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Abstract. Multiple system atrophy (MSA) Is a sporadic degenerative disease of the nervous system 

causing autonomic failure, parkinsonism, cerebellar or pyramidal signs in any combinations. Its 

clinical features, prognosis and natural history were studied in: 1) 100 patients with clinically probable 

MSA seen at the National Hospital for Neurology and Neurosurgery, 2) 35 patients with pathologically 

proven MSA at the UK Parkinson's Disease Society Brain Bank (UKPDSBB) and 3) 322 patients with 

pathologically proven MSA reported in the literature. Parkinsonism was the most frequent motor 

disorder of MSA (84-100%). Motor disturbance was asymmetrical in 74% of patients in the clinical 

series. Tremor present at rest was observed in 29 to 40% of cases. However, a classical parkinsonian 

pill-rolling resting tremor was reported in only 7 to 9% of subjects. The levodopa response was not 

always disappointing. Dyskinesias developed in half of the patients and were predominantly orofacial 

in nature. Some degree of autonomic failure was present in most MSA patients. It was dominated by 

impotence in males and urinary incontinence. Pyramidal and/or cerebellar signs developed in 50% of 

patients. In the three MSA series, the median survival increased from 6.0 years in the literature series 

through 7.3 years in the UKPDSBB series to 9.3 years in the clinical series. Olfactory function was 

severely impaired in IPD, but only mildly impaired (MSA) or unimpaired (corticobasal degeneration, 

Steele-Richardson-Olszewsky syndrome) In atypical parkinsonian syndromes. Most MSA patients had 

an abnormal sphincter EMG, indicating denervation and reinnervation consistent with anterior horn 

cell loss in Onufs nucleus, but only 40% had either abnormal nerve conduction studies (17.5%) or 

abnormal skeletal muscle EMG (22.5%). Visual and magnetic evoked potentials as well as cranial 

computerized tomography were unhelpful in the diagnosis of MSA. The majority of patients in the 

UKPDSBB and literature series had moderate or severe degenerative change in the nigrostriatal and 

olivopontocerebeilar system. There was a characteristic pattern of cell loss in the olivopontocerebellar 

system with predominant cell depletion in inferior oiives and pontine nuclei compared to cerebellar 

Purkinje cells. Cases with pure parkinsonism had more severe cell loss in the nigrostriatal system 

than patients with pure cerebellar ataxia who had more severe cell loss in the olivopontocerebellar 

system. A rodent model of SND was developed. A 6-OHDA lesion of the left medial forebrain bundle 

resulted in ipsiversive rotation to (+)-amphetamine and contraversive rotation to apomorphine. 

Following an additional ipsilateral striatal lesion with quinolinic acid, (+)-amphetamine-induced 

ipsilateral rotation persisted, but apomorphine-induced contralateral rotation was reduced or 

abolished. Rats with combined nigral and striatal grafts showed a reduction or reversal of (+)- 

amphetamine-induced rotation. This was not observed in animals receiving striatal grafts alone. 

Apomorphine-induced contraversive rotation was restored after striatal grafts, but only partially in 

animals receiving sham- or co-grafts. Immunocytochemistry for tyrosine-hydroxylase and DARPP-32 

showed mesencephalic and striatal graft survival in most animals. This study demonstrated that 

combined unilateral lesioning of rodent medial forebrain bundle and striatum results in a characteristic 

drug-induced rotational response that can be partly restored by mesencephalic striatal co-grafts, and 

these results may provide a first step towards restorative therapy in MSA.
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CHAPTER 1 .

INTRODUCTION

A large number of sporadic or inherited degenerative neurological diseases involve 
multiple areas of the central nervous system. These disorders are generally known 
as "multisystem degenerations". Some of them involve the basal ganglia, including 
Huntington's disease, IVIachado-Joseph disease, Steele-Richardson-Olszewski 
(SRO) disease (or progressive supranuclear palsy - PSP) and multiple system 
atrophy (MSA).

Graham and Oppenheimer (1969) proposed the term MSA for a neurological 
disorder that had previously been described variously as striatonigral degeneration 
(SND), olivopontocerebellar atrophy (OPCA) or Shy-Drager syndrome (SDS) 
according to the clinical predominance of parkinsonism, cerebellar signs or 
autonomic failure (Adams et al 1961, Dejerine and Thomas 1900, Shy and Drager 
1960). Their index patient developed at the age of 57 progressive autonomic failure 
with urinary incontinence and impotence, followed by recurrent syncopal attacks. 
Cerebellar and pyramidal signs appeared after about one year, and the patient's 
condition steadily deteriorated until death supervened three years later. 
Parkinsonism was not evident in life. However, at postmortem SND was found in 
addition to OPCA. There was also marked cell loss in the intermediolateral cell 
columns.

Although this index case clearly had what is today considered as MSA, the term as 
originally introduced was potentially interchangeable with the term "multisystem 
degeneration". Since that time the usage of these terms has evolved, so that today 
MSA is reserved for cases of SDS, SND and many cases of sporadic OPCA (Quinn 
1989). Thus, MSA is only one of a number of "multisystem degenerations", the latter 
term being entirely non-specific. Recognition of the various clinicopathological 
subtypes of MSA extended over a period of more than 60 years.

Autonomic presentation.

Bradbury and Eggleston first introduced the term "postural hypotension" . They 
described three male subjects whose symptoms began in middle life (36,47,60 
years). Common to all three were symptomatic postural hypotension and anhidrosis.
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Patient 1 had additional impotence and constipation, cases 2  and 3 had unequal 
pupils and brisk leg reflexes, and case 3 had bilateral extensor plantar responses 
(Bradbury and Eggleston 1925). Unfortunately, post-mortem examination in one 
case did not include the central nervous system (Bradbury and Eggleston 1927). 
Over subsequent years, a number of authors began to recognise In some patients a 
clinical association between orthostatic hypotension and disease of the central 
nervous system, especially parkinsonism (Langston 1936, Young 1944).

Shy and Drager in 1960 described "A neurological syndrome associated with 
orthostatic hypotension". They reported two male patients with pathology in one. 
Case 1 developed first symptoms at the age of 39, and was seen 7 years later. Case 
2 began at age 49, and died 6  years later. Both had marked autonomic failure, 
parkinsonism, cerebellar ataxia and distal muscle wasting. Both also had a resting 
tremor of the hands, and case 1 had additional action tremor. Case 1 had pyramidal 
signs, case 2 equivocal plantar responses and fasciculations. Both are said to have 
had external ocular muscle paresis, but in case 1 this was a slight exophoria and in 
case 2  "inability to converge and weakness of the medial rectus muscle bilaterally". 
Post-mortem examination of case 2 revealed cell loss and/or gliosis in many areas, 
but most marked in the caudate, substantia nigra, olives, locus coeruleus, 
cerebellum and intermediolateral cell columns of the spinal cord; the putamen, 
globus pallidus and pons were also affected. In the introduction, the authors defined 
the full syndrome as comprising the following features: orthostatic hypotension, 
urinary and rectal incontinence, loss of sweating, iris atrophy, external ocular 
palsies, rigidity, tremor, loss of associated movements, impotence, the findings of an 
atonic bladder and loss of the rectal sphincter tone, fasciculations, wasting of distal 
muscles, evidence of a neuropathic lesion in the electromyogram that suggests 
involvement of the anterior horn cells, and the finding of a neuropathic lesion in the 
muscle biopsy. It is of interest to note that neither cerebellar nor pyramidal signs 
appear in this definition of the full syndrome.

Bannister and Oppenheimer in 1972 addressed the dual pathology underlying 
autonomic failure associated with central nervous system disease (Bannister and 
Oppenheimer 1972). They described 16 pathologically studied cases of autonomic 
failure. In the five Lewy body cases (4M, IF) both mean age of disease onset and 
mean age at death were considerably higher than in the eleven MSA cases (8 M, 
3F), the disease duration being similar. The striking difference in age at disease 
onset implies a much worse prognosis of MSA cases. Among the 5 Lewy body
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cases, 3 had pure autonomic failure and two parkinsonism with autonomic failure; 
pyramidal and cerebellar signs were absent. Among the 11 MSA patients, all had 
autonomic failure with pyramidal and/or cerebellar signs, and 8  had additional 
parkinsonism. Pathologically, all 11 cases of MSA with progressive autonomic 
failure had involvement of pigmented brainstem nuclei. Intermediolateral cell 
columns were involved in 10, putamen in 10 and caudate in 4, whilst the olives were 
affected in 1 0 , pons in 6 , cerebellum in 1 0 , pyramidal tracts in 5 and anterior horns 
in 4.

Parkinsonian presentation.

In 1960, Van der Eecken, Adams and van Bogaert in a case of parkinsonism 
reported pronounced shrinkage and brownish discoloration of parts of the putamen 
and globus pallidus, as well as the usual depigmentation of the substantia nigra 
expected in idiopathic Parkinson's disease (IPD) (Van der Eecken et al 1960). 
Microscopically, one of the most striking lesions was the virtual disappearance of 
the small cells of both caudate and putamen. In 1961, the same authors published 
clinicopathological findings in 3 sporadic patients (2M,1F). All had akinesia and 
rigidity with a 4-5 Hz rest tremor and a mild action tremor. There was hyperreflexia in 
all three, and the plantar response was extensor in case 2. Case 3 had cerebellar 
ataxia with intention tremor. Cases 1 and 3 had severe dysarthria, case 1 and 2 had 
evidence of autonomic failure (case 1 : blackouts and impotence , case 2 ; 
incontinence). The pathology involved not only striatum and nigra, but also olives 
and cerebellum in all three cases, with additional pontine lesions in cases 1 and 3. 
Case 2 also had Lewy bodies in substantia nigra (Adams et al 1961). Neither 
clinically nor pathologically, therefore, was SND a pure and restricted entity resulting 
from pathology of these structures alone.

Takei and Mirra (1973) found MSA-SND in 7.9% (7) of 89 brains of patients with 
parkinsonism. Six of the seven had been diagnosed in life as IPD, four had 
pyramidal signs, two ataxia and one orthostatic hypotension. Pathologically, in all 
but one case there was evidence of both SND and OPCA. Takei and Mirra 
concluded: "Although we treated all our seven cases as examples of SND, which 
implies a disorder involving two sites, other structures were involved in some cases 
as well. The term is only justified with the understanding that these two sites are the
most dominant of multiple sites of involvement It would be more meaningful to
group these conditions under a simple name, such as multiple system atrophy".
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They proposed that Huntington's disease, Pick's disease and Friedreich's ataxia, 

among others, should also be referred to as MSA. However, the label "multisystem 

degeneration" seems more appropriate for these disorders, whilst the term MSA  

should be restricted to the specific disease addressed here.

Cerebellar presentation.

Dejerine and Thomas, in 1900, first introduced the term olivopontocerebellar atrophy 

(OPCA). Their two patients developed, in middle age, ataxia, dysarthria, akinesia, 

rigidity and brisk leg reflexes. The woman developed incontinence of urine, and died 

after 3 years. The man developed tremor, incontinence of urine, and probable 

symptomatic postural hypotension ("étourdissements"). Pathological examination of 

the first case revealed atrophy of the olives, pons and cerebellum. The substantia 

nigra and striatum were not mentioned. Many cases of hereditary OPCA have 

similar pathology (Harding 1984), and were initially also included under the rubric of 

MSA (Takei and Mirra 1973). However, today such inherited cases are not generally 

considered to have MSA. They often start younger, survive longer, have less 

autonomic and parkinsonian features, and may have a different cytological picture 

(Quinn 1994).

Quinn was the first to provide clinical diagnostic criteria for MSA (Quinn, 1989, 

updated version 1994 - see table 13, c h a p t e r A c c o r d i n g  to Quinn, patients are 

classified as either SND or OPCA type depending on the predominance of 

parkinsonism or cerebellar ataxia. There are three levels of diagnostic probability; 

possible, probable and definite. Patients with isolated adult-onset (> 30 years) 

poorly levodopa-responsive parkinsonism fulfil the criteria for possible SND type 

MSA. The presence of other atypical features such as autonomic failure, cerebellar 

and pyramidal signs or a pathological sphincter EMG is required for a diagnosis of 

probable SND type MSA. Patients with late-onset (> 30 years) cerebellar ataxia and 

additional parkinsonism or pyramidal signs fulfil Quinn's criteria for possible OPCA  

type MSA. A diagnosis of probable OPCA type MSA requires the additional 

presence of autonomic failure or a pathological sphincter EMG. A definite diagnosis 

rests on neuropathological confirmation (see below).

Quinn also proposed a variety of exclusion criteria (Quinn 1989). Onset should be 

age 30 years or more since there is no typical, pathologically proven sporadic case 

recorded with younger onset. In order to exclude inherited adult-onset ataxias there

20



should be no family history of MSA.However, by chance some MSA patients may 
have a relative with IPD. Dementia is not a characteristic feature of MSA, although 
the condition does not protect against developing coincidental Alzheimer's disease 
(Trotter 1973, Neumann 1977, Kosaka et al 1981). The association of dementia and 
autonomic failure in a parkinsonian patients is more suggestive of diffuse Lewy body 
disease (DLBD) (Burkhardt et al 1988). However, subjects with MSA do show 
impairment on tests sensitive to frontal lobe dysfunction (Robbins et al 1992, Pillon 
et al 1995). Limitation of upgaze and convergence can both occur in MSA, as in IPD. 
However, a prominent downgaze palsy is an exclusion criterion for a clinical 
diagnosis of MSA, although a mild degree of gaze limitation is sometimes seen. 
Further exclusion criteria include optic atrophy, retinitis pigmentosa, and generalised 
tendon areflexia.

Argyrophilic intracellular cytoplasmic and nuclear inclusions have recently been 
described in oligodendrocytes, neurons and axons of brain and spinal cord from 
patients with MSA (Papp and Lantos 1989,1992,1994; Kato et al 1990, Nakazato et 
al 1990, Costa et al 1992, Mochizuki et al 1992). They constitute cytological grounds 
firstly for considering sporadic SND, SDS and OPCA together as MSA, and also for 
differentiating them from dominantly inherited OPCA. However, although 
characteristic, they are not pathognomonic for MSA since they may be observed in 
small numbers in other parkinsonian syndromes such as SRO disease or CBD 
(Papp et al 1989 and 1992, Daniel et al 1995). The regional distribution of these 
inclusions is similar in these various types of MSA, involving both the 
olivopontocerebellar and striatonigral systems. However, they are also found in a 
number of areas not hitherto considered to be affected in this disease including 
cerebral cortex, external capsule, and the brainstem reticular formation (Papp and 
Lantos 1992). Ultrastructurally these inclusions resemble altered microtubules of 20- 
30 nm diameter with a fuzzy cover and side extensions. Whereas glial cytoplasmic 
inclusions (GCIs) are recognized by anti-ubiquitin, anti-alpha- and anti-beta-tubulin 
and anti-tau antibodies, neuronal cytoplasmic inclusions (NCIs) were stained only by 
anti-ubiquitin antibodies (Papp and Lantos 1992).

According to Gray et al (1988), the pathological features of MSA are characterised 
by cell loss and gliosis in at least three of the following structures: striatum, 
pigmented brainstem nuclei, pontine nuclei and middle cerebellar peduncles, 
cerebellar Purkinje cells, inferior olives and dorsal vagal nuclei. Quinn (1994) 
modified these criteria for a pathological diagnosis of MSA. GCIs should be present
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on Bielschowsky silver or anti-ubiquitin staining in addition to the classical 
pathological features. The latter are defined as cell loss and gliosis occurring in a 
selection (at least two) of "at risk" structures including substantia nigra, locus 
coeruleus, caudate, putamen (especially posterior part), globus pallidus (especially 
pars externa), inferior olives, pontine nuclei, cerebellar Purkinje cells, 
intermediolateral cell columns of the spinal cord and Onufs nucleus. The dorsal 
motor nucleus of vagus, vestibular nuclei, pyramidal tracts and anterior horns may 
also be involved.

This pattern of involvement may hold the key to the mechanism of cell loss, 
explaining why certain cells are susceptible to whatever causes the disease whilst 
adjacent cells and structures are spared. Together with this distribution of cell loss, 
the absence of Lewy bodies (unless incidental) distinguishes it from IPD and the 
lack of neurofibrillary tangles separates it from SRO disease and post-encephalitic 
parkinsonism.

MSA has always been considered a rare condition. However, in five pathological 
series of brains of parkinsonians, anything from 3.6% to 22% (Quinn 1989, Takei 
1973, Rajput 1991), with an average of 6 %, have shown the pathological features of 
MSA. Much of our knowledge of the clinical and pathological features and their 
correlation in MSA is derived from pathological reports of single cases or of small 
case series, often with little clinical documentation. Furthermore, its natural history 
and the ways in which different combinations and sequences of clinical signs and 
symptoms affect prognosis in individual patients have not yet been determined. 
Information derived from published autopsied cases, although reflecting diagnostic 
certainty, may not accurately reflect the prognosis of living patients with MSA, 
followed prospectively. These aspects have therefore been investigated by studying 
three different "populations" of MSA.

Plan of investigation

Clinicopathological data from published reports on 322 pathologically confirmed 
cases (population 1) as well as clinical data on 100 patients with probable MSA 
seen at the Maudsley and King's College Hospitals, and also at the National 
Hospital for Neurology and Neurosurgery (NHNN) (population 2), and 
clinicopathological data from cases from the UK Parkinson's Disease Society Brain 
Bank (UKPDSBB) (population 3) were entered onto a database and analysed.
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Since GCIs were first described in 1989, the vast majority of the literature cases 
(population 1 ) predate their desription, and so were accepted or rejected on the 
basis of the presence and distribution of cell loss and gliosis.

In population 2, in addition to recording of clinical features, a number of paraclinical 
investigations were also evaluated in a subgroup of patients, including olfactory 
function testing, electrophysiological tests (skeletal muscle and external sphincter 
EMG, nerve conduction studies, magnetic- and visual-evoked potentials) and cranial 
computerized tomography.

Brains of patients with pathologically confirmed MSA were examined at the 
UKPDSBB (population 3). Degenerative change in the nigrostriatal system was 
assessed semiquantitatively, and the regional distribution of cell loss in the 
olivopontocerebellar system was examined by formal morphometry. Clinical features 
recorded in these patients'case notes were also retrospectively compared to those 
of UKPDSBB patients with pathologically proven IPD.

Although crucial for therapeutic progress, research on an animal model of MSA is 
virtually non-existent. In addition to the work outlined above a rat model of SND type 
MSA was developed by combined nigrostriatal lesioning using 6 -OH DA and 
quinolinic acid. Neurological function was partially restored by fetal rat-to-rat 
striatomesencephalic transplantation.
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CHAPTER 2

A LITERATURE SURVEY OF PATHOLOGICALLY PROVEN MSA

2.1. Introduction.

The following survey provides a survival analysis of 322 pathologically proven MSA  

cases published until October 1994. A clinicopathological study was performed in a 

subgroup of 168 well documented cases, excluding the 35 UKRDSBB cases 

(chapter 4).

2.2. Methods.

Case selection.

Cases published until 1988 were previously identified by N .  (Çu.‘vr>A ^ 

and included in the present meta-analysis provided they met the inclusion criteria 

(see below). Cases reported subsequently up to February 1995 were identified 

using Medline and hand searches of published reference lists. The minimal 

pathological criteria (modified from Quinn 1994) for inclusion in the study were 1. 

degenerative cell loss and gliosis in two of the following following sites: substantia 

nigra, putamen, inferior olives, pontine nuclei and cerebellar Purkinje cells, 2. in 

cases published after 1989 the presence of characteristic glial and/or neuronal 

inclusions (Papp and Lantos 1989, 1992 and 1994). The minimal clinical criteria 

were: 1. progressive neurological syndrome, 2. onset in adulthood (after age 30), 

and 3. absent family history of MSA.

Clinical data.

Among the 203 cases, the clinical subtype of MSA was retrospectively classified 

according to the predominant motor impairment. Cases with predominant or pure 

parkinsonism (without cerebellar signs) were labelled as MSA of SND type and 

cases with a predominant or pure cerebellar syndrome (without parkinsonism) as 

MSA of OPCA type.
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If no mention of a clinical feature could be found in the report, then the feature was 
coded as absent. In some cases, a patient may have had such a feature but it was 
either not evaluated or recorded. Thus the proportions of subjects with the presence 
of a feature should be treated as a conservative estimate.

Sex, age at disease onset, age at onset of motor disturbance, age at onset of 
autonomic failure, total disease duration, duration of motor disturbance, duration of 
autonomic failure, and latency from onset of autonomic to motor disturbance were 
noted.

In all patients, autonomic failure was arbitrarily defined as any one of the following 
four symptoms: urinary incontinence, urinary retention, faecal incontinence or 
syncope. Impotence was defined as a further symptom of autonomic failure in male 
patients. However, neither impotence nor postural faintness alone were sufficient for 
autonomic failure.

Akinesia (usually with rigidity) was necessary for a diagnosis of parkinsonism. 
However, tremor was neither obligatory, nor sufficient on its own. Initial, best and 
latest response to levodopa was retrospectively graded on a four point scale 
(1=absent or mild, 2=moderate, 3=good, and 4=excellent improvement).

Cerebellar signs comprised gait and/or limb ataxia (dysmetria). Neither nystagmus 
nor intention or terminal tremor alone were sufficient for cerebellar signs.

Pyramidal signs included unilateral or bilateral extensor plantar responses, or 
equivocal plantar responses together with hyperreflexia and/or spasticity.

In addition, the type of presenting motor feature (parkinsonism, cerebellar or both; 
axial or distal or both; arms or legs or both; uni- or bilateral; tremulous or 
atremulous) was recorded although not available in all 203 cases (denominators 
shown in brackets).

Information on a number of other features was also particularly sought from the case 
reports. These features included range of eye movements, dysarthrophonia, 
respiratory stridor, dystonia and cognitive function.
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Table 1. Rejected cases of multisystem degeneration
(incompatible with minimal clinical or pathological criteria for MSA)

Author Year Case Reason

Pierret 1877

Royet 1893

Thomas 1897

Schroder 1928

Noica 1936

Aranovich 1939

Gross 1959

Roessmann 1971

lonel 1972

Neumann* 1977

Chokroverty 1984

Sima* 1993

1

1

5

onset 4 yrs. ? cerebellar dysgenesis.

histology incomplete.

positive family history.

onset 30 yrs. dementia (1).

onset 17 yrs. duration 18 yrs. 
retarded.

onset 26 yrs. duration 16 yrs. 
dementia.

death 3.5yrs.absent motor 
development.

nigral atrophy only, no LBs.

onset 19 yrs. duration 18 yrs.

severe pallidal degeneration

positive family history

onset 34 yrs. death after 9/12. 
clinically progressive MND.

r̂ejected because of unusual clinical/pathological features 
although compatible with minimal criteria.
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Table 2.168 well documented cases of pathologically proven MSA

Year of publication First author Case(s) Current case no

1887 Schultze. 1 1
1894 Arndt. 1 2
1900 Dejerine. 1 3
1903 Thomas. 1 4
1906 Schweiger. 1 5
1918 Stauffenberg. 1 6
1923 Fleischhacker. 1 7
1924 Bakker. 1 8
1924 Schuster. 9
1925 Parodi. 1 10
1926 Barre. 1 11
1926 Guillain. 1,2 12,13
1929 van Bogaert. 1 14
1933 Maas. 15
1934 Dimitri. 1 16
1937 Hassin. 1 17
1942 Guillain. 1 18
1943 Rosenhagen. 0-4,6 19-24
1945 Luque. 1 25
1947 Lambie. 1 26
1948 Critchley. 1.2 27,28
1952 Tans. 1 29
1952 Tobel. 1 30
1953 Guerra. 1 31
1956 Geary. 32
1960 Shy. 33
1961 Adams. 1-3 34-36
1962 Isida. 1 37
1962 Popp. 1 38
1964 Adams. 1 39
1964 Esser. 1 40
1966 Johnson. 41
1967 Bignami. 1 42
1967 Nick. 1 43
1967 Schwarz. 1-3 44-46
1968 Jellinger. 1 47
1968 Veron. 1.2,5 48-50
1969 Fischer. 1 51
1969 Graham. 1 52
1969 Mark. 1 53
1970 Andrews. 1-4 54-57
1970 Hughes. 1 58
1971 Koeppen. 1 59
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1971 Thapedi 1 60
1972 Bannister. 1,2,4 61-63
1972 Evans. 1 64
1972 Kulawik. 1 65
1972 Rajput. 1-3 66-68
1973 Petite. 69
1973 Rohmer. 1 70
1973 Sharpe. 1 71
1973 Takei. 1-7 72-77
1973 Trotter. 1 78
1973 Yamamura. 1 79
1974 Guard. 1 80
1974 Kaiya. 1 81
1974 Yamamura. 82
1975 Borit. 1.3 83,84
1975 Buonanno. 1 85
1975 Hartmann. 1 86
1975 Schober. 1 87
1975 Vuia. 1 88
1976 Boudin. 1.2 89,90
1976 De Lean. 1 91
1976 Lockwood. 1 92
1976 Michel. 1.2 93,94
1976 Rajput. 95
1977 Castaigne. 1 96
1977 Feve. 1 97
1977 Guilleminault 1 98
1977 Kluyskens. 99
1977 Kuroda. 1 100
1978 Chokroverty. 1.2 101,102
1978 Kan. 1 103
1978 Petite. 104
1979 Lapresle. 1 105
1979 Spokes. 1-4 106-109
1979 Sung. 1-4 110-113
1980 Case 39-1980 1 114
1980 Khurana. 1.2 115,116
1980 Reznik. 1 117
1980 Riku. 1 118
1981 Bannister. 2-3 119-120
1981 Kosaka. 1 121
1982 Huang. 1 122
1983 Case 23-1983 1 123
1983 Gosset. 1-3 125-127
1983 Montagna. 2,3 128-129
1984 Kwentus. 1 130
1985 Kanazawa. 1-5 131-135
1985 Obese. 1 136
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1986 Kohler. 1-3 137-139
1987 Sima. 1 140
1988 Chester. 1 141
1988 Kakulas. 2,3 142-143
1988 Kumar. 2 144
1988 van Leeuwen. 1 145
1989 Papp. 1-11 146-156
1989 Przedborski. 1 157
1990 Chokroverty. 1 158
1990 O'Brien. 1 159
1991 Horoupian. 1 160
1991 Pascual. 1 161
1992 Dubas. 1 162
1992 Papp. 1-3 163-165
1993 Churchyard. 1.2 166,167
1993 Jankovic. 1 168
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Survival analysis.

Although there was adequate data for clinicopathological correlations in only 168 of 
the 322 patients, there was enough information in the remaining 164 cases on basic 
clinical features including sex, age at onset and death, disease duration, clinical 
subtype (SND or OPCA) and presence or absence of autonomic failure, 
parkinsonism, cerebellar ataxia and pyramidal signs, for these data to be entered 
into the survival analysis for all 322 patients. This analysis was performed using 
Kaplan-Meier plots and the log-rank test. In order to generate Hazard ratios data 
were processed according to Cox's proportional hazard modelling. Chi-squared test 
was used for categorical variables.

Pathological data.

The average degree of cell loss and gliosis in the affected parts was graded on a 4 
point scale ranging from normal (0) to severe (3) in the following sites: putamen, 
caudate nucleus, globus pallidus, thalamus, subthalamic nucleus, substantia nigra, 
locus ceruleus, dorsal vagal nucleus, vestibular nuclei, nucleus ambiguus, pontine 
nuclei, inferior olives, cerebellar Purkinje cells, dentate nucleus, intermediolateral 
columns, anterior horn cells, Onuf s nucleus and pyramidal tracts. Severity counts of 
substantia nigra, putamen, caudate nuclei, and globus pallidus were averaged as 
an SND score (range 0 to 3), severity counts in inferior olives, pontine nuclei and 
cerebellar Purkinje cells averaged as an OPCA score (range 0 to 3), and severity 
counts in intermediolateral cell column, anterior horn cells, pyramidal tracts, and 
Onuf s nucleus averaged as spinal cord score (range 0 to 3).

Statistics.

Mean values were compared using Student's T-test. Correlations have been 
calculated using the Pearson correlation. Contingency tables have been analyzed 
with either a test or Fisher's exact test when the smallest expected value was less 
than five. All significance tests are two-sided and use an alpha value of 0.05. 
Because of the many comparisons made in the analysis, it is important to consider 
the possibility of a type I error, that is incorrectly rejecting the null hypothesis. A 
formal adjustment to the p-value for multiple testing was not made, as in most cases 
there was an a-priori hypothesis. Where there was no a-priori hypothesis, we have
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been cautious in our interpretation of "significant" differences between other 
variables.

2,3, Results,

171 reports relating to a total of 445 MSA cases were identified up to October 1994. 
12 cases of multisystem degeneration were not felt to represent MSA and were 
therefore excluded (Table 1). In 322 of the 445 MSA cases, available clinical data 
were sufficient for survival analysis. In a subgroup of 168 cases, reported in 108 
papers, data were sufficient for clinicopathological study (Table 2). The 35 cases 
collected at the UKPDSBB are presented in chapter 4 and are therefore not included 
in the present literature survey.

Clinical features.

There were 97 male and 71 female cases (ratio 1.4:1). Mean age of onset was 54.1 
(33 - 78) years, mean age at death was 60.0 (37 - 84) years and median disease 
duration was 5.0 (0.3 - 24) years. In only 31% of patients, had a clinical diagnosis of 
OPCA, SDS, SND or MSA been made at the time of death. Bronchopneumonia 
(47%) and sudden death (17%) represented the leading causes of death. The 
frequency of different combinations of autonomic failure, parkinsonism, cerebellar 
and pyramidal signs is shown in Figure 1. 40.5% of cases were clinically classified 
as pure SND, 12.5% as predominant SND, 16.7% as predominant OPCA and 16.1% 
as pure OPCA. In the remaining 13.7% of cases, both parkinsonism and cerebellar 
ataxia were present, but neither dominated the clinical syndrome, in one case 
(0.6%) autonomic failure and pyramidal signs were the only clinical features (Table 
3).

Autonomic failure was noted in 119 (71%) cases and parkinsonism in 141 (84%) 
cases. Cerebellar signs were recorded in 99 (59%) cases, and pyramidal signs in 79 
(48%) cases.

Overall, in 52% (79/151) of patients, the initial motor disturbance was characterized 
by isolated parkinsonism, in 33% (50/151) this was cerebellar ataxia, and in 9% 
(14/151) a combination of the two. The remaining patients (5%, 8/151) were noted to 
have pyramidal signs before the onset of either cerebellar or parkinsonian features.
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The legs alone were initially involved in 46% (64/139) of cases, arms alone in 16% 
(22/139) and both arms and legs in 38% (53/139) of cases. Tremor was present at 
disease onset in 23% (34/146) patients. The initial motor disturbance was axial 
alone, affecting either gait or speech or both, in 37% (53/144) of cases, it was distal 
alone, affecting the limbs in any combination, in 24% (35/144) of cases, and both
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Figure 1. Frequency of various combinations of clinical features in 168 cases of 
pathologically confirmed MSA. Park=parkinsonism; Auto=autonomic failure; 
Cereb=cerebellar signs; Pyr=pyramidal signs.
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Table 3. Distribution of clinical subgroups among 168 cases of MSA 
(percentages).

SND

OPCA

Pure SND 40.5

Predominant SND 12.5
Equivalent SND/OPCA 13.7
Predominant OPCA
1

16.7
1

Pure OPCA 16.1

Mixed 42.9
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axial and distal in 39% (56/144) of cases. In the limbs, initial motor disturbance was 
unilateral in 47% (42/90) of cases, and bilateral in 53% (48/90) of cases.

Data on initial autonomic complaints (with or without motor disturbance) were 
available in 95% (113/119) of patients who eventually developed autonomic failure. 
46% of these 113 patients initially had isolated urogenital symptoms, i.e. either 
impotence, urinary incontinence, or urinary retention. 25% had either dizziness 
(20%) or recurrent syncopal attacks (5%) at the onset of their autonomic 
dysfunction. The remaining 29% of patients had more than one feature at the onset 
of autonomic dysfunction, eg impotence and dizziness, or urinary incontinence and 
syncope.

The frequency of individual clinical features recorded during life in the 168 patients 
is shown in Table 4.

Autonomic failure was noted in 71% of the patients. Disturbance of micturition 
represented the leading autonomic symptom with urinary incontinence occurring in 
56% of patients. Urinary retention and fecal incontinence were both recorded in 
14%. Impotence was documented in 45% of male patients, but this most probably 
represents gross under-reporting.

Parkinsonism was the dominant motor disorder, occurring in 84% of patients. It was 
characterized by akinesia and rigidity in most cases. Tremor at rest was seen in a 
third of patients; however, a classical pill-rolling rest tremor had been documented in 
only 7%. The best recorded levodopa response was good in 18%, and poor in 82% 
of treated patients. The last recorded response, however, showed only 4% with a 
good response and 96% with a poor response. Levodopa-induced dyskinesias were 
noted in 19% of treated patients, involving facial muscles in 13%. Motor fluctuations 
were recorded in only 6% of treated patients.

Cerebellar gait and limb ataxia were seen in 54% and 51% of the patients, and 
pyramidal signs occurred in 48%.

Additional clinical features were recorded as follows.

Anisocoria was noted in 10% of cases. It was associated with a Horner's syndrome 
in 7%. The majority of these cases had the SND type of MSA. Dystonias unrelated
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to treatment were recorded in 8% (n=13) of cases (Table 5). The clinical spectrum of 
dystonias included antecollis (n=6), focal limb dystonias (n=6), axial dystonia (n=3) 
and orofacial dystonia (n=2). Contractures of the limbs were recorded in 7% of 
cases (Table 6). Some degree of intellectual impairment and/or emotional lability 
was recorded in 30% of the cases (Table 7). However, impairment was usually mild 
and not measured by formal psychometry. Severe intellectual impairment was 
described in 1 (0.6%) case only (van Bogaert et al 1929), and moderate impairment 
in another 4 (2.4%) cases (Maas and Scherer 1933, Critchley 1948 - case 2, Adams 
et al 1961 - case 2, and Kosaka et al 1981 - case 1).

A comparison of clinical features in patients with pure OPCA and pure SND is 
shown in Table 8. Although there was a significantly younger age at death in pure 
OPCA compared to pure SND cases, age at disease onset and disease duration 
both from first motor and first autonomic feature showed only a trend to smaller 
values in pure OPCA Clinical features at the onset of the motor disorder differed 
markedly in that patients with pure OPCA often had an isolated lower limb or speech 
presentation whereas those with pure SND presented commonly with combined 
upper and lower limb motor impairment.
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Table 4.Frequency of individual clinical features in 168 cases of MSA 
i. Autonomic symptoms

Recurrent syncope (>3) 24%
Urinary incontinence 56%
Urinary retention 14%
Fecal incontinence 14%
Impotence 45%

II. Parkinsonism

Akinesia 79%
Rigidity 76%
Tremor 64%
present at rest 40%
pill-rolling 7%
not specified 17%

L-Dopa response
t>est poor 83%

good 17%
late poor 96%

good 4%
dyskinesias 19%

orofacial 13%
limbs 6%

fluctuations 6%

III. Cerebellar signs

Limb ataxia 51%
Gait ataxia 54%
Intention tremor 27%
Nystagmus 24%

IV. Pyramidal signs

Extensor planters 42%
Hyperreflexia 44%
Spasticity 8%

V. Other features

Anisocoria 10%
Dysarthria 79%
Dystonia (unrelated to treatment) 8%
Contractures 7%
Stridor 9%
Intellectual deterioration
mild 27%
moderate 2.4%
severe 0.6%
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Table 5. Dystonia In pathologically proven MSA

Authors Year Case Clinical subtype Dystonia

Stauffenberg. 1918 1 pred OPCA writer's cramp, posturing of arms.
Parodi. 1925 1 pred OPCA dystonie flexion of head, trunk and limbs.
Guillain. 1926 2 pred OPCA antecollis.
Rosenhagen. 1943 2 pred OPCA antecollis.
Bignami. 1967 1 pure SND antecollis.
Hughes. 1970 1 pure SND dystonie tongue.
Borit. 1975 3 pred SND antecollis.
Schober. 1975 1 pure SND dystonie R leg (painful on L-dopa).
Boudin. 1976 2 pure SND dystonie R arm (painful).
Kan. 1978 1 pure SND trunkal dystonia (painful).
Case 23-1983 1983 1 pred SND dystonie toes.
Gosset. 1983 1 pure SND axial dystonia (worse on L-dopa).
Jankovic. 1993 1 pure OPCA ante/laterocollis. blepharospasm. facial/L foot dyst

* unrelated to treatment except cases by Schober and Gosset.

