Session 8: Control of Movement - Tutorial study notes

Parkinson’s disease

Background

Parkinson disease (Parkinson's disease, PD) is a progressive neurodegenerative disorder associated with a loss of dopaminergic nigrostriatal neurons. It is named after James Parkinson, the English physician who described the shaking palsy in 1817.  Parkinson disease is recognized as one of the most common neurological disorders, affecting approximately 1% of individuals older than 60 years. Cardinal features include resting tremor, rigidity, bradykinesia, and postural instability.

Pathophysiology

The major neuropathologic findings in Parkinson disease are a loss of pigmented dopaminergic neurons in the substantia nigra and the presence of Lewy bodies. The loss of dopaminergic neurons occurs most prominently in the ventral lateral substantia nigra. Approximately 60-80% of dopaminergic neurons are lost before the motor signs of Parkinson disease emerge.

Lewy bodies are concentric, eosinophilic, cytoplasmic inclusions with peripheral halos and dense cores. The presence of Lewy bodies within pigmented neurons of the substantia nigra is characteristic, but not pathognomonic, of idiopathic Parkinson disease. Lewy bodies also are found in many other locations in central nervous system, and are not specific to Parkinson disease, as they are found in some cases of atypical parkinsonism. The prevalence of incidental Lewy bodies increases with age.

No standard criteria exist for the neuropathologic diagnosis of Parkinson disease, as the specificity and sensitivity of the characteristic findings have not been established clearly. Individuals presenting with primary dementia may exhibit neuropathologic features indistinguishable from those of Parkinson disease.
Recent studies demonstrate that Lewy-body pathology in Parkinson disease actually begins in the olfactory bulb and lower brainstem.  These early stages are associated with premotor symptoms such as loss of sense of smell and rapid eye movement (REM) sleep behavior disorder (RBD). The pathology ascends up the brainstem to later involve the midbrain and nigrostriatal dopaminergic neurons. This stage correlates with onset of the motor phase of the disease and patients may exhibit bradykinesia, rigidity, and tremor. The pathology continues to ascend late in the disease to affect the cortex and patients may then exhibit cognitive dysfunction and dementia. 

Epidemiology
· The incidence has been estimated to be 4.5-21 cases per 100,000 population per year. Estimates of Parkinson disease prevalence range from 18-328 per 100,000 population, with most studies yielding a prevalence of approximately 120 per 100,000.

· Sex - Parkinson disease is about 1.5 times more common in men than in women.

· Age - The incidence and prevalence of Parkinson disease increase with age. The average age of onset is approximately 60 years. Onset in persons younger than 40 years is relatively uncommon.

Clinical features

History

· Asymmetric motor symptoms of tremor, slowness in initiation of movement (badykinesia) and stiffness (rigidity).  

· Tremor: usually unilateral, resting, may spread to bilateral and may also involve the lower extremities, tongue, lips, or chin.  Some patients experience a subtle decrease in dexterity and may notice a lack of coordination with activities such as playing golf or dressing.

· The initial symptoms of Parkinson disease may be nonspecific and include fatigue, depression, constipation, and sleep problems.

· Some patients complain of aching or tightness in the calf or shoulder region.

· Over time, axial posture becomes progressively flexed and strides become shorter.

· Decreased swallowing may lead to excess saliva in the mouth and ultimately drooling.

· Symptoms of autonomic dysfunction are common and include constipation, sweating abnormalities, sexual dysfunction, and seborrheic dermatitis.

· Sleep disturbances 

· Long-term disability in Parkinson disease is usually related to dementia and balance dysfunction.

Examination

The 3 cardinal signs of Parkinson disease are resting tremor, rigidity, and bradykinesia. Of these cardinal features, 2 of 3 are required to make the clinical diagnosis. Postural instability (balance dysfunction) is the fourth cardinal sign.

· The characteristic Parkinson disease tremor is present and most prominent with the limb at rest.

· Frequency is 3-5 Hz.

· Tremor may appear as a pill-rolling motion of the hand or a simple oscillation of the hand or arm.  The same tremor may be observed with the arms outstretched 

· Rigidity refers to an increase in resistance to passive movement about a joint.

· The resistance can be either smooth (lead pipe) or oscillating (cogwheeling).

· Cogwheeling is thought to reflect tremor rather than rigidity and may be present with tremors not associated with an increase in tone (ie, essential tremor).

