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Dysautonomia in Parkinsonism: a clinicopathological
study

A. H. RAJPUT1 AND B. ROZDILSKY

From the Divisions ofNeurology and Neuropathology, University Hospital,
Saskatoon, Saskatchewan, Canada

SYNOPSIS Necropsy studies were done on six patients with idiopathic paralysis agitans, one with
multiple system atrophy including features of Parkinsonism, and one control. Autonomic functions
had been evaluated during life to a varying degree. Intra-arterial blood pressure studies were carried out
on two patients with paralysis agitans (cases 4 and 6) and the one with multiple system atrophy (case 7).
Lewy bodies with or without cell loss were seen in the sympathetic ganglia of five cases of paralysis
agitans. Three of these had orthostatic hypotension and the severity of the lesion approximately cor-

related with the degree of hypotension. It is concluded that the lesions of the sympathetic ganglia may
play a major role in the production oforthostatic hypotension in idiopathic paralysis agitans.

Autonomic dysfunction in Parkinson's disease was
first reported in 1817 by James Parkinson himself.
Abnormalities of salivation, sweating, bladder and
bowel function are common features of the disease he
described, and orthostatic hypotension, though less
common, is perhaps the most disturbing form of dys-
autonomia. Parkinsonism features may also occur in
multiple system atrophy of which progressive auto-
nomic failure may be a predominant feature. Parkin-
son's disease and multiple system atrophy can be dis-
tinguished clinically (Bannister and Oppenheimer,
1972). In multiple system atrophy the pathological
basis of autonomic failure, including orthostatic
hypotension, is loss of cells in the intermediolateral
column in the spinal cord (Johnson et al., 1966;
Schwartz, 1967; Chokroverty et al., 1969; Bannister
and Oppenheimer, 1972). In idiopathic paralysis
agitans the pathological basis of dysautonomia is not
yet established. The object of our study was to
evaluate autonomic function in patients with Parkin-
sonism during life and correlate these with pathologi-
cal findings after death.

METHODS

Six patients suffering from idiopathic paralysis agitans
and one from multiple system atrophy were studied.

'Reprint requests: Dr A. H. Rajput, Department of Medicine (Neurol-
ogy), at the above address.
(Accepted 16 June 1976.)

One patient who suffered from brain tumour was used
as a control. All patients were admitted to hospital. A
detailed history of onset and progression ofsymptoms
was obtained and an inquiry into constipation,
urinary retention or incontinence, anal sphincter
problem, sexual impotence, unusual sweating, sebor-
rhoea, sialorrhoea, oculogyric crisis, and postural
dizziness was made in each case. The severity ofmajor
manifestations of Parkinsonism-tremor, rigidity,
and bradykinesia-was graded by the criteria of
Webster (1968). Global disability was measured using
the criteria of Hoehn and Yahr (1967). A complete
blood count, serum electrolytes, urinalysis, chest
radiograph, electrocardiogram (ECG), and electro-
encephalogram (EEG) were obtained before starting
levodopa. Supine and upright blood pressure (BP)
was recorded twice a day before and during treatment
in the hospital. The severity of seborrhoea was
evaluated by a dermatologist. Those who manifested
significant impairment of autonomic function on
clinical evaluation were subjected to specialised
studies which were carried out after the approval of
the Human Experimentation Committee and the
written consent from the patient.

Thermoregulatory sweating pattern was evaluated
by raising the central body temperature by 1°C or
more and dusting the skin with quinizarine powder.
In three patients the effects of postural changes on the
cardiovascular system were measured by intra-
arterial blood pressure studies. Brachial artery punc-
ture was made with a gauge 20 needle and intra-
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arterial blood pressure, cardiac output, and an ECG
were recorded with an Electronics for Medicine
8-channel recorder. These measurements were made
in the supine position until a stable state was reached.
The patient was then made to stand. Those unable
to do so independently were given assistance. The
measurements were repeated immediately and five
minutes after standing. Mean blood pressure was
recorded automatically on the machine in each
position. Valsalva's manoeuvre was attempted, but
the results were not reliable enough for publication.