38



Table 6. Contractures In pathologically proven MSA

Authors Year Case Clinical subtype Contractures

Thomas. 1903 1 pure OPCA Extension contracture of legs, bilat equinovarus.
Fleischhacker. 1923 1 pure SND Adduction/flexion contracture R arm. Flexion t/f.
Guillain. 1926 1 pred OPCA Flexion contracture of legs.
Guillain. 1926 2 pred OPCA Flexion contracture of knees.
Tobel. 1952 1 pred OPCA Flexion contracture of elbows.
Takei. 1973 3 pure SND Contracture of all limbs, fetal position.
Takei. 1973 6 pure SND Severe rigidity with contractures of all limbs.
Trotter. 1973 1 pure SND Contracture deformity of L hand.
Vuia. 1975 1 pure SND Contracture of L limbs.
Boudin. 1976 2 pure SND Fixed extension rigidity of L arm.
Jankovic. 1993 1 pure SND Flexion contracture of arms and feet L>R.
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Table 7. Impairment of higher mental function in pathologically proven MSA

Authors Year Case Coanitive function
Dejerine. 1900 1 terminal slowing.
Schweiger. 1906 1 retarded.
von Stauffenberg. 1918 1 EL. mild cognitive decline.
Fleischhacker. 1923 1 EL. cognitive decline.
Bakker. 1924 1 mild EL.
Parodi. 1925 1 EL. amnesia, dyscalculia. confusion.
Guillain. 1926 1 EL.
Bogaert van. 1929 1* severe dementia.
Maas. 1933 2* severe memory loss.
Dimitri. 1934 1 mild dementia.
Lambie. 1947 1 EL.
Critchley. 1948 1 EL (terminal).
Critchley. 1948 2* early memory loss.
Tobel. 1952 1 personality change, euphoria.
Guerra. 1953 1 mild euphoria.
Adams. 1961 2* progressive memory loss.
Esser. 1964 1 EL. early dementia.
Schwarz. 1967 1 terminal confusion.
Schwarz. 1967 3 memory impairment.
Jellinger. 1968 1 organic dementia with hyperphagia.
Veron. 1968 1 indifferent.
Andrews. 1970 2 mild cognitive decline, terminal confusion.
Bannister. 1972 1 EL.
Evans. 1972 1 episodic EL.
Kulawik. 1972 2 impaired concentration and memory.
Rajput. 1972 1 EL.
Petito. 1973 3 inattentive, euphoric.
Takei. 1973 5 EL.
Trotter. 1973 1 mild dementia.
Kaiya. 1974 1 preterminal confusion.
Borit. 1975 1 mild cognitive decline.
Hartmann. 1975 3 bradyphrenia.
Michel. 1976 1 EL.
Feve. 1977 1 terminal memory loss.
Chokroverty. 1978 1 terminal mild memory loss.
Spokes. 1979 1 EL.
Sung. 1979 1 cognitive decline (testing).
Case 39 (MGH). 1980 2 EL.
Kosaka. 1981 1* severe dementia.
Kwentus. 1984 1 reduced short term memory.
Kanazawa. 1985 1 mild dementia.
Kanazawa. 1985 1 mental change.
Kohler. 1986 3 EL. mild cognitive decline.
Kohler. 1986 2 impaired concentration.
Kohler. 1986 1 cognitive decline (testing).
Papp. 1989 3 EL.
Przedborski. 1989 3 EL.
Horoupian. 1991 1 preterminal confusion.
Pascual. 1991 1 bradyphrenia.
Dubas. 1992 1 mild cognitive decline.
Key: EL emotional lability, ‘ cases of severe dementia,

40



Table 8. Clinical features in pure OPCA- versus pure SND type MSA

pure SND pure OPCA significance

Number of cases 

Male/Female 

Age of onset (yrs) 

Age at death (yrs)

68

(33/34)

56.0 + 9.6

61.1 +9.0

Total disease duration
(yrs) 5.1+2.6

Duration from motor 
onset (yrs)

Age of autonomic 
onset (yrs)

Duration from auton. 
onset (yrs)

Interval from auton. 
to motor onset (yrs)

Initial motor disorder

axial alone 
limbs alone 
both

arm(s) alone 
leg(s) alone 
both

unilateral
bilateral

tremulous or 
atremulous

3.9 + 2.8

-0.6+ 3.1

16%
38%
46%

24%
24%
52%

51%
49%

31%
69%

27 

(16/11) 

52.7 + 9.6 

57.6 + 9.6

5.5+ 2.7

Age of motor onset (yrs) 55.4 + 11.7 52.7 + 9.3

4.5 ±2.7 4.8 ±2.6

54.7 + 12.3 55.8 + 8.8

5.0 ±2.7 

1.4+ 2.4

68%
8%
24%

4%
72%
24%

14%
86%

12%
88%

NS (p=0.069) 

p<0.05

NS

NS

NS

NS

NS

p<0.01

p<0.0001

p<0.005

p<0.0001

NS (p=0.06)

41



Survival analysis (322 cases).

The Kaplan Meier curve for the survival probability as a function of disease duration 
is shown in Figure 2. There were no statistically significant differences in total 
survival periods between males and females, SND and OPCA subtypes, and 
between patients presenting with or without parkinsonism, autonomic failure, 
cerebellar ataxia or pyramidal signs. However, patients with younger age at onset 
had a longer survival (age <51: 6.8 yrs, <61: 5.7 yrs, <81: 5.3 yrs; p<0.01 ) and those 
with combined autonomic and motor presentation had a shorter survival (5.1 yrs) 
than those presenting with either autonomic or motor features (6.3 yrs; p<0.05). 
There was a small but significant (p< 0.001 ) secular change in survival (Figure 3). 
Cases published between 1893 and 1976 had a shorter survival (5.0 years, hazard 
ratio=1) than those published between 1977 and 1989 (6.1 years, hazard ratio=0.7) 
and those published between 1990 and 1994 (6.8 years, hazard ratio=0.55).
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Figure 2: Kaplan-Meier survival plot for 322 cases of pathologically proven MSA.
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Figure 3; Kaplan-Meier survival plots for 322 cases of pathologically proven MSA 
according to publication period.
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Pathological features.

The frequency and severity of degenerative cell loss in the various sites examined is 
shown in Tables 9 and 10, together with the number of brains on which these items 
are based. The most severe lesions were reported in substantia nigra, locus 
coeruleus, putamen, inferior olives, pontine nuclei, cerebellar Purkinje cells, and 
intermediolateral columns. Sites relatively spared by the degenerative process 
included cerebral cortex, thalamus, subthalamic nucleus, caudate nucleus, globus 
pallidus, dentate nucleus, nucleus ambiguus, vestibular nuclei, anterior horn cells, 
and pyramidal tracts. Glial and/or neuronal cytoplasmic inclusions were found in all 
recent cases (n=16 without, and n=51 together with the 35 UK PDS BB cases) in 
which they were sought. Clarke's columns and the spinocerebellar tracts were each 
reported to be involved in 18% of 93 cases, and posterior columns In 13% of 93 
cases (Table 11). Degenerative change of hypothalamus was reported in 20% of 25 
cases, and the Edinger-Westphal nucleusin 5 cases.
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Table 9. Main pathological abnormalities (ceii loss and/or gliosis) in reported MSA cases

SN Put Caud Pall inf Oli Pons PCs Dentate ILCC AHC Pyr
Normal 10.5% 17.1% 50.4% 27.1% 22.5% 27.2% 18.3% 68.8% 32.2% 50.0% 44.6%
Mild 6.6% 5.5% 20.8% 38.0% 14.6% 5.9% 20.9% 16.1% 6.7% 17.0% 30.1%
Moderate 32.9% 14.4% 27.2% 27.9% 22.5% 24.3% 32.0% 11.6% 35.6% 30.0% 22.9%
Severe 50.0% 63.0% 1.6% 7.0% 40.4% 42.6% 28.8% 3.6% 25.6% 3.0% 2.4%

Total n n=152 n=146 n=125 n=129 n=151 n=136 n=153 n=112 n=90 n=100 n=83

Key: SN substantia nigra, Put putamen, Caud caudate nucleus, Pali globus pallidus. Inf Oli inferior olive. Pons pontine nuclei, 
PCs Purkinje cells. Dentate dentate nucleus, ILCC intermediolateral cell column, AHC anterior horn cells, Pyr spinal cord 
pyramidal tracts.
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Table 10. Other reported pathological abnormalities In reported MSA cases*

Cortex Thai Luys Cerul Vest DVN AmbIg Onuf
Normal 80.5% 79.3% 56.7% 16.7% 44.4% 30.6% 58.3% 36.4%
Mild 11.5% 8.7% 20.0% 13.5% 20.4% 20.4% 25.0% 0%
Moderate 5.7% 8.7% 16.7% 52.1% 33.3% 34.7% 8.3% 9.1%
Severe 2.3% 3.3% 6.7% 17.7% 1.9% 14.3% 8.3% 54.5%

Total n n=87 n=92 n=30 n=96 n=54 n=49 n=12 n=11

Key: Cortex cerebral cortex, Thai thalamus, Luys Subthalamic nucleus, Cerul Locus ceruleus. Vest vestibular nuclei, DVN 
Dorsal motor nucleus X, Ambig nucleus ambiguus, Onuf Onuf s nucleus, * includes 35 UK PDS BB cases.
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Table 11. Reported lesions of spinocerebellar tracts, Clarke's columns 
and posterior columns In MSA*

First author. Year. Case. Soinocer tracts Clarke P
Thomas. 1897 4 + +
Schweiger. 1906 1 +
von StauffenberglSIS 1 + +
Guillain. 1926 1 + +
Maas. 1933 2 +
Guillain. 1942 1 +
Rosenhagen. 1943 1 + +
Rosenhagen. 1943 3 +
Rosenhagen. 1943 4 +
Rosenhagen. 1943 6 + +
Lambie et al. 1947 1 + +
Guerra. 1953 1 + +
Shy. 1960 + + +
Popp. 1962 1 + +
Fischer. 1969 1 +
Jellinger. 1971 + +
Jellinger. 1971 10 + +
Jellinger. 1971 11 + +
Jellinger. 1971 + +
Thapedi. 1971 +
Takei. 1973 +
Kaiya. 1974 1 + + +
Vuia. 1975 1 +
De Lean. 1976 1 + +
Sung. 1979 1 +
Sung. 1979 +
Gosset. 1983 +
Obeso. 1985 1 + +

* At least one of the three structures was examined in 93 MSA cases. 
+ indicates presence of lesion regardless of severity.
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Clinicopathological correlations.

There was a significant correlation between motor duration, but not age of motor 
onset, and the global OPCA score indicating severity of damage in the 
olivopontocerebellar system. The SND score tended to correlate with motor duration 
(p>0.05). A comparison of pathological features in cases with clinically pure OPCA 
and pure SND is shown in table 12.

The presence of akinesia was significantly correlated with the global SND score 
(p<0.05) as well as with severity of cell loss in putamen (p<0.05), but not in 
substantia nigra caudate nucleus or globus pallidus (p>0.05). The presence of 
akinesia was inversely related to the global OPCA score (p<0.005), as well as to cell 
less in inferior olives (p<0.001), pontine nuclei (p<0.05) and cerebellar cortex 
(Purkinje cells) (p<0.05). The presence of rigidity was significantly correlated with 
the global SND score (p<0.0001) as well as severity of cell loss in putamen, globus 
pallidus and substantia nigra (all p<0.001). There was an inverse relationship of 
presence of rigidity to the severity of cell loss in inferior olives (p<0.01 ), and Purkinje 
cells (0<0.05). The presence of tremor was not significantly associated with damage 
in any of the sites examined. The latest recorded levodopa response was 
significantly inversely related to the global SND score (p<0.05) as well as putaminal 
(p<0.001) but not nigral damage.

Both limb and gait ataxia were highly significantly associated with cell loss in inferior 
olves and basis pontis (p<0.0005). The association was less marked between limb 
and gait ataxia and Purkinje cell loss (limb ataxia p<0.05; gait ataxia p<0.005). There 
was a significant inverse relationship between the presence of limb (p<0.005) and 
gait (p<0.001) ataxia and the degree of nigrostriatal damage as measured by the 
SND score. The presence of nystagmus was significantly associated with cell loss in 
inferior olives (p<0.005) and pontine nuclei (p=0.001 ).

The presence of recurrent syncopal attacks was significantly associated with cell 
loss in intermediolateral cell columns (p<0.005). Likewise, urinary incontinence, but 
net retention, was significantly associated with cell loss in intermediolateral cell 
columns (p<0.005).

The presence of extensor plantar responses was significantly related to severity of 
pyamidal tract pallor (p<0.05), global OPCA score (p<0.05) and cell loss in inferior
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olives (p<0.01). Hyperreflexia was also significantly associated with pyramidal tract 
pallor (p<0.01) and cell loss in inferior olives (p<0.05).

Dysarthria was significantly associated with cell loss in pontine nuclei (p<0.05), 
substantia nigra (p<0.05) and anterior horns of spinal cord (p<0.005). Dysphagia 
was significantly associated with putaminal damage (p<0.05) but not nigral cell loss.
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Table 12. Comparison of distribution and severity of cell loss in clinically pure 
OPCA versus pure SND type MSA

pure OPCA
(n=27)

pure SND
(n=65)

significance

SND score 1.15 + 0.97 2.06 + 0.59 p<0.005

SN 1.50 ±1.25 X.60 + O.S8'

Putamen 1.26+1.24 2.69 + 0.79 p<0.0001

Caudate 0.69 + 0.87 0.87 + 0.89 NS

Pallidum 0.60 + 0.74 1.42 + 0.87 p<0.005

OPCA score 2.40 + 0.60 1.15+1.00 p<0.0001

Inf oli 2.60 + 0.76 1.14+1.12 p<0.0001

PN 2.52 + 0.77 1.00+1.24 p<0.0001

Purkinje cells 2.12 + 0.88 1.27 + 1.06 p<0.0001

Dentate 0.57+1.03 0.48 + 0.78 NS

Cord score 1.08 + 0.93 1.07 + 0.92 NS

Pyramidal tract 0.94 + 0.85 0.77 + 0.85 NS

Intermediolateral 
cell column 1.46+1.27 1.48+1.25 NS

AHC 0.63 + 0.96 1.00 + 0.97 NS

Onufs Ncl 2.33+1.16 2.50 + 0.71 NS

DVN 1.00+1.73 1.44+1.00 NS

Vestibular Ncl 1.33 + 0.82 0.94 + 0.93 NS

Ceruleus 1.29+1.11 1.76 + 0.92 NS

Subthalamicus 1.33+1.53 0.61+0.94 NS

Thalamus 0.42 + 0.79 0.36 + 0.74 NS

Key: SND striatonigrai degeneration. SN substantia nigra. OPCA olivopontocerebellar 
atrophy. Inf oli inferior olives. PN pontine nuclei. AHC anterior horn cells. DVN dorsal vagal 
nucleus.
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4.4. Discussion.

Clinical features.
The observed 1.3:1 excess of male cases of pathologically proven MSA accords with 
the 1.9:1 ratio in our clinical series (chapter 3). This excess of males might simply 
reflect greater case ascertainment in that sex. Nevertheless, a male preponderance 
has also been observed in a number of other neurodegenerative conditons such as 
idiopathic Parkinson's disease (IPO) (Rajput et al 1984) and motor neurone disease 
(Buckley et al 1983), and remains unexplained at present.

The relatively early age at onset implies that the proportion of subjects presenting 
with parkinsonism who have MSA will be at it's highest during the early fifties. The 
peak age at onset for MSA is also a decade earlier than for PSP, the other principal 
cause of atypical parkinsonism from which it must be distinguished. Urogenital and 
orthostatic symptoms precede the motor disorder in MSA more often than in IPD, 
accounting for the younger age at onset of first symptom in some MSA patients 
(Magalhâes et al. 1995).

The median survival of 5.0 years in the literature series implies a markedly reduced 
life expectancy given the mean age at onset of 54 years, and is comparable to that 
reported in other atypical poorly levodopa responsive syndromes, such as PSP 
(Golbe et al. 1988) and corticobasal degeneration (Rinne et al 1994). The majority of 
MSA patients died either of bronchopneumonia or sudden death. The first is most 
likely related to terminal immobility resulting from levodopa unresponsive 
parkinsonism, the latter might be caused by disruption of brainstem cardiovascular 
centres (Chokroverty 1984).

Patients with older age at onset had a shorter survival, similar to data reported in 
IPD (Rajput et al 1991). There was no gender difference in survival. This differs from 
observations in IPD where female sex is associated with longer survival (Diamond et 
al 1990). Survival was not significantly influenced by any individual clinical feature, 
but subjects presenting with both autonomic and motor features had a significantly 
shorter survival period. Survival was not affected by MSA subtypes. Presentation 
with parkinsonism versus cerebellar ataxia therefore implies similar survival, in 
contrast to a recent clinical study suggesting poorer survival in parkinsonian 
patients, but in a small series of 32 patients, 15 of whom had died (Schulz et al
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1994). There was a slight secular change in survival with more recent case reports 
showing improved survival. Several factors might contribute to this observation. 
First, levodopa treatment might increase life expectancy (Joseph 1977, Curtis et al 
1984, Diamond et al 1987)-, particularly in those MSA patients responding well to the 
drug. Second, lack of antibiotic treatment in the early 20th century may also in part 
explain shorter disease durations in early case reports. Third, increasing awareness 
of MSA and its many clinical features may have resulted in more accurate 
documentation of those cases beginning with autonomic dysfunction.

Parkinsonism was the predominant motor syndrome in the majority of patients, which 
is consistent with published experience. MSA of striatonigrai predominance is often 
perceived as symmetrical akinetic-rigid picture without tremor. However, many cases 
did not conform to this pattern either starting unilaterally or with gross asymmetry 
throughout the disease course or being associated with tremor of one sort or 
another, being observed at rest in 40%, and being of classical pill-rolling type in 8%. 
The response of MSA patients to treatment with dopaminergic drugs was variable. A 
minority gained definite, sometimes good, benefit, but usually to a degree much less 
than one would expect in IPD. However, the majority showed poor or absent 
response to treatment. Later in the disease, some patients appeared to have lost 
any response to dopaminergic drugs, but stopping the drugs led to further 
worsening. The typical dyskinesias usually comprising mobile dystonie and 
choreiform movements of the limbs, trunk and neck more than the face seen in 
fluctuating patients with IPD were not usually observed in MSA. Instead, they were 
often largely restricted to the face, jaw and neck, where they were often dystonie.

The problem of recognising cerebellar signs in patients with marked akinesia and 
rigidity is considerable and might account for the large number of cases labelled as 
pure SND. Thus, cerebellar involvement may not be identifiable as such in patients 
with severe hypophonia or impaired postural stability in the context of a severe 
parkinsonian syndrome.

Autonomic symptoms were present in the majority of the patients, although the 
degree of autonomic failure was very variable. Impotence or failing potency was 
probably grossly underreported and documented in only 45% of male patients. In the 
majority of these patients impotence was present at disease onset, but it was not a 
"presenting feature", since the history was only elicited later in the disease course. 
Although not recorded during the survey many cases noted urinary frequency during
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their illness. This is also a common symptom in IPD due to detrusor instability 
(Fitzmaurice et a! 1986), and so is of limited value in differential diagnosis. However, 
56% of subjects had incontinence of urine, and 14% developed retention. Although 
impotence and postural hypotension are well recognised in IPD with autonomic 
failure, retention or incontinence of urine are not usually seen, particularly early in 
the disease course. Thus, in the absence of other causes, early persistent urinary 
incontinence in patients with parkinsonism is unlikely to be due to uncomplicated 
Lewy body IPD.

Respiratory stridor has been reported in a number of cases of MSA (Bannister et al 
1981), although it has rarely been described as a dyskinetic side-effect of levodopa 
treatment in apparent IPD (Corbin and Williams 1987). It was reported in 9% of the 
patients in this series, and was sometimes accompanied, or preceded, by excessive 
snoring.

Dystonias were present in 8% of patients and, in contrast to IPD, appeared unrelated 
to levodopa therapy in all but two cases. Severe and disproportionate antecollis was 
the most common type of dystonia, it has emerged as a suggestive (though not 
specific) diagnostic pointer for MSA (Quinn 1986 and 1989). A few MSA cases 
spontaneusly developed contractures which are rare in IPD.

Although mild or moderate intellectual impairment was documented in about 30% of 
patients, assessment was often restricted to bedside impressions and psychometric 
assessment was the exception. There was only one (atypical) case with severe 
dementia (van Bogaert 1928). It may therefore be concluded that dementia is not 
integral part of MSA.

Pathological features.
The neuropathological assessment revealed that the majority of patients had 
moderate or severe degenerative change in the nigrostriatal and 
olivopontocerebellar system. Nevertheless, in a considerable minority of cases no 
abnormalities were reported in these structures (substantia nigra 10.5%, putamen 
17.1%, caudate nucleus 50.4%, inferior olives 22.5%, pontine nuclei 27.2% and 
Purkinje cells 18.3%). However, early change is often overlooked without 
morphometric assessment and/or staining for gliosis, e.g. glial fibrillary acidic protein 
(GFAP) (Daniel 1992).
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A variety of other neuronal populations were noted to show cell depletion and 
gliosis. Martin (1975) described thalamic degeneration occurring in 15 of 108 cases 
of "MSA". His cases included a wide variety of system degenerations and the 
number of SND and OPCA type MSA cases is not detailed. Excluding his cases from 
our series, there remain 11% (10/92) of cases with moderate (8.7%) or severe 
(3.3%) thalamic degeneration. On the other hand, 79.3% of cases were said to have 
a normal thalamus. The vestibular nuclear complex, notably the medial component, 
showed moderate degenerative change in 33.3%, and severe change in 1.9% of 
cases.

Moderate or severe degeneration of the anterior and lateral corticospinal tracts was 
noted in 25.3% of cases and, given intact upper motor neurons and internal capsule, 
may represent a "dying-back" phenomenon (Daniel 1992). Although moderate or 
severe degenerative change of anterior horn cells was noted in 33% of cases 
subregional vulnerability was only reported in one study of 6  MSA cases. These 
authors found a marked reduction in small anterior horn neurons in the intermediate 
zone, whereas large and medium-sized neurons of the medial and lateral nuclei 
tended to be preserved (Terao et al 1994).

GCIs, characteristic cellular markers of MSA, were identified in all 16 (or 51, 
including the UKPDSBB series) cases in whom they were looked for. Lantos and 
Rapp, who originally described GCIs in MSA (1989), have reviewed the cellular 
pathology of MSA, and the particular relevance of the more widespread distribution 
of GCIs to the clinical symptomatology. By analogy with Lewy bodies in IPD, all 
cases of MSA have GCIS, but not necessarily all brains containing GCIs have MSA.

Clinicopathological correlations.

Parkinsonism.

The correlation analysis indicates that akinesia and rigidity in MSA originate 
principally from the combination of nigral and striatal degeneration. Thus, both 
akinesia and rigidity were associated with a significantly higher SND score as well 
as putaminal score. Rigidity, but not akinesia, was also associated with higher 
pallidal and substantia nigra scores. Interestingly, both akinesia and rigidity were 
inversely related to olivopontocerebellar damage.
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It is well known that the degenerative process in MSA affects both pre- and post- 
synaptic sites of nigrostriatal dopaminergic transmission: the dopaminergic cell 
bodies in the substantia nigra and their terminals in the striatum, and also their 
striatal target cells bearing dopamine receptors (Fearnley and Lees 1990, Daniel 
1992, Kume et al 1993). This pattern fundamentally differentiates MSA from IPD, in 
which the nigrostriatal lesion is pre-synaptic. The majority of MSA patients have 
obvious nigral and striatal involvement. However, their relative importance in 
producing parkinsonism, and whether the degenerative process starts in one or both 
regions, is at present unclear.

In the present series 18% of treated patients showed a good or excellent response 
to levodopa at some stage of their treatment (Rajput et al 1991, Hughes et al 1992c, 
Wanning et al 1994). Progressive loss of striatal target cells and striatal output 
systems probably account for the poorly sustained response to levodopa in most 
MSA patients (Rajput et al 1991, Parati et al 1993). However, other observations 
suggest that levodopa responsiveness is not solely dependent on the degree of 
striatal cell loss. Fearnley and Lees (1990) in a morphometric study of 10 cases of 
MSA found that putaminal cell counts were significantly greater in levodopa 
responsive cases; however, levodopa response also correlated nigral cell counts. 
Recently Wenning et al (1994) described two cases in whom cell loss was 
apparently restricted to the substantia nigra and locus coeruleus, although the 
striatum contained glial inclusions. One of them showed an initial excellent response 
to levodopa with a good response persisting to death while the other had no 
response at all. In vivo "C-raclopride PET studies by Brooks et al. (1992) in 
levodopa-treated patients also failed to clearly correlate therapeutic response with 
striatal D2 receptor status. However, both ^^C-raclopride PET (Sawle et al 1993) and 
^^ l̂-iodobenzamide SPECT studies (Schelosky et al 1993, Schwarz et al 1993) 
performed in dopa-naive patients suffering from parkinsonism, have shown that a 
significant loss of D2 receptor binding in the striatum predicts lack of response to 
apomorphine, lack of subsequent response to chronic levodopa therapy or a clinical 
diagnosis of MSA . In addition, the results of an ^̂ C-SCH 23390 uptake PET study 
suggest that additional loss of D1 receptors could be an important factor for 
dopaminergic unresponsiveness in MSA (Shinotoh et al. 1993). Other factors such 
as impaired functional coupling of D1 and D2 receptors and changes in non- 
dopaminergic striatal neurotransmission, probably also contribute to the complexity 
of the situation (Bum et al 1993).
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Tremor failed to show an association with any of the structures examined, which 
parallels the lack of a good clinicopathological correlate for the occurrence of tremor 
in IPD and benign essential tremor.

Cerebellar ataxia and pyramidal signs.

The presence of ataxia was significantly associated with cell loss in cerebellopetal 
pathways (inferior olives and pontine nuclei) as well as with Purkinje cell loss. There 
was an inverse relationship to nigrostriatal pathology. One possible explanation 
could be the presence of marked parkinsonism resulting from severe cell loss in 
substantia nigra and striatum masking cerebellar signs clinically (Quinn and 
Marsden 1994)

The association of pyramidal signs and hyperreflexia with pyramidal tract pallor is 
consistent with current concepts of central motor pathophysiology.

Patients with a purely cerebellar motor disorder (pure OPCA) in life had more 
marked olivopontocerebellar degeneration compared to patients with a purely 
parkinsonian motor manifestation (pure SND) who had predominantly nigrostriatal 
cell loss and gliosis. However, in both patient groups there was evidence of 
degeneration within the other motor system, i.e. overlap of OPCA and SND 
pathology. Interestingly, spinal cord pathology was similar in both groups suggesting 
a somewhat more selective vulnerability of nigrostriatal and olivopontocerebellar, 
than spinal, pathways in patients with pure SND and pure OPCA.

Autonomic failure.

This meta-analysis confirms the association of postural hypotension and 
intermediolateral cell column degeneration that has previously been demonstrated 
(Bannister et al 1972, Oppenheimer 1980). This association suggests a primarily 
preganglionic origin of cardiovascular autonomic failure in MSA in contrast to cases 
of primary autonomic failure with Lewy body deposition in sympathetic ganglia. 
However, in some of these latter cases there may also be marked involvement of 
intermediolateral cell columns (Bannister et al 1972). Other CNS sites regulating 
autonomic function, such as hypothalamic nuclei, have not been investigated 
systematically. The dorsal vagal nucleus was reported to be severely involved in
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more than 14% of cases (n=49), but its contribution to autonomic disturbance 
remains to be elucidated. The association of urinary incontinence but not retention 
with preganglionic cell loss in the spinal cord suggests a differential mechanism for 
these two symptoms of micturition dysfunction. Neurogenic urinary incontinence is 
believed to be related more to detrusor hyperreflexia than to frequent occurrence of 
external urethral sphincter denervation (Beck 1994). The former is present early on 
in the disease course, and the latter characteristically present in late-stage MSA. 
Detrusor hyperreflexia might be linked in some way to either loss of preganglionic 
neurons or degeneration of poorly identified central descending autonomic pathways 
analogous to pyramidal hyperreflexia.

Laryngeal stridor is a common feature of MSA, particularly in later stages of the 
disease (Bannister et al 1981). However, despite atrophy of the posterior 
cricoarytenoid muscles careful pathoanatomical evaluation has failed to reveal 
abnormality of motor neurons in the nucleus ambiguus (Bannister et al 1981); the 
authors suggest a biochemical defect may be the basis of functional impairment. In 
the present series, one case had severe cell loss in Ncl ambiguus (Lapresle end 
Annabi 1979).

Conclusions.

A  Clinical features

1. In this series MSA affected males more frequently than females (ratio 1.4:1 ).
2. In the majority of patients MSA started in the early fifties.
3. MSA significantly reduced life expectancy (median survival 5.0 years). There was 
no significant difference in survival between the OPCA and SND subtypes of MSA. 
Patients with a combined autonomic and motor onset had poorer survival compared 
to other patients.
4. Many patients (71%) suffered from some degree of autonomic failure.
5. Parkinsonism was the most common motor disorder of MSA (84%) followed by 
cerebellar ataxia (59%) and pyramidal signs (48%).
6 . The levodopa response was poor in most patients, however, there was a 
subgroup of patients with a long-term response to levodopa often associated with 
axial dyskinesias.
7. Other characteristic clinical features included severe dysarthria, stridor, and in few 
patients contractures and dystonias (antecollis).
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8 . Intellectual impairment was recorded in a minority of patients and was severe in 
only one patient.

B. Pathological features

1. Most cases had neuropathological evidence of olivopontocerebellar atrophy 
(OPCA) and striatonigrai degeneration (SND) irrespective of clinical presentation.
2. There was definite neuronal loss in intermediolateral cell columns in 61% of 
cases.
3. Characteristic glial and/or neuronal cytoplasmic inclusions (GCIs/NCIs) were 
present in all of 16 cases in whom they were sought.
4. Other neuronal populations or systems were affected to variable degrees 
consistent with a poorly understood spread of the pathological process.

C. Clinicopathological correlations.

1. Akinesia and rigidity resulted from a combined degeneration of substantia nigra 
and putamen.
2. Striatal pathology accounted for the poor L-Dopa response observed in the 
majority of MSA cases.
3. Tremor was unrelated to any subregional neuronal cell loss.
4.Cerebellar ataxia was related to neuronal cell loss in inferior olives, pontine nuclei 
and cerebellar cortex.
5. Pyramidal signs were related to pyramidal tract demyelination.
6 . Postural hypotension was related to intermediolateral cell column degeneration.
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CHAPTER 3

CLINICAL AND PARACLINiCAL STUDIES

3.1. CLINICAL FEATURES AND NATURAL HISTORY OF 100 CASES OF MSA

3.1.1. Methods

Patients and clinical features.

I have analyzed the clinical features and natural history of 100 consecutive patients 
fulfilling criteria for clinically probable MSA (Table 13) who presented, or were 
referred, to the Movement Disorders Unit (MDU) at King's College Hospital and the 
Maudsley Hospital from 1983 to 1987, and at the National Hospital for Neurology 
and Neurosurgery from 1987 to 1992. Patients were followed up at regular intervals 
(6  to 12 months) either in our MDU or by their local consultant neurologist. Vital 
status of all subjects was ascertained up to 30th April 1994.

The type of MSA varied according to the predominant motor impairment. Patients 
were classified as MSA of SND or OPCA type as mentioned above (chapter 2). The 
term MSA of SDS type was avoided for several reasons. First, almost all patients 
suffer from some degree of autonomic dysfunction. Second, Shy and Drager*s 
autopsied case showed the classical changes of SND and OPCA (i.e. MSA) in 
addition to neuronal fall-out in the ICCs. Third, the term SDS has often been, 
inappropriately, applied to cases with Lewy body pathology, which may result in 
autonomic failure, with or without parkinsonism (Bannister and Oppenheimer 1972).
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Table 13. Clinical diagnostic criteria of MSA
(from N Quinn, 1994, with permission).

SND TYPE OPCA TYPE

Sporadic adult-onset 
non/poorly levodopa 
responsive parkinsonism*

Possible Sporadic adult-onset 
cerebellar syndrome with 
parkinsonism*

Above**, plus 
severe symptomatic 
autonomic failure*** 
or cerebllar signs 
or pyramidal signs 
or pathological sphincter 
EMG

p/m confirmed

Probable

Definite

Sporadic adult-onset 
cerebellar syndrome*
(with or without parkinsonism 
or pyramidal signs), plus 
severe symptomatic 

autonomic failure*** 
or pathological sphincter EMG

p/m confirmed

* Without DSM ill-R dementia, generalized tendon areflexia, prominent
supranuclear palsy for downgaze or other identifiable cause.

** Moderate or good, but often waning, response to levodopa may occur,
in which case multiple atypical features need to be present.

*** Postural syncope and/or marked urinary incontinence or retention
not due to other causes.

Sporadic: no other case of MSA in family. Adult-onset: onset age 30 years or above.
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Tiotr
If mention of a clinical feature coulcj/be found in the case notes, then the feature was 
coded as absent. In some cases, a patient may have had such a feature but it was 
either not evaluated or recorded. Thus the proportions of subjects with the presence 
of a feature should be treated as a conservative estimate. Hence, completeness of 
ascertainment would be expected to be greater for an item such as the presence of 
parkinsonism than for the presence, for example, of small stimulus-sensitive 
myoclonic jerks in the fingers.

Age of onset and subsequent duration until death in years were noted separately for 
autonomic failure, parkinsonism, cerebellar and pyramidal signs.

Autonomic symptoms included the following; symptomatic postural faintness or 
syncope, micturition dysfunction (urgency, urge incontinence, hesitancy, retention 
requiring catheterization, double micturition, persistent daytime frequency, nocturia), 
faecal incontinence, and, in male subjects, erectile and ejaculatory dysfunction. In all 
patients, autonomic failure was arbitrarily defined as any one of the following four 
symptoms: urinary incontinence, urinary retention, faecal incontinence or syncope. 
Postural faintness alone was not sufficient for autonomic failure. Severe autonomic 
failure was defined in men as the presence of at least 3 autonomic symptoms 
including impotence and/or ejaculatory failure, and in women as the presence of at 
least 2  of the above autonomic symptoms, excluding sexual dysfunction.

Akinesia (usually with rigidity) was necessary for a diagnosis of parkinsonism. 
However, tremor was neither obligatory, nor sufficient on its own. Hoehn and Yahr 
staging was used for monitoring disease progression during follow-up. Evaluation of 
initial, best and latest response to levodopa was based on the subjective 
assessment of the patient, or sometimes their family or their physician. Subjects' 
response was graded on a four point scale (1=0-29%, 2=30-49%, 3=50-69%, and 
4=70-100% improvement). Excellent response was defined as a score of 4, good 
response as 3, and poor response as a score of 1 or 2.

Cerebellar signs comprised gait and limb ataxia, cerebellar eye signs and cerebellar 
dysarthria in any combination.

Pyramidal signs included unilateral or bilateral extensor plantar responses, or 
equivocal plantar responses together with hyperreflexia and/or spasticity.
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Information on a number of other features was also particularly sought from the case 
notes. These features included eye signs (nystagmus, hypometric saccades, 
saccadic pursuit, and limitation of gaze), dysarthrophonia (parkinsonian=hypophonic 
and monotonous; non-parkinsonian=quivering/ strained/slurred/scanning), 
respiratory stridor, disproportionate antecollis and myoclonus.

Statistical analysis.

Data was entered on a database for further statistical analysis. In presenting data for 
continuous variables, we have used mean values or median values if the variables 
were highly skewed. Analysis of variance or the Wilcoxon- Mann-Whitney test was 
used to compare continuous variables for different sub-groups. Exact confidence 
intervals have been calculated for proportions using the binomial formula (Lentner 
1982). Contingency tables have been analyzed with either a test or Fisher's exact 
test when the smallest expected value was less than five. All significance tests are 
two-sided and use an alpha value of 0.05. Logistic regression analysis was used to 
calculate both univariate and multivariate odds ratios and confidence intervals.

Natural history.

Survival analysis was initially undertaken with Kaplan-Meier plots. Assumptions 
about proportionality for different sub-groups were tested by plotting the logarithm of 
the cumulative hazards against time. Differences in the median survival period for 
various clinical sub-groups were examined using the log-rank test. Cox's 
proportional hazard modelling was used to derive both univariate and multivariate 
hazard ratios. To further test the assumption of proportionality, we modelled each 
covariate with an interaction term for that variable and the logarithm of time 
(Christensen 1987). The differences in the likelihood ratio statistic were used to 
assess whether this assumption was valid. A stepwise method was used to 
determine the most parsimonious model. Predicted survival curves were generated 
by using the BASELINE statement in PROC PHREG of the Statistical Analysis 
System (SAS; details available on request from the SAS Institute, Bucks., UK). This 
applies the estimated survival functions to various selected clinical sub-groups.
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3.1,2. Results,

Clinical features.

There were 67 men and 33 women (male:female ratiolM ) whose mean age at 
onset of first reported symptom was 52.5 years with a standard deviation of 8.1 
years (range 33.3-75.6; Figure 4). Their median follow-up period was 6.9 (range 2 to 
20.5) years. Forty one patients had died up to the end of December 1992. Their 
mean age at death was 60.2 years with a standard deviation of 8.1 years (range 
39.3-82.9). In all 14 (34%) of these cases who had a post-mortem the diagnosis of 
MSA was confirmed. Thus, all 14 had cell loss and gliosis in the striatonigrai system. 
Six of the eight brains from patients without, and all five of those with, definite 
cerebellar signs in life also showed cell loss and gliosis in the olivopontocerebellar 
system. In one case, infratentorial structures could not be assessed due to severe 
post-mortem artefact. However, oligodendroglial cytoplasmic inclusions were present 
in both systems in all available brains. More detailed clinicopathological correlation 
in these 14, and in an additional 21, brains in the UKPDSBB, is the subject of 
chapter 4.

The initial, but not necessarily presenting, clinical feature of the disease was 
parkinsonism in 46%, autonomic dysfunction in 41% and cerebellar dysfunction in 
5%. Seven percent initially had features involving more than one system, and the 
remaining case presented with parasomnia.

With further follow-up, the presence of multiple system involvement became clear in 
all cases. The combination of involvement of four different systems (parkinsonian, 
cerebellar, pyramidal and autonomic) at latest follow-up is shown in Figure 5. The 
most common pattern was a "full-house", developing in 31 %.

Eighteen patients were diagnosed as MSA of OPCA type, and 82 patients as MSA of 
SND type. A comparison of clinical features revealed the presence of parkinsonism, 
obligatory for SND type MSA, in 50% of OPCA type patients, and of cerebellar signs, 
obligatory for OPCA, in 42% of SND type patients. The overall clinical spectrum of 
MSA is summarized in Table 14. The frequency of various symptoms is provided in 
more detail in Table 15, which presents data both on the total sample and the two 
clinical sub-types of OPCA and SND.
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Figure 4. Age at disease onset in 100 cases of MSA.
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Figure 5. Frequency of various combinations of clinical features in 100 cases of MSA. 
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cerebellar signs.
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Autonomie failure.

Autonomie symptoms were doeumented in 97% of the patients. Impotenee was 
almost universal among male patients. Although symptomatie postural hypotension 
oeeurred in 6 8 % of the patients, it was usually mild to moderate. Reeurrent (more 
than 3) syneopal attaeks were reeorded in only 12% of the patients. Urinary urge 
ineontinenee oeeurred slightly more often in women (77%) than in men (6 8 %). 
Urinary retention requiring eatheterization oeeurred In 27% of all patients, without a 
marked sex difference. Only 2 patients were faeeally incontinent.

Parkinsonism.

Parkinsonism was doeumented among 91% of the subjects. Akinesia and rigidity 
predominated, and were asymmetric in 74% of patients. Any tremor was present In 
6 6 %, and was more common In SND than In OPCA type eases. The commonest type 
of tremor was postural (47%). Action tremor was present In 20%. Tremor present at 
rest was seen In 29% of our cohort. A jerky irregular tremor was reeorded in 20%, 
but a classical pill-rolling rest tremor in only 9%.