· Rigidity usually is tested by flexing and extending the patient's relaxed wrist.

· Rigidity can be made more obvious with voluntary movement in the contralateral limb.

· Bradykinesia refers to slowness of movement but also includes a paucity of spontaneous movements and decreased amplitude of movement. Bradykinesia is also expressed as micrographia (small handwriting), hypomimia (decreased facial expression), decreased blink rate, and hypophonia (soft speech).

· Postural instability 

· Patients may experience freezing when starting to walk (start-hesitation), during turning, or while crossing a threshold, such as going through a doorway.

· Dementia generally occurs late in Parkinson disease and affects 15-30% of patients. Short-term memory and visuospatial function may be impaired, but aphasia is not present. Cognitive dysfunction within a year of onset of motor features suggests a diagnosis of Lewy body disease, a disease closely related to Parkinson disease and marked by the presence of cortical Lewy bodies. 

Causes

Most cases of idiopathic Parkinson disease are believed to be due to a combination of genetic and environmental factors. At both ends of the spectrum are rare cases that appear to be due solely to one or the other.

· Environmental risk factors: pesticides, living in a rural environment, consumption of well water, exposure to herbicides, and proximity to industrial plants or quarries.

· Injection of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP). These patients developed bradykinesia, rigidity, and tremor, which progressed over several weeks and improved with dopamine replacement therapy.

· The oxidation hypothesis suggests that free radical damage, resulting from dopamine's oxidative metabolism, plays a role in the development or progression of Parkinson disease.

· Genetic factors:

· Familial PD

· Alpha-synucleinopathies

· Several homozygous deletions in a gene dubbed parkin (PARK2) on chromosome 6 found to cause autosomal-recessive juvenile parkinsonism (AR-JP). This form of parkinsonism differs pathologically from Parkinson disease in that no Lewy bodies are found in the substantia nigra.

· Other gene abnormalities have been identified in families with Parkinson disease and these are designated PARK3 -PARK12.

· It has been estimated that all currently known genetic causes of Parkinson disease account for less than 5% of Parkinson disease cases.

Differential Diagnoses

Parkinson plus syndromes

Alzheimer Disease
Cardioembolic Stroke

Essential Tremor

Multiple System Atrophy

Wilson’s disease

Medications that block dopamine receptors (eg, neuroleptics, antiemetics) or deplete intraneuronal dopamine stores (eg, reserpine, tetrabenazine).

Investigations

· No laboratory biomarkers exist for Parkinson disease.

· Copper studies to exclude Wilson’s disease, e.g. serum caeruloplasmin, 24hr urinary copper

· Magnetic resonance imaging (MRI) and computed tomography (CT) scan are unremarkable in Parkinson disease but used to exclude structural lesions

· DaT scan (Dopamine transporter scan)

· Positron emission tomography (PET) and single photon emission CT (SPECT) are useful diagnostic imaging studies. Treatment

Treatment

A. Pharmacological agents

Aims to provide control of signs and symptoms for as long as possible while minimizing adverse effects. Medications usually provide good symptomatic control of motor signs for 4-6 years. After this, disability progresses despite best medical management, and many patients develop long-term motor complications including fluctuations and dyskinesia. Additional causes of disability in late disease include postural instability (balance difficulty) and dementia.

· L-dopa (Sinemet, Madopar)

· Replaces dopamine

· usually combined with an inhibitor of peripheral dopa decarboxylase 

· slow-release preparations may reduce side-effects

· the dose of levodopa should be kept as low as possible to maintain good function inorder to reduce the development of motor complications 

· Dopamine receptor (D2) agonists (Ropinirole, mirapexin)

· Dopamine agonists may be used as a symptomatic treatment for people with early PD

· considered a possible first line treatment 

· in general, used in conjunction with L-dopa to control fluctuations in response

· may also be used in early disease - it has been hypothesised that introducing dopamine agonists in the early stages of disease, before L-dopa, may postpone the development of motor complications

· if an ergot-derived dopamine agonist is used, the patient should have a minimum of renal function tests, erythrocyte sedimentation rate (ESR) and chest radiograph performed before starting treatment, and annually thereafter 

· MAOB (monamine oxidase type B) inhibitors e.g. selegiline:

· inhibitors may be used as a symptomatic treatment for people with early PD 

· the use of this drug class is controversial

· considered a possible first-line therapy 

· COMT-inhibition:

· second line treatment

· used as an adjunct to L-dopa

· Anticholinergic agents:

· occasionally used especially when tremor predominates

· may be used as a symptomatic treatment typically in young people with early PD and severe tremor

· should not be drugs of first choice due to limited efficacy and the propensity to cause neuropsychiatric side effects 

· Amantadine:

· response rate is low and tolerance occurs 

· may be used as a treatment for people with early PD but should not be a drug of first choice

	Treatment strategy

· In 'early disease' -refers to PD in people who have developed functional disability and require symptomatic therapy - possible first-choice therapies are levodopa, dopamine agonists and monoamine oxidase-B inhibitors

· In 'later disease' - refers to PD in people on levodopa who have developed motor complications - possible first-choice therapies are dopamine agonists, monoamine oxidase-B inhibitors and COMT inhibitors


B. Surgical Care

· Deep brain stimulation

· Bilateral subthalamic nucleus stimulation or bilateral globus pallidus interna stimulation may be used in people with PD who:

· have motor complications that are refractory to best medical treatment,

· are biologically fit with no clinically significant active comorbidity, 

· are levodopa responsive and 

· have no clinically significant active mental health problems, for example, depression or dementia 

· With the current evidence it is not possible to decide if the subthalamic nucleus or globus pallidus interna is the preferred target for deep brain stimulation for people with PD, or whether one form of surgery is more effective or safer than the other.

· Transplantation of foetal substantia nigra tissue is an experimental therapy. 

· Thalamotomy involves destruction of a part of the thalamus, generally the ventral intermediate (VIM) nucleus, to relieve tremor. Thalamotomy has little effect on bradykinesia, rigidity, motor fluctuations, or dyskinesia.  Most patients with Parkinson disease who undergo thalamotomy have significant improvement in tremor of the limbs contralateral to the side of the lesion.

· Pallidotomy involves destruction of a part of the GPi, which is overactive in Parkinson disease.  Pallidotomy studies have demonstrated significant improvements in each of the cardinal symptoms of Parkinson disease (tremor, rigidity, bradykinesia) as well as a significant reduction in dyskinesia.

C. Other issues (but equally important)

· Patient Education (understanding of disease, encouragement of exercise and active lifestyle)

· pain:

· pain may be associated with periods of under or over treatment - in these cases the therapeutic regimen should be adjusted accordingly

· dysaesthesiae may respond to tricyclic antidepressants

· postural hypotension:

· may be due to the medication and the disease process

· domperidone has been used to the standard treatment of postural hypotension 

· constipation: dietary intervention may be helpful

· anxiety: benzodiazepines may help patients with advanced disease who often become anxious

· depression:occurs in 40% of patients, responds to counseling, education, standard anti-depressant drugs and ECT

· psychotic symptoms 

· people with PD and psychosis should receive a general medical evaluation and treatment for any precipitating condition

· consideration should be given to withdrawing gradually antiparkinsonian medication that might have triggered psychosis in people with PD

· typical antipsychotic drugs (such as phenothiazines and butyrophenones) should not be used in people with PD because they exacerbate the motor features of the condition

· atypical antipsychotics may be considered for treatment of psychotic symptoms in people with PD, although the evidence base for their efficacy and safety is limited

· daytime hypersomnolence: modafinil may be considered for daytime hypersomnolence in people with PD 

Huntington’s disease

Background

Huntington disease (HD) is an incurable, adult-onset, autosomal dominant inherited disorder associated with cell loss within a specific subset of neurons in the basal ganglia and cortex. HD is named after George Huntington, the physician who described it as hereditary chorea in 1872. Characteristic features of HD include involuntary movements, dementia, and behavioral changes. 

Pathophysiology

The neuropathology in HD occurs within the neostriatum, in which gross atrophy of the caudate nucleus and putamen is accompanied by selective neuronal loss and astrogliosis. Marked neuronal loss also is seen in deep layers of the cerebral cortex. Other regions, including the globus pallidus, thalamus, subthalamic nucleus, substantia nigra, and cerebellum, show varying degrees of atrophy depending on the pathologic grade. The extent of gross striatal pathology, neuronal loss, and gliosis provides a basis for grading the severity of HD pathology (grades 0-4).   No gross striatal atrophy is observed in grades 0 and 1. Grade 0 cases have no detectable histologic neuropathology in the presence of a typical clinical picture and positive family history suggesting HD. Grade 1 cases have neuropathologic changes that can be detected microscopically but without gross atrophy. In grade 2, striatal atrophy is present, but the caudate nucleus remains convex. In grade 3, striatal atrophy is more severe, and the caudate nucleus is flat. In grade 4, striatal atrophy is most severe, and the medial surface of the caudate nucleus is concave. 