After discharge from hospital on maintenance dose
of drugs, the patients were reevaluated in the out-
patient department at six-monthly intervals. On each
occasion the status of autonomic function was in-
quired into, severity of Parkinsonism features
assessed, and supine and upright BP were recorded.
Drop in systolic BP ofmore than 30 mmHg or to the

level of 80 mmHg in the upright position that was
associated with dizziness or other neurological symp-
toms was regarded as orthostatic hypotension.

After death, examination of the brain, spinal cord,
and sympathetic ganglia was performed in all Parkin-
sonism patients and in the control case. Special
attention was paid to the areas that have been
suggested as the basis of autonomic dysfunction in
this condition.

CASE 1

C.H. was a 48 year old male. At the age of 41 years he
noted shaking in the right arm. At the age of 45 years
he had generalised rigidity and bradykinesia and bi-
lateral coarse tremor. He had noted some reduction in
his sexual performance but still attained penile erec-
tion. The supine BP was 130/76 and in the upright
position it was 128/80 mmHg. While on treatment
there was no evidence of orthostatic hypotension. He
improved on L-dopa, 6 g daily. Thirty months later he
noted fluctuations in his symptoms from day to day
and hour to hour and was put on trihexyphenidyl,
6 mg daily. He developed urinary retention for which
he was hospitalised and the trihexyphenidyl was
discontinued. The chest radiograph, urinalysis, blood
count, serum electrolytes, ECG, and EEG were all
normal. He was afebrile and normotensive. He suf-
fered from recurrent episodes of generalised sweating
without a known cause. Thirty minutes after one such
episode he was noted to be fully conscious, normally
orientated, had mild features of Parkinsonism, and
had tachycardia with regular pulse. Thirty minutes
later a nurse found him dead in bed. At necropsy no
satisfactory cause of death could be established.
Microscopic examination of the brain revealed severe
loss of pigmented cells in the substantia nigra and

slight loss in locus coeruleus and dorsal nucleus of
vagus. Intracytoplasmic Lewy bodies were seen in
some remaining cells. No abnormalities were found
in the spinal cord or the hypothalamus. Sympathetic
ganglia contained occasional Lewy bodies, but no
reduction in nerve cell population was detected.

CASE 2

O.D. was a 68 year old male. His symptoms began at
the age of 65 years. At the age of 67 years he had ad-
vanced Parkinson's disease but was still able to get
around with some assistance. He had a moderate
degree of seborrhoea. The supine BP of 120/82 drop-
ped to 96/78 mmHg in the upright position. He was
treated with L-dopa, 4 g daily. On treatment, im-
provement of the features of Parkinsonism was noted,
but he experienced dizziness on standing. The BP was
140/90 supine and 90/60 mmHg in the upright posi-
tion. The dizziness did not produce significant func-
tional handicap. Ten months later he was hospitalised
because of his deteriorating general health and a diag-
nosis of multiple myeloma was made. He died in the
hospital. At necropsy generalised plasma cell myelo-
matosis was detected. Massive pulmonary embolism
and a recent coronary artery thrombosis were the
immediate causes of death. Microscopic examination
of the nervous system revealed decrease in the nerve
cell population of pigmented nuclei of the brain-
that is, substantia nigra and those of the brain stem.
Lewy bodies were seen in a number of cells. Examina-
tion of the hypothalamus and the spinal cord dis-
closed normal findings. A moderate reduction in
number of nerve cells and occasional Lewy bodies
were seen in the sympathetic ganglia.