The response of parkinsonism to levodopa- based medication at various stages is 
presented in Table 16. In twenty nine percent of the SND type patients a best 
response of better than 50% was reported at some stage of their treatment.
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Table 14. Distribution of sub-groups among 100 cases of MSA

SND 82

OPCA 18

48 pure SND

34 predominant SND

43 mixed

9 predominant OPCA

9 pure OPCA
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Table 15: The proportion of MSA cases with specific clinical features

Clinical feature SND

Autonomic features 98
postural faintness 43
recurrent syncopeY 12
urinary incontinence 72
urinary retention 31
faecal incontinence 3
impotence (males) 89

Parkinsonism 1 0 0 **
Tremor 74***
at rest 32
classical parkinsonian 10
postural 52*
action 2 2

Cerebellar features 42*
intention tremor 1 1*
nystagmus 18***
gait ataxia 23***
limb ataxia 35***

Pyramidal features 63
extensor planters 54
hyperreflexia 56

Miscellaneous features
Dysarthrophonia 96
Stridor 37
Disproportionate
antecollis 18
Myoclonus 37**

OPCA Total (95% C.I.S)
(82) (18) (1 0 0 )

94 97 (92-99)
39 42 (32-52)
11 12 (6 -2 0 )
67 71 (61-80)
11 27 (19-37)
0 2 (0-7)
93 90 (80-96)

50 91 (84-96)
28 6 6 (56-75)
17 29 (20-39)
6 9 (4-16)
2 2 47 (37-57)
11 2 0 (13-29)

1 0 0 52 (42-62)
33 15 (9-24)
56 25 (17-35)
1 0 0 37 (28-47)
1 0 0 47 (37-57)

50 61 (51-71)
28 49 (39-59)
44 54 (44-64)

94 96 (90-99)
2 2 34 (25-44)

0 15 (8-24)
6 31 22-41)

* p < 0.05 ** p < 0.01 *** p < 0.001 comparing SND and OPCA sub-types. 
Y more than three episodes
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Table 16. Percentage of SND predominant cases with excellent, good, moderate 
and poor response to levodopa

initial levodopa Best levodopa Last levodopa
response (n=78) response (n=75) response (n=61)

Excellent

Good

Moderate

Poor

8  (3-16)* 

12(5-21) 

6  (2-14)

74 (63-84)

11 (5-20) 

18(11-29) 

11 (5-20) 

60 (48-71)

2 (0-9)

11 (5-22) 

5(1-14)

82 (70-91)

95% Confidence Intervals in brackets
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However, best response was excellent (more than 70% benefit) in only 8  (1 1 %) 
patients and just 13% had retained a good (1 1%) or excellent (2 %) response at 
latest follow-up. None of the 4 OPCA-predominant patients who received levodopa 
benefitted. The initial median levodopa dose was 300 (range 100-1000) mg/day 
(plus peripheral decarboxylase inhibitor) and the maximum dose was 600 (range 
150-5000) mg/day. Dyskinesias developed in 53% of the treated patients after a 
mean duration of levodopa treatment of 3.5 +1 .8  years. Orofacial dyskinesias 
predominated in almost half of these cases and were often atypical, for example 
asymmetrical or unilateral and dystonic. Deterioration of mobility despite lack of 
evident prior benefit occurred in 52% of treated patients after levodopa withdrawal. 
Often this only occurred after several days had elapsed. Levodopa-related induction 
or worsening of orthostatic hypotension was noted in 39%. Confusion was 
remarkably rare, affecting only 6 % of treated subjects.

The relationship between specific clinical features and levodopa response is shown 
in Table 17. At a univariate level, only an early onset (before age 49) was a 
significant predictor of a good response. When these variables were examined in a 
multivariate model, female sex also became statistically significant (p=0.048). 
However, much of the variance in levodopa response could not be explained even 
using the multivariate model.

The response to any dopamine agonist (DA) was good or excellent in only 10% 
(4/41) of the patients. None of the 30 patients treated with bromocriptine, three of 10 
patients treated with pergolide, and one of 6  patients treated with lisuride showed a 
good or excellent response. Among DA treated patients with a good or excellent 
response to regular levodopa, 22% (2/9) also had a good or excellent response to at 
least one of the agonists as well. Among patients with a moderate, poor or absent 
response to levodopa, 7% (2/31) derived benefit from a DA. Of the 26 subjects 
treated with amantadine, 4 (15%) showed a good or excellent response.
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Table 17. Relationship between L-dopa response and clinical features for 83 
MSA cases with parkinsonism, (an odds ratio > 1 indicates that the feature is 
associated with a good response and < 1 indicates an association with a poor 
response)

Clinical feature

L-Dopa Response 
good poor

Univariate Odds ratio* Multivariate Odds ratio* 
(95% C.I.S) (95% C.I.S)

Total sample (n=83) 2 2

Females (n=30) 
Males (n=53)

11
11

61

19
42

2.39
(0.88-6.50)

3.05**
(1.00-9.21)

Autonomic failure 
mild (n=52) 
severe (n=26)

17
3

35
23

1.26
(0.47-3.34)

1.11
(0.37-3.35)

Cerebellar features 
No (n=46) 14
Yes(n=37) 8

32
29

1.59
(0.58-4.33)

1.64
(0.53-5.05)

Pyramidal features 
No (n=32) 10
Yes(n=51) 12

22
39

1.48
(0.55-3.97)

1.10
(0.35-3.47)

Initial HY score
Score 1 or 2 (n=57) 18
Score 3 (n=26) 4

39
22

2.54
0.76-8.45)

2.16
(0.58-8.05)

Early onset
Age < 49 yrs (n=20) 9
Age > 49 yrs (n=63) 13

11
50

3.15***
(1.07-9.19)

3.76***
(1.14-12.4)

* Odds ratio calculated from logistic regression model. Multivariate model 
includes the following variables; sex, autonomic failure, cerebellar and 
pyramidal features, initial HY score and age at onset.

** P < 0.05 *** p <0.01
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Initial Hoehn and Yahr stages were as follows: 45% stage I, 18% stage II, 38% stage 
III. This pattern varied depending on whether the case was classified as OPCA or 
SND, more of the former presenting at stage III because of unsteadiness: 14% vs. 
50% stage I, 7% vs. 20% stage II, 79% vs. 30% stage III (p=0.005). The median 
number of years to reach each Hoehn and Yahr stage is presented in Figure 6 , and 
compared with data for 123 treated cases of idiopathic Parkinson's disease (IPD) 
(Hoehn 1983). MSA cases clearly became disabled at a faster rate than IPD cases, 
more than 50% of patients being markedly disabled (stage IV) or wheelchairbound 
(stage V) within 5 years of onset of parkinsonism.

Cerebellar signs.

Cerebellar signs were present in 52 patients. All but 5 of them had evidence of 
finger/nose or heel/shin ataxia. Postural instability was present in 93% of the 
patients, but gait ataxia as such could be specifically identified in only 37%. When 
first seen at the National Hospital, it was noted that some patients with a cerebellar 
presentation of MSA had a narrow-based unsteady gait, unlike the typical broad- 
based gait of cerebellar disease. These patients had mildly or moderately impaired 
postural reflexes but no other evidence of parkinsonism. They experienced frequent 
falls, as did patients with predominant parkinsonism. Intention tremor was seen in 15 
patients. Nystagmus was overall detected in 25% of patients, usually on formal 
neuro-otological examination, but less commonly in the clinic or at bedside. It was 
more than 3 times as frequent in OPCA as in SND type cases.

Pvramidal signs.

Pyramidal signs occurred in 61% of the total cohort. However, no patient had 
unequivocal pyramidal weakness or a spastic gait when seen.
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other clinical features.

Dysarthria ocurred in almost all patients and was frequently not typically 
parkinsonian. Apart from nystagmus, other eye signs included saccadic pursuit 
(68%), hypometric saccades (65%), and some limitation of upgaze (39%), downgaze 
(7%), and horizontal gaze (7%). However, no patient had a predominant downgaze 
palsy. Respiratory stridor was noted In 34% of patients, but led to tracheostomy in 
only 4%. Disproportionate antecollis developed in 15% of patients. Mainly stimulus- 
sensitive distal myoclonus was elicited in 31 % of the patients. Impaired distal 
vibration sense was noted in 13 patients with reduced joint position sense in two and 
distal paraesthesiae in three of them. There were another 14 patients with subjective 
sensory symptoms only. There was only one case with widespread fasciculation and 
wasting.

Natural history.

The survival pattern of the case series is shown in Figure 7. There were no deaths in 
the first two years after first symptom, but later there was a steady fall in the survival 
probability. Overall, after 44 deaths (December 1992), the median survival period 
was 9.5 years. This remained unchanged after 52 deaths (April 1994) vWien the 
median survival period was 9.3 years. There was no significant difference in age at 
onset and at death between SND and OPCA predominant groups, and no significant 
differences were found in the median survival for various clinical sub-groups (Table 
18).

There was no evidence of the hazard ratios varying with time as judged graphically, 
or by the interaction term. The univariate hazard ratios showed no statistically 
significant differences but suggested that women, cases with a poor response to 
levodopa, and those with greater initial disability, might have worse survival. A 
stepwise model suggested the best predictive variable was the initial Hoehn and 
Yahr score. I then examined whether the differential survival between men and 
women could have been due to confounding by other features. The hazard ratio for 
females compared to males, including all other variables, was 1.83 (95% C.I.s 0.80- 
4.16). I also examined whether there was a significant interaction between sex and 
levodopa response in determining survival.
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Figure 7. Kaplan-Meier survival plot for 100 cases of MSA. Small vertical lines indicate censored observations.
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Table 18: Median survival time* and hazard ratios** for 100 MSA cases by different

clinical features

Clinical feature Median survival time Hazard ratio*** univariate
(years) (95% C.I.S)

Total sample (n=100) 9.48 —

Females (n=33) 7.71 1.70
Males (n=67) 10.05 (0.88-3.28)

Autonomic failure
severe (n=43) 9.05 1.40
mild (n=57) 10.27 (0.75-2.63)

Cerebellar features
No (n=48) 9.34 1.35
Yes (n=52) 10.05 0.72-2.53)

Pyramidal features
Yes (n=61) 9.05 1.14
No (n=39) 10.27 (0.59-2.22)

Sub-group type
SND type (n=82) 9,48 1.25
OPCA type (n=18) 10.27 (0.44-3.53)

Response to L-Dopa
Poor(n=61) 9.05 1.68
Good (n=22) 10.32 (0.76-3.71)

Initial HY score
Score III (n=36) 7.04 1.72
Score 1 or II (n=60) 10.05 (0.91-3.26)

Early onset
Age > 49 yrs (n=75) 9.05 1.46
Age < 49 yrs (n=25) 10.27 (0.73-2.90)

median survival based on Kaplan-Meier probabilities 
* Hazard ratio based on Cox's proportional hazard model. 
** None of the hazard ratios were statistically significant.
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stratified analysis among cases with a good response to levodopa gave a hazard 
ratio for women compared to men of 0.90 (95% C.I.s 0.23-3.62), but among those 
with a poor levodopa response, the hazard ratio for women compared to men was 
2.80 (95% C.I.s 1.14-6.85). Hence the overall worse survival for women was largely 
determined by the sub-group of cases with poor levodopa response. However, the 
interaction term was not significant Women were less likely than men to initially 
complain of autonomic features (27% versus 61%) (X^=10.1 on 1 d.f. p=0.001).

Erectile failure was a common early symptom of autonomic failure in men. A history 
of secondary anorgasmia as a symptom of sexual dysfunction in women was only 
obtained in 2 female patients, but most were not questioned specifically about this. 
To examine whether the differential survival for men and women might reflect failure 
to report early sexual dysfunction in women, the survival analysis was repeated, now 
using time from first motor symptom until death or censoring to calculate the person 
years at risk parameter. The new hazard ratio for women compared to men was now
0.92 (95% C.I.s 0.48-1.77), suggesting no difference in the mortality rates. No major 
difference was found when comparing the survival pattern of those cases initially 
complaining of parkinsonism as compared to autonomic features (Hazard ratio 1.28 
95% C.I.s 0.63-2.60).

As many of the clinical features may appear at any time during the progression of 
the disease, their value early in the disease in estimating possible prognosis is 
limited. Three variables were therefore chosen (sex, age at disease onset, initial 
Hoehn and Yahr score), on which information should be available at initial 
presentation. The multivariate hazard ratios for these variables were used to 
generate predicted median survival estimates. Table 19 shows the possible 
variations in predicted survival for the eight possible clinical combinations. The 
largest difference in predicted survival was 4.6 years comparing men under the age 
of 49 years and an initial Hoehn and Yahr score of < III with women over the age of 
48 years and an initial Hoehn and Yahr score ^ III.

However, the wide confidence intervals for each sub-group demonstrate our poor 
ability to accurately predict prognosis, and the wide variation for any specific sub
group. In fact, this predictive model explained only 2% of the total variance. 
Moreover, the estimated survival probabilities from the multivariate model were used 
for the baseline group (males, Hoehn and Yahr < III, age ^ 49), and are assumed to 
have no standard error (this sub-group was chosen as the baseline as it was the
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largest, and should therefore be more robust). These results should therefore be 
interpreted with considerable caution. Nevertheless, they currently represent the 
best available estimates, based on a limited sample size, of how clinical 
characteristics ,
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Table 19. Predicted* median survivals for MSA cases based on sex, initial 

Hoehn and Yahr score and age at disease onset (95% confidence intervals).

Males Females
H Y Io rll HY III H Y Io rll HY III

Age at onset < 49 years 11.9 9.5 9.5 7.6
(9.1-20.5) (6.8-20.5) (6.8-15.4) (5.6-15.1)

Age at onset > 49 years 10.4** 9.1 9.1 7.3
  (7.0-11.9) (7.0-11.0) (5.7-10.3)

Estimates derived from multivariate Cox's Proportional Hazard model. 
* Baseline category
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3.1.3. Discussion

Clinical features.

The analysis of clinical features and natural history in this consecutive series of 100 
patients with probable MSA is the first of its kind based on a large number of 
subjects all examined in life, and many prospectively followed, with 
neuropathological confirmation in as many patients as possible.

In the past MSA has been described in 3 different ways. The term SDS has often 
been applied to patients with early prominent autonomic failure. However, the 
autopsied index case of Shy and Drager (1960) developed parkinsonism and 
cerebellar signs, and showed the pathology of both SND and OPCA (i.e. MSA). 
Second, many patients present with a predominantly parkinsonian syndrome and are 
often referred to as cases of SND. However, all three sporadic index cases (Adams 
et al 1961 ) also had some combination of autonomic failure with pyramidal and/or 
cerebellar signs, and at autopsy all three had both SND and OPCA. Third, a 
cerebellar syndrome may predominate in a minority of patients, and these cases may 
be referred to as OPCA. Both index cases of Dejerine and Thomas (1900) also had 
parkinsonism, autonomic failure, and hyperactive tendon reflexes. In the case with 
pathology, there was cell loss and gliosis in olives, pons and cerebellum. However, 
striatum and substantia nigra were not mentioned.

From the above, it is apparent that the brains of most cases labelled as SDS, SND 
and OPCA show cell loss and gliosis in both striatonigral and olivopontocerebellar 
systems. The former may be present in the absence of parkinsonism, and the latter 
in the absence of cerebellar or pyramidal signs. This strongly suggests that three 
"diseases" SDS, SNDand sporadic OPCA, are in fact manifestations of one and the 
same condition, i.e. MSA.

More recently, this view has received strong support from the independent 
description, by a number of groups, of a characteristic cytological hallmark of MSA, 
the oligodendroglial inclusion (Papp et al 1989, Costa et al 1992, Abe et al 1992). 
These inclusions are present in (sporadic) MSA, yet are generally absent in familial 
OPCA, PD, and other "multisystem degenerations" such as SRO disease, although 
small numbers are occasionally seen in some patients with these disorders (Daniel
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et al 1995).

Ail patients were seen In the setting of a Movement Disorders Unit with a special 
interest in parkinsonian syndromes.Thus, it might be argued that the presence of the 
striatonigral type in 82% of these cases reflects ascertainment bias, and hence that 
the cohort does not provide a representative sample of the wide clinical spectrum of 
MSA. However, there are several lines of evidence to suggest that the present 
sample reflects the true spectrum of MSA, and is not skewed by our interest in 
parkinsonism towards SND type cases. Thus, a review of 188 pathologically proven 
MSA cases in the literature (Quinn, 1994) suggests that "pure" OPCA (without 
parkinsonism) and "pure" SND (without cerebellar signs) occur in 11% and 44% 
respectively (see also chapter 2). This corresponds closely to values of 9% and 48% 
in the current series. Mixed clinical syndromes (either predominant OPCA or SND) 
were noted in 45% of literature cases and 43% of the current series. In addition, the 
4 most common combinations of autonomic failure, parkinsonism, cerebellar and 
pyramidal signs, and also their rank orders, were identical in the clinical and in the 
literature series. It is therefore concluded that parkinsonism is indeed the most 
common motor disorder in MSA.

A number of investigators have suggested certain clinical features that may help to 
differentiate SND type MSA from IPD (Fearnley and Lees 1990, Hughes et al 1992a, 
1992 b, Parati et al 1993, Colosimo et al 1995). These include symmetrical disease 
onset, the absence of tremor, and lack of response to levodopa. However, in the 
present series symmetrical disease was only seen in 27% of the patients and tremor 
was present in 66%, including tremor present at rest in 29%, although a classical 
pill-rolling parkinsonian rest tremor was noted in only 9%. A good (or, much less 
commonly, excellent) levodopa response was seen in 29% of the patients, and was 
still present in 13% at latest follow-up. The response to dopamine agonists was even 
more disappointing, in accordance with published experience (Lees 1992). However, 
it should be noted that agonists are often only given to MSA patients who have 
already failed to respond to levodopa. Asymmetry, rest tremor and a good levodopa 
response, although suggestive of IPD, therefore do not exclude MSA.

Since the response to levodopa is generally less in MSA than in IPD, it is therefore 
not surprising that drug-induced dyskinesias are also less common and less severe 
in MSA patients. However, there is also a qualitative difference. Thus, the typical 
peak dose or biphasic dyskinesias in IPD are characterized by mobile
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choreodystonic movements of the limbs. In contrast, dyskinesias in MSA commonly 
affect neck and face more than limbs. Twenty-four percent of levodopa-treated MSA 
patients developed sustained asymmetrical or even unilateral dystonie facial 
spasms.

The low incidence of levodopa-induced confusion may be due to several factors. 
First, dementia does not seem to be an integral feature of MSA (Robbins et al 1992); 
indeed, it constituted a clinical exclusion criterion in this study. Second, the patients 
were generally younger and receiving fewer psychoactive drugs, and in smaller 
doses, than an equivalent population with IPD.

Severe orthostatic hypotension with recurrent blackouts, as initially reported by Shy 
and Drager, was uncommon in this cohort. The majority of patients with postural 
dizziness did not require any symptomatic drug treatment. Head-up tilt at night, 
elastic support stockings and a liberal salt intake were sufficient in most. This low 
prevalence of syncope may reflect a twofold bias. First, patients presenting with 
severe cardiovascular autonomic failure are often initially referred to an autonomic 
unit, thus bypassing recruitment into this study unless they also require MDU 
assessment. Second, immobility in some chairbound patients with advanced poorly 
levodopa responsive parkinsonism may have prevented the expression of more 
severe orthostatic hypotension. Against these biases, however, most patients were 
given levodopa for their parkinsonian features, and 40% of these subjects 
experienced an aggravation or precipitation of orthostatic hypotension. This study 
confirmed the importance of sexual dysfunction as usually the earliest indicator of 
autonomic failure in males. Anorgasmia was only reported by 2 women, but this may 
be due to low ascertainment. Urinary urge incontinence was three times as common 
as urinary retention, and the results of anal or urethral sphincter EMGs indicated 
denervation of Onufs nucleus in the sacral cord (Eardley et al 1986) in 42 of 49 
(8 6 %) cases studied with this technique (Dr Clare Fowler). Faecal continence was 
preserved in virtually all patients despite highly abnormal anal sphincter EMGs in 
many patients, suggesting a less vulnerable arrangement for sphincter control. 
Among the 7 (14%) patients with normal sphincter EMG were 3 with pathological 
confirmation of MSA.

Cerebellar signs occurred in 42% of SND type patients within about 4 to 5 years 
after the onset of parkinsonism. In fact, in the inaugural paper by Adams et al. 
(1961), cerebellar signs were noted in one of their three sporadic patients, and
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pathological changes of OPCA were found in all three. In some other cases 
advanced parkinsonism may mask cerebellar symptoms. Occasionally CT or MRI 
imaging may reveal subclinical infratentorial atrophy (Klockgether et al 1990). The 
relatively high proportion of our SND type patients showing cerebellar signs 
illustrates, firstly, the enormous clinical overlap of extrapyramidal and cerebellar 
manifestations in MSA and, secondly, the usefulness of repeated examinations for 
cerebellar signs in atypical parkinsonian patients. This overlap is mirrored by the 
finding of parkinsonism in half of OPCA cases.

The narrow-based, yet unsteady, gait ataxia seen in several of the patients may 
provide a diagnostic clue. It is not usually seen in patients with other degenerative 
ataxias and most probably is due to impairment of postural reflexes. Thus, most 
patients with cerebellar disease nevertheless retain good postural reflexes, which 
probably accounts for widening their stance. This is a natural phenomenon which is 
also seen in normal individuals trying to improve balance, for example when walking 
on ice. The early development of falling, often as a presenting feature, in other 
patients not specifically noted to have a narrow based gait, also suggests early 
impairment of postural reflexes. This impairment was often detectable on careful 
clinical testing, and probably indicates the presence of pathology beyond that which 
occurs in isolated idiopathic late onset cerebellar ataxia (ILOCA) without autonomic 
failure.

Pyramidal signs occurred in 61 % of patients, and were again usually noted within 
about 4 to 5 years of disease onset, often together with cerebellar signs. This may 
suggest a relative resistance of olivopontocerebellar and pyramidal pathways to the 
pathogenetic mechanism(s) operating in MSA. The present data support the 
suggestion (Rajput et al 1991) that a diagnosis of IPD is likely to be more accurate if 
made after 5 years of follow-up, by which time additional features should have 
emerged in patients with other forms of parkinsonism, particularly MSA.

A number of other clinical features deserve comment:

1. Although difficult to define and quantify, many subjects in addition to, or instead 
of, typical parkinsonian monotony and low volume, had either a slurring cerebellar 
dysarthria, or their voice had a quivering, strained, croaky, or high-pitched quality. 
Virtually total aphonia or anarthria, or severe dysphagia, rarely seen in IPD, 
developed in a minority.
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2. A prominent supranuclear palsy for downgaze constitutes an important clinical 
feature of SRO disease and therefore represents one of our exclusion criteria for a 
diagnosis of MSA Although 7% of subjects in the present series had a restriction of 
downgaze, this was mild in all cases. Furthermore, 2 of these also had a 
disproportionate antecollis, raising the possibility of gaze limitation due to "disuse". 
Nystagmus occurred three times as often in OPCA as in SND patients (Lepore 
1984). However, this figure is based on formal neuro-otological testing in the 
majority of patients. Nystagmus was much less commonly seen on bedside testing, 
in contrast to (non-specific) hypometric saccades and jerky pursuit, which were 
noted in the majority of patients. Nevertheless, detection of a cerebellar eye 
movement disorder in predominantly parkinsonian patients on formal neuro- 
otological testing may sometimes provide a helpful diagnostic clue (Rascol et al 
1991, Rascol et al 1993, Vidailhet et al 1994).
3. Respiratory dysfunction with inspiratory stridor occurred in 34% of cases. 
Inspiratory stridor is regarded as a classical, occasionally presenting (Williams et al 
1979), feature in a subgroup of MSA patients. It is extremely rare in IPD (Corbin and 
Williams 1987), and therefore, when present, represents a useful distinguishing 
feature. The exact pathological basis for this stridor is unknown. Morphometric 
studies in three MSA patients revealed atrophy of the posterior cricoarytenoid 
muscle, but no evident abnormalities in the nucleus ambiguus (Bannister et al 1981).

4. A generally flexed posture is frequently seen in IPD. In contrast, a 
disproportionate antecollis which is very uncommon in pathologically proven IPD, 
was a striking feature in 15% of MSA patients, often with secondary neck pain, 
increasing dysphagia, and limitation of visual fields.

5. Myoclonic stimulus (particularly stretch) sensitive jerks of fingers, and sometimes 
more proximal muscles, occurred in at least 30% of patients and contributed to a 
variable extent to the observed jerkiness and irregularity of tremor. Distal jerky 
myoclonus is only rarely seen in uncomplicated IPD, and may be a useful indicator 
of alternative pathology, such as MSA (Obeso et al 1989).

6 . Sensory symptoms with or without mild sensory impairment occurred in a minority 
of subjects. Cohen et al (1987) have previously reported clinical or electrical 
evidence of a mild neuropathy in a similar proportion. There is also reported 
histological evidence of significant peripheral nerve damage in MSA (Galassi et al 
1982). However, such findings may be difficult to interpret in wheelchair-bound

85



patients with severe motor disability.

Natural history.

The survival analysis showed, as might be expected, that cases with a poor 
response to levodopa and those presenting with more severe disease, as measured 
by their Hoehn and Yahr stage, have worse survival. Older age of onset was also 
associated with shorter survival, a finding also noted in IPD (Diamond et al 1989). 
However, although younger patients may survive longer than older ones, their total 
life expectancy is nevertheless reduced by a greater degree.

The apparent worse survival in poorly levodopa responsive women was unexpected. 
Several explanations are possible, (a) This may be a chance sub-group finding as 
the hazard ratio was not statistically significant, (b) It may reflect confounding with 
other predictor variables which differ by sex, and which we have not taken into 
account, (c) A true difference may exist in the prognosis for men and women, as also 
reported in a case series of PD patients (Diamond, 1990). (d) The differences may 
be artefactual. The last of these is regarded as the most likely explanation, since no 
difference in survival was seen when motor symptoms were used as the marker of 
disease onset. It is possible that differential recording of early sexual dysfunction, 
which is commonly asked for and noted in men but not in women, is responsible for 
the apparent observed sex-difference in survival.

The data indicate that various sub-groups of MSA cases may differ in prognosis 
depending on their sex, age at onset and initial Hoehn-Yahr stage. This information 
will be clinically useful and enable a better prediction of prognosis rather than simply 
using the median survival for the whole series. However, these results are based on 
a relatively small sample. Therefore for any individual there will still be quite a large 
variation in survival estimate. This is clearly demonstrated by the wide confidence 
intervals and the paucity of our statistical model in explaining much of the variation 
in survival.

Therefore, more evidence from prospective follow-up of a larger number of cases is 
required, which will in turn modify and increase the precision of the current 
estimates.
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3.2. OLFACTORY FUNCTION.

Marked impairment of olfactory function in IPD has been consistently demonstrated 
by many investigators. Initial studies (Ansari and Johnson 1975, Quinn et al 1987, 
Ward et al 1988) reported Impaired olfactory threshold and discrimination in patients 
with IPD independent of age, duration of disease, and the presence or nature of anti
parkinsonian treatment (Quinn et al 1987, Ward et al 1988), and of disease severity 
(Ward et al 1988). Doty and colleagues (1988) administered the 40-odorant 
University of Pennsylvania Smell Identification Test (UPSIT) to a group of 81 
patients with a clinical diagnosis of IPD and reported a relative impairment of 
olfactory function which was independent of disease stage and duration. A 
subsequent study (Doty et al 1992a) showed that this deficit is bilateral and again 
confirmed its independence of a number of measures of parkinsonian disability, and 
of the presence or absence of antiparkinsonian drug treatment. Later the same 
group also presented data suggesting that the severity of olfactory dysfunction 
differs among certain subtypes of IPD (Dotti et al 1992). Abnormalities of olfactory 
function in IPD have also been described by other investigators (Hawkes and 
Shephard 1992a,b). More recently, other parkinsonian syndromes have also been 
studied although no reports are unavailable in MSA. Thus, olfaction is known to be 
normal in MPTP-induced parkinsonism (Doty et al 1992b), progressive supranuclear 
palsy (PSP) (Bonucelli 1991, Doty et al 1993), and reduced in the parkinsonism- 
dementia complex of Guam (Doty et al 1991 ).
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3.2.1. Methods.

Patients.

Olfaction in twenty-nine MSA patients was examined and compared to that of 
patients with other parkinsonian syndromes, including IPD (n=118), PSP (n=15) and 
corticobasal degeneration (CBD) (n=7). Diagnostic criteria for PSP were those of 
Lees (1987), and, in the absence of diagnostic criteria, CBD was diagnosed in the 
presence of a typical picture as described by Riley et al. (1990).

Normative data for UPSIT performance are available for US individuals. Some 
odours are, however, unfamiliar to British subjects. Normal values for 123 controls 
were therefore obtained from healthy members of Ipswich Hospital and British 
Telecom staff. There was a female predominance and a lower mean test age among 
controls in comparison with the patient groups (Table 20). This difference in sex ratio 
and test age was taken into account in the statistical analysis (see below).

Olfactory function testing.

The UPSIT was used to test olfaction. This 40-odorant forced-choice test has been 
validated as a reliable standardized test of odour identification sensitive to a wide 
range of olfactory deficits (Doty et al 1984). In particular, the results obtained with 
this test battery have been shown to have high test-retest reliability. All MSA, PSP 
and CBD subjects were tested at the NHNN and the IPD and healthy control subjects 
were tested at Ipswich Hospital, Suffolk. PSP and CBD subjects self-administered 
the test. Olfactory function in IPD is known to be age-dependent, but to be 
independent of motor symptomatology, disease duration and drug treatment. Only 
age at the time of testing was therefore recorded for correlation studies.

UPSIT score means, standard errors and 95% confidence intervals were calculated 
for each group. Logit-transformed UPSIT scores between the 5 study groups were 
compared using multiple regression analysis with patient group as covariates. 
Furthermore, since sex and age were unequally distributed across patient and 
control groups, both were also included as covariates. Analysis of variance (ANOVA) 
with post-hoc Scheffé procedure was used to identify differences between patient 
and healthy control groups. Finally, linear regression analysis with 95% prediction
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intervals was performed in order to assess age trends and the distribution of UPSIT 
scores within individual groups.
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Table 20. Data on age and sex for the five groups.

iPD
Subjects
(n = 118)

MSA
Subjects
(n = 29)

PSP
Subjects
(n = 15)

CBD
Subjects
(n = 7)

Normal Control 
Subjects
(n = 123)

Mean age (years) 59.4 58.6 65.5 67.1 46.4

+ standard deviation (±11.6) (±8.6) (±8.1) (±5.1) (±17.3)

Maie-femaie ratio 0.98 1.90 2.80 1.30 0.67
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3.2.2. Results.

Multiple regression analysis showed a highly significant (F<0.0001 ) effect of patient 
group after adjusting for age and sex on UPSIT scores. Post-hoc Scheffé analysis of 
group means (p value at 0.05) showed that IPD patients scored significantly worse 
than all other patient groups as well as healthy controls (Table 21). In contrast, PSP 
and CBD subjects achieved normal test results. The mean UPSIT score of MSA 
patients was only slightly lower than the normal scores of PSP and CBD patients, i.e. 
significantly better than the IPD score, but remained significantly reduced in 
comparison to normal controls. A cut-off UPSIT score of 25 between IPD and 
atypical parkinsonian groups (MSA, CBD and PSP) yielded a sensitivity of 77%, and 
a specificity of 85%. A lower cut-off score increased the specif|y at the expense of 
sensitivity, and vice versa. At an individual level, UPSIT scores were outside the 
lower limit of 95% confidence in 85 of 118 (72%) PD patients, nine of 29 (31%) MSA 
patients, three of 15 PSP (20.0%) patients, and in none of the CBD patients (Figures 
8-11). There was a significant inverse correlation between age and UPSIT scores in 
controls (r= - 0.13; p=0.01) as well as PD (r= - 0.27, p=0.01) and MSA (r= - 0.35, 
p=0.029) groups (PSP group: r= -0.12, p=0.58; CBD group: r= + 0.11, p= 0.45) 
(Figures 8-11 ). There were no gender differences in any study group.
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Table 21. Mean and range of UPSIT scores for the five groups.

IPD MSA PSP CBD Normal Control
Subjects Subjects Subjects Subjects Subjects
(n = 118) (n = 29) (n = 15) (n = 7) (n = 123)

Mean UPSIT 19.4 26.7 27.6 27.1 33.5

95% Cl (5.1 - 33.7) (12.3 - 41.1) (15.8 - 39.4) (23.8 - 30.4) (24.7 - 42.3)
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3.2.3. Discussion.

Two recent clinicopathological studies (Rajput et al 1991, Hughes et al 1992a) 
demonstrated a misdiagnosis rate of IPD in life of at least 24%. Among the cases of 
clinically misdiagnosed IPD the commonest causes were SRO disease (PSP), 
Alzheimer's disease or Alzheimer-type pathology, MSA, and a vascular lacunar 
state. These studies illustrate the need for improving diagnostic accuracy in 
parkinsonian patients.

The present study indicates that although olfactory function is markedly impaired in 
IPD, It is only mildly (but significantly) impaired In MSA, and normal in the (relatively 
small) number of patients with CBD and PSP who were tested. The presence of 
abnormal olfactory dysfuntion in IPD and MSA is also supported by a more marked 
decline of UPSIT scores with age when compared to controls. A cut-off UPSIT score 
of 25 demonstrated a satisfactory combination of sensitivity (77%) and specificity 
(85%) for the differentiation between IPD and atypical parkinsonian syndromes.

The basis for the considerable sparing of olfactory function in atypical parkinsonism 
is unknown. Interestingly, loss of olfactory function with age was observed in the 
controls as well as PD and MSA patients, but not among PSP and CBD patients. 
Doty et al (1993) drew attention to reports of sparing of mesocorticolimbic pathways 
in PSP (Ruberg et al 1985) and MPTP intoxicated primates (Bums et al 1983) in 
contrast to IPD. The pathological changes of MSA (Daniel 1992), PSP (Steele et al 
1964) and CBD (Rebeiz et al 1968) are more widespread than those of IPD, and it is 
therefore of interest that the olfactory deficit in these patients was less marked than 
in our IPD group. Lewy bodies have been described in olfactory bulbs of patients 
with a pathological diagnosis of IPD (Daniel et al 1992). In addition, recent evidence 
(Pearce et al 1995) suggests a significant depletion of neurons in the anterior 
olfactory nucleus of such patients. GCIs have been reported in the olfactory bulb of 
one pathologically proven MSA case (Daniel and Hawkes 1992). However, the 
olfactory pathways have not formally been studied in MSA, PSP and CBD, and the 
present results underline the need for such neuropathological studies.
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3.3. EXTERNAL SPHINCTER EMG, NERVE CONDUCTION STDUIES AND 
SKELETAL MUSCLE EMG

3.3.1. Methods.

Patients.

Seventy-four patients with clinically probable MSA (pathologically proven in 11) 
underwent peripheral electrophysiological studies (n=40) and/or sphincter EMG 
(n=71). All patients undergoing peripheral electrophysiological studies had both 
nerve conduction studies and skeletal muscle EMG. In 35 patients both 
electrophysiological studies and sphincter EMG were performed. Fifty one of the 
patients were men (6 8 %) and 23 were women (32%). Their mean age at the time of 
sphincter electromyography was 52.8 years (range: 33-67), and at the time of 
peripheral electrophysiological studies (nerve conduction studies and skeletal 
muscle EMG) was 55.1 years (41-67).

Patients were diagnosed according to published criteria (see chapter 3.1.1). There 
were 56 (76%) patients with MSA of SND type, either with (n=24) or without (n=32) 
cerebellar signs. Eighteen (24%) patients were classified as MSA of OPCA type, 
either without ("pure" OPCA type, n=8 ) or with ("predominant" OPCA type, n=10) 
extrapyramidal features.

The mean age at onset of the first symptoms was 50.3 years (33-71). Symptoms at 
onset were autonomic dysfunction in 28 (38%), parkinsonism in 25 (34%), cerebellar 
dysfunction in seven (9%), and mixed in the remaining 18% of these patients. The 
most common initial diagnosis was IPD, then cerebellar syndrome, and then MSA At 
the time of investigation autonomic dysfunction was present in 65 (8 8 %) of the 74 
patients. Micturition dysfunction was present in all of these 65 patients (frequency in 
47, urgency in 51, incontinence in 42, retention in 18, and nocturia in 44). Erectile 
failure was present in 47 (92%) of the 51 male patients. Symptomatic orthostatic 
hypotension was present in 40 (54%) patients with autonomic dysfunction, but 
recurrent syncopal attacks had developed only in six (15%).

Parkinsonism developed in 56 (76%) patients at mean age of 53.1 years (range: 3 4 - 
73), cerebellar signs in 34 (46%) at mean age 57.7 years (range: 38-71), and
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pyramidal signs in 39 (53%) patients, first noted at mean age 57.3 years (range: 36- 
67). Lower motor neuron signs with reduced (n=1 ) or absent (n=3) reflexes, and 
focal atrophy (n=4) were reported in 4 (5%) patients, and fasciculations were found 
in one. Sensory disturbances were present in 21 (28%) patients (paraesthesiae 
n=13, loss of vibration sense n=9, impaired sensation of light touch and pinprick 
n=2, and burning pain n=1). Respiratory stridor was present in 22 (30%) of the 74 
patients, four of whom underwent tracheostomy. Mean age at onset of this symptom 
was 52.9 years (range: 39-67).

Recording techniques.

Nerve conduction studies.

Standard techniques were used to measure peripheral sensory and motor nerve 
conduction (Kimura 1983). Sensory action potentials of the median, ulnar and sural 
nerves were recorded using skin electrodes; compound muscle action potentials and 
motor conduction velocities were measured in the upper limb (median or ulnar 
nerve) and lower limb (posterior tibial nerve or common peroneal nerve) after 
correcting limb temperature. Measurements were compared with age matched 
normative data established at our laboratory.

Skeletal muscle electromvooraohv.

Skeletal muscle EMQ was performed using concentric needle electrodes. Muscles 
were examined for spontaneous activity (fibriAations, positive sharp waves, ^
fasciculations) and motor unit potentials (interference pattern; morphology and size 
of motor unit potentials).

Sphincter electromvooraohv.

A concentric needle electrode was used and individual motor units from urethral 
and/or anal sphincter were recorded on a Dantec Counterpoint as described by 
Fowler et al (1984). In each patient 10 different motor units were captured using a 
trigger delay line and two parameters of abnormality analyzed as described by 
Eardly et al (1989). Both mean duration of 10 individual motor units, and the 
proportion of highly abnormal motor units (> 1 0  ms) were calculated.
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Statistical analysis was performed with the chi-square test.

3.3,2. Results.

Peripheral electrophvsioloQical studies.

Sixteen (40%) of the 40 patients with peripheral electrophysiological studies had 
pathological results on either nerve conduction studies or skeletal muscle EMG. 
However, each of these investigations individually was normal in 33 (82.5%) and 31 
(77.5%) respectively of the patients studied.

Nerve conduction studies. Abnormal nerve conduction studies were found in seven 
patients. Evidence of mixed sensorimotor axonal neuropathy was seen in three 
patients (generalized reduction or absence of sensory action potentials and reduced 
amplitude of compound muscle action potentials in upper and lower limbs). In three 
further patients lower limb sensory action potentials and compound muscle action 
potentials were small or absent. In one patient, the abnormality was confined to an 
absent sural sensory action potential. One further case was found to have an ulnar 
nerve lesion, no other entrapment neuropathies were seen.

Skeletal muscle electromyography. Abnormalities suggesting partial denervation 
were found in nine patients (fibrillations and fasciculations, n=5, polyphasic 
compound muscle action potentials, n=9, and large motor units, n=2). In all nine 
patients the changes were more marked distally. None of these nine patients had 
evidence of a polyneuropathy.

