem to have a purpose (e.g. adjusting clothes,
looking at a watch).
Athetosis: Slow writhing movements, mostly of arms and hands.
Dystonia: Sustained or repetitious muscular contractions, may have an abnormal posture.
Hemiballismus: wild, large-amplitude, flinging movements on one side of the body,
mostly affecting proximal limb muscles.

Prion disease
This disease is often grouped with the neurodegenerative diseases. It has meaningful
differences in pathophysiology, actin more like an “infection” and it has a time course of
months, not years. See: CNS: Multiple sclerosis, prion disease and amyotrophic lateral
sclerosis.

Amyotrophic lateral sclerosis (ALS)
This disease is often grouped with the neurodegenerative diseases. It has some pathologic
commonalities: there are intracellular protein aggregates and 10-20% of patients will have
cognitive impairment by late disease. Its presentation of weakness, and time frame in months
however, gives it a differential diagnosis connected to the peripheral nervous system and
muscles. See: CNS: Multiple sclerosis, prion disease and amyotrophic lateral sclerosis.
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CNS: Dementia and the neurodegenerative diseases
Do You Know It?
1. Fill in the table:
Disease
Alzheimer

Protein
٠
٠

Pathology
٠
٠

Region affected

Presentation

FTD2
٠Parkinson
٠Lewy body
dementia
Huntington
CreutzfeldtJakob
ALS3

٠
٠

2. What are the commonest causes of reversible dementia?

3. Describe the formation of amyloid and tau in Alzheimer disease.

4. How does the formation of neuritic plaques present differently than amyloid
vasculopathy?

5. What are the criteria for diagnosing Parkinson disease?

•
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How does the tremor of Parkinson disease differ from that of essential tremor
and a cerebellar tremor?
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6. How does the treatment of Parkinson disease change over years of disease?

7. Describe the pathophysiology of Huntington disease.
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