The genetic basis of HD is the expansion of a cysteine-adenosine-guanine (CAG) repeat encoding a polyglutamine tract in the N -terminus of the protein product called huntingtin.  The function of huntingtin is not known. The association of huntingtin with the cytoplasmic surface of a variety of organellesraises the possibility of the occurrence of normal cellular interactions that might be relevant to neurodegeneration.

Epidemiology

· The prevalence in most European countries ranges from 1.63-9.95 per 100,000 people. 

· The prevalence of HD in Finland and Japan is less than 1 per 100,000 people. 

· Estimates of the prevalence of HD in the United States range from 4.1-8.4 per 100,000 people. 

· Accurate estimates of the incidence of HD are not available.

Mortality/Morbidity

· HD is a relentlessly progressive disorder, leading to disability and death, usually from an intercurrent illness.

· The mean age at death in all major series ranges from 51-57 years, but the range may be broader. Duration of illness varies considerably, with a mean of approximately 19 years. Most patients survive for 10-25 years after the onset of illness. In a large study, pneumonia and cardiovascular disease were the most common primary causes of death.

· The length of the CAG repeat is the most important factor in determining age of onset of HD. Both genetic and environmental components account for this variability. 

· A small number of homozygotes for the HD mutation have been identified, and they seem to be phenotypically indistinguishable from heterozygotes, making HD a truly autosomal dominant disorder. 

Clinical presentation

History

The clinical features of Huntington disease (HD) include a movement disorder, a cognitive disorder, and a behavioral disorder. Patients may present with one or all disorders in varying degrees.

· Chorea (derived from the Greek word meaning to dance) is the most common movement disorder seen in HD.

· Initially, mild chorea may pass for fidgetiness. Severe chorea may appear as uncontrollable flailing of the extremities (ie, ballism), which interferes with function.  

· As the disease progresses, chorea coexists with and gradually is replaced by dystonia and parkinsonian features, such as bradykinesia, rigidity, and postural instability, which are usually more disabling than the choreic syndrome per se.

· In advanced disease, patients develop an akinetic-rigid syndrome, with minimal or no chorea. Other late features are spasticity, clonus, and extensor plantar responses.

· Dysarthria and dysphagia are common. Abnormal eye movements may be seen early in the disease. Other movement disorders, such as tics and myoclonus, may be seen in patients with HD.

· Juvenile HD (Westphal variant), defined as having an age of onset of younger than 20 years, is characterized by parkinsonian features, dystonia, long-tract signs, dementia, epilepsy, and mild or even absent chorea.

· Cognitive decline is characteristic of HD, but the rate of progression among individual patients can vary considerably. Dementia and the psychiatric features of HD are perhaps the earliest and most important indicators of functional impairment.

· The dementia syndrome associated with HD includes early onset behavioral changes, such as irritability, untidiness, and loss of interest. Slowing of cognition, impairment of intellectual function, and memory disturbances are seen later. This pattern corresponds well to the syndrome of subcortical dementia, and it has been suggested to reflect dysfunction of frontal-subcortical neuronal circuitry. (The so-called cortical dementias primarily involve the cerebral cortex and are associated with aphasia, agnosia, apraxia, and severe amnesia.)

· Early stages of HD are characterized by deficits in short-term memory, followed by motor dysfunction and a variety of cognitive changes in the intermediate stages of dementia. These deficits include diminished verbal fluency, problems with attention, executive function, visuospatial processing, and abstract reasoning. Language skills become affected in the final stages of the illness, resulting in a marked word-retrieval deficit.

· The behavioral disorder of HD is represented most commonly by affective illness.

· Depression is more prevalent, with a small percentage of patients experiencing episodic bouts of mania characteristic of bipolar disorder.

· Patients with HD and persons at risk for HD may have an increased rate of suicide.

· Patients with HD also can develop psychosis, obsessive-compulsive symptoms, sexual and sleep disorders, and changes in personality.