Sphincter electromvoaraohv.

Sixty-four out of 71 (90%) patients investigated had abnormal sphincter EMG 
consistent with denervation and subsequent chronic reinnervation in the sphincter 
muscles. These findings, in the absence of pelvic nerve or cauda equina lesion, are 
highly suggestive of anterior horn cell loss in Onufs nucleus (Onufrowicz 1900) and 
help to confirm the diagnosis of MSA in the appropriate clinical context. Anal 
sphincter EMG was technically easier and less uncomfortable for the patients than 
urethral sphincter EMG, and was equally satisfactory for diagnostic purposes (Beck
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et al 1994). Urinary urgency and/or Incontinence was present in all patients with 
pathological sphincter EMG. Of the four patients with normal sphincter EMG, only 
one had evidence of urinary urge incontinence at the time of investigation.

Peripheral electroohvsiolooical studies versus sphincter electromvooraohv.

The mean age at the time of pathological sphincter EMG was 52.8 years (range:38- 
67), and mean duration between onset of micturition dysfunction and sphincter EMG 
was 3.7 years (range: 1-10). The mean age at the time of pathological peripheral 
electrophysiological studies was 55.2 years (range:49-67) for the partial denervation 
group, and 49.8 years (range: 48-66) for the neuropathy group. Of the 35 patients 
who underwent both investigations, 31 (89%) had abnormal sphincter EMG. 
However, 25 (81 %) of these 31 had normal nerve conduction studies and 23 (74%) 
normal skeletal muscle EMG. Among four patients with normal sphincter EMG, nerve 
conduction studies were normal in all four, and skeletal muscle EMG abnormal in 
one. One or other peripheral electrophysiological abnormality was therefore found in 
14 (45%) of these 31 patients. Chi-square tests revealed no significant association 
between an abnormal sphincter EMG, and abnormal peripheral nerve conduction 
studies or skeletal muscle EMG.

Among the 22 patients with a history of respiratory stridor, 100% also had a 
pathological sphincter EMG.

3.3.3. Discussion.

The data emphasize the important diagnostic role of sphincter EMG in contrast to 
peripheral electrophysiological studies in MSA. Thus, 94% of the MSA patients in 
this study had an abnormal sphincter with signs of denervation and reinnervation. 
The striated muscles of the urethral and anal sphincters are supplied by Onufs 
nucleus, a slender longitudinal cell group extending from the middle of S2 to the 
rostral one third of S3 (Konno et al 1986). Loss of these neurons is followed by 
reinnervation of target muscles, probably as a result of collateral sprouting of 
surviving motor neurons, analogous to that seen in striated muscle of patients with 
motor neuron disease (Swash 1980). This results in prolonged, polyphasic potentials 
of increased amplitude. The external sphincter muscles differ from skeletal limb
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muscles in exhibiting tonic EMG activity, which persists even during sleep and 
general anaesthesia (Kirby et al 1986). The posterior cricoarytenoid muscle, 
supplied by the nucleus ambiguus, shows similar tonic activity in order to maintain 
abductor tone. It is recognized that laryngeal stridor and defects of phonation are 
often seen in MSA, and EMG studies of the posterior crico-arytenoid muscle have 
also revealed unequivocal evidence of denervation in this condition (Guindi et al 
1981), suggesting a common vulnerability.
Some investigators (Low et al 1978, Singh and Fahn 1980, Galassi et al 1982, Toghi 
et al 1982, Montagna et al 1983, Cohen et al 1987, Bannister et al 1988, Sobue et al 
1992, Terao et al 1994) have suggested that both somatic anterior horn cells as well 
as peripheral nerves are commonly affected in MSA, and their involvement has 
therefore been regarded as part of the clinical spectrum of MSA. However, nerve 
conduction studies and skeletal muscle EMG were normal in the majority of cases.

Among the 35 patients who underwent both sphincter EMG and peripheral 
electrophysiological studies, sphincter EMG was abnormal in 89%, but nerve 
condcuction studies and peripheral electrophysiological studies were abnormal in 
only 17% and 26% respectively. This evidence of frequent involvement of motor 
units of external sphincter muscles, with selective preservation of skeletal muscle 
motor units, indicates selective vulnerability of the former. Although all patients in 
this series had symptoms of bladder dysfunction and the majority had abnormal 
sphincter EMG, it is not proposed that their incontinence is due, solely, or even 
principally, to denervation of their sphincter. Other studies (Beck et al 1994, Swash 
1980, Lockhard et al 1981) have shown that detrusor hyperreflexia and incomplete 
bladder emptying are frequently found in patients with MSA, and it is presumably 
these disorders which are more important in causing the early, severe incontinence 
that is so characteristic of the disease.

Anterior horn cells supplying peripheral skeletal musculature are of three distinct 
types in terms of cell body size, location and function; large alpha motor neurons 
and medium sized gamma motor neurons mainly located in the lateral and medial 
nuclei, and small neurons distributed in the intermediate zone (dorsomedial part) of 
the spinal anterior horn (Rexed 1952). Distinct disease-specific patterns of neuronal 
cell loss in degenerative anterior horn cell disease have been postulated by Terao et 
al (1994). They found that in MSA, in contrast to amyotrophic lateral sclerosis (ALS), 
small neurons in the intermediate zone were markedly depopulated, whereas large 
medium-sized neurons of the medial and lateral nuclei tend to be preserved. The
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specific loss of these neurons, which seem to serve as interneurons, could play a 
role in the generation of muscular rigidity and possibly pyramidal signs observed in 
MSA patients (Terao et al 1994). However, the pathogenetic mechanism underlying 
selective ANC loss in Onufs nucleus with relative preservation of the other AHC 
groups remains unresolved.
It is concluded that nerve conduction studies and skeletal muscle EMG are each 
normal in about three quarters of MSA patients. In contrast, sphincter EMG studies 
are frankly pathological in almost all patients, suggesting a differential, selective 
vulnerability of different anterior horn cell groups within the spinal cord.

103



3.4. VISUAL EVOKED POTENTIALS.

3.4.1. Methods.

Patients.

Fifteen consecutive patients with probable MSA were studied. Mean age was 54.2 
(45-62) years, mean duration of the disease was 9.3 (4-19) years, at the time of the 
study. Three cases were classified as OPCA predominant type and 13 as SND 
predominant type. Eight patients have since died, and the brains of two of them were 
examined at the UKPDSBB confirming the diagnosis of MSA.

Recording technique.

VEPs were recorded routinely using 5 Ag/AgCI electrodes in a horizontal chain over 
the occipital region at 5 cm intervals, with a central electrode at the inion and two 
either side of this. The reference electrode was placed at Fz. The stimulus was a 
black and white checkerboard pattern displayed on a television screen; check size 
was 34, with the whole stimulation field subtending an angle of 18 degrees at 1 
metre from the eye. Reversal rate of the stimulus was 2 per second. 128 responses 
were averaged using a Digitimer D200 (Digitimer, UK); band pass was 300 Hz to 0.5 
Hz. Whole field responses were recorded from both eyes. Fixation was minitored 
throughout and at least 2 runs were obtained to ensure reproducibility. The presence 
of significant ophthalmological disease was checked for each patient.

3.4.2. Results.

There was no history of visual disturbance in the MSA cohort apart from an old 
unilateral retinal haemorrhage in one patient with a corresponding latency delay of 
the whole field evoked potential (132 ms). This response was not included in the 
analysis. Latencies and amplitudes for the remaining patients are shown in Table 22. 
Normal P I00 latencies (upper limit of normal for this laboratory is < 114 ms, 2.5 SO) 
with consistent waveforms of reproducible amplitude were found in 8  cases. Slightly 
delayed P I00 latencies (114-120 ms) were found in 5 cases; in these subjects the
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responses were usually small and inconsistent, and fixation tended to be variable. 
Abnormally delayed P100 latencies of >120 ms were present in 2 patients with SND 
type MSA, whose age and disease duration were similar to those of the 8  MSA 
patients with normal PICO latencies.

In two cases (case 10 with a borderline PI 00 latency and case 14 with a markedly 
delayed PI 00 latency) who underwent autopsy, brain stem, cerebellum and 
hemispheres, including sections of right optic tracts and of the optic radiations in the 
right temporal lobe were examined. Sections were obtained from 1 0 % formalin fixed 
and paraffin embedded tissue and stained with haematoxylin-eosin, Luxol Fast Blue- 
Nissl, silver impregnation (modified Bielschowsky) and processed for glial fibrillary 
acidic protein (GFAP) immunohistochemistry. Numerous GCIs were observed on 
modified Bielschowski stained sections of cerebellar and cerebral white matter. 
Although GCIs were present in white matter close to the optic pathway (Figure 12) 
there was no evidence of GCI deposition within optic tracts and radiation. 
Furthermore, GFAP staining failed to reveal evidence of gliosis in these structures. 
Unfortunately, retina, optic nerves and chiasm were unavailable for examination.
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Table 22. Results of whole field VEPs for each eye in 15 patients with MSA.

Patient Age Dis.dur Whole field PVEP
/(type) (y) (y) Right eye Left eye

Lat (ms) Amp (pv) Lat (ms) Amp (pv)

Normal PI 00 latency
1(0PCA) 60 6 132* 4.0 96 1 0 .0

2(SND) 55 7 98 13.6 99 23.9
3(SND) 60 8 103 3.8 111 8.4
4(SND) 60 9 109 8 .0 109 6 .0

5(SND) 49 16 98 1 0 .0 98 1 0 .0

6 (SND) 56 6 1 0 0 8 .0 104 9.0
7(0PCA) 48 6 108 13.8 11 2 1 0 .6

8 (SND) 62 9 99 7.8 99 5.0

Borderline Pi 00 latency
9(SND) 53 12 116 4.5 115 5.7
lO(SND)# 39 6 103 3.4 119 2.5
11 (SND) 54 10 114 7.0 114 8 .0

12(SND) 59 19 113 1 0 .0 117 8 .0

13(SND) 54 4 114 3.0 116 3.0

Abnormal Pi 00 latency
14(SND)# 57 9 119 8 .0 123 1 2 .0

15(SND) 45 13 12 2 1 2 .0 1 2 2 1 1 .0

Key; SND: striatonigral degeneration. OPCA: olivopontocerebellar atrophy. Dis. dun 
disease duration, (y): years. Lat: PI 00 latency. Amp: P100 amplitude. * old right 
retinal haemorrhage. # cases studied pathologically.
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Figure 12. Presence of GCIs (small arrow) in cerebral white matter close to, but not 
within, optic radiation (large arrow) (case 14, modified Bielschowsky, x 250),
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3.4.3. Discussion

Because visual symptoms are not usually reported in MSA, the possibility of 
impairment of visual pathways In this condition has so far received little attention. 
However, VEP abnormalities, although disputed (Dinner et al 1985), have been 
described by several groups in IPD (Bodis Wollner and Yahr 1976, Gawel et al 
1981, Kupersmith et al 1982, Gottlob et al 1987). By analogy with the motor deficits 
related to striatal dopamine depletion, the reported VEP abnormalities in IPD may be 
due to dopamine depletion in anterior optic pathways. MSA is also characterized by 
striatal dopamine loss due to degeneration of substantia nigra, and VEP 
abnormalities might also occur in MSA and be related to more widespread 
neurochemical pathology extending to optic pathways. In fact, degeneration of visual 
pathways (Buonanno 1975) as well as prolonged VEP latencies (Hammond 1983) 
have occasionally been reported in MSA.

Only two of the patients examined had markedly prolonged PI 00 latencies. Five 
patients showed borderline abnormalities of latency, but with variable and small 
responses, suggesting poor stimulus fixation. Eccentric fixation or reaccommodation 
in normal subjects can increase the PI 00 latency, simulating a disorder of the 
anterior visual pathway (Tan et al 1984). We therefore conclude that the great 
majority of patients with MSA have normal P I00 latencies, leaving a small minority 
with markedly delayed latencies. Neither age nor disease duration seemed to be 
related to the degree of abnormality in the two cases with markedly delayed P 100s. 
One possible basis for their delayed VEPs might be the presence of prominent white 
matter pathology within their visual pathways. However, although GCIs were clearly 
present in the brain white matter of the two cases (one with mild, and the other with 
marked, VEP delay) examined pathologically, their optic tracts and radiations were 
spared; unfortunately retina, optic nerve and occipital cortex were not available for 
examination. In another recent study of 14 patients with MSA the whole visual 
pathway was free, or contained a small number, of GCIs (Papp and Lantos 1994). 
However, the retina was not examined. It is concluded that VEPs are not helpful in 
the routine diagnosis of MSA because no consistent abnormality is found in the 
majority of patients. The pathophysiological mechanism underlying PI 00 latency 
delays in occasional patients remains to be established.
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3.5. MAGNETIC BRAIN STIMULATION AND SOMATOSENSORY EVOKED 
POTENTIALS

3.5.1, Methods.

Patients.
Seven patients (5 male/2 female) with clinically probable MSA of SND type had 
central motor conduction studies between 1988 and 1992. Parkinsonism was 
present in all, autonomic failure in 6 , cerebellar signs in three, and extensor plantar 
responses in 4 patients. Mean age at disease onset was 52.4 ±7.1 years.

Recording techniques.

Central motor conduction.

Central motor conduction time (CMCT) was measured to a small hand muscle 
(adductor digiti minimi, ADM) in all patients, and in five cases to a lower limb muscle, 
tibialis anterior (TA). The cortex was stimulated using a circular coil, centred at the 
vertex. Compound muscle action potentials (CMAPs) were recorded in ADM and TA 
using surface electrodes, taking the shortest onset latency and largest amplitude 
from up to five consecutive responses. Facilitatory contraction was not used. 
Peripheral conduction time was assessed by stimulation over the spinal column 
using a high voltage, low output impedance electrical stimulator, with the cathode 
over the C7-T1 interspace. CMCT was obtained by subtracting the peripheral 
latency from the total latency from the cortex.

Central sensorv conduction.

Upper limb somatosensory evoked potentials (SEP) were obtained using a standard 
technique in 5 of the 7 patients.
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3.5.2. Results.

CMCT to ADM were normal in six cases (Table 23). In one patient, the CMCT was 
relatively longer on one side, although still within the normal range. Total conduction 
times to TA were normal in all but one case in whom no response could be obtained. 
SEPs were normal in all 5 patients tested.

3.5.3. Discussion.

CMCT was normal in five of seven patients with clinically probable MSA, consistent 
with a previous report (Sobue et al 1992). There was a borderline abnormality in one 
case, with an asymmetry of CMT. The significance of the absent response in case 3 
is uncertain as lower limb responses may not be obtained using a circular coil in up 
to 10% of normal subjects (Jalinous 1991). No patient showed abnormally small or 
large cortically evoked CMAPs, in contrast to reports of large motor evoked 
potentials in Parkinson's disease (Eisen and Shybtel 1990, Kandler et al 1990) and 
small responses seen in Guamanian parkinsonism (Eisen et al 1989).

Four of the patients had pyramidal signs and the finding of normal CMCT suggests 
that these signs result from dysfunction in descending motor pathways not amenable 
to measurement using the technique of MBS. The complexity of CMCT abnormalities 
and pyramidal signs is supported also by findings in multiple sclerosis where CMCT 
is almost always abnormal provided there are pyramidal signs in the limb together 
with weakness (Hess et al 1987), whereas in hereditary spastic paraplegia, upper 
limb responses are usually normal despite clinical evidence of upper limb pyramidal 
involvement (Claus et al 1988). It is of possible relevance that, although pyramidal 
signs in the form of increased reflexes, limb spasticity and extensor planters may be 
seen in MSA, a spastic gait or appreciable pyramidal weakness is not. It is 
concluded that CMCT is usually normal in MSA and is unlikely to be helpful in its 
differential diagnosis.
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Table 23. Magnetic brain stimulation in multiple system atrophy

case Upper limb (ADM) Lower limb (TA) MSEP
CMCT (ms) A(%) CMCT (ms)
R L R L R L

1 6 .2 7.0 50 71 29.0 . normal
2 6.1 7.4 67 50 27.0 - -

3 6.5 - 55 - abs - normal
4 6.7 81* 62 1 0 0 - - normal
5 5.4 6.1 64 40 29.1 31.6 normal
6 6 .8 6.7 61 50 26.8 30.0 normal
7 7.9 7.9 62 67 - - -

Controls <8.3 >15 <32
(+7-2.5 SD)
Key: CMCT central motor conduction time; TMT total motor conduction time; MSEP median somatosensory 
evoked potential; R right; L left; ADM abductor digiti minimi; TA tibialis anterior; ampi amplitude in percent of 
spinal evoked motor response; ms milliseconds; - not available; abs absent; * abnormal result; SD standard 
deviation
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3.6. CRANIAL COMPUTERIZED TOMOGRAPHY

MSA is very commonly misdiagnosed as IPD. Certain investigations may help 
achieve higher diagnostic accuracy. Thus, for example, relative putaminal 
hypointensity or slit like hyperintensity on 1.5 tesla T2 weighted magnetic resonance 
imaging (MRI) may be seen in some patients with atypical, poorly levodopa- 
responsive and rapidly progressive parkinsonism (Prayer et al 1986, Pastakia et al 
1986, Stem et al 1989, Savoiardo et al 1990, O'Brien et al 1990, Olanow 1992, 
Konagaya et al 1994, Wakai et al 1994). However, the diagnostic role of computed 
tomography (CT) imaging has never been well established in MSA. Therefore CT 
data were evaluated in 33 MSA patients scanned between 1983 and 1992.

3.6.1. Methods.

Patients.
40 CT images from 33 patients (21 men, 12 women) with clinically probable (n=26) 
or pathologically proven (n=7) MSA were studied (Quinn 1994). Autonomic 
dysfunction was present in all cases, and parkinsonism in all but one. Twenty had 
parkinsonism without cerebellar signs ("pure" SND type), one had cerebellar signs 
without parkinsonism ("pure" OPCA type), and 12 had both (mixed type). Twenty six 
had pyramidal signs. The median age at onset of motor symptoms was 52 (range 40 
to 75) years. At the time of investigation the median duration of disease and of motor 
symptoms were 5,5 (2 to 15) and 2.5 (range -1 to 8 ) years, respectively.

CT assessment
The 6  earliest CT scans were performed on an EMI 1010 scanner and the other 34 
on a Somatom DRH or GE 9800 third generation scanner. They were blindly and 
independently analyzed by 2 neuroradiologists and compared with CTs of 40 age 
matched controls selected on the basis of a previous clinical report indicating normal 
imaging. The degree of atrophy or enlargement of 11 different structures (8  

infratentorial: cerebellar hemispheres, superior vermis, inferior vermis, pons, basilar 
cisterns, fourth ventricle, midbrain, medulla and 3 supratentorial: cerebral 
hemispheres, lateral and third ventricles;) was semiquantitatively rated on a 4 point 
scale ranging from O=normal to 3=severe. Severe infratentorial atrophy was defined 
as a score of 3, and moderate and mild infratentorial atrophy as scores of 2 and 1 
respectively, in at least one of the first 6  of these structures. Definite cerebellar
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hemisphere or pontine atrophy was defined by the finding of at least moderate 
atrophy by one rater, the other rater also indicating at least mild atrophy. Mild, 
moderate and severe supratentorial atrophy were defined as a score of at least 1 , 2  

and 3 in at least one of the three supratentorial structures rated.

3.6,2. Results.

The inter-rater reliability (weighted Cohen's Kappa values <0.20 s poor agreement, 
to 0.81-1.00 = very good agreement) was very good for cerebellar hemispheres 
(0.82) and 4th ventricle (0.81), good for superior vermis (0.68), pons (0.73), cerebral 
hemispheres (0.67), lateral ventricles (0.76) and 3rd ventricle 0.64), and moderate 
for inferior vermis (0.59), midbrain (0.47), medulla oblongata (0.44) and basilar 
cisterns (0.46).

CT scan findinos.

Rater 1 scored 18% (6/33), and rater 2 24% (8/33) of the scans as completely 
normal (Table 24) and infratentorial structures were considered completely normal in 
10  and 8  cases respectively. Mild infratentorial atrophy was found in 11 (33%) by 
rater 1 and in 9 (27%) by rater 2, and moderate infratentorial atrophy occurred in 11 
(33%) and 14 (42%) respectively. Severe infratentorial atrophy was found in 1 (rater 
1 ) or 2 (rater 2) patients only. In 4 of the patients with infratentorial atrophy on CT 
there were clinically no cerebellar signs at the time of investigation. Converseley, 12 
of 13 patients with cerebellar signs had some evidence of infratentorial atrophy. 
Supratentorial atrophy was much less common and less severe. Group ratings for 
each of the various 11 structures examined, with the exception of medulla, lateral 
and third ventricles, all differed significantly between controls and patients. Within 
the MSA group as a whole any one infratentorial abnormality correlated well with any 
of the others, but there was no correlation between infra- and supratentorial 
abnormalities.

Neither mean duration of motor symptoms nor best recorded levodopa response 
differed significantly between patients with or without infra- or supratentorial atrophy. 
Limb and gait ataxia and pyramidal signs were more commonly associated with 
infratentorial atrophy, but the association reached significance only for limb ataxia 
for rater 1 (p<0.03; Fisher's exact test).
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Table 24. Ratings from raters 1 and 2 for mild, moderate and severe Infra- and 

supratentorial atrophy

Rater 1 

Rater 2

Infratentorial atrophy

Mild Moderate Severe

11

9

11

14

1

2

Total

22/33

25/33

Total 
moderate 
or severe

12/33

16/23

Supratentorial atrophy

Rater 1

Rater 2

Mild Moderate Severe

9 4 0

8 6 0

Total

13/33

14/33

Total 
moderate 
or severe

4/33

6/33
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Clinical correlations of cerebellar and pontine atrophy were also examined. Of the 13 
cases with cerebellar signs, definite cerebellar atrophy was present in eight and 
pontine atrophy in four. Of the 20 cases without cerebellar signs, five had cerebellar 
and two had pontine atrophy. Among the 13 scans showing cerebellar atrophy, there 
was additional pontine atrophy in six. However, in no case was pontine atrophy 
found in the absence of cerebellar atrophy. All 13 patients with cerebellar (and 
hence all six with pontine) atrophy had pyramidal signs, but ten others with 
pyramidal signs showed no cerebellar or pontine atrophy.

Repeat scans.

In 7 patients CT scans were repeated after a median interval of 2.3 (range: 0.6 to 
3.2) years. Progressive atrophy mainly of infratentorial structures was found in 5 
patients. 62.8% of the rating scores were unchanged, 29.5% worsened by 1 point 
and 3.8% by 2 points, and another 3.8% of the scores improved by 1 point.

Patholooical-CT correlation.

In all 7 patients who came to autopsy, the diagnosis of MSA was confirmed, and 
pathological-CT correlation was possible in 5 of them. The CT of one patient with no 
pathological evidence of OPCA was rated as showing mild infratentorial atrophy. Of 
three patients with mild OPCA on pathology, two were rated normal and one mildly 
abnormal on CT. The fifth patient, with pathologically moderate to severe OPCA, had 
moderate infratentorial atrophy on CT.

3.6.3. Discussion.

Although a number of articles have reported CT scan findings in patients with a 
variety of clinical labels such as OPCA, MSA, late-onset cerebellar ataxia and non- 
familial degenerative disease, most have clearly lumped a number of different 
disease entities together.

In 1984, Huang and Plaitakis reported brainstem and cerebellar atrophy on CT scan 
in four cases of OPCA type MSA. Uematsu et al (1987) studied 21 "MSA" patients, 
but 6  of them were familial. Among the remaining 15 sporadic cases, the ratio of the 
area of the lower pons to that of the whole posterior fossa was "abnormally low" in 9
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of the 11 patients In whom cerebellar signs predominated.

In 1990 Staal et al reported clinical and CT data in 46 patients with non-familial 
degenerative disease and atrophy of brainstem and cerebellum. Inclusion criteria for 
the study were "suspicion of idiopathic MSA together with the presence of 
infratentorial atrophy on CT scan". However, 6  patients were demented, two began 
in their early 20s, 4 were areflexic, and autonomic dysfunction was noted in only 1 
case, so how many actually had MSA is far from clear. Because infratentorial 
atrophy on CT was an Inclusion criterion, it is hardly surprising that in 35 scans 
cerebellar atrophy was found. In 15 of the 28 subjects with ataxia the cerebellum 
was normal (n=6 ) or only mildly atrophic (n=9), and in 7 of the 18 subjects with 
parkinsonism but no ataxia there was moderate (n=6 ) or severe (n=1 ) cerebellar 
atrophy.

Klockgether et al (1990) sequentially scanned 6  patients with idiopathic cerebellar 
ataxia (CA) of late onset. In all four patients who went on to develop OPCA, 
brainstem atrophy on CT preceded the appearance of non-cerebellar clinical 
symptoms, whereas in patients with clinically pure CA the brainstem did not show 
atrophy.

Fulham et al (1991) reported CT findings in 20 patients with MSA, three quarters of 
whom had initially presented with autonomic symptoms. Mean symptom duration was 
5.5 years. 5 had a cerebellar (OPCA), 5 an extrapyramidal (SND) and 10 a mixed 
clinical sub-type. Cerebellar atrophy was seen in 100% (15/15) of those with OPCA 
or mixed type, and in 60% (3/5) of those with SND type, and brainstem atrophy in 
47% (7/15) of those with OPCA or mixed type, but in none of the five with SND type 
MSA.

Finally, Wessel et al (1993) presented follow-up CT scan data on seven patients 
with "MSA" and five others who initially had pure late-onset cerebellar ataxia, but 
later "were seen to have developed a multisystem disorder". Seven of these 12 
cases were familial. The remaining 5 cases all had mild to moderate cerebellar, and 
four brainstem, atrophy on their second CT scan.

Because the present study was based in a movement disorders unit, parkinsonism 
was the principal motor feature in all but one case. To be diagnostically useful in 
these patients, CT imaging should either confirm cerebellar or brainstem
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involvement that is not already evident clinically or exclude other disease processes 
such as stroke. In 13 of the cases cerebellar signs were already present clinically, so 
that confirmation of cerebellar atrophy on CT scan in 8  of them gave no additional 
diagnostic information. The remaining 5 cases with cerebellar signs but no definite 
CT evidence of cerebellar atrophy, and the 5 cases with pathology, indicate that CT- 
clinical and CT-pathological correlations are imperfect in MSA.

Among the 20 cases who had parkinsonism without cerebellar signs 5 had definite 
CT cerebellar atrophy. However, all 5 also had additional pyramidal signs and 
autonomic dysfunction sufficient to diagnose MSA on clinical grounds alone. In no 
case did CT scanning demonstrate other unexpected lesions which might have 
offered an alternative explanation for cerebellar or pyramidal signs. It is concluded 
that CT scanning seldom helps in making a diagnosis of MSA.

(I would also have liked to investigate the usefulness of MRI scanning in MSA, but 
unfortunately 1.5 Tesla MRI did not become available at our hospital until April 
1994).
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CHAPTER 4. CLINICQPATHOLOGICAL STUDIES

4.1. DEATH CERTIFICATION IN MSA

4.1.1. Methods.

Death certificates were obtained from the Office of Population and Censuses and 
Surveys and their accuracy in recording MSA was examined in two ways. First, the 
death certificates of 36 patients known to have been diagnosed in life as MSA were 
traced. Nineteen of these patients underwent autopsy and the diagnosis of MSA was 
confirmed in all of them. Second, the death certificates of 30 cases of pathologically 
proven MSA (including the 19 cases above) were examined.

4.1.2. Results and discussion.

Six (17%) of the 36 patients diagnosed in life as MSA carried a diagnosis of IPD 
alone on their death certificates; four of them had a post-mortem, confirming MSA. In 
the other 30 cases, MSA was mentioned in 15, SOS in five, both in one, and SND in 
one. The certified diagnoses in these and the other eight cases are given in Table 
25. Four of the 19 patients with a clinical and pathological diagnosis of MSA 
nevertheless had only IPD on their death certificate. The remaining 11 cases of 
pathologically proven MSA had all continued to carry an erroneous clinical diagnosis 
of IPD during life, which appeared on their death certificates (Table 25). Thus in 17 
% of patients diagnosed as MSA in life, and in 50 % of pathologically proven cases, 
the death certificate mentioned only IPD. These findings indicate that, in the UK, 
death certificates are an unreliable instrument for determining the epidemiology of 
MSA. They also suggest that a clinical diagnosis of MSA is considerably more 
reliable than one of IPD.
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Table 25. Death certificate diagnoses in 36 patients diagnosed in life, and in 30 
patients pathologically diagnosed, as MSA.

DEATH CERTIFICATE 
DIAGNOSIS

MSA alone 

PD (MSA)

Parkinsonism (MSA)

Progressive neurological 
degeneration of MSA

MSA (atypical PD)

MSA and SOS

SOS alone

Progressive cerebellar 
degeneration (SDS)

SND

Multisystem neurological 
atrophy

Multi-system brain 
degeneration

Multi-total systems atrophy 
syndrome; Parkinsonism

Total systems atrophy

Parkinsonism and 
autonomic neuropathy

Progressive autonomic 
failure

Basal ganglia disease 

PD alone

CLINICAL 
DIAGNOSIS 
OF MSA(n=36)

1

4

1

PATHOLOGICAL 
DIAGNOSIS 
OF MSA (n=30)

2

1

1

1

14
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4.2. CLINICQPATHOLOGICAL STUDY OF 35 MSA CASES

4.2.1. Material and methods.

The UKPDSBB had received 370 brains of patients with parkinsonism by October 
1992. Of these, 35 (9.5%) showed the pathological changes of MSA, and form the 
basis of this chapter. Thirteen of these patients, all with a clinical diagnosis of MSA, 
had been seen in life by Dr Quinn. The remaining 22 had been followed by other 
physicians, 17 of whom were neurologists. Clinicopathological details of nine, and 
an assessment of levodopa response in 2 1 , and a study of diagnostic pointers in 16, 
of these cases have previously been reported (Fearnley and Lees 1990, Hughes et 
al 1992c, Colosimo et al 1995).

Clinical data.

The clinical features of the 35 cases were abstracted from clinical records and 
entered on a database for subsequent analysis. If no mention of a clinical feature 
could be found in the notes, then the feature was coded as absent. In some cases, a 
patient may have had such a feature but this was either not evaluated or recorded. 
Hence the proportions of subjects with the presence of a feature should be treated 
as a "conservative" estimate.

Autonomic failure was defined as the presence of any of the following: symptomatic 
postural hypotension, urinary urge incontinence, faecal incontinence, urinary 
retention requiring catheterization, and/or persistent erectile failure. Severe 
autonomic failure, for men, was defined as two or more of the following five 
symptoms: syncope, urinary incontinence, faecal incontinence, urinary retention, and 
erectile failure. For women, the definition of severe autonomic failure was based on 
two or more of the above symptoms excluding erectile failure.

Akinesia (usually with rigidity) was necessary for a diagnosis of parkinsonism. 
However, tremor was neither obligatory, nor sufficient on its own. The Hoehn and 
Yahr stage for cases was derived from the notes. Early loss of balance was defined 
as Hoehn and Yahr stage III or worse within three years of symptom onset. 
Response to levodopa, based on the recorded estimate in the records of either the 
patient or physician, or both, was graded on a four point scale (1=0-29%, 2=30-49%
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- (both "poor"), 3=50-69% ("good"), 4=70-100% ("excellent")). Both the initial and the 
best recorded response to levodopa were noted. Response data on four cases were 
missing.

Cerebellar features that were recorded included limb ataxia, intention tremor, gait 
ataxia and nystagmus, in isolation or in combination. Pyramidal features comprised 
equivocal or extensor plantar responses and hyperreflexia. Equivocal plantar 
responses and hyperreflexia had to occur together to be accepted as pyramidal 
signs.

Patients were classified as MSA of SND or OPCA type as described earlier (chapter 
2).

In addition, clinical notes were screened for a variety of other symptoms or signs 
including diplopia, hypometric saccades, reduced horizontal and/or vertical gaze, 
dysarthrophonia, dysphagia, excessive snoring, respiratory stridor, myoclonus, 
disproportionate antecollis and sensory dysfunction (subjective and/or objective). 
Age at onset of autonomic failure, parkinsonism, cerebellar and pyramidal signs 
were recorded for analysis of the evolution of multiple system involvement in MSA.

Postmortem material.

All cases were subject to full neuropathological examination using routine 
techniques. Tissue blocks were taken from cerebrum, brainstem and cerebellum, 
and a variety of histological stains including haematoxylin-eosin, luxol fast blue, 
modified Bielschowsky silver impregnation, and immunocytochemistry for glial 
fibrillary acidic protein (GFAP), and ubiquitin.

A pathological diagnosis of MSA was based on cell loss and gliosis in any two of the 
following structures: striatum, substantia nigra, locus ceruleus, other pontine nuclei, 
cerebellar Purkinje cells and inferior olives, together with the presence of GCIs on 
modified Bielschowsky silver impregnation or anti-ubiquitin staining (Papp et al 
1989, Quinn 1994). Since it was available for only 9 of the 35 cases, spinal cord 
pathology was excluded from this study.

The average degree of cell loss and gliosis in the affected parts {severity) was 
semiquantitatively rated by Dr Susan Daniel (UKPDSBB), without knowledge of
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clinical features, on a 4 point scale ranging from normal (0) to severe (3) in the 
following sites: putamen, caudate nucleus, globus pallidus, substantia nigra, locus 
ceruleus, pontine nuclei, inferior olives, and cerebellar Purkinje cells. In addition to 
the degree of cell loss (-severity), the area of putaminal damage was assessed by 
dividing the lateromedial extent of the putamen at the level of the anterior 
commissure into eight segments and expressing the area of damage as the number 
of segments (0 to 8 ) involved. A total measure for putaminal damage was obtained 
by multiplying the severity of damage (0 to 3) by area (0 to 8 ) to give a total 
putaminal score (range 0 to 24). Nigral and putaminal severity counts were 
combined as an SND score (range 0 to 6 ), and severity counts in inferior olives, 
pontine nuclei and cerebellar Purkinje cells as an OPCA score (range 0 to 9).

Statistical analysis.

In presenting data for continuous variables, median values were used as these were 
not always normally distributed. Non-parametric tests of significance have been 
carried out using the Wilcoxon-Mann-Whitney test for continuous or nominal 
variables, but for ease of interpretation mean values have been shown when 
comparing nominal data on pathological severity. Correlations have been calculated 
using the Spearman correlation coefficient, and exact confidence intervals (95%) 
have been calculated for proportions using the binomial formula (Lenter 1982). 
Contingency tables have been analyzed with either a test or Fisher's exact test 
when the smallest expected value was less than five. All significance tests are 
two-sided and use an alpha value of 0.05.

4.2.2. Results.

4.2.2.I. Clinical features.

There were 19 males and 16 females (ratio 1.2 : 1). Median age at disease onset 
was 55 (range 33.3-75.8) years, at death was 62.8 (range 39.3-81.3) years, and 
median survival was 7.3 (range 2.1-15) years. There were no significant differences 
in any of these variables by sex. 30 (8 6 %) of the patients were considered to have 
MSA of the SND type, and 5 (14%) MSA of the OPCA type (Table 26).

The proportion of cases with some evidence of abnormalities in four major systems
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were as follows: autonomic 97% (95% C.l. 85-100), parkinsonian 1 0 0 % (95% C.l. 
90-100), cerebellar 34% (95% C.l. 19-52) and pyramidal 54% (36.7-71.2). The 
pattern of involvement of these four systems is shown in Figure 13. The most 
frequent combination of clinical features was autonomic involvement with 
parkinsonism. Of the 35 cases, 22 (63%) had involvement of three or more systems; 
the remainder only showed clinical features of parkinsonism with (n=1 2 ) or without 
(n=1 ) autonomic involvement.

The disease progression can be seen in Figure 14, which shows the median number 
of years to reach different Hoehn and Yahr stages in these MSA cases in 
comparison with published data from 123 treated PD cases (Hoehn 1983). It is clear 
that the progression of disability in MSA is faster than that seen in PD, the difference 
being most marked for latency to reach stage III (bilateral disease plus postural 
instability). '

Initially 26 cases (74%) were thought to have IPD. Among them, 14 (40%) 
subsequently had their diagnosis changed to MSA after a median disease duration 
of 4.4 (0.3 - 7.8) years. None of our own 13 cases, but 12 (55%) of the other 22 
cases, died still carrying an erroneous diagnosis of IPD. The presence of atypical 
features that may have suggested the diagnosis of MSA was sought in these 12 
cases. In none of them had cerebellar features or evidence of severe autonomic 
involvement (see below) been noted in life, but two had pyramidal features. Their 
age of onset was significantly older than the 23 correctly diagnosed cases (63.4 
versus 50.6 years p=0.002, cf. Figure 15), and there was a non-significant trend for 
better levodopa response in this group.

Tables 27 and 28 provide more detail on the presence of specific clinical features.
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Table 26.Distribution of sub-groups among 35 cases of MSA

SND 30

OPCA 5

23 pure SND

7 predominant SND

5 predominant OPCA

0 pure OPCA
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Figure 13. Frequency of various combinations of clinical features in 35 cases of 
pathologically confirmed MSA. Park: parkinsonism; Auto; autonomic failure; Cereb: 
cerebellar signs; Pyr: pyramidal signs
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IV V 
Hoehn-Yahr stage

Figure 14: Median number of years to reach different Hoehn and Yahr stages for 35 
cases of pathologically confirmed MSA compared to 123 patients with clinically 
diagnosed IPD. Data for IPD taken from Hoehn (1983). Bars indicate range.
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Parkinsonism.

Akinesia and rigidity were present in all patients and were usually asymmetrical 
throughout the disease course. Tremor at rest was seen in a third of patients; 
however, a classical pill rolling rest tremor had been documented in only 1 1%. 
Levodopa was administered to all but two patients. The initial clinical response for 
the whole sample was excellent (4) In 13%, good (3) in 25% and poor (1-2) in 62%. 
The best recorded levodopa response was excellent (4) in 13%. good (3) in 32% and 
poor (1-2) in 55%. However, the last recorded response in the notes showed only 
7% with a good response and 93% with a poor response. Motor response 
fluctuations were recorded in 60% of treated patients. Dyskinesias developed in 52% 
of patients, involving facial musculature in 59% (12% unilateral) and limbs in 53% of 
them. Psychiatric side effects occurred in 15% (confusion in 9%, hallucinations and 
nightmares in 6 % each).

When comparing sex distribution, age of onset, age at death, duration of disease 
and response to levodopa for clinical subgroups, cases with cerebellar features 
(34%) were more likely to be male (p=0.001), have a younger age of onset 
(p=0.0005) and younger age of death (p=0.003), but survival was little different from 
the other sub-groups.