CASE 3

M.W. was a 77 year old female. She noted slowing
down in her motor activities when aged 66 years. By
the age of 74 years she had moderately advanced
Parkinson's disease. Her supine BP was 130/80 and in
the upright position it was 110/80 mmHg. She had a
history of constipation, but no other evidence of
autonomic function abnormalities. She was treated
with L-dopa, 1.75 g daily. Six months later she experi-
enced episodes of 'faint feeling' for which no cause
could be established. At no time during her follow-up
was orthostatic hypotension or other significant
autonomic dysfunction clinically evident. Three
weeks before her death she fell and fractured her left
patella. Bilateral bronchopneumonia and pulmonary
embolism were regarded as immediate cause of death.
Microscopic examination of the brain revealed severe
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loss ofnerve cells in the substantia nigra and slight loss
in the locus coeruleus and dorsal nucleus of vagus.
Lewy bodies were seen in some cells in these regions.
In the sympathetic ganglia a number of axonal swell-
ings were found, but the cell population was normal
and there were no Lewy bodies. The spinal cord and
hypothalamus were free from pathological changes.

CASE 4

O.S. was a 78 year old male. He noted slowing of
motor activities when aged 70 years. By the age of 76
years he had clinical features of advanced Parkin-
sonism, but he could still walk short distances in-
dependently. His supine BP was 170/85 mmHg; two
minutes after standing he complained of dizziness and
the BP was 130/70 mmHg. Intra-arterial blood pres-
sure studies revealed:

Supine Standing Standing
(resting) (immediate) (5 min)

Heart rate 66 75 85
BP (mmHg) 159/77 125/67 110/70
Mean BP (mmHg) 109 93 86

ridden. Her supine BP was 130/80 mmHg and it
dropped to 120/70 mmHg when she was assisted to
stand. She was treated with amantadine hydro-
chloride, 200 mg/day and L-dopa, 6 g daily. There was
no functional improvement on treatment; however,
on several occasions she suffered from oculogyric
crisis. Although oculogyric crisis is often regarded as
pathognomonic of postencephalitic Parkinsonism,
this patient had neither history nor pathological
findings consistent with that diagnosis.

Significant orthostatic hypotension was not docu-
mented at any time. She died in the hospital from
acute bronchopneumonia. A spongy thalamotomy
scar approximately 0.7 cm diameter was seen in the
right thalamus. Examination of the substantia nigra
revealed severe loss of pigmented cells and dense
gliosis. Slight cell loss was noted in the locus coeruleus
and dorsal nucleus of vagus. Lewy bodies were seen in
some of the remaining cells in these regions. Intra-
cytoplasmic inclusions were also found in several
cells of the third nerve nucleus (Fig. 1) and in large
numbers in the nuclei of the hypothalamus (Fig. 2).
Sympathetic ganglia contained a few Lewy bodies but
no obvious loss of nerve cells was noted. Examination
ofthe spinal cord revealed no abnormalities.

He complained of some constipation and had a
moderate degree of seborrhoea. He was treated with
L-dopa, 3 g daily. On treatment clinical improvement
was noted, but the dizziness in the upright position
got worse. Supine BP of 150/80 dropped to 80/50
mmHg immediately and 94/64 mmHg two minutes
after standing. At the age of 78 years he suffered a left
femur fracture for which an Austin-Moore prosthesis
was inserted. Twelve days later he died of bilateral
acute bronchopneumonia. The brain weighed 1240 g.
There was a striking loss of nerve cells in the sub-
stantia nigra and a slight loss in the locus coeruleus
and the dorsal nucleus of vagus. A few Lewy bodies
were seen in the remaining cells. No significant patho-
logical changes were found in the hypothalamus or
spinal cord. In the sympathetic ganglia there was
slight loss of nerve cells and occasional Lewy bodies.
The severity of sympathetic ganglia lesions correlated
approximately with the orthostatic hypotension in
this patient.