Examination

Most patients with HD have a mixed pattern of neurological and psychiatric abnormalities. 
· Chorea is a characteristic feature of HD. Chorea is a state of excessive, spontaneous movements, irregularly timed, randomly distributed, and abrupt. Severity of chorea may vary from restlessness with mild intermittent exaggeration of gesture and expression, fidgeting movements of the hands, and unstable dancelike gait to a continuous flow of disabling violent movements. Chorea in cases of HD usually is generalized.

· Bradykinesia and akinesia are frequent features of HD and may explain some of the abnormalities of voluntary movement observed clinically.

· Dystonia is defined as a syndrome of sustained muscle contractions, frequently causing twisting 

and repetitive movements or abnormal postures.

· Mild dystonia, in combination with chorea, may give the writhing appearance of choreoathetosis.

· Sustained dystonic posturing may result in contractures, immobility, and breakdown of skin.

· Dystonia may be prominent in juvenile HD.

· Eye movement abnormalities can be seen early in the disease.

· Other hyperkinesias, such as tics and myoclonus, may be seen in HD.

· Dementia, depression, and other psychiatric manifestations may be seen at the time of examination as well.

Differential Diagnoses

Multiple sclerosis

Chorea gravidarum

Neuroacanthocytosis

Syndenham’s chorea secondary to rheumatic fever

Benign hereditary choea

Vascular chorea, hemichorea, and hemiballismus

Investigations

· Genetic testing for CAG repeats. In the absence of a family history of HD, patients with a suggestive clinical presentation should undergo genetic testing to exclude or confirm HD. Persons at risk for HD who request presymptomatic testing should undergo extensive genetic counseling and neurologic and psychiatric evaluation, given the implications of receiving a positive (or negative) result for an untreatable, familial, progressive, neurodegenerative disease. If the genetic test is negative for HD, then testing for systemic lupus erythematosus (SLE), antiphospholipid antibody syndrome, thyroid disease, neuroacanthocytosis, DRPLA, Wilson disease, and other less common causes of chorea may be reasonable, depending on the individual case.

· Imaging Studies.  No single imaging technique is necessary or sufficient for diagnosis of Huntington disease (HD). Abnormalities in positron emission tomography (PET) scanning and proton MR spectroscopy have been reported; however, their use in clinical practice is limited.

Treatment

Consider general safety measures and nonpharmacologic interventions first in the management of Huntington disease (HD).

· If chorea is severe enough to interfere with function, consider treatment with 

· benzodiazepines, such as clonazepam or diazepam

· valproic acid

· dopamine-depleting agents, such as reserpine or tetrabenazine (tetrabenazine has shown some positive effects in the treatment of chorea, for patients with HD. It selectively depletes central monoamines by reversibly binding to the type-2 vesicular monoamine transporter)

· and finally, neuroleptics.

· Patients who have HD and predominant features of bradykinesia and rigidity may benefit from treatment with levodopa or dopamine agonists. 

· Depression in patients with HD is treatable and should be recognized promptly. Selective serotonin reuptake inhibitors (SSRIs) should be considered as first-line therapy. Other antidepressants, including bupropion, venlafaxine, nefazodone, and tricyclic antidepressants, also can be used. Electroconvulsive therapy (ECT) can be used in patients with refractory depression.

· Antipsychotic medications may be necessary in patients with hallucinations, delusions, or schizophrenia-like syndromes. Newer agents, such as quetiapine, clozapine, olanzapine, and risperidone, are preferred to older agents because of the lower incidence of extrapyramidal side effects and the decreased risk for tardive syndromes.

· Irritability may be treated with antidepressants, particularly the SSRIs; mood stabilizers, such as valproic acid or carbamazepine; and, if needed, atypical neuroleptics.

· Other less frequent aspects of HD that may require pharmacologic treatment are mania, obsessive-compulsive disorder, anxiety, sexual disorders, myoclonus, tics, dystonia, and epilepsy.

· Multidisciplinary care

· Physical therapist

· Occupational therapist

· Speech therapist

· Psychiatrist

· Genetic counselor

GE TUTORIALS

SESSION 8: CONTROL OF MOVEMENT

PROF P.PICCINI, DR K.WU, DR M.POLITIS

GE TUTORIALS

SESSION 8: CONTROL OF MOVEMENT

PROF P.PICCINI, DR K.WU, DR M.POLITIS