Cases with severe autonomic involvement (37%) were also more likely to have a 
younger age of onset (p=0.02) and of death (p=0.05) and tended to have a poor 
response to levodopa although this failed to reach statistical significance (p=0.06).
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Figure 15: Age of onset distribution for 35 cases of MSA according to final clinical 
diagnosis (MSA or IPD). Empty bars indicate patients diagnosed as MSA in life, 
black bars indicate patients misdiagnosed as IPD.
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Table 27: Basic clinical features in 35 pathologically proven cases of MSA: 

percentage of cases with feature recorded (95% confidence intervals)

Parkinsonism 100 (90-100)
Akinesia/rigidity 100 (90-100)
Tremor 80 (63-92)

present at rest 34 (19-52)
classical 11 (3-26)
postural 29 (15-46)
action 9 (2-23)

Cerebellar features 34 (19-52)
Limb ataxia 31 (17-49)
Intention tremor 11 (3-27)
Gait ataxia 29 (15-46)
Postural instability 89 (73-97)
Nystagmus 14 (5-30)

Autonomic features 97 (85-100)
Recurrent syncope 3) 2 2 (8-37)
Symptomatic postural hypotension 51 (34-69)
Urinary incontinence 51 (34-69)
Urinary retention 34 (19-52)
Faecal incontinence 3 (0-19)
Impotence (males) 62 (32-86)

Pyramidal features 54 (37-71)
Extensor planters 37 (22-55)
Equivocal planters 17 (7-34)
Hyperreflexia 57 (39-74)

129



Table 28: Additional clinical features in 35 pathologically proven cases of
MSA:

percentage of cases with feature recorded (95% confidence intervals)

Diplopia
Hypometric saccades 
Reduced upgaze 
Reduced downgaze 
Reduced horizontal gaze

14
9
20
9
9

(5-30)
(15-46)
(8-37)
(2-23)
(2-23)

Dysarthophonia 
Dysphagia 
Excessive snoring 
Stridor

89 (73-97)
51 (34-69)
17 (7-34)
34 (19-52)

Myoclonus 29 (15-46)

Disproportionate antecollis (2-23)

Sensory dysfunction
symptoms only 
signs + symptoms

20 (8-37)
11 (3-27)
9 (2-23)
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Autonomie failure In MSA.

All but one patient suffered from autonomic failure according to our definition. 
Although symptomatic postural hypotension was noted in 71% of the patients this 
was rarely severe, with recurrent (^3) syncopal attacks occurring in only 2 0 %. 
Urinary urge incontinence was observed in half of the patients, but faecal 
incontinence in one patient only. Urinary retention was less common, affecting a 
third of the patients. Persistent erectile dysfunction was reported by almost two thirds 
of men; unfortunately, there was no mention of potency in the remaining third.

Other clinical features.

Cerebellar gait ataxia and limb ataxia were seen in about 30% of the patients, and 
pyramidal signs were detected in 54%.

The prevalence of additional features is also shown in Table 27. Reduced downgaze 
was noted in three (9%) patients; however, this deficit was only mild, and none of the 
cases had a prominent supranuclear downgaze palsy. Dysarthrophonia affected all 
but four patients and was commonly atypical in nature with elements of straining, 
quivering, slurring or scanning in addition to the usual hypophonia and monotony of 
parkinsonism. Recorded sensory symptoms were uncommon (7 cases) and sensory 
loss even rarer (3 cases).

4.2.2 2. Pathological findings.

Substantia nigra cell loss was identified in all but one case, which showed 
postmortem artefact (Table 29), and it was severe in 79% of them.

The locus ceruleus was, with few exceptions, equally severely depleted.
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Table 29. Pathological findings in 35 cases of multiple system atrophy
Case SND

score
(0-6)

OPCA
score
(0-9)

CO CN Pu
score
(0-24)

Pu Pa S/I LB Lc PN 10 CP

1 2 0 - + + 0 + +++ - +++ _ - +
2 3 1 - - - 0 - +++ - +++ - - +
3 4 NA - - + 1 - +++ - +++ ++ +++ NE
4 4 NA - - + 1 - +++ - + + NA + V>H
5 4 4 - + ++ 4 ++ ++ 5 +++ + + ++V>H
6 4 9 NA - ++ 6 +++ ++ - +++ +++ +++ +++ V>H
7 4 9 - + ++ 4 - ++ - ++ +++ +++ +++ v=H
8 5 4 - ++ ++ 8 + +++ - - ++ - ++V>H
9 5 5 - + ++ 6 + +++ 6 ++ - ++ +++V>H
1 0 5 6 NA + ++ 8 + +++ - +++ + +++ ++
11 5 7 - + +++ NA + ++ - ++ ++ ++ +++
12 5 8 NA - +++ NA - +++ - - +++ +++ ++
13 5 9 - - +++ NA ++ ++ - +++ +++ +++ +++
14 5 9 - - ++ 6 + +++ - +++ +++ +++ +++
15 6 NA - - +++ NA ++ +++ - +++ NE NA +
16 6 NA - ++ +++ 21 ++ +++ - +++ +++ ++ NA
17 6 0 - ++ +++ 18 ++ +++ - +++ - - -

18 6 0 - ++ +++ 18 - +++ - +++ - + -

19 6 0 - - +++ NA NE +++ - ++ - - -
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Table 29 continued
2 0 6 0 - + +++ 24 ++ +++ - +++ - - -
21 6 2 1 ++ +++ 9 ++ +++ ++ +++ - + + V=H
2 2 6 2 NA ++ +++ 24 ++ +++ - ++ - + + V=H
23 6 2 2 + +++ 18 + +++ ++ ++ - + + V=H
24 6 3 - +++ +++ 24 +++ +++ - +++ + + +
25 6 4 - ++ +++ 21 + +++ - +++ + + ++V>H
26 6 5 - + +++ 23 + +++ - +++ - ++ +++ V>H
27 6 5 - ++ +++ 21 + +++ - +++ + + +++ V>H
28 6 5 - +++ +++ 24 ++ +++ - +++ + ++ ++V>H
29 6 6 - + +++ 18 + +++ - +++ ++ + +++V>H
30 6 6 3 + +++ 21 + +++ ++ +++ + +++ +++ V>H
31 6 9 4 ++ +++ 24 ++ +++ - +++ +++ +++ +++V=H
32 2 NA NA + + 1 - + - ++ - - NE
33 NA NA - ART ++ ART ART ART ART ART ART ART ART
34 NA NA NA INF INF INF NE + - NA - ART ART
35 NA 4 - INF INF INF +++ +++ - +++ - + +++ V>H

Key: 1.Headings: SND striatonigral degeneration; OPCA olivopontocerebellar atrophy (for scores refer -to methods);CC 
cerebral cortex; CN caudate nucleus; Pu putamen; Pa pallidum; Sn substantia nigra; LB Lewy bodies; PN pontine nuclei; TF 
transverse fibres; 10 inferior olives; CP cerebellar Purkinje cells; V vermis; H hemisphere.

2.Data: -,+,++,+++ absent, mild, moderate, severe cell loss + gliosis; NA not available; NE:not examined; ART artefact; 
INF infarction; 1-3 - IBs present in CC; 4 - Alzheimer type change in CC; 5 - pale inclusion bodies in Sn; 6  -eosinophilic 
degeneration present.
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Putaminal cell loss and gliosis were marked in 20 (61 %) and moderate or mild in 11 
cases (33%). In two cases there was no putaminal cell loss and in two others 
infarction made interpretation of the extent of degenerative change difficult. 
Nevertheless, in all four cases both substantia nigra and locus ceruleus showed cell 
loss and gliosis without Lewy bodies. The pathological diagnosis of MSA in the 
cases without putaminal cell loss would not have been possible but for the 
demonstration of GCIs (Wenning et al 1994).

The caudate nucleus was much less severely affected; only two (6 %) cases had 
severe cell loss and gliosis (usually diffuse) and 21 (6 6 %) cases had mild or 
moderate gliosis, often in a focal dorsolateral distribution. There were no changes in 
nine (28%) cases. The external pallidum was invariably involved with gliosis except 
for the two cases without putaminal cell loss.

Degenerative changes in the olivopontocerebellar system were seen in 29 of 34 
(8 8 %) cases studied. Assessment was not possible in one case due to post-mortem 
artefact. Marked Purkinje cell depletion was observed in cerebellar cortex of 12 
(40%) of the cases, and only two (6 %) cases appeared to have no cell loss at all. 
When present, cell loss was more severe in the cerebellar vermis relative to 
hemispheres in 12 of 17 (71%) cases in which comparisons were possible. The 
dentate nuclei were only mildly affected by gliosis, without cell loss, in seven of 2 0  

(35%) available cases. Dentate hilum and superior cerebellar peduncle were 
unaffected. The dorsal vagal nucleus (DVN) was mildly to severely affected in 14 of 
27 (52%) cases examined.

Finally, apart from the presence of GCIs and age related neuritic plaques, the 
cerebral cortex was normal in 25 out of 30 (83%) cases studied. Three (10%) cases 
showed widespread LBs in all areas of cerebral neocortex studied as well as in 
substantia nigra. Severe Alzheimer's disease type changes were seen in neocortex 
in two (7%) cases.

4.2.2 3. Clinicopathological correlations.

There was no correlation between semiquantitative measures of pathological 
damage in the putamen, nigra and olivo-pontine area and age at onset, age at death 
and disease duration. However, there was a trend for the degree of nigral and and
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putaminal damage to be greater in those cases with longer disease duration.

Only 18% (3/17) patients with a putaminal damage score of 18 or less died with a 
recorded Hoehn and Yahr stage of V in contrast to 70% (7/10) of those with 
putaminal damage of more than 18 (p<0.02). However, the combined score of SND 
and OPCA did not correlate with severity of motor disability.

35% of patients with a putaminal score ^ 18 showed either a good (12%, 2/17) or 
moderate (24%, 4/17) latest recorded levodopa response whereas only one of 10 
(1 0 %) patients with a putaminal damage score of ^ 18 retained a moderate 
response, but this was not significant (p=0.20). There was no relationship between 
latest levodopa response and degree of nigral degeneration.

The estimated degree of OPCA was unrelated to levodopa responsiveness. The 
presence of fluctuations and dyskinesias was more often associated with severe 
striatonigral (SND score 6 ) or putaminal (putamen score >18) degeneration.

Cerebellar signs had been noted in life in only nine of the 26 (35%) cases that 
showed cerebellar Purkinje cell loss at post-mortem. In 12 cases this Purkinje cell 
loss predominated in the vermis. Although all of them were noted to have postural 
instability in life, only three of them had definite evidence of gait ataxia.

The association between pathological damage and clinical features and sub-groups 
was also examined. All the cases had parkinsonism and all showed marked damage 
to the nigra, and cases with cerebellar features or classified as OPCA-type had 
greater damage in the olivo-pontine area. However, perhaps surprisingly, early loss 
of balance correlated significantly with putaminal damage, but not with the OPCA 
pathological score.

4.2.3. Discussion.

This study confirms and extends our knowledge about MSA in a number of areas.

MSA is a rapidly progressive disease, with a median survival of only six years from 
first symptom in pathologically proven MSA recorded in the literature (see chapter 
2 ). However, in the present series a longer median survival of 7.3 (range 2.1 to 15) 
years was found, a discrepancy that might be due to the relative lack of clinical data
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in many of the published case reports. Even longer survival (median 7.3 yrs) was 
found in the clinical series (chapter 3). The total disease duration from first symptom 
to death for the five OPCA predominant patients was similar to that for the 30 SND 
predominant patients, and the response of their (by definition mild or moderate) 
parkinsonism to levodopa was uniformly disappointing.

The finding of parkinsonism in all cases comes as little surprise given that the 
source of the material was a parkinsonian brain bank, but parkinsonism was also 
documented in 84% of pathologically proven MSA cases in the literature series 
(chapter 2). Almost all MSA patients in this series had developed clinical signs of 
multi-system involvement at the time of death. Apart from one (2.9%) case with 
isolated parkinsonism, there was no case with autonomic failure, cerebellar or 
pyramidal signs persisting in isolation throughout the disease course. Among 
pathologically proven MSA cases in the literature 90% had accrued in life features in 
two or more of these four clinical domains and only 9% apparently had parkinsonism 
in isolation at the time of death (chapter 2 ).

A good or excellent initial motor response to levodopa was seen in a third of this 
series of MSA patients. However, this was sustained until death in only 7% of them. 
Thus, although encountered in only a minority of patients, a positive and sustained 
levodopa response, even until death in some cases, can occur in MSA. In this series 
there was a trend for the last, but not best, recorded levodopa response to be 
inversely associated with the degree of putaminal damage, consistent with previous 
more detailed morphometric data in a subgroup of cases (Feamley and Lees 1990). 
This observation might suggest that that the severity of the nigral lesion precedes 
that of the striatal one. Further evidence for initial and more severe nigral cell loss is 
derived from 2 cases in the present series with "minimal change" MSA in which 
severe neuronal cell loss in substantia nigra was associated with preserved 
putaminal neurons (Wenning et al 1994); however, typical GCIs were found 
throughout striatum and many other sites, indicating extranigral subcellular 
pathology. Dyskinesias developed in half of the treated patients. In contrast to IPD 
patients there was strikingly predominant involvement of orofacial and often neck 
muscles, with sustained dystonie elements in almost 60% of dyskinetic patients, 
which may reflect striatal somatotopy. In addition, dyskinesias occurred in the 
absence of obvious improvement in motor function in some cases (Hughes et al 
1992c).

136



The pathological study showed that both substantia nigra and putamen were 
severely depleted in most cases. However, in a minority of cases severe nigral 
atrophy was associated with mild or moderate putaminal degeneration and in two 
cases definite cell loss was restricted to substantia nigra and locus ceruleus only 
(Wenning et al 1994). The severity of pathological SND did not correlate with age of 
onset and disease duration, but did correlate with disease severity at death.

Although 8 8 % of the cases with available post-mortem material had some evidence 
of OPCA in addition to nigrostriatal cell loss, only 34% of them had definite 
cerebellar signs in life. Definite gait ataxia was only recorded in three of 12 cases 
with severe cerebellar (vermis) involvement, but impairment of postural reflexes with 
or without falls was present in all. The appreciation of a possible cerebellar 
component contributing to the disturbance of gait and postural control in MSA is 
hampered by the presence of severe parkinsonism and/or symptomatic postural 
hypotension in many patients. The low number of cases with definite gait ataxia is 
therefore almost certainly an underestimate. Even allowing for this, truncal 
incoordination was overall more prominent than limb ataxia, in keeping with the 
observed regional distribution of cerebellar cell loss.

The association of OPCA with SND in such a large proportion of cases confirms the 
need for the term MSA (Graham and Oppenheimer 1969). In the present series, all 
cases with adequately fixed brains contained oligodendroglial inclusions that have 
been reported by a number of groups in the brains of all patients with MSA of various 
clinical subtypes, and are infrequently found in other sporadic or hereditary 
neurodegenerative diseases including hereditary OPCA As in previous reports, 
these inclusions were found not only in the olivopontocerebellar and striatonigral 
systems, but also in a number of areas not previously considered to be affected in 
this disease including cerebral cortex, external capsule and brainstem reticular 
formation (Papp et al 1989, Nakazato et al 1990, Costa et ai 1992, Mochizuki et al 
1992, Papp and Lantos 1992).
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4.3. A MORPHOMETRIC STUDY OF OLIVOPONTOCEREBELLAR PATHOLOGY 
IN MSA

Mild or moderate OPCA is present in most MSA patients (Jellinger and Tamowsky- 
Dziduszko 1971). The distribution of affected sites in OPCA and their 
interrelationship remain controversial. Early qualitative studies suggested a primary 
olivopontine atrophy with secondary transsynaptic Purkinje cell loss (Van Bogaert 
and Bertrand 1929, Welte 1939, Rosenhagen 1943). However, more recent studies 
emphasized a primary pontocerebellar atrophy with secondary transsynaptic 
degeneration of inferior olives (Koeppen and Barron 1984, Oppenheimer 1984). 
Furthermore, the cerebellar hemispheres are usually reported to be more severely 
affected than cerebellar vermis but a recent morphometric study has demonstrated 
preferential cell loss in cerebellar vermis (Kume et al 1991). In order to clarify the 
pathological features of OPCA associated with MSA a detailed morphometric study 
in 2 0  patients was performed.

4.3.1. Material and methods.

Patients and controls.

Twenty brains of patients with a pathological diagnosis of MSA were studied and 
compared to 8  control brains from subjects dying without evidence of neurological 
disease. The MSA group comprised 10 male and 10 female patients with a mean 
age at disease onset of 56.8 + 11.8 years and a mean disease duration of 7.5 + 2.9 
years. During the course of disease autonomic failure was present in 15 (75%) 
patients, and parkinsonism, cerebellar and pyramidal signs in 19 (95%), 6  (30%), 
and 10 (50%) patients respectively. Sixteen (80%) patients with pure (70%) or 
predominant (10%) parkinsonism were classified as pure or predominant SND, and 4 
(20%) patients with pure (5%) or predominant (15%) cerebellar ataxia as pure or 
predominant OPCA. Individual clinical features are shown in Table 30. The control 
group included 3 female and 5 male subjects with a mean age at death of 6 8 .6  + 8.2 
years.

Pathological methods.

Material donated to the UKPDSBB between 1985 and 1994 was used for the study.
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Twenty out of 40 brains with the characteristic neuropathological change of MSA 
(Daniel 1992) were selected for morphometry on account of tissue preservation and 
lack of post-mortem artefact. Donated brains were cut midsagitally with one half 
immersion-fixed in 10% neutral formalin for 5 weeks and the other half immediately 
frozen. The formalin fixed brain was examined according to standard 
neuropathological methods; the diagnosis of MSA was made after full histological 
examination.
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prt>v<jr\

Case DUR
(years)

AF PAR PYR CER Type

1 6 + - - + OPCA
2 7 + + + + OPCA*
3 6 + + + + OPCA*
4 7 - + - + OPCA*
5 2 + + - - SND
6 9 + + + - SND
7 5 - + - - SND
8 7 + + + - SND
9 15 - + - - SND
10 11 + + - - SND
11 6 - + + - SND
12 9 + • ■ + - - SND
13 9 + + + - SND
14 6 + + + - SND
15 11 + + + - SND
16 10 + + - - SND
17 4 + + + - SND
18 6 + + + - SND
19 7 + + - + SND*
2 0 6 + + - + SND*

Key. DUR: disease duration, AF: autonomic failure, PAR: parkinsonism, PYR: 
pyramidal signs, CER: cerebellar signs, LA limb ataxia, GA: gait ataxia. Type: 
clinical subtype, SND: striatonigral degeneration, OPCA: olivopontocerebellar 
degeneration, * cases with predominant parkinsonism (SND) or cerebellar ataxia 
(OPCA).
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VERMIS

HEMISPHERE

VERM IS

1. Lingula
2. Central lobule
3. Culmen
4. Declive & Folium
5. Tuber
6. Pyramis
7. Uvula
8. Modulus

HEMISPHERE

1. Anterior quadrangular lobule
2. Posterior (simple) quadrangular lobule
3. Superior semilunar lobule
4. Inferior semilunar lobule
5. Gracile lobule
6. Biventer lobule
7. Tonsil

OLIVE OLIVARY NUCLEUS CELLS

1. Medial nucleus
2. Dorsal nucleus
3. Inferior nucleus

Figure 16. Nomenclature of cerebellar lobules and inferior olive nuclei according to 
Carpenter and Sutin (1983)
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For morphometric assessment the Inferior olives and basis pontis were examined in 
horizontal sections taken at the level of the hypoglossal nucleus and trigeminal 
nerve root respectively. Sagittal tissue blocks were used taken through mid- 
cerebellar hemisphere (including dentate nucleus) and mid-vermis. Sections were 
cut at 14 pm and stained with Luxol fast blue and Cresyl fast violet. The different 
lobules of cerebellar vermis and hemispheres were identified according to Carpenter 
and Sutin (1983) and numbered according to Kume et al. (1991) (vermis: V I-V8 , 
hemisphere: H1-H8) (Figure 16). The anterior lobe was defined as lobules VI-V3 
and H I, the posterior comprised lobules V4-V8 and H2-H7 (Kume et al 1991). 
Lobule V8  was identical with cerebellar nodulus. In each case, one section per 
region was subjected to cell counting. Neurons were counted if they had a 
nuc\eo\aled nucleus and contained Uissi substance. Total cell numbers per section 
of inferior olive were determined at a magnification of x2 0 , using a hand counter. 
Neuronal density (cells/mm2) of inferior olivary nuclei was obtained by measuring 
the areas of principal (ventral and dorsal laminae) and accessory (medial and 
dorsal) nuclei using a computerized graphic analyser. Pontine neuronal populations 
were counted using an eye piece graticule (square surface as above) and x2 0  

magnification. A random number between 1 and 20 was generated indicating the first 
square to be counted. Every twentieth square was subsequently analysed. The total 
number of squares covering the whole extent of basis pontis in one section was 
recorded. Pontine neuronal density was calculated as number of cells/mml Finally, 
total Purkinje cell numbers in one section of cerebellar cortex per case were 
determined at a magnification of x20, using a hand counter. In order to calculate 
linear Purkinje cell density (cells/mm), Purkinje cell layer length was measured by an 
eye piece graticule (square surface of 0.5 mm̂  subdivided in 10 0  small squares).

Statistical methods Neuronal densities in MSA cases and control subjects were 
compared using Student's t-test. Cell loss was expressed as the percentage 
reduction from mean control density and again compared using Student's t-test. 
Possible correlation of percentage cell loss in the various sites was tested for 
significance using Spearman rank correlation analysis.

4.3.2. Results.

Cell loss and gliosis in the nigrostriatal system was observed in all 20 cases. There 
was severe degeneration of the substantia nigra in 80% of cases, while in 2 0 % cell 
loss was judged to be moderate. Cell loss in the striatum was severe in 55% of
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cases, moderate in 30% and mild to absent in 15%. Widespread oligodendroglial 
cytoplasmic inclusions were found in all cases using a modified Bielschowsky silver 
impregnation.

Distribution of cell loss. Mean cell loss and individual results in MSA cases and 
controls are shown in Tables 31 and 32.

At an individual level, inferior olives and pontine nuclei were more severely depleted 
than cerebellar hemispheres in 16 and 18 of 2 0  cases, respectively.

Compared to controls, mean neuronal loss was severe in inferior olives of MSA 
cases (Table 31) and significantly greater than in cerebellar vermis and hemisphere 
(p<0.0001 ), but similar (p>0.05) to that observed in pontine nuclei. Within the inferior 
olivary complex there was an equivalent mean cell loss in principal and accessory 
olives (70% versus 6 8 %, p>0.05). In the principal olive, mean cell loss was similar 
(p>0.05) in dorsal (75%) and ventral (70%) laminae. Furthermore, mean cell loss in 
the accessory olive was severe in both dorsal (78%) and medial (59%) nucleus 
(p>0.05).

Compared to controls, mean cell loss was severe in pontine nuclei of MSA cases 
(Table 31) and significantly greater in pontine nuclei than in cerebellar vermis and 
hemisphere (p<0 .0 0 0 1 ).

Compared to controls, mean Purkinje cell loss was moderate in cerebellar vermis 
(VI-V7) and mild in cerebellar hemisphere (H1-H7) of MSA cases (Table 31). 
Neuronal densities were relatively preserved in cerebellar nodulus (V8 ) of MSA 
cases compared to controls (3.6 + 1.8 versus 4.0 + 0.8, p>0.05). Cerebellar Purkinje 
cell loss was significantly more pronounced in anterior than posterior lobes (54% 
versus 38%, p<0.0001 ).
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Table 31: Mean neuronal densities In the olivopontocerebellar system of 20 MSA 
and 8 control cases

structure MSA
meanND
±SD

Control 
mean ND 
±SD

% reduction 
from mean 
control ND

PIO 23.18+20.00 84.17+17.16 72% (p<0.0001)

AlO 27.11+32.02 85.49+25.10 6 8 % (p<0 .0 0 0 1 )

Pons 52.87+40.87 206.03+37.23 74% (p<0.0001)

Vermis(-V8 ) 1.80+0.27 4.16+0.20 55% (p<0.0001)

Hemispheres 2.34+1.15 3.63+0.26 36% (p<0.0001)

Nodulus(V8 ) 3.59+1.78 4.04+0.78 1 1 % (NS)

Key: MSA multiple system atrophy, ND neuronal density, SD standard deviation, PIO 
principal inferior olive, AlO accessory inferior olive, NS not significant.
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Table 32. Neuronal densities in accessory and principal inferior olives, pontine nuclei, 
cerebellar vermis and hemisphere in 20 cases of pathologically proven MSA

Case Type AlO PIO PN CV CH
(cells/mm^) (cells/mm^) (cells/mm^) (celis/mm) (ceiis/mm)

1 OPCA 2.67 7.34 18.64 2.45 3.02
2 OPCA* 6.33 19.62 6 .1 0 0.17 0.32
3 OPCA* 0.57 19.20 7.00 0.99 1.08
4 OPCA* NA 0.79 1.80 1.30 1 .12
5 SND 22.51 28.63 65.96 1.96 1.98
6 SND 0 .0 0 4.26 107.8 1.65 2.32
7 SND 93.12 25.08 144.20 4.41 5.11
8 SND 17.88 27.24 73.80 2 .2 0 2.54
9 SND 7.99 2 2 .0 0 55.00 2.16 1.84
10 SND 18.75 1 0 .6 6 63.60 1.96 2.49
11 SND 50.38 37.90 87.20 3.32 1.57
12 SND 12.23 4.80 53.60 2.75 2.83
13 SND 38.72 26.61 43.85 2 .1 2 1 .88

14 SND 1 2 2 .0 0 77.16 107.20 4.69 4.01
15 SND 28.00 16.15 5.10 0.80 1.32
16 SND 34.18 71.52 99.32 2.78 3.39
17 SND 3.50 23.43 8.80 0.48 1.11
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Table 32.continued 
18
19
20
Controls

SND
SND*
SND*
(±1SD)

3.56
23.17
29.50
85.49+25.09

19.04
5.36
16.75
84.17+17.76

31.30
45.80
31.40
206.03+37.23

1.86
1.36
3.00
4.13+0.65

3.32
2.19
3.27
3.63+0.26

Key. AlO: accessory inferior olive, PIO principal inferior olive, PN: pontine nuclei, CV: cerebellar vermis, CH: cerebellar hemisphere, 
SND: striatonigral degeneration, OPCA: olivopontocerebellar degeneration, * cases with predominant parkinsonism (SND) or 
cerebellar ataxia (OPCA), NA not available, SD standard deviation.
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Anatomical correlations of cell loss. No significant correlation of neuronal cell loss 
could be demonstrated between principal olives and cerebellar cortex. However, cell 
loss in dorsal accessory inferior olives correlated significantly with Purkinje cell loss 
in vermis (r=0.62, p<0 .0 1 ) and in anterior lobe (r=0.60, p<0 .0 1 ), but not with that 
observed in cerebellar hemisphere or posterior lobe.

Reduction of neuronal density in pontine nuclei correlated significantly with Purkinje 
cell loss in cerebellar vermis (r=0 .6 8 , p<0 .0 1 ), cerebellar hemisphere (r=0 .6 8 , 
p<0 .01  ), anterior lobe (r=0.72, p<0.001 ) and posterior lobe (r=0.60, p<0.01 ).

Clinicopathological correlations.There was no significant correlation of age at 
disease onset, age at death or disease duration and cell loss in any of the OPC 
subregions examined. At an individual level, the degree of cell loss in the OPC 
subregions was very variable in both MSA patients with predominant or isolated 
cerebellar ataxia (OPCA type) and those with predominant or isolated parkinsonism 
(SND type). However, in patients with OPCA type MSA mean cell loss was 
significantly more marked in accessory olives (96% versus 62%, p<0 .0 0 0 1  ), pontine 
nuclei (96% versus 69%, p<0.0001 ) and anterior lobe of the cerebellum (77% versus 
48%, p<0.05) compared to patients with SND type MSA. In patients with OPCA type 
MSA there was no clear relationship between degree or distribution of 
olivopontocerebellar cell loss and presence or absence of cerebellar signs such as 
gait ataxia, limb incoordination, scanning dysarthria and nystagmus. In only three 
cases (all without cerebellar signs in life) were neuronal densities in 
olivopontocerebellar structures reduced by less than one standard deviation 
compared to controls. Conversely, there was significant OPCA in 11 of 14 MSA 
cases with no cerebellar signs in life, and in 17 of 20 cases examined.

4.3.3. Discussion.

Degenerative cell loss in inferior olives, pontine nuclei and cerebellar cortex in 
sporadic OPCA was first described by Dejerine and Thomas (1900). Based on 
qualitative assessments, these and other early investigators (Van Bogaert and 
Bertrand 1929, Welte 1939, Rosenhagen 1943) proposed that basis pontis and 
inferior olives bear the brunt of damage in OPCA whilst transsynaptic Purkinje cell 
loss was hypothesized to occur secondary to the primary olivopontine atrophy
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(Figure 17a). The predominant cell loss in inferior olives and pontine nuclei implies 
a common vulnerability (Essick 1912, Winckler 1923, Welte 1939, Rosenhagen 
1943, Eadie 1991) which may also be shared by other neuronal systems known to 
be preferentially involved in MSA, such as small putaminal neurons. Recently, a 
remarkably selective distribution of characteristic neuronal inclusions (cytoplasmic 
and intranuclear) has been observed in MSA brains. In contrast to widespread GCIs, 
neuronal inclusions were restricted to few sites including motor cortex, small 
putaminal cells, subthalamic nucleus, brain stem reticular formation, and Essick cell 
band derivatives (Kato and Nakamura 1990, Papp and Lantos 1992 and 1994). The 
formation of neuronal inclusions in inferior olives and pontine nuclei might represent 
neuronal vulnerability and account for cell loss in these sites.

Other investigators favoured a primary pontocerebellar degeneration with secondary 
transynaptic degeneration of inferior olives to occur in sporadic OPCA (Koeppen and 
Barron 1984, Oppenheimer 1984) (Figure 17b). A recent morphometric study of 21 
MSA cases also reported evidence in support of secondary olivary degeneration 
(Kume et al 1991). However, these authors failed to comment on the severity of 
cerebellar relative to olivary degeneration in their material.

In the present morphometric study neuronal cell loss was equally severe in inferior 
olives and pontine nuclei with a relative preservation of cerebellar cortex in many 
cases. A significant correlation of neuronal cell loss was only observed between 
dorsal accessory inferior olive and cerebellar vermis, but not between principal 
inferior olivea and cerebellar hemisphere. Furthermore, there was no difference 
between the degree of cell loss in principal and accessory olives although 
degeneration was more severe in cerebellar vermis than hemisphere (see below). 
The observed correlation of cell loss in pontine nuclei and cerebellar cortex may be 
more easily explained by a primary degenerative process occurring in parallel in 
these two sites than by transsynaptic degeneration of Purkinje cells since latter are 
removed by one or more intemeuron from mossy fibre terminals arising from pontine 
neurons. Finally, at an individual level the distribution of cell loss in inferior olives, 
pontine nuclei and cerebellar cortex obeyed topographical relationships in only 50 % 
of cases. Taken together, the data suggest a primary degeneration of inferior olives, 
pontine nuclei and cerebellar Purkinje cells in OPCA associated with MSA (Figure 
17c).

Some further observations also support the concept of primary cerebellar cortical
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degeneration in MSA. Loss of cerebellar Purkinje cells has been described in a few 
sporadic (O)PCA cases with apparently intact inferior olives (Berciano 1982). 
Although age and species differences in transneuronal degeneration are well 
recognized (Cowan 1970, Duchen 1992) animal experimental data provide no hard 
evidence of Purkinje cell degeneration due to olivopontine deafferentation. 
Destruction of the basis pontis in adult rats results in transneuronal granule cell 
degeneration with preservation of Purkinje cells (Anderson and Flumerfel 1984). A 
marked selective lesion of the inferior olivary system in adult rats induced by 
systemic administration of 3-acetylpyridine triggers a significant reinnervation of 
Purkinje cells by climbing fibers, preventing transsneuronal degeneration (Herken 
1968, Balaban 1985, Rossi et al 1991a and b).

The regional distribution of Purkinje cell loss in cerebellar vermis and hemispheres 
has been a matter of controversy since Dejerine and Thomas first reported a more 
marked involvement of cerebellar hemispheres. Some subsequent investigators 
supported their view (Eadie 1991, Hirayama et al 1977, Berciano 1982, 
Oppenheimer 1984) differentiating sporadic OPCA from other degenerative diseases 
of the cerebellum such as late cerebellar cortical atrophy and cerebello-olivary 
atrophy of Holmes type on this basis (Hirayama 1977, Eadie 1991). Other studies 
reported a predominant involvement of cerebellar vermis (Jellinger and Tarnowska- 
Dziduszko 1971, Takei and Mirra 1973, Kaiya 1974, Petite 1973, Kohler 1975, 
Daniel 1992). All of these studies were qualitative, and the present quantitative 
findings indicate, in agreement with a recent morphometric study (Kume et al 1991), 
that, comparing mean density loss, Purkinje cell depletion was significantly more 
pronounced in cerebellar vermis than hemisphere, with relative preservation of 
nodulus. However, there were some exceptions at an individual level. Cell loss in 
cerebellar hemisphere was more marked than in vermis in 1 case, and was equally 
severe in 5 cases, suggesting that the midline predominance is not absolute. Cell 
loss also predominated in anterior over posterior lobes of the cerebellum. The 
nodulus was remarkably spared, although not in all cases (Kume et al 1991). The 
reason for this intriguing regional distribution of cortical Purkinje cell loss remains 
unknown.
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Although cerebellar signs had been noted in life in only 6  cases, morphometry 
revealed OPCA in 17 of the 20 MSA brains. Thus there was evidence of subclinical 
OPCA pathology in more than 50% of MSA cases. CT or MR iamging may also show 
subclinical evidence of brainstem and/or cerebellar atrophy in some patients with 
isolated parkinsonism, thus providing evidence of MSA (chapter 3.6, Schulz et al 
1994). The observed relationship between degree of olivopontocerebellar cell loss 
and presence of cerebellar ataxia Is also consistent with recent findings of MR! 
morphometry in MSA patients. Schulz et al (1994) reported that infratentorial atrophy 
and pontocerebellar hyperintensities (reflecting degeneration of fibre tracts) were 
more severe in MSA patients with predominant cerebellar ataxia than those with 
predominant parkinsonism. However, the present clinicopathological analysis of 
individual cerebellar features such as nystagmus or scanning dysarthria failed to 
reveal correlations to olivopontocerebellar pathology. This may in part relate to 
considerable interindividual variation of olivopontocerebellar cell densities (Kume et 
al 1991) as well as lack of data regarding relative severity of cerebellar signs.
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Figure 17a. Possible mechanisms of olivopontocerebellar degeneration in MSA. 
Primary olivopontine degeneration (hatched line) and secondary Purkinje cell loss 
(dotted line) (Dejerine and Thomas 1900).
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Figure 17b. Possible mechanisms of olivopontocerebellar degeneration in MSA. 
Primary pontocerebellar degeneration (hatched line) and secondary inferior olivary 
cell loss (dotted line) (Oppenheimer 1984).
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Figure 17c. Possible mechanisms of olivopontocerebellar degeneration in MSA. 
Primary olivopontocerebellar degeneration (hatched line) (present study).
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CHAPTER 5 REVERSAL OF BEHAVIOURAL ABNORMALITIES BY FETAL 
ALLOGRAFTS IN A NOVEL RAT MODEL OF STRIATONIGRAL DEGENERATION.

Grafting of fetal ventral mesencephalic tissue into the striatum of rats with a 6 -OHDA 
induced destruction of the nigrostriatal pathway has previously been shown to 
ameliorate a variety of behavioural deficits. The most striking and consistent 
functional graft effect is the reversal of drug-induced locomotion and rotational 
asymmetry, most commonly tested following a challenge with the dopamine 
releasing drug amphetamine (Bjôrkiund and Stenevi 1979, Bjorklund et al 1980), or 
with the directly acting dopamine receptor agonist apomorphine (Bjorklund et al 
1980, Perlow et al 1979). Some aspects of spontaneous behaviour, such as 
spontaneous turning and simple sensorimotor orientation deficits, are also 
substantially affected (Dunnett et al 1983a, Dunnett et al 1987). However, 6 -OHDA 
induced aphagia and adipsia (Dunnett et al 1983b), deficits in hoarding behaviour 
(Herman et al 1986) and more complex sensorimotor behaviours, such as skilled 
forelimb use (Dunnett et al 1987) and disengage-behaviour (Mandel et al 1990) 
remained impaired after mesencephalic grafting. Similar studies in monkeys with 1- 
methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) induced parkinsonism have also 
demonstrated graft survival, fiber outgrowth, restoration of dopaminergic 
neurotransmission, and amelioration of akinesia (Dunnett and Annett 1991). Based 
on these studies, fetal mesencephalic transplantation has been applied worldwide to 
more than 200 patients with IPD. Partial clinical improvement has occurred in many 
patients. Importantly, positron-emission tomography (PET) demonstrated a 
significant increase of 6 -L-[̂ ®Flfluoro-dopa uptake confined to the grafted putamen in 
four patients who improved clinically (Lindvall et al 1994, Peschanki et al 1994).

The lack of serious adverse effects of such fetal mesencephalic brain grafts in the 
clinical trials performed so far on patients with IPD, and the evidence for graft 
survival and function, has stimulated experimental studies of striatal transplantation 
in animal models of Huntington's disease. The experimental data show that 
intrastriatal grafts of striatal tissue from rat fetuses can survive implantation into the 
excitotoxically lesioned striatum of rats and monkeys. Such grafts become 
anatomically integrated into the host neuronal circuitry and improve motor and 
cognitive behavioural deficits (Wictorin et al 1989, Wictorin 1992, Isacson et al 
1984, Isacson et al 1989). Clinical trials of striatal grafting in Huntington's disease 
are planned in the near future.
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After IPD, MSA is the commonest degenerative condition causing parkinsonism. On 
neuropathological examination of the brain in MSA there is cell loss and gliosis in 
substantia nigra, putamen, inferior olives, pontine nuclei and cerebellar Purkinje 
cells (Daniel 1992). In MSA there is more rapid progression of motor disabilities than 
in IPD, autonomic failure is seen in almost all cases, and cerebellar and/or pyramidal 
signs are present in about half of these patients at some stage of their illness (see 
chapter 3). To date the results of pharmacotherapy or neurosurgical intervention in 
MSA have been very disappointing. Although drug-resistant parkinsonism is the 
predominant motor feature of MSA, hitherto the possibility of treating this disease by 
transplantation of appropriate fetal CNS tissue has never been studied 
experimentally. Since both substantia nigra and striatum degenerate in MSA, fetal 
mesencephalic and striatal tissue would seem to be required for transplantation. I 
have therefore developed a pathological and behavioural rat model of MSA of SND 
type, and have attempted to reverse the functional deficit by intrastriatal 
transplantation of fetal mesencephalic and striatal tissue.

5.1. Materials and methods.

6 -Hvdroxvdopamine lesion suroerv.

Male Wistar rats (Bantin and Kingman, Hull, UK; 240-260 g) were used. Surgery was 
performed with halothane inhalation anaesthesia. The left medial forebrain bundle 
was lesioned by stereotaxic injection (A -2.2, L +1.5 with reference to bregma, V -8.0 
with reference to dura and with the tooth bar 4.5 mm above the inter-aural line 
• Pellegrino et al 1979) 8  pg of 6 -hydroxydopamine (6 -OHDA) hydrobromide
(dissolved in 4 pi 0.9% saline with 0.1% (w/v) ascorbic acid; Sigma) (Blunt et al 
1991).

Quinolinic acid lesion suroerv (3 to 4 weeks after the 6 -OHDA lesion)

Quinolinic acid (QA) (Sigma) was dissolved in phosphate-buffered saline (pH 7,4) 
and a total of 25 pg injected into two sites of the left striatum (1. A +1.4, L +3.5, V - 
4.0; 2. A +3.0, L +3.0, V -4.0-Pellegrino et al 1979). All injections were made over 1 
min, and the needle was left in place for a further 2  min before being slowly 
withdrawn.
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Behavioural tests.

Three weeks after the 6 -OHDA lesion, (+)-amphetamine-induced rotation was 
assessed ((+)-amphetamine sulphate, Sigma; 5 mg/kg i.p. dissolved in sterile water). 
Only animals with a mean of ^ 7 ipsilateral rotations per minute over 1 h were used 
for subsequent testing of apomorphine-induced behaviour (apomorphine 
hydrochloride. Sigma; 0.5 mg/kg s.c. dissolved in sterile water). Only animals 
showing a mean of ^ 6  contralateral rotations/min over 30 minutes following the 
administration of apomorphine were retained.

Both tests were repeated two to three weeks after intrastriatal lesioning with 
quinolinic acid, and two, five and 10  weeks after transplantation.

Experimental groups.

Animals with equivalent amphetamine-induced rotation rates after the QA lesion 
were randomized to three groups for transplantation: group 1 : striatal grafts (n=9); 
group 2: mesencephalic-striatal co-grafts (n=12); group 3: SHAM saline intrastriatal 
injections (n=8 ).

Transplantation procedure.

Four weeks after intrastriatal QA injection, foetal mesencephalic and/or striatal 
primordial tissue was dissected from rat embryos of 13-15 days gestation (timed 
matings) (Brundin and Strecker 1991). Animals received halothane inhalation 
anaesthesia throughout. Cell suspensions were prepared according to Bjôrkiund et 
al. (1983). Aliquots of cell suspension (3 x 2 pi mesencephalic suspension, 1 x 6  pi 
striatal suspension) were infused at a rate of 1 pl/min into the following intrastriatal 
sites: striatal suspension (group 1 and 2): A +1.9, L +4.0, V -5.0; mesencephalic 
suspension (group 2): A +1.4, L +4.5, V -5.0; A +1.4, L +3.5, V -5.0, and A +2.4, L 
+3.5, V -5.0. The average cell concentration in both mesencephalic and striatal 
suspensions was ^ 100,000/pl. Cell viability was assessed with acridine orange and 
ethidium bromide (Brundin et al 1985) and was never below 90%. Sham-grafted 
animals (group 3) received injections of 0.6% glucose saline alone at the same 
striatal sites.
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TH and DARPP-32 immunocvtohistochemistrv.

Surviving fetal dopaminergic mesencephalic neurons were visualized by tyrosine 
hydroxylase (TH) immunocytochemistry. Surviving fetal striatal grafts were identified 
by immunostaining for dopamine-and cyclic adenosine 3':5'~monophosphate- 
regulated phosphoprotein (DARPP-32) (Ouimet et al 1984). In order to characterize 
astrocytic gliosis antibodies to glial fibrillary acidic protein (GFAP) were used. Bound 
antibodies were detected by the avidin-biotin-complex method using 3,3'- 
diaminobenzidine (DAB) as chromogen. Ten weeks after fetal or sham graft surgery, 
animals were anaesthetized with pentobarbital (50 mg/kg, i.p.) and preperfused with 
0.9% saline (room temperature) over 30 s via the ascending aorta. This was followed 
by fixation with, first, 150 ml of ice-cold 4% paraformaldehyde and 0.05% 
glutaraldehyde in 0.1 M sodium-acetate buffer (pH 6.5) and, second, 200 ml of the 
same fixatives at the same concentrations but dissolved in 0.1 M sodium borate 
buffer (pH 9.5). The brains were postfixed overnight in the latter fixative (excluding 
glutaraldehyde). The next day, 20 pm coronal sections through the head of the 
caudate-putamen were cut on a Bright's freezing microtome, and thawed on the 
gelatine-coated microslides (4 sections per slide). TH and DARPP-32 
immunocytochemistry were performed on alternate slides.

For TH immunocytochemistry, sections were rinsed in PBS 3 times followed by 
immersion in 0.3% hydrogen peroxide in PBS for 10 min to block endogenous 
peroxidase activity. The sections were rinsed twice in PBS and incubated with 10% 
normal goat serum (NGS) in PBS for 60 min. Sections were rinsed in PBS. Primary 
antibody (rabbit anti-TH, Pel Freez, North Arkansas; at a dilution of 1:1000 in PBS 
containing 1 % NGS and 0.05% Triton X-100) was applied to sections on slides 
which were left in a closed humidified container overnight. Sections were then rinsed 
again in PBS. The ABC method (Vectastain, Vector Labs) was used to label the 
primary antibody. Sections were incubated in biotinylated goat anti-rabbit IGG for 30 
min, followed by two rinses in PBS. A complex of avidin and biotinylated peroxidase 
was added, and incubated for 1 h. Sections were rinsed in PBS, followed by 
incubation in DAB (0.05%) and hydrogen peroxide (0.01% final concentration) 
diluted in PBS. The reaction was stopped by removing the DAB-hydrogen peroxide 
and adding PBS. Sections were counterstained with haematoxylin-eosin and 
subsequently mounted on gelatin-coated slides.

For DARPP-32 immunocytochemistry sections (modified from Wictorin et al. (1989)
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were rinsed in PBS three times followed by immersion in 0.3% hydrogen peroxide as 
above. The sections were rinsed twice more in PBS and incubated with 10% normal 
horse serum (NHS) in PBS for 60 min. Sections were rinsed again in PBS. Primary 
antibody (mouse monoclonal antibody against DARPP-32; at a dilution of 1:10000 in 
PBS containing 1% NHS and 0.05% Triton X-1 0 0 ) was applied to sections on slides, 
and latter were left in a closed humidified container overnight. Sections were then 
rinsed again in PBS. The ABC method (Vectastain, Vector Labs) was used to label 
the primary antibody. Sections were incubated in biotinylated horse anti-mouse IGG 
for 1 h, followed by two rinses in PBS. A complex of avidin and biotinylated 
peroxidase was added, and incubated for 1 h. Sections were rinsed in PBS, followed 
by incubation in DAB (0.05%) and hydrogen peroxide (0.01% final concentration) 
diluted in PBS. The reaction was stopped by removing the DAB-hydrogen peroxide 
and adding PBS. Sections were counterstained and mounted as above.

Graft assessment.

All coronal striatal sections stained for TH were examined. Assessment of both 
number and morphology of surviving fetal TH positive cells was not possible in all 
animals with co-grafts due to cell fragmentation. However, in these animals the 
presence of specific TH immunoreactivity was accepted as evidence of graft survival 
if restricted to the graft area. The presence and distribution of surviving fetal and/or 
adult DARPP-32 positive cells in all three groups was recorded.

Statistical analvsis.

The behavioural data was analysed by means of oneway and repeated measures 
ANOVA with Scheffe's post-hoc test.

5.2, Results.

Amphetamine-induced rotation following 6 -OHDA and quinolinic acid lesionino and 
fetal cell grafting

Administration of (+)-amphetamine (5 mg/kg i.p.) after 6 -OHDA lesioning resulted in 
ipsilateral rotation in all animals and rotation rates in the three treatment groups 
were not statistically significant different. Ipsilateral rotation persisted after
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subsequent ipsilateral intrastriatal injection of quinolinic acid. The comparison of 
rotation rates after 6 -OHDA and after quinolinic acid lesioning revealed no 
significant effects of group, time and interaction term. The mean amphetamine- 
induced rotation rates are shown in Table 33.

After striatal grafting, all rats showed either an increase (n=4) or less than 50% 
reduction (n=5) of amphetamine-induced ispilateral rotation rates. The mean 
amphetamine-induced rotation 10  weeks after transplantation was increased by 21  + 
51%. After implantation of mesencephalio-striatal co-grafts, 4 out of 12 animals did 
not exhibit ipsilateral rotation, one of these 4 showing contrateral rotation. A greater 
than 50% reduction of ipsilateral rotation rates occurred in a further 5 animals, but 3 
animals failed to show any change in amphetamine-induced rotation. On average, 
the amphetamine-induced ipsilateral rotation 10  weeks after transplantation was 
reduced by 62 ± 61 %. None of the sham-grafted rats showed an abolition or reversal 
of amphetamine-induced rotation. However, 2 out of 8  animals demonstrated a more 
than 50% reduction in rotation.
A repeated measures ANOVA was performed on the 3 post-transplantation time 
points following grafting. The ANOVA showed (i) a significant effect of time across 
the three groups (F=6.24, p<0.01), (ii) a significant difference between the groups 
averaged across time (F=4.4, p<0.05), and (iii) a significant group and time 
interaction (F=2.76, p<0.05). To further explore latter, post-hoc analysis was 
performed. The effect of time was assessed in each group individually. A significant 
effect was found for animals with combined grafts only (F=10.30, p<0.005). 
Moreover, to assess at which post-transplantation time point the three groups first 
differed, separate oneway ANOVAs were carried out. No significant difference was 
found at 2 weeks. However, significant differences were observed at 5 (F=4.50, 
p<0.05) and 10 weeks (F=5.97, p<0.01). Post-hoc tests identified significant 
differences at these time points between the two grafted groups, but not between 
grafted and sham groups.

159



Table 33. (+)-Amphetamine-înduced ipsiversive rotation rates.

before grafting after grafting

Animal 6 -OHDA QA 2 weeks 5 weeks 0 weeks
group

Striatal -10.04 + 2.93 -10.71 + 2.99 -12.88 ± 4.04 -12.21 ± 5.02 -12.37 + 4.51
grafts (n=9)

Mesenc-striatal -9.50 + 2.51 -10.36 + 1.95 -10.46 + 4.91 -5.28+5.31 -3.84 + 6.08
co-grafts (n=1 2 )

Sham -9.53 + 1.56 -10.73 + 4.06 -10.81 + 5.54 -9.54 + 5.71 -9.03 + 6.26
grafts (n=8 )

Key: mean rotation rates/minute + 1 standard deviation over 60 minutes after intraperitoneal injection of 5mg/kg amphetamine- 
sulphate (- = ipsilateral rotation). QA quinolinic acid.
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Apomorphine-induced rotation tests following 6 -OHDA and quinolinic acid lesioning 
and fetal cell grafting .

Administration of apomorphine (0.5 mg/kg s.c.) after 6 -OHDA lesioning resulted in 
contralateral rotation in all animals that had shown ipsilateral amphetamine-induced 
rotation. The mean rotation rates after 6 -OHDA lesioning in the groups did not differ 
significantly. Subsequent ipsilateral intrastriatal injection of quinolinic acid resulted in 
a reduction (n=15) or abolition (n=3) of contralateral rotation, or in the induction of 
ipsilateral rotation (n=11). The comparison of rotation rates after 6 -OHDA and after 
quinolinic acid lesioning showed a significant effect of time (F=61.75, p<0.0001). 
Effects of group and interaction term were not significant. The mean apomorphine- 
induced rotation rates are shown in Table 34.

After transplantation following the quinolinic acid lesion there was an increase or 
reappearance of contralateral rotation or a reduction of ipsilateral rotation in animals 
with striatal grafts (7/9), co-grafts (8/12), or sham injections (7/8). Only four animals 
did not demonstrate any rotational behaviour 10  weeks after transplantation (one 
each in striatal or sham graft groups, two in the co-graft group).

A repeated measures ANOVA was performed on the rotation data for the 3 post
transplantation time points. The ANOVA showed a significant effect of time across 
the three groups (F=4.46, p<0.05). Effects of group and interaction term were not 
significant.
To further explore the effect of post-transplantation time, each group was assessed 
individually. A significant effect was found for the sham group only (F=5.53, p<0.05). 
However, both in sham injected and co-grafted animals rotation rates 10 weeks 
following transplantation remained significantly reduced compared to those after 6 - 
OHDA lesioning. In contrast, in animals with striatal grafts rotation rates 10 weeks 
following transplantation had returend to the level seen after the initial 6 -OHDA 
lesion, before it had been reduced by the subsequent QA lesion.
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Table 34. Apomorphine-induced contraverslve rotation rates.

before grafting after grafting

Animal
group

Striatal
grafts

6 -OHDA QA

10.14 + 4.82 0.70 + 5.26'

2  weeks 5 weeks 1 0  weeks

4.96 + 6.70 10.94 + 11.60  ̂ 9.44 +10.37**

Mesenc-striatal 12.19 + 6.79 
co-grafts

0.58 + 5.33^ 5.06 + 8.06'* 5.33 + 6.39'" 5.11 + 6.05^“

SHAM
grafts

10.75 + 3.40 0.75 + 5.33^ 2.10 + 5.46 *̂ 4.58 + 5.69'" 5.13 + 3.69̂ **

Key; mean rotation rates/minute + 1 standard deviation over 30 minutes after subcutaneous injection of 0.5mg/kg apomorphine- 
hydrochloride. post-TPI/ll/lll: 2/5/10 weeks after transplantation.  ̂ (p<0.05),  ̂(p<0.01),  ̂(p<0.005),  ̂(p=0.001) significant reduction 
compared to rotation score following 6 -OHDA lesion. ® (p<0.05),  ̂(p<0.01),  ̂(p<0.005),  ̂(p=0.001) significant increase compared to 
rotation score following QA lesion.
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Graft assessment.

The mesencephalic (and striatal) grafts were surrounded by a GFAP-positive 
capsule (Figs. 18 and 19) located within the adult recipient striatum.

Tyrosine hvdroxvlase immunocytochemistry.

In animals receiying sham grafts, no TH-immunoreactiye fibers remained in the 
lesioned striatum and no TH-positiye cells were identified.

In animals receiying striatal grafts alone, there were no TH-immunoreactiye fibres 
arising from the graft area. Howeyer, there were occasional periyentricular TH- 
positiye puncta deriyed from the adult dopaminergic system.

Eleyen out of 12 rats receiying combined intrastriatal nigral and striatal grafts 
showed specific TH-immunoreactiyity within the graft area, indicating suryiying 
tissue. The positions of the grafts in the striatum corresponded with the original 
stereotaxic placements. Thus, grafts were found in the anterior dorsal striatum, and 
laterally in the midstriatum. Some dorsal grafts were located just beneath the corpus 
callosum. Two grafts were usually found in the same coronal section. Occasionally, 
howeyer, the two grafts which had originally been placed side-to-side medio-laterally 
had merged to form a single mass (Figs 20 and 21 ); the anteriorly-placed graft was, 
in most cases, clearly distinguishable from the two posterolateral deposits. Despite 
moderate to marked atrophy of adult recipient striatum with secondary yentricular 
dilatation, graft tissue was neyer found in the yentricle itself. In animals with 
nigrostriatal co-grafts TH immunoreactiyity was present in large patches throughout 
the graft (Figs 21 and 22). TH-positiye cell clusters were seen around the periphery 
at the graft-host border zone. A halo of TH-positiye fibres could be seen extending 
from the fetal dopaminergic neurons for distances up to 0.3 mm into the surrounding 
fetal striatum (Fig 23). The numbers of TH positiye cells yaried between seyeral 
hundred and seyeral thousand.

Fetal TH positiye fibres were not obseryed outside the demarcating GFAP positiye 
capsule around the graft, such that reinneryation of the remaining host striatum was 
absent.
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Figure 18. GFAP immunohistochemistry reveals astrocytic capsule around two graft 
deposits (asterisks) in lesioned adult striatum (arrowheads), v ventricle. 
Magnification 55x. Bar 360 pm.
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Figure 19. Camera lucida drawing of GFAP-stained midstriatal section of 6 -OHDA 
and QA-lesioned rat receiving mesencephalic-striatal cografts, cp caudate/putamen, 
cc corpus callosum, ac anterior commissure, v ventricle, g graft. Magnification 14x.
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Figure 20. Midstriatal section of 6-OHDA and QA-lesioned rat receiving 
mesencephalic-striatal cografts. Tyrosine hydroxylase immunohistochemistry reveals 
dopaminergic patches (arrowheads) within the graft and absence of TH-positive 
terminals in remaining adult striatum (asterisks). Magnification 46x. Bar 436 pm.
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Figure 21. Camera lucida drawing of midstriatal section of 6 -OHDA and QA-lesioned 
rat receiving mesencephalic-striatal cografts. Tyrosine hydroxylase 
immunohistochemistry reveals dopaminergic patches within the graft and absence of 
TH-positive terminals in remaining adult striatum.
cp caudate/putamen, cc corpus callosum, ac anterior commissure, v ventricle, g 
graft. Magnification 14x.
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Figure 22. Further magnification (96x) of midstriatal section of 6 -OHDA and QA- 
lesioned rat receiving mesencephalic-striatal cografts shown in Fig 21. Tyrosine 
hydroxylase immunohistochemistry reveals dopaminergic patches (arrowheads) 
within the graft and scattered TH positive neurons (arrows). Bar 208 pm.
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Figure 23. High magnification (380x) of surviving TH-positive neuron indicated by 
large arrow in Figs 22. Note extensive fibre formation (small arrowheads), arising, in 
part, from densely stained cell soma (large arrowhead). Bar 52 pm.
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DARPP-32 immunocytochemistry.

Dense DARPP-32 immunoreactive patches corresponding to striatal cells were seen 
throughout the graft in 8  of 9 (89%) animals receiving striatal grafts, and in 11 of 12 
(92%) animals receiving combined grafts (Figs 24-27). Other areas of the graft 
contained no or very little DARPP-32 reactivity, and thus did not resemble striatal 
tissue. In co-grafted animals, alternating sections stained for either DARPP-32 or TH 
revealed dopaminergic fibres branching within fetal striatal patches. Dopaminergic 
terminals as revealed by TH staining were absent In animals with pure striatal grafts.

Graft tvoe and behavioural recoverv.

All rats with partial or complete reduction of (+)-amphetamine-induced rotation 
showed surviving fetal TH positive mesencephalic neurons in the grafted area. 
Among co-grafted animals in which mesencephalic graft morphometry was possible, 
there was an inverse association between the reduction of amphetamine-induced 
rotation and total number of fetal TH positive cells. One co-grafted animal failed to 
show any reduction of (+)-amphetamine-induced rotation despite surviving 
mesencephalic and striatal grafts. However, there was also marked ispilateral 
cortical tissue loss, possibly due to diffusion of QA in this particular animal.
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Figure 24. Midstriatal section of 6 -OHDA and QA-lesioned rat receiving 
mesencephalic-striatal cografts. DARPP-32 immunohistochemistry reveals striatal 
patches (arrowheads) within the graft and dense staining of remaining adult striatum 
(asterisks), v ventricle. Magnification 47x. Bar 430 pm.
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Figure 25. Camera lucida drawing of midstriatal section of 6 -OHDA and QA-lesioned 
rat receiving mesencephalic-striatal cografts. DARPP-32 immunohistochemistry 
reveals striatal patches within the graft and dense staining of remaining adult 
striatum, cp caudate/putamen, cc corpus callosum, ac anterior commissure, v 
ventricle, g graft. Magnification 13.4x.
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Figure 26. Further magnification (209x) of fetal striatal patch indicated by big 
arrowhead in Fig 24. DARPP-32 immunohistochemistry identifies surviving striatal 
patch (arrowheads) surrounded by DARPP-32 negative fetal tissue (asterisks). Bar 
96 pm.
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Figure 27. High magnification (418x) of fetal striatal patch shown in Figs 24 and 26. 
DARPP-32 Immunohistochemistry reveals surviving fetal striatal neurons 
(arrowheads). Bar 48 |im.
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5.3. Discussion.

Behavioural responses in the lesioned animals:

a) (+)-Amphetamine-induced rotation.

Animals with a sequential unilateral lesion of the medial forebrain bundle and the 
ipsilateral striatum displayed a characteristic rotational response pattern to (+)- 
amphetamine and apomorphine administration. The ipsilateral (+)-amphetamine- 
induced rotation resulting from the initial 6 -OHDA lesion persisted after subsequent 
intrastriatal QA injection in most animals.

(+)-Amphetamine is known to mediate ipsilateral rotation behaviour by unilateral or 
asymmetrical dopamine release from the nigrostriatal terminals in the intact striatum 
both in rats with unilateral 6 -OHDA induced nigral lesions (Ungerstedt and 
Arbuthnott 1970) as well as those with excitoxically-induced striatal lesions (Dunnett 
et al 1988).

b) Aoomorphine-induced rotation.

Apomorphine-induced contralateral rotation is associated with the development of 
dopamine receptor supersensitivity within the denervated striatum of 6 -OHDA 
lesioned rats (Ungerstedt and Arbuthnott 1970, Marshall and Ungerstedt 1977a). In 
contrast, apomorphine-induced ipsilateral turning has been reported in rats with 
unilateral striatal lesions induced by ibotenic (Dunnett et al 1988) or kainic 
(Schwarcz et al 1979) acid, and is presumably due to preferential activation of 
striatal output on the intact side, the majority of such efferents having been 
destroyed on the lesioned side. In 6 -OHDA lesioned animals subsequently lesioned 
with quinolinic acid the degree of reduction of contralateral apomorphine-induced 
rotation, or even its reversal to ipsilateral rotation, is likely to depend on the degree 
and subregional distribution of striatal destruction. An early study reported a 
persistence of contralateral apomorphine-induced rotation in 6 -OHDA lesioned rats 
despite large additional striatal lesions induced by electrocoagulation and extending 
over 65% of cross-sectional area (Marshall and Ungerstedt 1977a). In the present 
study initial experiments (data not shown) had demonstrated that the intrastriatal 
dose of QA employed resulted within 4 weeks in about 60% tissue loss at the level of 
the head of striatum. Furthermore, a reduction of apomorphine-induced contralateral
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rotation following the unilateral QA-induced striatal lesion was observed in all 6 - 
OHDA prelesioned animals, with a reversal to ipsilateral rotation in some of them, 
indicating the usefulness of apomorphine-induced rotational behaviour in monitoring 
the effect of the striatal lesion.

Behavioural responses in the grafted animals:

a) (+)-Amphetamine-induced rotation.

Complete reversal of ipsilateral (+)-amphetamine-induced circling in 6 -OHDA 
lesioned rats occurs within 5-10 weeks after transplantation of fetal mesencephalic 
tissue (Bjorklund et al 1980, Dunnett et al 1981). Enhanced recovery of rotational 
behaviour in this rodent model of PD was observed with mesencephalic-striatal 
cografts implanted as mixed (Brundin et al 1986) or separate (Yurek et al 1990) cell 
suspensions. In the present study, a significant reduction of (+)-amphetamine- 
induced rotation was only observed in co-grafted animals 5 and 10 weeks following 
transplantation, but complete recovery was only seen in 4 (33%) of the co-grafted 
animals. No recovery occurred in animals receiving striatal grafts alone. Other 
experiments have shown reversal of rotation in 6 -OHDA and QA lesioned animals 
with pure mesencephalic grafts (unpublished data). These observations indicate the 
importance of replacing mesencephalic in addition to striatal tissue in the combined- 
lesion model in order to maximise recovery. Dopaminergic reinnervation of intact 
dorsolateral striatum (Mahalik et al 1985) is regarded as prerequisite for 
compensation of rotational behaviour. The failure of 67% of co-grafted animals in the 
present experiment to show complete reversal of amphetamine-induced rotation 
indicates that in these animals the original striatal lesion may have been too 
extensive to be adequately compensated by the striatal graft. Further studies are 
required to examine the ability of co-grafts to induce behavioural recovery in animals 
with varying degrees and sites of striatal damage. In addition, dopaminergic fibre 
outgrowth from the graft into adult recipient striatum was largely absent. Diffuse 
dopamine release from grafted mesencephalic neurons by itself may not have been 
sufficient to abolish rotational behaviour in all animals, given the marked destruction 
of adult recipient striatum in many animals.

b) Apomorphine-induced rotation.

Apomorphine-induced contralateral rotation significantly increased in animals
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receiving striatal or co-grafts as well as sham injections. This increase was greater in 
animals grafted with striatal tissue alone, such that rotation rates 2, 5 and 10 weeks 
following transplantation were not significantly different to those obtained after the 
initial
6 -OHDA lesion. In contrast, contralateral rotation rates In co-grafted and sham- 
grafted animals were still significantly reduced compared to those after the initial 6 - 
OHDA lesion. These observations suggest a partial replacement of striatal 
postsynaptic dopamine-receptors on the grafted side in animals receiving striatal 
tissue with additional presence of dopamine-receptor supersensitivity due to lack of 
nigrostriatal afferents. In co-grafted animals contralateral rotation was reduced. This 
may be related to the nigral co-graft partially reversing the post-synaptic dopamine- 
receptor supersensitivity. However, a partial reduction of contralateral rotation to 
apomorphine was also observed in sham injected animals indicating a lesion effect 
on dopamine-receptor supersensitivity. At present, the relative contribution of nigral 
implants and lesion effects to the observed reduction of apomorphine-induced 
contralateral rotation remains uncertain. Our observations indicate that 
apomorphine-induced rotation behaviour represents a reliable in-vivo measure of 
striatal lesions but is deemed less useful for monitoring graft-induced recovery in the 
combined-lesion rat model.

Graft moroholoQv and relationship to behavioural responses

The separate mesencephalic-striatal co-grafts survived in the lesioned striatum of all 
but one animal. TH positive cell numbers were comparable to those reported for 
grafted 6 -OHDA lesioned rats (Dunnett et al 1963a, Brundin et al 1985). The fibre 
outgrowth of dopaminergic cells was abundant but restricted to the graft area. This, 
in part, may have been due to formation of a dense GFAP positive glial capsule 
around the graft. However, preferential interaction of fetal mesencephalic fibres with 
fetal striatal cells could also account for lack of reinnervation of adult striatum. 
Several in vitro studies have shown that embryonic or neonatal striatal neurons exert 
a trophic influence on the development of grafted embryonic dopaminergic neurons. 
Both growth and development of grafted fetal mesencephalic cells were enhanced 
when they were co-cultured with striatal primordial cells (Prochiantz et al 1979, 
Hemmendinger et al 1981, Denis-Donini et al 1983), striatal membranes (Prochiantz 
et al 1981), or soluble striatal extracts (Tomozawa and Appell 1986). Furthermore, 
other investigators have demonstrated a greater number of surviving dopaminergic 
neurons in rotatory co-cultures in vitro (Kotake et al 1982). Although in vivo studies
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of either mixed (Brundin et al 1986, Yurek et al 1990, Costantini et al 1994) or 
separate (Yurek et al 1990, Dunnett et al 1989) embryonic mesencephalic-striatal 
co-grafts in 6 -OHDA lesioned rats have failed to demonstrate increased survival of 
TH-positive cells, marked formation of dopaminergic processes has been observed, 
corresponding to enhanced behavioral recovery of amphetamine-induced rotation. 
TH-positive mesencephalic neurons preferentially extend projections which 
terminate at fetal striatal neurons if fetal mesencephalic and striatal neurons are 
implanted in rodents into separate sites in denervated striatum (Yurek et al 1990), 
intraventricularly next to intact striatum (de Beaurepaire and Freed 1987), or in intact 
striatum of newborn rats (Jaeger 1986). Ontogenetic studies of TH and DARPP-32 
expression in developing rat striatum have revealed that the arrival and subsequent 
aggregation of dopaminergic terminals in the striatum was preceded by at least one 
or two days by the appearance of patch-like intrinsic striatal DARPP-32 expression 
(Foster et al 1987). These observations are consistent with our current studies of 
combined-lesioned co-grafted animals showing marked arborisations of 
dopaminergic neurons terminating within fetal striatal patches. In contrast, despite 
recovery of amphetamine-induced rotation, poor or even absent dopaminergic 
outgrowth both within surrounding non-dopaminergic mesencephalic graft tissue as 
well as into adult recipient striatum was observed in double-lesioned rats receiving 
pure mesencephalic cell suspensions (unpublished observations).

All but one animals receiving a striatal graft alone demonstrated survival of fetal 
tissue, which showed typical patch-like DARPP-32 positivity (Wictorin 1992). Loss of 
amphetamine-induced ipsilateral rotation as described in ibotenic-lesioned rats 
receiving striatal grafts (Dunnett et al 1988) was not expected to occur because of 
continuing denervation of the lesioned adult-striatum. Apomorphine-induced 
contralateral rotation tended to return after striatal transplantation. This observation 
may relate to the development of supersensitivity in the grafted fetal striatum.

Conclusions.

The present experiments show that a unilateral rodent model of striatonigral 
degeneration can be obtained by sequential injections of, first, 6 -OHDA into the 
medial forebrain bundle and, second, QA into the ipsilateral striatum. The additional 
QA lesion had little effect on amphetamine-induced ipsilateral rotation, but tended to 
abolish apomorphine-induced contralateral rotation. Subsequent transplantation 
studies in this animal model demonstrated that fetal mesencephalic cells, co-grafted
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with cells derived from striatal primordium, or fetal striatal cells alone, survive in the 
lesioned adult striatum but are surrounded by an astrocytic GFAP-positive capsule 
continuous with corpus callosum. Dopaminergic fibre outgrowth was restricted to the 
graft areas. Dopaminergic reinnervation of lesioned host striatum was not seen. 
However, amphetamine-induced rotation was completely reversed in 30% of co
grafted animals, but in none of the animals receiving pure striatal or sham grafts. 
Apomorphine-induced contralateral rotation returned following transplantation in 
many animals with striatal grafts alone, and was less marked in co-grafted animals.

In conclusion, unilateral lesioning of rodent medial forebrain bundle and striatum 
resulted in a characteristic drug-induced rotational response that could be partly 
restored by mesencephalic-striatal co-grafts. This model may be useful for the 
development of strategies for brain grafting for the human disease MSA.
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CHAPTER 6. CONCLUSIONS AND DIRECTIONS FOR FURTHER RESEARCH 

6.1. Clinical features of MSA,

The analysis of three large populations of either clinically probable or pathologically 
confirmed MSA revealed a consistent clinical syndrome characterized by the 
following features (Tables 35-37).

1. Parkinsonism is the most frequent motor disorder of MSA.

It was present in 84 -100% of patients (Table 35). Pure SND (parkinsonism without 
concomitant cerebellar ataxia) was the single most common clinical subtype ranging 
from 40% (literature series) through 48% (clinical series) to 6 6 % (UKPDSBB series) 
(Table 36). In contrast, pure OPCA (cerebellar ataxia without concomitant 
parkinsonism) was absent in the UKPDSBB series, present in 9% of patients in the 
clinical series, and in 16% in the literature series.

It has been suggested that a symmetrical, atremulous onset and levodopa 
unresponsiveness distinguish SND from IPD (Feamley and Lees 1990, Colosimo et 
al 1995). My studies indicate that these pointers fail to diagnose a substantial 
minority of MSA patients. Motor disturbance was asymmetrical in 74% of patients in 
the clinical series, and unilateral at onset in 47% of literature cases and, although 
not formally evaluated, in many UKPDSBB cases. Any tremor was present in 64 to 
80% of cases, and tremor present at rest was observed in 29 to 40% of cases. 
However, a classical parkinsonian pill-rolling resting tremor was uncommon, being 
reported in only 7 to 9% of subjects. The levodopa response was not always 
disappointing. At some stage, 17 to 45% of treated subjects had a good, sometimes 
an excellent, response. At death or at latest follow-up, however, the picture was 
grimmer, with 4 to 13% of good long-term responders. In order to account for the 
possibility of a good levodopa response in some MSA subjects, Quinn (1994) 
modified his 1989 criteria stating that, in addition to non- or poorly responsive 
parkinsonism, a "moderate or good, but often waning, response to levodopa may 
occur, in which case multiple atypical features need to be present".

Dyskinesias developed in 52 and 53% of treated patients in the UKPDSBB and
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clinical series. Dyskinesias were least frequently documented in the literature series 
(19% of treated patients). These dyskinesias were predominantly orofacial in nature 
in at least 50% of subjects in all three series.

2. Some degree of autonomic failure is present in most MSA patients. It is dominated 
by impotence in males and urinary incontinence.

Based on Shy and Drager's description (1961), recurrent syncopal attacks are 
commonly regarded as a typical feature of MSA (or SDS). However, severe 
orthostatic hypotension with recurrent syncope was only recorded in 15-24% of 
subjects whereas only mild or moderate postural faintness occurred in up to 53% of 
cases in the 3 series. Urinary incontinence developed in 51 to 71% of cases, often 
preceded by urinary frequency, it was up to three times more common than urinary 
retention. In contrast to urinary incontinence, faecal incontinence was rare, reported 
in 2 -1 2  % of cases.

The frequency of impotence fell from 90% in the clinical series through 62% in the 
UKPDSBB series and only 43% in the literature series, most likely due to poor 
ascertainment.

Both syncopal attacks and faecal incontinence were more often reported in literature 
cases compared to the clinical and UKPDSBB series suggesting a bias towards 
cases with supposedly "classical" features of the SDS. Bearing in mind that almost 
all male patients in the clinical series complained of early impotence, this feature has 
been underreported in literature cases.

3. Pyramidal and/or cerebellar signs develop in 50% of patients. Their presence 
justifies, on clinical grounds, the usage of the term MSA.

Table 37 indicates the four most common combinations of major symptoms or signs 
in the 3 series. These four most frequent combinations were identical in all series 
supporting the homogeneity of the clinical and pathologically confirmed samples. 
However, the frequency rank order differed from sample to sample. A "full house" of 
autonomic failure, parkinsonism, cerebellar ataxia, and pyramidal signs was the most 
common combination in the clinical series, whereas in the UKPDSBB series the 
association of parkinsonism and autonomic failure was most frequently observed. In
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the literature parkinsonism together with cerebellar ataxia and autonomic failure 
were most frequently recorded, followed by a "full house". However, the frequencies 
of the 4 combinations were overall similar in the literature. These rank order 
differences might be explained by 1 . regular assessments of progress with re- 
evaluation for developing cerebellar and pyramidal signs in the clinical series, 2 . 
bias towards patients with pure parkinsonism in the UKPDSBB, and 3. lack of bias 
regarding motor symptomatology in the literature.

4. Other clinical features associated with MSA include: loss of postural reflexes, 
strained quivering markedly hypophonie dysarthria, abnormalities of eye movements 
excluding supranuclear downgaze palsy, disproportionate antecollis, and distal 
myoclonus (jerky tremor).

Impaired postural reflexes with falls accounted for major disability in many MSA 
patients. In the clinical series, initial motor disturbance was characterized by falls 
and/or impaired balance in 38% of patients. During follow-up postural instability 
developed in 93% of patients. When comparing disease progression between IPD 
and MSA subjects in the UKPDSBB series, latency to reach Hoehn and Yahr stage 
III (bilateral disease and postural impairment) was markedly shorter in MSA patients. 
Loss of postural reflexes was not systematically recorded in the literature series. 
Therefore, although few MSA patients presented with repeated falls, more commonly 
impaired balance developed (rapidly) during the disease course. Repeated early 
falls in a parkinsonian patient indicate atypical parkinsonism and are not per se 
diagnostic of either MSA or SRO disease although they are more typically observed 
in latter. The neuropathological basis of postural instability in parkinsonism remains 
uncertain. Interestingly, early loss of postural balance correlated with putaminal, but 
not olivopontocerebellar atrophy in the 35 UKPDSBB MSA cases (chapter 4.2). 
Neuronal depletion of the pedunculopontine nucleus with secondary disruption of 
descending pathways has been proposed as possible lesion underlying postural 
stability in SRO disease (Hirsch et al 1987).

Dysarthria developed in 79 to 96% of MSA patients. Although the speech impairment 
tended to be dominated by hypophonie monotony or a scanning quality according to 
clinical subtype (SND or OPCA) MSA patients often showed components of both 
parkinsonian and cerebellar speech. Dysphonia was commonly more marked than 
dysarthria with a strained quality in many (Critchley and Greenfield 1948), and total 
aphonia in some patients.
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Common but non-specific eye movement disorders in MSA comprised hypometric 
saccades, saccadic pursuit, limitation of upgaze and, in a minority, nystagmus. A 
prominent supranuclear downgaze palsy which represents a major clinical hallmark 
of SRO disease (Lees 1987, Golbe et al 1988) was not observed in the clinical and 
UKPDSBB series. However, there were 3 (2%) cases in the literature series with 
documented downgaze palsy (Cosset et al 1983 - cases 1 and 3, Jankovic et al 
1993).

Disproportionate antecollis ocurred in 4 to 15% of patients, and distal, occasionally 
stimulus-sensitive myoclonus in 29 to 31% of patients. Inspiratory stridor was 
documented in 9 to 34%. All three features are very uncommon in uncomplicated 
IPD and point towards MSA (Quinn 1986, Obeso et al 1989).
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Table 35. Clinical features of MSA cases in three series.

MSA168 MSA100 Msy

Sex ratio (M:F) 1.4:1 1.9: 1 1 .2 ;

Mean age at onset 54.1 52.5 55

Mean age at death 60.0 60.2 (n=40) 62.E

Duration face, to 
Kaplan-Meier)

6 .0 9,3 7.3

Autonomic failure 71 97 97
Postural faintness 53 31
Syncope 24 15 2 0
Urinary incont. 56 71 51
Urinary retent. 18 27 34
Faecal incont. 12 2 3
Impotence 43 90 62

Parkinsonism 84 91 1 0 0
Tremor 64 6 6 80

Resting tremor 40 29 34
Classical tremor 7 9 11

Cerebellar ataxia 59 52 34
Gait ataxia 54 37 29
Limb ataxia 51 47 31

Pyramidal signs 48 61 54

Stridor 9 34 34

Dysarthria 79 96 89

Antecollis 4 15 9

Myoclonus 31 29
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Figure 28. Clinical subtypes of MSA in the three series.
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Figure 29. Most frequent (in %) combinations of main clinical features in the three 
series.
Pa parkinsonism, Af autonomic failure, Py pyramidal signs. Ce cerebellar signs.
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6.2. Natural history.

Progression of disability and survival in MSA are better than previously thought, but 
still markedly reduced compared to IPD, whose natural history has been well 
established for many years.

There is clearly increased mortality associated with untreated idiopathic 
parkinsonism. Hoehn and Yahr described the onset, progression and mortality of 
856 patients followed at the Columbian-Presbyterian Medical Center between 1949 
and 1964 (3 years before the introduction of levodopa). The authors reported an 
average disease duration after diagnosis of 9.4 (1-33) years with an average age at 
death of 67 years and 2.9 fold raised mortality compared to an age-matched 
population. However, the clinic survey by Hoehn and Yahr is unlikely to be 
representative of IPD. Levodopa reduces mortality of IPD patients, particularly in the 
earlier years of the disease, but does not completely eliminate this excess mortality 
(Hoehn 1983, Joseph et al 1977, Diamond et al 1987, Rinne et al 1987, Curtis et al 
1984), perhaps due to dopa-resistant axial symptoms such as dysphagia and gait 
unsteadiness with falls. Klawans has emphasized that levodopa-treated IPD patients 
do not have a uniform deterioration in all features of their disease (1986). The 
features that are present early in the disease, namely tremor, rigidity, micrographie 
and impaired fine motor ability continue to respond to levodopa for 10  or more years. 
On the other hand, axial symptoms such as dysarthria, impaired postural responses 
and gait disturbances, which typically appear later in the disease course, are less 
responsive to levodopa and continue to worsen despite levodopa therapy. This has 
led to the suggestion that these features of parkinsonism may only be partially 
influenced by the dopaminergic system (Blin et al 1988). The axial features are 
those that contribute to the progression of disability in IPD.

Compared to IPD the natural history of atypical parkinsonian syndromes remained 
poorly understood for many years. However, it is important to bear in mind that the 
earlier literature regarding "IPD" must have been contaminated with cases of MSA, 
CBD or SRO disease. In 24% of 100 cases of clinically diagnosed IPD coming to 
autopsy the diagnosis was wrong (Hughes et al 1992a). The majority of 
misdiagnosed IPD cases turned out to have the pathology of atypical parkinsonian 
syndromes, in particular MSA.

In the three MSA series studied by the author, the median survival increased from
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6.0 years in the literature series through 7.3 years in the UKPDSBB series to 9.3 
years in the clinical series. A number of reasons might account for the differences in 
survival. 1. Levodopa was introduced in 1967. Wheras most of the clinical and 
UKPDSBB cases had the benefit of dopaminergic therapy, all literature cases 
published before 1967 were Dopa-naive. Levodopa treatment may well have had 
some impact on survival. Interestingly, survival increased by publication periods 
within the literature series further suggesting an association of therapy and disease 
progression. 2. The clinical data in the literature and UKPDSBB series were very 
variable. Early (soft) clinical features may therefore have been underreported. 3. A 
number of cases reported in the literature were characterized by markedly rapid 
disease progression, and there may have been a bias towards these more severe 
cases in the literature series.

There was no sex difference regarding disease duration from onset of motor 
disability. Survival was similar in patients with cerebellar (OPCA) or parkinsonian 
(SND) subtype of MSA. The clinical series showed that cases with older age at 
onset, poorer response to levodopa, and more severe motor disability at 
presentation tended to have shorter survival. Progression of disability as measured 
by Hoehn and Yahr stages was clearly more marked in MSA compared to IPD cases 
(clinical and UKPDSBB series). The rapid progression in MSA patients is most likely 
related to levodopa-unresponsive parkinsonism in the majority of cases as well as 
the early development of axial symptoms.

6.3. Paraclinical findings.

The paraclinical studies demonstrated:

1. Olfactory function was severely impaired in IPD, but only mildly impaired (MSA) or 
unimpaired (CBD, SRO) in atypical parkinsonian syndromes. Testing of olfactory 
function may therefore be regarded as a potentially useful tool in the 
differentialdiagnosis of parkinsonian patients.

2. Most MSA patients had an abnormal sphincter EMG, indicating denervation and 
reinnervation consistent with anterior horn cell loss in Onufs nucleus, but only 40% 
had either abnormal nerve conduction studies (17.5%) or abnormal skeletal muscle 
EMG (22.5%). These data indicate a remarkable ^ective vulnerability of the anterior 
horn cells of Onufs nucleus innervating external sphincter muscles relative to those
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supplying skeletal muscle in patients with MSA. The anal or urethral sphincter EMG 
can be regarded as the single most important paraclinical test in parkinsonian 
patients, with highly abnormal results in MSA and a normal pattern in the vast 
majority of patients with IPD.

3. VEPs were unhelpful in the diagnosis of MSA. Conduction in visual pathways 
measured by VEP techniques was impaired in only a small minority of MSA patients, 
in whom its pathophysiological basis remains to be determined.

4. MEPs were also unhelpful in the diagnosis of MSA. Central motor conduction 
times determined by MBS techniques were normal in most MSA patients.

5. Cranial CT imaging was shown to be of limited diagnostic use in individual 
patients with MSA. Thus, cranial CTs demonstrated cerebellar involvement that was 
not evident clinically in only 5/33 (15%) cases. However, in all 5 cases the clinical 
diagnosis was already evident from the presence of both autonomic and pyramidal 
signs in addition to parkinsonism.

6.4. Clinicopatholoaical correlations.

The majority of patients in the UKPDSBB and literature series had moderate or 
severe degenerative change in the nigrostriatal and olivopontocerebellar system. 
There was a characteristic pattern of cell loss in the olivopontocerebellar system with 
predominant cell depletion in inferior olives and pontine nuclei compared to 
cerebellar Purkinje cells. Latter were particularly rarified in the cerebellar vermis. A 
variety of other neuronal populations, including thalamus and vestibular nucleus, 
also showed variable cell depletion and gliosis illustrating the characteristic but non
specific involvement of multiple CNS sites in MSA.

The clinicopathological correlations showed that

1. Akinesia and rigidity, but not tremor, were related to degenerative change in both 
substantia nigra and striatum. Tremor was also unrelated to pathology in the 
olivopontocerebellar system. The latest levodopa response tended to correlate with 
putaminal cell loss. However, in two cases atypical or absent responses to levodopa 
may have been due to putaminal deposition of glial cytplasmic inclusions since 
striatal neurons appeared preserved ("minimal change" MSA). Cases with the
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clinically pure SND type of MSA (parkinsonism without cerebellar ataxia) had more 
severe cell loss in the nigrostriatal system than OPCA type patients.
2. Cerebellar ataxia was related to pathology in cerebellopetal pathways (inferior 
olives and pontine nuclei) as well as in cerebellar cortex (Purkinje cells). Cases with 
the clinically pure OPCA type of MSA (cerebellar ataxia without parkinsonism) had 
more severe cell loss in the olivopontocerebellar system than SND type patients.

3. Extensor plantar responses and hyperreflexia were related to pyramidal tract 
pallor.

4. Cardiovascular autonomic failure was related to cell loss in the 
intermediolateral cell columns of the spinal cord.

6.5. Animal experiment findings.

A rodent model of SND, one of the core pathologies underlying MSA, was 
developed.

A 6-OHDA lesion of the left medial forebrain bundle resulted in ipsiversive rotation to 
(+)-amphetamine and contraversive rotation to apomorphine. Following an additional 
ipsilateral striatal lesion with quinolinic acid, (+)-amphetamine-induced ipsilateral 
rotation persisted, but apomorphine-induced contralateral rotation was reduced or 
abolished. Rats with combined nigral and striatal grafts showed a reduction or 
reversal of (+)-amphetamine-induced rotation. This was not observed in animals 
receiving striatal grafts alone. Apomorphine-induced contraversive rotation was 
restored after striatal grafts, but only partially in animals receiving sham- or co
grafts. Immunocytochemistry for tyrosine-hydroxylase and DARPP-32 showed 
mesencephalic and striatal graft survival in most animals.

This study has demonstrated that combined unilateral lesioning of rodent medial 
forebrain bundle and striatum results in a characteristic drug-induced rotational 
response that can be partly restored by mesencephalic striatal co-grafts, and these 
results may provide a first step towards restorative therapy in MSA.
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6.6. Directions for further research.

Three areas of research are of major interest In the future. These are 
aetiopathogenesis, early clinical diagnosis, and therapeutic strategies.

Aetiopathooenesis.

The aetiology and pathogenesis of MSA remain obscure. Lessons may be learnt 
from other neurodegenerative disorders such as IPD. Evidence suggests that cell 
loss in substantia nigra in IPD may result from an interaction of environmental and 
genetic factors. Methylphenyltetrahydropyridine (MPTP) caused subacute 
parkinsonism in young drug addicts and stimulated a (sofar unsuccessful) hunt for 
potential environmental factors in IPD. However, there may be a genetically 
determined susceptibility to low dose exogenous or endogenous toxins in IPD. There 
is strong evidence for a genetic basis for Lewy body parkinsonism from some 
families with autosomal dominant transmission of levodopa responsive parkinsonism 
with Lewy body degeneration of substantia nigra.

Case-control studies of possible environmental factors in MSA are urgently required. 
Although current knowledge strongly suggests sporadicitiy of MSA, family members 
of these patients should also be examined in order to identify relatives with hitherto 
unreported MSA or possible formes frustes.

The pathology of MSA indicates a selective mechanism of neuronal cell loss. Further 
studies of subcellular inclusion formation in MSA brains may unravel the 
pathogenesis of this condition.

Earlv diaonosis.

Both MSA and IPD patients may present with primary autonomic failure (PAP). 
Unfortunately, clinical features of autonomic failure may be identical in these two 
conditions such that early diffegitial diagnosis is difficult if not impossible. Although 
PET studies of both regional cerebral metabolism and pre- and postsynaptic 
dopaminergic systems provide a potential tool for distinguishing subclinical IPD and 
MSA in patients presenting with PAP there are practical and economic limitations of 
this technique. Future research should therefore also be directed at prospective 
evaluation of autonomic function test batteries in patients with PAP, in order to
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establish disease specific (pre- versus postganglionic) patterns.
Most patients presenting with sporadic late-onset parkinsonism turn out to have one 
of four conditions: IPD, SRO disease, MSA or CBD. Early diagnosis may be 
exceedingly difficult in patients lacking "classical" disease patterns. Imaging studies 
using PET have identified (subclinical) abnormalities of cerebral metabolism and 
striatal dopamine and opioid receptor status differentiating groups of patients with 
IPD from atypical parkinsonism. Further research should address the development of 
similar ligands for SPECT imaging, a more economical and widely available 
diagnostic tool.

Patients presenting with sporadic idiopathic late-onset cerebellar ataxia may either 
develop into MSA or cerebellar cortical atrophy. The absence of parkinsonism, 
pyramidal tract signs and autonomic failure suggests latter, but does not exclude 
MSA. PET studies of cerebral metabolism claimed a distinctive loss of brainstem 
glucose metabolism in OPCA type MSA compared to cerebellar cortical atrophy. 
Similar studies should be performed using SPECT technology.

Treatment.

Postsynaptic degeneration in the nigrostriatal pathway is likely to account for the 
disappointing response to dopaminergic treatment in most MSA patients. It is 
unknown if frequent co-occurrence of subclinical olivopontocerebellar pathology may 
also contribute to treatment failure. New treatment strategies should concentrate on 
testing novel agents influencing nigrostriatal transmission, on restoration of lesioned 
pathways or target relatively preserved basal ganglia output structures such as 
subthalamic nucleus, internal pallidum and thalamus. Concomitant cerebellar ataxia 
may be severe in some patients and compromise therapeutic efforts directed at 
reversing dopaminergic deficits. Animal models of OPCA or combined OPCA and 
SND are therefore required and may provide a basis for testing new drugs and 
surgical therapies.

The present SND rat model provides a simple testbed not only for further evaluation 
of transplantation procedures but also for new drugs targeted at striatal and pallidal 
output pathways, for example glutamate, opioids or other neuropeptides. Future 
transplantion studies in the SND model need to address the optimum combination 
and placement of mesencephalic and striatal tissue, the maximum degree of host 
striatal lesion compatible with transplant induced recovery, and possible recovery of
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bilaterally double lesioned animals through combined grafts. In addition, behavioural 
deficits need to be assessed not only by rotational behaviour but also exploring more 
complex behavioural patterns. Once the rat model of SND Is established primate 
studies employing double lesions are required. Finally, a future primate model of 
MSA may also allow evaluation of potential neurosurgical procedures targeted at 
selected basal ganglia output structures. These procedures may include stimulation 
of subthalamic nucleus or internal pallidum as well as thalamus.

3-Acetylpyridine (3-AP) has been administered to rats in order to study the complex 
interaction of olivopontocerebellar and nigrostriatal pathology both of which 
determine the observed motor disturbance in these animals (Deutch et al 1989). 
Further research should target restoration of both nigrostriatal and 
olivopontocerebellar pathways in the 3-AP lesioned rat using transplantation 
techniques and also characterize the effects of 3-AP in primates. Other established 
animal models of cerebellar ataxia based on mechanical (suction) or electrolytic 
lesions may also serve to assess transplantation of fetal cerebellar tissue as 
potential therapeutic tool. However, restoration of point-to-point synaptic 
reorganization in cerebellar circuits represents a major challenge.

193



Acknowledgements. I am very grateful to Dr. Niai! P. Quinn for his support during 
my fellowship at the Institute of Neurology. I am also grateful to my wife for her help 
with the "final touch". Collatx)rative work during this time was undertaken with Mr. R. 
Beck, Dr. Y. Ben Shlomo, Dr. S.E. Daniel, Dr. C. Davie, Mrs. L. Elliott, Dr. C. Fowler, 
Dr. R. Granata, Prof. A.E. Harding, Dr. C. Hawkes, Dr. R. Jâger, Prof. P. Jenner, Dr. 
J. Jolkkonen, Dr. B. Kendall,. Dr. D. Kingsley, Mr. E. Kraft, Dr. P.M. Laboyrie, Dr. A. 
Lees, Dr. M. Magalhaes, Prof. C. Mathias, Dr. A. Petruckevitch, Dr. P.P. Pramstaller, 
Mrs. B. Shephard, Dr. S.J.M. Smith, and Dr. F. Tison. I acknowledge advice and 
support by Dr. M. Bhatt, Dr. R. Brown, Dr. P. Brundin, Dr. S. Dunnett, Mr. M. 
Farrokhshad, Prof. G. Macchi, Prof. C D. Marsden, Mrs. R. Nani, Dr. R. Pearce, Mr. 
E. Smith, and Dr. K. Wictorin.

The undermentioned collaborators made the following contribution to parts of the work presented in 
this thesis;

1. Dr. N Quinn, National Hospital for Neurology and Neurosurgery: Collection of approximately 120 
clinicopathological case reports on MSA (chapter 2) and clinical follow-up of 100 patients with 
probable MSA (chapter 3.1.)

2. Dr. Y  Ben Shlomo, UGL, London: Statistical analysis of clinical features and natural history in 100 
cases of probable MSA (chapter 3.1.) as well as 35 cases of pathologically proven MSA (chapter 4.2.)

3. Mrs. B Shephard, Ipswich Hospital, Suffolk: Olfactory function data in patients with Parkinson’s 
disease and healthy controls (chapter 3.2.)

4. Dr. S Smith, National Hospital for Neurology and Neurosurgery, London: Electrophysiological 
evaluation of patients with MSA using nerve conduction studies, skeletal muscle EMG, VEPs and 
MEPs (chapter 3.3.)

5. Drs. R Beck and C Fowler, National Hospital for Neurology and Neurosurgery, London: 
Electrophysiological evaluation of patients with MSA using external sphincter EMG (chapter 3.3.)

6. Dr. P Pramstaller, General Hospital, Bolzano, Italy: Assistance with analysis of electrophysiological 
data (sphincter and peripheral skeletal muscle EMG and nerve conduction studies) in MSA patients 
(chapter 3.3.)

7. Dr. S Daniel, Parkinson’s Disease Society Brain Bank, London: Semiquantitative neuropathological 
evaluation of 35 MSA brains (chapter 4.2.9

8. Mrs. L Elliott Bsc, Parkinson’s Disease Society Brain Bank, London: Morphometric study of the 
olivopontocerebellar system in age and sex matched healthy controls (chapter 4.3.)

9. Dr. Granata, University Hospital, Innsbruck, Austria: Assistance in behavioural testing and 
immunocytochemical evaluation of the SND rat model (chapter 5)

194



References.

Abe H, Yagishata S, Amano N, Iwabuchi K, Hasegawa K, and Kowa K. Argyrophilic 
glial Intracytoplasmic inclusions in multiple system atrophy: immunocytochemical 
and ultrastructural study. Arch Neuropathol 1992;84:273-7.

Adams RD, van Bogaert L, and van der Eecken H. Dégénérescences nigro-striées et 
cérébello-nigro-striées. Psychiatrie Neurologie 1961;142:219-59.

Adams RD, van Bogaert L, and van der Eecken. Striato-nigral degeneration. J 
Neuropathol Exp Neurol 1964;23:584-608.

Anderson WA and Flumerfelt BA. A light and electron microscopic study of the 
effects of 3-acetylpyridine intoxication on the inferior olivary complex and 
cerebellar cortex. J Comp Neurol 1980;190:157-174.

Andrews JM, Terry RD. and Spataro J. Striatonigral degeneration. 
Clinical-pathological correlations and response to stereotaxic surgery. Arch 
Neurol 1970;23:319-329.

Ansari KA, and Johnson A. Olfactory function in patients with Parkinson's disease. J 
Chron Dis 1975:28:493-497

Aravinovich J. Contribucion al estudio de las atrofias olivopontocerebelosas. Sem 
med 1939;2:10-32.

Arndt M. Zur Pathologie des Kleinhims. Arch Psychiat Nervenkr 1894;26:404-429.

Bakker S. Atrophia olivo-pontocerebellaris. Z ges Neurol Psychiat 1924;89:213-246.

Balaban CD. Central neurotoxic effects of intraperitoneally administered 3- 
acetylpyridine, harmaline and niacinamide in Sprague-Dawley and Long-Evans 
rats: critical reviews of central 3-acteylpyridine toxicity. Brain Res Rev 
1985;9:21-42.

195



Bannister R and Oppenheimer DR. Degenerative diseases of the nervous system 
associated with autonomic failure. Brain 1972;95:457-74.

Bannister R, Gibson W. Michaels L, and Oppenheimer DR. Laryngeal abductor 
paralysis in multiple system atrophy. A report on three necropsied cases, with 
observations on the laryngeal muscles and the nuclei ambigui. Brain 
1981;104:351-368.

Bannister R, Ellison M, and Morgan-Hughes J. Amyotrophy in multiple system 
atrophy. In: Bannister R. ed. Autonomic failure. 2nd ed, Oxford: Oxford Medical 
Publishers, 1988: 559-68.

Barre JA, and Reys L. Syndrome parkinsonien avec signe de Babinski bilateral. 
Lesion symmétrique des putamens. Rev Neurol 1926;45:968-975.

Beck RO, Betts CD, and Fowler CJ. Genitourinary dysfunction in multiple system 
atrophy: Clinical features and treatment in 62 cases. J Urol 1994; 151:1336- 
1341.

Berciano J. Olivopontocerebellar atrophy. A review of 117 cases. J Neurol Sci 
1982;53:253-272.

Bignami A. Degenerazione striato-cerebellare in un caso di sindrome di Parkinson. 
Acta Neurol 1967;22:274-280.

Bjorklund A and Stenevi U. Reconstruction of the nigrostriatal dopamine pathway by 
intracerebral nigral transplants. Brain Res 1979;177:555-560.

Bjorklund A, Dunnett SB, Stenevi U, Lewis ME, and Iversen SD. Reinnervation of the 
denervated striatum by substantia nigra transplants: functional consequences as 
revealed by pharmacological and sensorimotor testing. Brain Res 1980; 199:307- 
333.

Bjorklund A, Stenevi U, Schmidt RH, Dunnett SB, and Gage FH. Intracerebral 
grafting of neuronal cell suspensions. I. Introduction and general methods of 
preparation. Acta Physiol Scand (SuppI) 1983;522: 9-18.

Blin J, Bonnet AM, and Agid Y. Does levodopa aggravate Parkinson's disease.

196



Neurology 1988;38:1410-1416.

Blunt S, Jenner P, and Marsden CD. The effect of chronic L-Dopa treatment on the 
recovery of motor function in 6-hydroxydopamine lesioned rats receiving ventral 
mesencephalic grafts. Neuroscience 1991;40:453-464.

Bodis-Wollner I and Yahr MD. Measurements of visual evoked potentials in 
Parkinson's disease. Brain 1978;101:661-671.

Bonuccelli U, Maremani 0, Piccini P, Del Dotto P, Nocita G, Muratorio A. Parkinson's 
disease and progressive supranuclear palsy: differences in performance on an 
odour identification test. Abstract book, 10th International Symposium on 
Parkinson's Disease, Tokyo, 1991:217.

Borit A, Rubinstein LJ, and Urich H. The striatonigral degenerations. Putaminal 
pigments and nosology. Brain 1975;98:101-112.

Boudin G, Guillard A, Mikol J, and Galle P. Dégénérescence striato-nigrique. A 
propos de I'etude clinique, thérapeutique et anatomique de 2 cas. Rev Neurol 
1976;2:137-156.

Bradbury S and Eggleston C. Postural hypotension. A report of three cases. Am 
Heart J 1925;1:73-86.

Bradbury 8 and Eggleston C. Postural hypotension: Autopsy on a case. Am Heart J 
1927;3:105-106.

Brooks DJ, Ibanez V, Sawle G, et al. Striatal D2 receptor status in patients with 
Parkinson's disease, striatonigral degeneration, and progressive supranuclear 
palsy, measured with 11-C-raclopride and positron emission tomography. Ann 
Neurol 1992;31:184-192.

Brundin P, Isacson 0, Bjorklund A. Monitoring of cell viability in suspensions of 
embryonic CNS tissue and its use as a criterion for intracerebral graft survival. 
Brain Res 1985;331:251-259.

Brundin P, Isacson 0, Gage FH, Bjorklund A. Intrastriatal grafting of dopamine- 
containing neuronal cell suspensions: effects of mixing with target or non-target

197



cells. Dev Brain Res 1986;24:77-84.

Brundin P and Strecker RE. Preparation and intracerebral grafting of dissociated 
fetal brain tissue in rats. In: Lesions and transplantation, ed. Conn PM. San 
Diego: Academic Press 1991:305-326.

Buckley J, Warlow 0, Smith P, Hilton-Jones D, Irvine S, and Tew JR. Motor neuron 
disease in Engand and Wales 1959-1979. J Neurol Neurosurg Psychiatry 
1983;46:197-205.

Buonanno F, Nardelli E, Onnis L, and Rizzuto N. Striato-nigral degeneration. Report 
of a case with an unusually short course and multiple system degenerations. J 
Neurol Sci 1975;26:545-553.

Bum DJ, Mathias CJ, Quinn N, Marsden CD, and Brooks DJ. Striatal opiate receptor 
binding in Parkinson's disease and multiple system atrophy: 11C-diprenorphine 
study. Neurology 1993;43 SuppI. 2:270.

Burns RS, Chiueh CCC, Market SP, et al. A primate model of parkinsonism: 
selective destruction of dopaminergic neurons in the pars compacta of the 
substantia nigra by 1 -methyl-4-phenyl-1,2,3,6-tetrahydropyridine. Proc Natl Acad 
Sci 1983:80:4546-4550.

Carpenter MB and Sutin J. Human Neuroanatomy, 8th edn. Baltimore: Williams & 
Wilkins 1983: 454-492.

Case 23-1983 (Case Records of the Massachusetts Gen. Hosp.). N Engl J Med 
1983;308:1406-1414.

Case 39-1980 (Case Records of the Massachusetts Gen. Hosp.). N Engl J Med 
1980;303:803-809.

Castaigne P, Laplane D, Autret A, Bousser MG, Gray F, and Baron JC. Syndrome de 
Shy et Drager avec troubles du rythme respiratoire et de la vigilance. A propos 
d'un cas anatomo-clinique. Rev Neurol 1977;133:455-466.

Chester SC, Gottfried SB, Cameron DI, and Strohl KP. Pathophysiologic findings in

198



a patient with Shy-Drager and alveolar hypoventilation syndromes. Chest 
1988;94:212-214.

Chokroverty S, Sharp JT, Barron KD. Periodic respiration in erect posture in 
Shy-Drager syndrome. J Neurol Neurosurg Psychiatry 1978;41:980-986.

Chokroverty S. Autonomic dysfunction in olivopontocerebellar atrophy. Adv Neurol 
1984;41:105-141.

Chokroverty S, Khedekar R, Derby B, et al. Pathology of olivopontoverebellar 
atrophy with glutamate dehydrogenase defiency. Neurology 1984;34:1451-1455.

Chokroverty S, Nicklas W, Miller DC, et al. Multiple system degeneration with 
glutamate dehydrogenase deficiency: pathology and biochemistry. J Neurol 
Neurosurg Psychiatry 1990;53:1099-1101.

Christensen E. Multivariate survival analysis using Cox's regression model. 
Hepatology 1987;7:1346-58.

Churchyard A, Donnan GA, Hughes A, et al. Dopa resistance in multiple system 
atrophy: loss of postsynaptic D2 receptors. Ann Neurol 1993;34:219-226

Claus D, Harding AE, Hess CW, et al. Central motor conduction in degenerative 
ataxic disorders: a magnetic stimulation study. J Neurol Neurosurg Psychiatry 
1988;51:790.

Cohen J, Low P, Fealey R, Sheps S, and Jiang N-S. Somatic and autonomic function 
in progressive autonomic failure and multiple system atrophy. Ann Neurol 
1987;22:692-699.

Colosimo C, Albanese A, Hughes AJ, de Bruin VMS, and Lees AJ. Some specific 
clinical features differentiate multiple system atrophy (striatonigral variety) from 
Parkinson's disease. Arch Neurol 1995;52:294-298.

Corbin DOC and Williams AC. Stridor during dystonie phases of Parkinson's 
disease. J Neurol Neurosurg Psychiatry 1987;50:821-2.

199



Costa C, Duyckaerts C, Cervera P, and Hauw JJ. Les inclusions oligodendrogliaies, 
un marqueur des atrophies multisystématisées. Rev Neurol 1992;148:274-80.

Costantini LC, Vozza BM, and Snyder-Keller AM. Enhanced efficacy of nigral-striatal 
cotransplants in bilaterally dopamine-depleted rats: an anatomical and 
behavioral analysis. Exp Neurol 1994;127:219-231.

Cowan WM. Anterograde and retrograde transneuronal degeneration in the central 
and peripheral nervous system. In: Nauta WJH and Ebbesson SOE, eds. 
Contemporary research methods in neuroanatomy. Berlin: Springer 1970: 217- 
251.

Critchley M, and Greenfield JG. Olivo-ponto-cerebellar atrophy. Brain 
1948;71:343-364.

Curtis L, Lees AJ, Stern GM, and Marmot MG. Effect of L-DOPA on course of 
Parkinson's disease. Lancet 1984;2:211-212.

Daniel SE. The neuropathology and neurochemistry of multiple system atrophy. In 
Bannister R, Mathias C (eds). Autonomic Failure. A textbook of clinical disorders 
of the autonomic nervous system, 3rd ed. Oxford: University Press 1992:564-85.

Daniel SE and Hawkes CH. Preliminary diagnosis of Parkinson's disease by 
olfactory bulb pathology. Lancet 1992;2:186.

Daniel SE, Geddes GF, Revesz T. Glial cytoplasmic inclusions are not exclusive to 
multiple system atrophy. J Neurol Neurosurg Psychiatry 1995;58:262.

de Beaurepaire R and Freed WJ. Embryonic substantia nigra grafts innervate 
embryonic striatal co-grafts in preference to mature host striatum. Exp Neurol 
1987;95:448-454.

Dejerine J and Thomas AA. L'atrophie olivo-ponto-cérébelleuse. Nouv Iconogr 
Salpêtrière 1900; 13:330-70.

De Lean J and Deck JHN. Shy-Drager syndrome. Neuropathological correlation and 
response to levodopa therapy. Can J Neurol Sci 1976;3:167-173.

2 0 0



Denis-Donini S, Glowinski J, and Prochiantz A. Specific influence of striatal target 
neurons on the in vitro outgrowth of mesencephalic dopaminergic neurites: a 
morphological quantitative study. J Neurosci 1983;3:2292-2299.

Deutch AY, Rosin DL, Goldstein M, and Roth RH. 3-Acetylpyridine-induced 
degeneration of the nigrostriatal dopamine system: an animal model of 
olivopontocerebellar atrophy-associated parkinsonism. Exp Neurol 1989; 105:1- 
9.

Diamond SG, Markham CH, Hoehn MM, McDowell FH, Muenter MD. Multi-center 
study of Parkinson mortality with early versus later dopa treatment. Ann Neurol 
1987;22:8-12.

Diamond SG, Markham CH, Hoehn MM, McDowell FH, Muenter MD. Effect of age at 
onset on progression and mortality in Parkinson's disease. Neurology 
1989;39:1187-90.

Diamond SG, Markham CH, Hoehn MM, McDowell FH, Muenter MD. An examination 
of male-female differences in progression and mortality of Parkinson's disease. 
Neurology 1990;40:763-6.

Dimitri V and Victoria M. Contribucion al estudio de la atrofia cerebelosa tardia con 
rigidez. Sem Med 1934;1:109-124.

Dinner DS, Luders H, Hanson M, Lesser RP, and Klem G. Pattern evoked potentials 
(PEPs) in Parkinson’s disease. Neurology 1985;35:610-613.

Dotti M, Stern M, Doty R, Crawford D, Adler C, Gollomp S, Hurtig H. Olfactory 
function in subtypes of Parkinson's disease. Neurology 1992;42 (suppi 3):439.

Doty RL, Shaman P, and Dann M. Development of the University of Pennsylvania 
Smell Identification Test: a standardized microencapsulated test of olfactory 
function. Physiol Behav 1984;32:489-502.

Doty RL, Deems DA, and Stellar S. Olfactory dysfunction in parkinsonism: a general 
deficit unrelated to neurologic signs, disease stage or disease duration. 
Neurology 1988;38:1237-1244.

201



Doty RL, Perl DP, Steele JC, Chen KM, Pierce JD, Reyes P, Kurland LT. Odor 
identification deficit of the parkinsonism-dementia complex of Guam: 
equivalence to that of Alzheimer's and idiopathic Parkinson's disease. Neurology 
1991;41 (suppl2):77-80.

Doty RL, Singh A, Tetrud J, and Langston JW. Lack of olfactory dysfunction in 
MPTP-induced parkinsonism. Ann Neurol 1992b;32:97-100.

Doty RL, Stern MB, Pfeiffer 0, Gollomp SM, and Hurtig H. Bilateral olfactory 
dysfunction in treated and untreated idiopathic Parkinson's disease. J Neurol 
Neurosurg Psychiatry 1992a;55:138-142.

Doty RL, Golbe LI, McKeown DA, Stem MB, Lehrach CM, Crawford D. Olfactory 
testing differentiates between progressive supranuclear palsy and idiopathic 
Parkinson's disease. Neurology 1993;43:962-965.

Drayer BP, Olanow W, Burger P, Johnson GA, Herfkens R, and Riederer S. 
Parkinson plus syndrome: diagnosis using high field MR imaging of brain iron. 
Radiology 1986; 159: 493-498.

Dubas F, Vidailhet M, and Henin D. Syndrome parkinsonien peu reactif à la dopa 
thérapie chez un homme de 64 ans. Rev Neurol 1992;148:580-585

Duchen LW. General pathology of neurons and neuroglia. In: Adam JH, Corsellis 
JAN and Duchen LW, eds. Greenfield's neuropathology. 5th ed. London: Edward 
Arnold 1992:1-68.

Dunnett SB, Bjôrkiund A, Stenevi U, and Iversen ID. Behavioral recovery following 
transplantation of substantia nigra in rats subjected to 6-OHDA lesions of the 
nigrostriatal pathway. I. Unilateral lesions. Brain Res 1981;214:146-161.

Dunnett SB, Bjôrkiund A, Schmidt RH, Stenevi U, and Iversen SD. Intracerebral 
grafting of neuronal cell suspensions. IV. Behavioural recovery in rats with 
unilateral 6-OHDA lesions following implantation of nigral cell suspensions in 
different brain sites. Acta Physiol Scand (SuppI) 1983a;522:29-37.

2 0 2



Dunnett SB, Bjôrkiund A, Schmidt RH, Stenevi U, and iversen SD. Intracerebral 
grafting of neuronal cell suspensions. V. Behavioural recovery in rats with 
bilateral 6-OHDA lesions following implantation of nigral cell suspensions in 
different brain sites. Acta Physiol Scand (Suppi) 1983b;522:39-47.

Dunnett SB, Whishaw IQ, Rogers DC, and Jones GH. Dopamine-rich grafts 
ameliorate whole body motor asymmetry and sensory neglect but not 
independent limb use in rats with 6-hydroxydopamine lesions. Brain Res 
1987;415:63-78.

Dunnett SB, Isacson O, Sirinathsinghji DJS, Clarke D, and Bjôrkiund A. Striatal 
grafts in rats with unilateral neostriatal lesions. III. Recovery from dopamine- 
dependent motor asymmetry and deficits in skilled paw reaching. Neuroscience 
1988;24;813-820.

Dunnett SB, Rogers DC, and Richards SJ. Nigrostriatal reconstruction after 6-OHDA 
lesions in rats: combination of dopamine-rich nigral grafts and nigrostriatal 
"bridge" grafts. Exp Brain Res 1989;75:523-535.

Dunnett SB and Annett LE. Nigral transplants in primate models of parkinsonism. In: 
Lindvall O, Bjôrkiund A, and Widner H, eds. Intracerebral transplantation in 
movement disorders. Amsterdam: Elsevier 1991: 27-51.

Eadie MJ. Olivopontocerebellar atrophy (Dejerine-Thomas type). In: Vinken PJ and 
Bruyn GW, eds. Handbook of clinical neurology. Vol 16(60). Amsterdam: 
Elsevier 1991: 511-518.

Eardley I, Quinn NP, Fowler CJ, Kirby RS, Parkhouse HM, Marsden CD, and 
Bannister R. The value of urethral sphincter electromyography in the differential 
diagnosis of parkinsonism. Br J Urol 1989;64:360-2.

Eidelberg D, Takikawa S, Moeller JR, Dhawan V, Redington K, Chaly I  et al. Striatal 
hypometabolism distinguishes striatonigral degeneration from Parkinson's 
disease. Ann Neurol 1993;33:518-527.

Eisen A, Hoirch M, Ludolph A et al. Occult motor neuronal loss in normal Guamanian 
Chamorros and those with Bodig but not Lytico revealed by cortical stimulation

203



and electromyography. Neurology 1989;39 (suppi 1): 321.

Eisen A and Shybtel W. Clinical experience with transcranial magnetic stimulation. 
Muscle Nerve 1990; 13: 995.

Esser DAH. Een patiente met olivo-ponto-cerebellaire atrofie. Ned T Geneesk 
1964;108:1909-1911.

Essick 0. The development of the nuclei pontis and the nucleus arcuatus in man. Am 
JAnat 1912;13:25-54.

Evans DJ, Lewis PD, Malhotra 0, and Pallis 0. Idiopathic orthostatic hypotension. 
Report of an autopsied case with histochemical and ultrastructural studies of the 
neuronal inclusions. J Neurol Sci 1972;17:209-218.

Fearnley JM and Lees A. Striatonigral degeneration. A clinicopathological study. 
Brain 1990;113:1823-43.

Feve JR, Mussini JM, Mathe JF, Cler JM, and Nomballais MF. Dégénérescence 
striato-nigrique. Etude clinique et anatomique d'un cas ayant réagi très 
favorablement à la L-Dopa. Rev Neurol 1977;133:271-278.

Fischer E and Pétri C. The orthostatic hypotension syndrome of Shy-Drager. A 
clinical-pathological report. Dan Med Bull 1969; 16:189-192.

Fitzmaurice H, Fowler CJ, Richards D et al. Micturition disturbances in Parkinson's 
disease. Br J Urol 1986;57:652-656.

Fleischhacker H. Afamiliâre chronisch-progressive Erkrankung des mitteren 
Lebensalters vom Pseudoskierosetyp. Z ges Neurol Psychiat 1923;91:1-22.

Foster GA, Schuitzberg M, Hoekfeit T, Goldstein M, Hemmings HC, Ouimet CC, 
Walaas SI, and Greengard P. Development of a dopamine- and cyclic adenosine 
3':5'-monophosphate-regulated phosphoprotein (DARPP-32) in the prenatal rat 
central nervous system, and its relation to the arrival of presumptive 
dopaminergic innervation. J Neurosci 1987;7:1994-2018.

Fowler CJ, Kirby RS, Harrison MJG, Milroy EJG, and Turner-Warwick R. Individual

204



motor unit analysis in the diagnosis of disorders of urethral sphincter innervation. 
J Neurol Neurosurg Psychiatry 1984;47:637-641.

Fulham MJ, Dubinsky RM, Polinsky RJ, Brooks RA, Brown RT, Curras T et al. 
Computed tomography, magnetic resonance imaging and positron emission 
tomography with (IBF)fluorodeoxyglucose in multiple system atrophy and pure 
autonomic failure. Clin Aut Res 1991;1:27-36.

Galassi G, Nemni R, Baraldi A, Gibertoni M, and Colombo A. Peripheral neuropathy 
In multiple system atrophy with autonomic failure. Neurology 1982;32:1116-21.

Gawel MJ, Das P, Vincent S, and Rose FC. Visual and auditory evoked responses in 
patients with Parkinson's disease. J Neurol Neurosurg Psychiatry 1981;44:227- 
232.

Geary JR, Earle KM, and Rose AS. Olivo-ponto-cerebellar atrophy. Neurology 
1956;6:218-224.

Giundi GM, Bannister R, Gibson WPR et al. Laryngeal electromyography in multiple 
system atrophy with autonomic failure. J Neurol Neurosurg Psychiatry 
1981;44:49-53.

Golbe LI, Davis PH, Schonberg BS, and Duvoisin RC. Prevalence and natural 
history of progressive supranuclear palsy. Neurology 1988;38:1031-1034.

Gosset A, Pellissier JF, Delpuech F, and Khalil R. Dégénérescence striato-nigrique 
associée à une atrophie olivo-ponto-cérébelleuse. Rev Neurol 
1983;139:125-139.

Gottlob I, Schneider E, Heider W, and Skrandies W. Alteration of visual evoked 
potentials and electroretinograms in Parkinson's disease. Electroenceph Clin 
Neurophysiol 1987;66:349-357.

Graham JG and Oppenheimer DR. Orthostatic hypotension and nicotine sensitivity 
in a case of multiple system atrophy. J Neurol Neurosurg Psychiatry 1969;32:28- 
34.

205



Gray F, Vincent D, and Hauw J-J. Quantitative study of lateral horn cells in 15 cases 
of multiple system atrophy. Acta Neuropathol 1988;75:513-518.

Gross H and Kaltenback E. Ciber eine kombinierte progressive pontocerebellâre 
Systematrophie bei einem Kleinkind. Dtsch Z Nervenheilk 1959;179:388-390.

Guard O, Sindou M, and Carrier H. Syndrome de Shy-Drager. Une nouvelle 
observation anatomo-clinique. Lyon Méd 1974;11:1075-1084.

Guerra MG and Antunes L. Un caso anatomo-clinico de atrofia 
olivo-ponto-cerebelosa. Med Contemp 1953;71:297-314.

Guillain G, Mathieu P, and Bertrand I. Etude anatomo-clinique sur deux cas 
d'atrophie olivo-ponto-cerebelleuse avec rigidité. Ann Med 1926;20:417-459.

Guillain G, Bertrand I, and Godet-Guillain J. Examen anatomo-pathologique d'un cas 
de syndrome cérébelleux progressif non-hereditaire avec abolition des réflexes 
tendineux des membres. Rev Neurol 1942;74:330-333.

Guilleminault C, Tilkian A, Lehrman K, Fomo L, and Dement WC. Sleep apnoea 
syndrome: states of sleep and autonomic dysfunction. J Neurol Neurosurg 
Psychiatry 1977;40:718-725.

Hammond EJ and Wilder BJ. Evoked potentials in olivopontocerebellar atrophy. 
Arch Neurol 1983;40:366-369.

Harding AE. The hereditary ataxias and related disorders. New Yok: Churchill 
Livingstone 1984.

Hartmann A, Alberti E, Dorndorf W, and Kresse M. Idiopathische orthostatische 
Hypotension (Shy-Drager-Syndrom). Arch Psychiat Nervenkr 1975;221:139-155.

Hassin GB and Harris TH. Marie's ataxia (olivopontocerebellar atrophy). Arch Neurol 
Psychiat 1937;37:1371-1382.

Hawkes CH and Shephard BC. Is Parkinson's disease a primary olfactory disorder? 
J Neurol Neurosurg Psychiatry 1992a:55:421.

206



Hawkes CH and Shephard BC. Olfactory impairment in Parkinson's disease; 
evidence of dysfunction measured by olfactory-evoked potentials and smell 
identification tests. Ann Neurol 1992b:32:248.

Hemmendinger LM, Garber 88, Hoffmann PC, and Heller A. Target neuron- specific 
process formation by embryonic mesencephalic dopamine neuronsin vitro. Proc 
Natl Acad Sci USA 1981;78:1264-1268.

Herken H. Functional disorders of the brain induced by synthesis of nucleotides 
containing 3-acetylpyridine. Z klin Chem klin Biochem 1968;6:357-472.

Herman JP, Choulli K, Geffard M, Naduad D, Taghzouti K, and LeMoal N. 
Reinnervation of the nucleus accumbens and frontal cortex of the rat by 
dopaminergic grafts and effects on hoarding behaviour. Brain Res 
1986;372:210-216.

Hess CW, Mills KR, Murray NMF, and Schriefer IN . Magnetic brain stimulation: 
central motor conduction studies in multiple sclerosis. Ann Neurol 1987;22:744.

Hirayama KM, Saito ST, Chida R, Izuka R and Murofushi K. A clinicopathological 
study on extrapyramdial components in cerebellar degeneration with special 
reference to olivo-ponto-cerebellar atrophy. Adv Neurol Sci 1977;21:37-54.

Hirsch EC, Graybiel AM, Duyckaerts C, and Javoy-Agid F. Neuronal loss in the 
pedunculopontine tegmental nucleus in Parkinson's disease and in progressive 
supranulear palsy. Proc Natl Acad Sci 1987;84:5976-5980.

Hoehn MM. Parkinsonism treated with levodopa: progression and mortality. J Neural 
Transm 1983 (Suppi) 19:253-64.

Horoupian DS and Dickson DW. Striatonigral degeneration, olivopontocerebellar 
atrophy and atypical Pick disease. Acta Neuropathol 1991;81:287-295.

Huang H, Guo Y, and Feng Y. Shy-Drager syndrome. Chinese Med J 
1982;95:679-686.

Huang YP and Plaitakis A. Morphological changes of olivopontocerebellar atrophy in 
computed tomography and comments on its pathogenesis. Adv Neurol

207



1984;41:39-85.

Hughes AJ, Daniel SE, Kilford L, and Lees AJ. Accuracy of clinical diagnosis of 
idiopathic Parkinson's disease: a clinico-pathological study of 100 cases. J 
Neurol Neurosurg Psychiatry 1992a:55:181-4.

Hughes AJ, Ben-Shlomo Y, Daniel SB, and Lees AJ. What features improve the 
accuracy of diagnosis in Parkinson's disease: A clinicopathological study. 
Neurology 1992b;42:1142-6.

Hughes AJ, Colosimo 0, Kleedorfer B, Daniel SB, and Lees AJ. The dopaminergic 
response in multiple system atrophy. J Neurol Neurosurg Psychiatry 
1992c;55:1009-13.

Hughes RC, Cartlidge NBF, and Millac P. Primary neurogenic orthostatic 
hypotension. J Neurol Neurosurg Psychiat 1970;33:363-371.

lonel C. Consideratii in legatura cu atrofiile olivo-ponto-cerebeloase. Neurol Psihiat 
Neurochir 1972;17:419-430.

Isacson O, Brundin P, Kelly PAT, Gage FH, and Bjôrkiund A. Functional neuronal 
replacement by grafted neurons in the ibotenic acid-lesioned striatum. Nature 
1984;311:458-460.

Isacson 0, Riche D, Hantraye P, Sofroniew MV, and Maziere M. A primate model of 
Huntington's disease: Cross-species implantation of striatal precursor cells to 
the excitotoxically lesioned baboon caudate-putamen. Bxpl Brain Res 
1989;75:213-220.

Isida Y and Fukai K. Olivo-ponto-cerebellar atrophy. Report of a case with its 
histopathological study. J med Sci 1962;11:83-95.

Jaeger C. Axon terminal clustering in nigrostriatal double grafts. Dev Brain Res 
1986;24:309-314.

Jalinous R. Technical and practical aspects of magnetic nerve stimulation 1991.

208



Jankovic J, Rajput AH, Golbe LI, and Goodman JC. What is it? Case 1, 1993: 
Parkinsonism, dysautonomia and ophthalmoparesis. Mov Dis 1993;8:525-32.

Jellinger K and Danielczyk W. Striato-nigrale Degeneration. Acta Neuropathol 
1968;10:242-257.

Jellinger K and Tamowska-Dziduszko E. Die ZNS-Veranderungen bei den olivo- 
ponto-zerebellaren Atrophien. Z Neurol 1971;199:192-214.

Johnson RH, Lee GJ, Oppenheimer DR, and Spalding JMK. Autonomic failure with 
orthostatic hypotension due to intermediolateral column degeneration. Q J Med 
1966;35:276-292.

Joseph C, Chassan JB, and Koch ML. Levodopa in Parkinson's disease: a long-term 
appraisal of mortality. Ann Neurol 1978;3:116-118.

Kaiya H. Spino-olivo-ponto-cerebello-nigral atrophy with Lewy bodies and 
binucleated nerve cells: a case report. Acta Neuropath 1974;30:263-269.

Kakulas BA, Tan N, and Ojeda VJ. The neuropathology of progressive autonomic 
failure of central origin (the Shy-Drager syndrome). Clin Exp Neurol 
1988:103-111.

Kan AE. Striatonigral degeneration. Pathology 1978;10:45-52.

Kanazawa I, Kwak S, Sasaki H et al. Studies on neurotransmitter markers and 
neuronal cell density in the cerebellar system in olivopontocerebellar atrophy 
and cortical cerebellar atrophy. J Neuro Sci 1985;71:193-208.

Kandler RH, Jarratt JA, Sagar HJ et al. Abnormalities of central motor conduction in 
Parkinson's disease. J Neurol Sci 1990;100: 94.

Kato S and Nakamura H. Cytoplasmic argyrophilic inclusions in neurons of pontine 
nuclei in patients with olivopontocerebellar atrophy: immunohistochemical and 
ultrastructrual studies. Acta Neuropathol 1990;79:584-594.

Kimura J. Electrodiagnosis in diseases of nerve and muscle: principles and practice.

209



Philadelphis: FA Davis, 1983:59-157.

Kirby R, Fowler CJ, Gosling J and Bannister R. Urtehro-vesical dusfunction in 
progressive autonomic failure with multiple system atrophy. J Neurol Neurosurg 
Psychiatry 1986;49:554-562.

Khurana RK, Nelson E, Azzarelli 8, and Garcia JH. Shy drager syndrome: diagnosis 
and treatment of cholinergic dysfunction. Neurology 1980;30:805-809.

Klawans ML. Individual manifestations of Parkinson's disease after ten or more 
years of levodopa. Mov Dis 1986;1:187-192.

Klockgether T, Faiss J, Poremba M, and Dichgans J. The development of 
infratentorial atrophy in patients with idiopathic cerebellar ataxia of late onset: a 
CT study. J Neurol 1990;237: 420-3.

Kluyskens Y, Bossaert L, Snoeck J, and Martin JJ. Idiopathic orthostatic hypotension 
and the Shy-Drager syndrome. Physiological studies in four cases; pathological 
report of one case. Acta Cardiol 1977;32:317-335.

Koeppen AH, Barron KD, and Cox JF. Striatonigral degeneration. Acta Neuropathol 
1971;19:10-19.

Koeppen AH and Barron KD. The neuropathology of olivopontocerebellar atrophy. 
Adv Neurol 1984;24:13-38.

Kohler A. Atrophie olivo-ponto-cérébelleuse et striato-nigrique. Arch Suisses Neurol 
Neurochir Psychiat 1986;137:15-42.

Konagaya M, Konagaya Y, and lida M. Clinical and magnetic resonance imaging 
study of extrapyramidal symptoms in multiple system atrophy. J Neurol 
Neurosurg Psychiatry 1994;57:1528-1531.

Konno H, Yamamoto T, Iwasaki Y et al. Shy-Drager syndrome and amyotrophic 
lateral sclerosis. Cytoarchitectonie and morphometric studies of sacral 
autonomic neurons. J Neurol Sci 1986;73:193-204.

Kosaka K, I izuka R, Mizutani Y, Kondo T, and Nagatsu T. Striatonigral degeneration

2 1 0



combined with Alzheimer's disease. Acta Neuropathol 1981;54:253-256.

Kotake C, Hoffmann PC, and Heller A. The biochemical and morphological 
development of differentiating dopamine neurons coaggregated with their striatal 
target cells of the corpus striatum in vitro. J Neurosci 1982;2:1307-1315.

Kulawik H, Roitzsch E, and Barz H. Zum Krankheitsbild der olivo-ponto-cerebellaren 
Atrophie (Dejerine-Thomas). Psychiat Neurol med Psychol 1972;24:119-127.

Kumar D and Timperley WR. The clinical, pathological and genetic aspects of 
sporadic late onset cerebellar ataxia: observations on a series of ten patients. 
Acta Neurol 1988;77:181-186.

Kume A, Takahashi A, Hashizume Y, and Asai J. Histometrical and comparative 
study on Purkinje cell loss and olivary nucleus cell loss in multiple system 
atrophy. J Neurol Sci 1991;101:178-186.

Kume A, Takahashi A, and Hashizume Y. Neuronal cell loss in the striatonigral 
system in multiple system atrophy. J Neurol Sci 1993;117:33-40.

Kupersmith MJ, Shakin E, Siegel IM, and Lieberman A. Visual system abnormalities 
in patients with Parkinson's disease. Arch Neurol 1982;39:284-286.

Kuroda S, Chuda M, Ikeda H, Otsuki S, Tateishi J. A case of olivo-ponto-cerebellar 
atrophy with remarkable changes of striato-nigral and pyramidal system. Clin 
Neurol 1977;17:336-343.

Kwentus JA, Auth TL, and Foy JL. Shy-Drager syndrome presenting as depression: 
case report. J Clin Psychiat 1984;45:137-139.

Lambie CG, Latham 0, and Mac Donald GL. Olivo-ponto-cerebellar atrophy (Marie's 
ataxia). Med J Aust 1947;2:626-632.

Lang AE, Curran T, Provias J, and Bergeron C. Striatonigral degeneration: iron 
deposiiton in putamen correlates with the slit-like void signal of magnetic 
resonance imaging. Can J Neurol Sci 1994;21:311-318.

Langston W. Orthostatic hypotension; report of a case. Ann Int Med 1936; 10:688-

211



695.

Lapresle J and Annabi A. Olivopontocerebellar atrophy with velopharyngolaryngeal 
paralysis; a contribution to the somatotopy of the nucleus ambiguus. J 
Neuropath Exp Neurol 1979;38:401-406.

Lees A. The Steele-Richardson-Olszweski syndrome (progressive supranuclear 
palsy). In: Marsden CD and Fahn S, eds. Movement disorders 2. London: 
Buttenvorths, 1987: 272-287.

Lees AJ. The treatment of multiple system atrophy. In: Bannister R, Mathias 0, eds. 
Autonomic Failure. A textbook of clinical disorders of the autonomic nervous 
system. 3rd ed. Oxford: Oxford University Press 1992:646-55.

Lentner C. Geigy Scientific Tables Vol 2. Ciba-Geigy; Basel, Schweiz 1982.

Lepore FE. Disorders of ocular motility in the olivopontocerebellar atrophies. Adv 
Neurol 1984;41:97-103.

Lindvall O, Sawle G, Widner H, Rothwell J, Bjôrkiund A, Brooks D, Brundin P, 
Frackowiak R, Marsden CD, Odin P, and Rehncrona S. Evidence for long-term 
survival and function of dopaminergic grafts in progressive Parkinson's disease. 
Ann Neurol 1994;35:172-180.

Lockwood AH. Shy-Drager syndrome with abnormal respirations and antidiuretic 
hormone release. Arch Neurol 1976;33:292-295.

Lockhard JL, Webster GD, Sheremata W et al. Neurogenic bladder dysfunction in 
the Shy-Drager syndrome. J Urol 1981; 126:119.

Low PA, Thomas JE, and Dyck PJ. The splanchnic autonomic outflow in Shy-Drager 
syndrome and orthostatic hypotension. Ann Neurol 1978;4:511-514.

Luque 0  and Pucheta-Morcillo R. Atrofia olivo-ponto-cerebelosa. Rev Argent Neurol 
Psychiat 1945;10:17-48.

Maas 0  and Scherer HJ. Zur Klinik und Anatomie einiger seltener

2 1 2



Kleinhirnerkrankungen. z  ges Neurol Psychiat 1933;145:420-444.
Magalhaes M, Wenning GK, Daniel SE, and Quinn NP. Autonomic dysfunction in 

pathologically confirmed multiple system atrophy and idiopathic Parkinson's 
disease - a retrospective comparison. Acta Neurol Scand 1955;91:98-102.

Mahalik TJ, Finger TE, Stroemberg I, and Olson L. Substantia nigra transplants into 
denervated striatum of the rat: ultrastructure of graft and host interactions. J 
Comp Neurol 1985;240:60-70.

Mandel RJ, Brundin P, and Bjôrkiund A. The importance of graft placement and task 
complexity for transplant-induced recovery of simple and complex sensorimotor 
deficits in dopamine denervated rats. Eur J Neurosci 1990;2:888-894.

Mark G. Die idopathische orthostatische Hypotonie. Schweiz Med Wschr 
1969;99:1877-1886.

Marshall JF and Ungerstedt U. Supersensitivity to apomorphine following destruction 
of the ascending dopamine neurons: quantification using the rotational model. 
Eur J Pharmacol 1977a;41:361-367.

Marshall JF and Ungerstedt U. Striatal efferent fibres play a role in maintaining 
rotational behaviour in the rat. Science 1977b; 198:62-64.

Martin JJ. Thalamic degenerations. In: Handbook of clinical neurology, Vol 21, 
Vinken PJ and Bruyn GW eds, Elsevier Science, Amsterdam 1975:587-605.

Michel D, Tommasi M, Laurent B, Trillet M, and Schott B. Dégénérescence 
striato-nigrique. A propos de deux observations anatomo-cliniques. Rev Neurol 
1976;132:3-22.

Mochizuki A, Mizusawa H, Ohkoshi N et al. Argentophilic intracytoplasmic inclusions 
in multiple system atrophy. J Neurol 1992;239:311-6.

Montagna P, Martinelli P, Rizutto N et al. Amyotrophy in Shy-Drager syndrome. Acta 
Neurol Beig 1983;83:142-157.

Nakazato Y, Yamazaki H, Hirato J et al. Oligodendroglial microtubular tangles in

213



olivopontocerebellar atrophy. J Neuropathol Exp Neurol 1990;49:521-30.

Neumann MA. Pontocerebellar atrophy combined with vestibular-reticular 
degeneration. J Neuropathol Exp Neurol 1977;36:321-337.

Nick J, Contamin F, Escourolle R, Guillard A and A, Marcantoni JP. Hypotension 
orthostatique idiopathique avec syndrome neurologique complexe a 
predominance extra-pyramidale. Rev Neurol 1967; 116:213-227.

Noica D, Nicolesco J, and Banu E. Contribution a l'étude de l'atrophie olivo-ponto- 
cerebelleuse. Rev Neurol 1936;66:285-306.

O'Brien C, Sung JH, McGeachie RE, and Lee MG. Striatonigral degeneration: 
clinical, MRI, and pathologic correlation. Neurology 1990;40:710-711

Obeso JA, Artieda J, Tunon T, Luquin MR, and Martinez Lage JM. Dopamine 
agonists suppress visual-cortical reflex myoclonus. J Neurol Neurosurg 
Psychiatry 1985;48:1277-1283.

Obeso JA, Rodriguez ME, Artieda J et al. Focal reflex myoclonus: a useful sign in 
the differential diagnosis of parkinsonism. Ann Neurol 1989;26:164-5.

Olanow CW. Magnetic resonance imaging in parkinsonism. Neurologic Clinics 
1992;10:405-420.

Onufrowicz B. On the arrangement and function of the cell groups of the sacral 
region of the spinal cord in man. Arch Neurol Psychopathol 1900;3:387-412.

Oppenheimer DR. Lateral horn cells in progressive autonomic failure. J Neurol Sci 
1980;46:393-404.

Oppenheimer DR. Diseases of the basal ganglia, cerebellum and motor neurons. In: 
Hume Adams J, Corsellis JAN, Duchen LW, eds. Greenfield's Neuropathology. 
4th ed, London: Arnold 1984:699-747.

Ouimet CC, Miller PE, Hemmings HC, Walaas SI, and Greengard P. DARPP-32, a 
dopamine- and cyclic adenosine 3':5'-monophosphate-regulated phosphoprotein

214



enriched In dopamine-innervated brain regions. III. Immunocytochemical 
localization. J Neurosci 1984;4:111-124.

Papp Ml, Kahn JE, and Lantos PL. Glial cytoplasmic inclusions in the CMS of 
patients with multiple system atrophy (striatonigral degeneration, 
olivopontocerebellar atrophy and Shy Drager syndrome). J Neurol Sci 
1989;94:79-100.

Papp Ml and Lantos PL. Accumulation of tubular structures in oligodendroglial and 
neuronal cells as the basic alteration in multiple system atrophy. J Neurol Sci 
1992;107:172-82.

Papp Ml and Lantos PL. The distribution of oligodendroglial inclusions in multiple 
system atrophy and its relevance to clinical symptomatology. Brain 
1994;117:235-243.

Parati EA, Fetoni V, Geminiani GC, Soliveri P, Giovannini P, Testa D et al. 
Response to L-dopa in multiple system atrophy. Clin Neuropharmacol 
1993;16:139-44.

Parodi U and Ricca S. Contributo alia conoscenza della atrofia 
olivopontocerebellare. Riv Patol Nerv Ment 1925;30:273-303.

Pascual J, Pazos A, del Olmo E, Figols J, Leno 0, and Berciano J. Presynaptic 
parkinsonism in olivopontocerebellar atrophy. Ann Neurol 1991;30:425-428

Pastakia B, Polinsky R, DiChiro G, Simmons JT, Brown R, and Wener L. Multiple 
system atrophy (Shy-Drager syndrome): MR imaging. Radiology, 1986; 159: 
499-502.

Pearce RKB, Hawkes CH, and Daniel SE. The anterior olfactory nucleus in 
Parkinson's disease. Mov Dis 1995;10:283-287.

Pellegrino LJ, Pellegrino AS, and Cushman AJ. A stereotaxic atlas of the rat brain, 
2nd ed. New York: Plenum Press, 1979.

Perlow MJ, Freed WJ, Hoffer BJ, Seiger A, Olson A, and Wyatt RJ. Brain grafts

215



reduce motor abnormalities produced by destruction of nigrostriatal dopamine 
system. Science 1979;204:643-647.

Peschanski M, Defer G, N'Guyen JP et al. Bilateral motor improvement and 
alteration of L-dopa effect in two patients with Parkinson's disease following 
intrastriatal transplantation of foetal ventral mesencephalon. Brain 
1994;117:487-499.

Petito CK, Hart MN, Porro RS, and Earle KM. Ultrastructural studies of 
olivopontocerebellar atrophy. J Neuropath Exp Neurol 1973;32:503-522.

Petito CK and Black IB. Ultrastructure and biochemistry of sympathetic ganglia in 
idiopathic orthostatic hypotension. Ann Neurol 1978;4:6-17.

Pierret M. Note sur un cas d'atrophie périphérique du cervelet avec lésion 
concomitante des olives bulbaires. Archives de Physiologie Normale et 
Pathologique 1877;72:765-770.

Pillon B, Gouider-Khouja N, Deweer B, Vidailhet M, Malapani C, Dubois B, and Agid 
Y. Neuropsychologcial pattern of striatonigral degeneration: comparison with 
Parkinson's disease and progressive supranuclear palsy. J Neurol Neurosurg 
Psychiatry 1995;58:174-179.

Popp 0 and Gruner JE. Dégénérescence nigro-pontine (Hypertonie parkinsonienne 
a evolution subaigue). Rev Neurol 1962;106:43-49.

Prochiantz A, Di Porzio U, Kato A, Berger B, and Glowinski J. In vitro maturation of 
mesencephalic dopaminergic neurons from mouse embryos is enhanced in the 
presence of their striatal targets. Proc Natl Acad Sci USA 1979:76:5387-5391.

Prochiantz A, Daguet MC, Herbert A, and Glowinski J. Specific stimulation of in-vitro 
maturation of mesencephalic dopaminergic neurones by striatal membranes. 
Nature 1981;293:570-572.

Przedborski S, Schiffmann SN, Monseu G et al. A case of late onset striatonigral 
degeneration. Acta neurol beIg 1989;89:29-37,

216



Quinn NP. Disproportionate antecollis in multiple system atrophy. Lancet 1989;i:844.

Quinn NP, Rossor MN, and Marsden CD. Olfactory threshold in Parkinson's disease. 
J Neurol Neurosurg Psychiatry 1987:50:88-89.

Quinn N. Multiple system atrophy - the nature of the beast. J Neurol Neurosurg 
Psychiatry 1989;52 Spec Suppl:78-89.

Quinn NP and Marsden CD. The motor disorder of multiple system atrophy. J Neurol 
Neurosurg Psychiatry 1993;56:1239-1242.

Quinn N. Multiple system atrophy. In: Marsden CD, Fahn 8, editors. Movement 
Disorders 3. London: Butterworths; 1994:262-281.

Rajput AH, Kazi KH, and Rozdilsky B. Striatonigral degeneration response to 
Levodopa therapy. J Neurol Sci 1972;16:331-341.

Rajput AH and Rozdilsky B. Dysautonomia in parkinsonism: a clinicopathological 
study. J Neurol Neurosurg Psychiatry 1976;39:1092-1100.

Rajput AH, Offord KP, Beard CM, and Kurland LT. Epidemiology of parkinsonism: 
incidence, classification, and mortality. Ann Neurol 1984;16:278-282.

Rajput AH, Rozdilsky B, and Rajput A. Accuracy of clinical diagnosis in 
parkinsonism: a prospective study. Can J Neurol Sci 1991;18:275-8.

Rascol 0, Sabatini U, SImonetta-Moreau M, Montastruc J-L, Rascol A, and Clanet 
M. Square wave jerks in parkinsonian syndromes. J Neurol Neurosurg 
Psychiatry 1991 ;54:599-602.

Rascol CJ, Clanet M, Senard JM, Montastruc JL, and Rascol A. Vestibulo-ocular 
reflex in Parkinson's disease and multiple system atrophy. Adv Neurol 
1993;60:395-7.

Rebeiz JJ, Kolodny EH, and Richardson EP. Corticodentatonigral degeneration with 
neuronal achromasia. Arch Neurol 1968:18:20-33.

Rexed B. The cytoarchitectonie organisation of the spinal cord in cat. J Comp Neurol

217



1952;96:415-496.

Reznik M, Franck G, and Rousseau JJ. Le syndrome de Shy-Drager. Confrontation 
anatomo-clinique.Acta Neurol 1980;80:271-286.

Riku 8, Hashizume Y, Yanagi T, and Sobue I. An autopsy case of striato-nigral and 
olivo-ponto-cerebellar degeneration. Clin Neurol 1980;20:534-538.

Riley DE, Lang AE, Lewis A, Resch L, Ashby P, HomykiewiczO, et al. Cortico-basal 
ganglionic degeneration. Neurology 1990:40:1203-1212.

Rinne UK, Sonninen V, Siirtola T, and Marttila R. Long-term responses of 
Parkinson's disease to levodopa therapy. J Neural Transm 1980 (suppi) 16:149- 
156.

Rinne JO, Lee MS, Thompson PD, and Marsden CD. Corticobasal degeneration: a 
clinical study of 36 cases. Brain 1994; 117:1183-1996.

Robbins TW, James M, Lange KW, Owen AM, Quinn NP, and Marsden CD. 
Cognitive performance in multiple system atrophy. Brain 1992;115:271-91.

Roessmann U, van den Noort S, and McFarland DE. Idiopathic orthostatic 
hypotension. Arch Neurology 1971:24503-510.

Rohmer F, Warter JM, Coquillat G, Schupp C, and Maitrot D. Maladie de Shy et 
Drager. A propos d'une observation anatomoclinique. Revue de la littérature. 
Ann Med Intern 1973;124:665-673.

Rosenhagen H. Die primâre Atrophie des Brückenfusses und der unteren Oliven 
(dargestellt nach klinischen und anatomischen Beobachtungen). Arch Psychiatr 
Nervenkr 1943; 116:163-228.

Rossi F, Wikiund L, Van der Want JJL, and Strata P. Reiinnervation of cerebellar 
Purkinje cells by climbing fibres surviving a subtotal lesion of the inferior olive in 
the adult rat. I. Development of new collateral branches and terminal plexuses. J 
Comp Neurol 1991 a;308:513-535.

218



Rossi F, Wikiund L, Van der Want JJL, and Strata P. Reiinnervation of cerebellar 
Purkinje cells by climbing fibres surviving a subtotal lesion of the inferior olive in 
the adult rat. I. Synaptic organization on reinnervated Purkinje cells. J Comp 
Neurol 1991b;308:536-554.

Royet H and Collet J. Sur une lésion systématisée du cervelet et des ses 
dépendences bulboprotubérantielles. Arch Neurol 1893;26:353-374.

Ruberg M, Javoy-Agid F, Hirsch E et al. Dopaminergic and cholinergic lesions in 
progressive supranuclear palsy. Ann Neurol 1985:18:523-529.

Savoiardo M, Strada L, Girotti F et al. Olivopontocerebellar atrophy: MR diagnosis 
and relationship to multisystem atrophy. Radiology 1990;174:693-696.

Sawle GV, Playford ED, Brooks DJ, Quinn N, and Frackowiak RSJ. Asymmetrical 
pre-synaptic and post-synaptic changes to the striatal dopamine projection in 
dopa naive parkinsonism: diagnostic implications of the D2 receptor status. 
Brain 1993;116:853-867.

Schelosky L, Hierholzer J, Wissel J, Cordes M, and Poewe W. Correlation of clinical 
response in apomorphine test with D-2 receptor status as demonstrated by 123- 
l-IBZM SPECT. Mov Dis 1993;8:453-458.

Schober R, Langston JW, and Forno LS. Idiopathic orthostatic hypotension. 
Biochemical and pathological observations in 2 cases. Europ. Neurol 
1975;13:177-188

Schroeder AH and Kirschbaum W. Über eigenartige degenerative Erkrankungen des 
Zentralnervensystems mit vorwiegender Beteiligung des olivocerebellaren 
Systems und Grosshimverânderungen. Z Neur 1928; 114:681.

Schultze V. Über einen Fall von Kleinhimschwund mit Degenerationen im 
verlangerten Marke und im Rückenmarke (wahrscheinlich in Folge von 
Alkoholismus). Virchows Arch path Anat 1887;108:331-343.

Schulz JB, Klockgether T, Petersen D, Jauch M, Müller-Schauenburg W, Spieker S, 
Voigt K, and Dichgans J. Multiple system atrophy: natural history, MRI

219



morphology, and dopamine receptor imaging with 123 IBZM-SPECT. J Neurol 
Neurosurg Psychiatry 1994;57:1047-1066.

Schuster P. Die im hôheren Lebensalter vorkommenden Kleinhirnerkrankungen 
nebst Bemerkungen Ober den cerebellaren Wackeltremor. Z ges Neurol Psychiat 
1924;91:531-550.

Schwarcz R, Fuxe K, Agnati LF, Hoekfeit T, and Coyle JT. Rotational behaviour in 
rats with unilateral striatal kainic-acid lesions: a behavioural model for studies on 
intact dopamine receptors. Brain Res 1979;170:485-495.

Schwarz GA. The orthostatic hypotension syndrome of Shy-Drager. A 
dinicopathologic report. Arch Neurol 1967;16:123-139.

Schwarz J, Tatsch K, Arnold G, Gasser T, Trenkwalder 0, Kirsch CM et al. I- 
iodobenzamide-SPECT predicts dopaminergic responsiveness in patients with 
de novo parkinsonism. Neurology 1992;42:556-561.

Schweiger L. Zur Kenntnis der Kleinhimsklerose. Arb Neurol Inst Univ Wien 
1906;13:260-287.

Sharpe JA, Rewcastle NB, Lloyd KG et al. Striatonigral degeneration. Response to 
levodopa therapy with pathological and neurochemical correlation. J Neuro Sci 
1973;19:275-286.

Shinotoh H, Inoue 0, Hirayama K et al. Dopamine DI receptors in Parkinson's 
disease and striatonigral degeneration: a positron emission tomography study. J 
Neurol Neurosurg Psychiatry 1993;56:467-72.

Shy GM and Drager GA. A neurologic syndrome associated with orthostatic 
hypotension. Arch Neurol 1960;2:511-27.

Sima AAF, Hoag G, and Rozdilsky B. Shy-Drager syndrome: The transitional variant. 
Clin Neuropathol 1987;2:49-54.

Sima AAF, Caplan M, D'Amato CJ, Pevzner M, and Furlong JW. Fulminant multiple 
system atrophy in a young adult presenting as motor neuron disease. Neurology

2 2 0



1993;43:2031-2035.

Singh N and Fahn 8. Eiectrophysiological studies in the Shy-Drager syndrome. 
Neurology 1980;30:394.

Sobue G, Terao S, Kachi T et al. Somatic efferents in mulitple system atrophy with 
autonomic failure: a clinicopathological study. J Neurol Sci 1992;112:113-125.

Spokes EGS, Bannister R, and Oppenheimer DR. Multiple system atrophy with 
autonomic failure. Clinical, histological and neurochemical observations in four 
cases. J Neurol Sci 1979;43:59-82.

Steele JC, Richardson JC, and Olszewski J. Progressive supranuclear palsy: a 
heterogeneous degeneration involving the brain stem, basal ganglia, and 
cerebellum, with vertical gaze and pseudobulbar palsy, nuchal dystonia, and 
dementia. Arch Neurol 1964:10:333-359.

Stem MB, Braffman BH, Skolnick BE, Hurtig HI, and Grossman Rl. Magnetic 
resonance imaging in Parkinson's disease and in parkinsonian syndromes. 
Neurology 1989;39:1524-1526.

Staal A, Meerwaldt JD, van Dongen KJ, Mulder PGH, and Busch HFM. Non-familial 
degenerative disease and atrophy of brainstem and cerebellum. Clinical and CT 
data in 47 patients. J Neurol Sci 1990;95:259-269.

Sung JH, Mastri AR, and Segal E. Pathology of Shy-Drager syndrome. J Neuropath 
Exp Neurol 1979;38:353-368.

Swash M. Vulnerability of lower brachial myotomes in motor neuron disease: a 
clinical and single fibre EMG study. J Neurol Sci 1980;47:59-68.

Takei Y and Mirra SS. Striatonigral degeneration: a form of multiple system atrophy 
with clinical parkinsonism. In: HM Zimmerman, ed. Progress in neuropathology, 
vol 2, New York: Grune and Stratton 1973: 217-251.

Tan CT, Murray NMF, Sawyers D, and Leonard TLK. Deliberate alteration of the 
visual evoked potential. J Neurol Neurosurg Psychiatry 1984;47:518-523.

221



Tans JMS. Cerebellar degenerations. In: Proceedings of the 1st International 
Congress of Neuropathology. Turin: Rosenberg Sellier 1952;3:478-492.

Terao S, Sobue G, Hashizume Y et al. Disease specific pattern of neuronal cell loss 
in the ventral horn in amyotrophic lateral sclerosis, multiple system atrophy and 
x-linked bulbospinal neuronopathy, with special reference to loss of small 
neurons in the intermediate zone. J Neurol 1994;241:196-203.

Thapedi IM, Ashenhurst EM, and Rozdilsky BR. Shy-Drager syndrome. Report of an 
autopsied case. Neurol 1971;21:26-32.

Thomas A. Le cervelet - Etude anatomique, clinique et physiologique (thesis). Paris: 
Steinheil 1897:164-231.

Thomas A. Atrophie du cervelet et sclérose en plaques. Rev Neurol 1903;1:121-131.

Tobel F. Klinischer und anatomischer Beitrag zur Entstehung der extrapyramidalen 
Symptôme bei cerebellâren Erkrankungen. Arch Psychiat Nervenkr 
1952;188:328-338.

Toghi H, Tabuchi M, Tomonaga M et al. Selective loss of small myelinated and 
unmyelinated fibers in Shy-Drager syndrome. Acta Neuropathol 1982;57:282- 
286.

Tomozawa Y and Appell ST. Soluble striatal extracts enhance development of 
mesencephalic dopaminergic neurons in vitro. Brain Res 1986;399:111-124.

Trotter JL. Striatonigral degeneration, Alzheimer's disease, and inflammatory 
changes. Neurology 1973;23:1211-1216.

Uematsu D, Hamada J, and Gotoh F. Brainstem auditory evoked responses and CT 
findings in multiple system atrophy. J Neurol Sci 1987;77:161-171.

Ungerstedt U and Arbuthnott GW. Quantitative recording of rotational behaviour in 
rats after 6-hydroxydopamine lesions of the nigrostriatal dopamine system. Brain 
Res 1970;24:485-493.

2 2 2



van Bogaert L and Bertrand I. Une variété d'atrophie olivo-pontine à évolution 
subaiguë avec troubles démentiels. Rev Neurol 1929;1:165-178.

van der Eecken H, Adams RD, and van Bogaert L. Striopallidal- nigral degeneration. 
An hitherto undescribed lesion in paralysis agitans. J Neuropath Exp Neurol 
1960;19:159-161.

van Leeuwen RB and Perquin WVM. Bromocriptine therapy in striatonigral 
degeneration. J Neurol Neurosurg Psychiatry 1988;51:593-598.

Veron JP. Contribution a l'étude de l'atrophie olivo-ponto-cérébelleuse et de ses 
lesions associées (thesis). Paris: R Foulon Imprimerie 1968.

Vidailheit M, Rivaud S, Gouider-Khouja N, Pillon B, Bonnet AM, Gaymard B, Agid Y 
et al. Eye movements in parkinsonian syndromes. Ann Neurol 1994;35:420-426.

von Stauffenberg. Zur Kenntnis des extrapyramidalen motorischen Systems. Z ges 
Neurol Psychiat 1918;39:1-55.

Vuia O. Striato-nigral degeneration and Shy-Drager syndrome (Idiopathic orthostatic 
hypotension). Clin Neurol Neurosurg 1975;78:196-203.

Wakai M, Kume A, Takashi A, Ando T, and Hashizume Y. A study of parkinsonism in 
multiple system atrophy: clinical and MRI correlation. Acta Neurol Scand 
1994;90:225-231.

Ward CD, Hess WA, and Caine DB. Olfactory impairment in Parkinson's disease. 
Neurology 1988:33:943-946.

Welte E. Die Atrophie des Systems des Brückenfusses und der unteren Oliven. Arch 
Psychiatr Nervenkr 1939;109:649-698.

Wessel K, Huss G-P, Brueckmann H, and Koempf D. Follow-up of 
neurophysiological tests and CT in late-onset cerebellar ataxia and multiple 
system atrophy. J Neurol 1993;240:168-176.

Wenning GK, Quinn N, Magalhaes M, Mathias C, Lees A, and Daniel SE. "Minimal

223



change" multiple system atrophy. Mov Dis 1994;9:161-166.

Wictorin K, Ouimet CC, and Bjorklund A. Intrinsic organization and connectivity of 
intrastriatal striatal transplants in rats as revealed by DARPP-32 
immunohistochemistry: specificity of connections with the lesioned host brain. 
Eur J Neurosci 1989;1:690-701.

Wictorin K. Anatomy and connectivity of intrastriatal striatal transplants. Progr 
Neurobiol 1992;38:611 -639.

Williams A, Hanson D, and Caine DB. Vocal cord paralysis in the Shy-Drager 
syndrome. J Neurol Neurosurg Psychiatry 1979;42:151-3.

Winckler 0. A case of olivo-pontine cerebellar atrophy and our conceptions of neo- 
and paleocerebellum. Schweiz. Arch Neurol 1923;13:684-702.

Yamamura Y, Ikuta F, Oyanagi 8, Atsumi T, and Tsukada Y. Striato-nigral 
degeneration with autonomic failure - With especial reference to its correlation 
with olivopontocerebellar atrophy. J Niigata Med Ass 1973;87:508-516.

Yamamura Y, Ohama E, Yoshimura N et al. Striato-nigral degeneration, a form of 
multiple system atrophy allied to olivopontocerebellar atrophy. Adv Neurol Sci 
1974;18:89-105.

Young RH. Association of postural hypotension with sympathetic nervous system 
dysfunction; case report with review of neurologic features associated with 
postural hypotension. Ann Int Med 1944;15:910-916.

Yurek DM, Collier TJ, and Sladek JR. Embryonic mesencephalic and striatal co
grafts: development of grafted dopamine neurons and functional recovery. Exp 
Neurol 1990;109:191-199.

224