CASE 5

A.C. was a 76 year old female. She noted shaking in
the left arm when aged 58 years. A right thalamotomy
was done at age 66 years, but her condition deterio-
rated steadily. At the age of 76 years she was bed-

CASE 6

M.M. was a 72 year old female. At the age of 58 years
she experienced dizziness on standing. At age 60
years her BP was 180/110 mmHg in the supine and
120/90 mmHg in the upright position. At 62 years of
age she had moderate rigidity and bradykinesia, but
very little tremor. A diagnosis of Parkinson's disease
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FIG. 1 Case 5. Intracytoplasmic bodies ofLewy type
in the 3rd nerve nucleus, H and E, x 300.
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FIG. 2 Case5. Lewy body in the hypothalamus. Hand
E, x 300.

was made and she was treated with anticholinergic
drugs. By age 69 years mild memory deficit and inter-
mittent confusion were noted. On L-dopa the ortho-
static hypotension was more pronounced and the
dose could not be increased beyond 1 g per day. On
treatment her supine BP varied from 180/110 to
118/70 mmHg and in the upright position it was un-
recordable at times. All drugs were discontinued for
four weeks and her condition was then reevaluated.
At this time she had a moderate degree of seborrhoea
and a sweat test revealed slight sweating in the axillae,
antecubital fossa, palms and groins, but no sweating
over the face, neck, feet, or rest of the body. Her
supine BP showed considerable fluctuations-90/58
to 230/130 mmHg, the reasons for which were not
obvious. In the upright position a marked drop in BP
was noted and at times it was unrecordable. She
fainted on several occasions while standing. Intra-
arterial BP studies revealed:

brain weighed 1200 g. There was slight patchy
atheromatosis of the main cerebral arteries. Multiple
sections of the cerebral cortex and the hypothalamus
revealed no abnormalities. In the substantia nigra
there was severe loss of melanin-containing cells and
Lewy bodies were seen in many cells. Less severe
changes were found in the locus coeruleus and dorsal
nucleus of vagus. Sections of the spinal cord indicated
slight loss of nerve cells in the intermediolateral
column-10-1 1 cells per section on each side at T1-T2
spinal cord segmental level. The sympathetic ganglia
revealed a striking loss and degenerative changes of
nerve cells, collection of round cells 'nodules of
Nageotte', diffuse fibrosis (Fig. 3a), axonal swellings,
and numerous Lewy bodies (Fig. 4). In the middle
portion of the pons several confluent areas of recent
demyelination were seen, but there was no disruption
of the axis cylinders or damage to the pontine nuclei.

CASE 7

D.C. was a 52 year old male. At the age of 46 years he
developed urinary retention for which transurethral
prostatic resection was performed. Two years later
he had loss of sexual potency, constipation, difficulty
in walking, and deterioration of handwriting. At the
age of 50 years a diagnosis of Parkinson's disease was
made and he was treated with L-dopa, 2 g daily. On
treatment he experienced severe dizziness on rising so
the drug was discontinued. At the age of 51 years he
had mild generalised bradykinesia and rigidity, bi-
lateral intermittent resting tremor, generalised hyper-
reflexia and extensor left plantar response. The supine
BP was 96/68 mmHg which dropped to 60/50 mmHg
immediately on rising and to 50/40 mmHg two
minutes after standing. Intra-arterial studies revealed:

Slupine Standing Standing
(resting) (inmmediate) (5 min)

Heart rate 75 89 85
BP (mmHg) 226/121 118/70 134/78
Mean BP (mmHg) 166 94 106

Suipine Standing Standing
(resting) (immediate) (5 min)

Heart rate 68 108 120
BP (mml-fg) 192/103 126/82 87/59
Mean BP (mmHg) 138 95 69

Three months before death she complained of
intermittent diplopia but no extraocular muscle
abnormalities could be detected. One month before
death she had myoclonic jerks in the upper extremi-
ties, dementia became more evident, and she had
occasional urinary incontinence. Acute broncho-
pneumonia was the immediate cause of death. The

He had moderate seborrhoea. The sweat test revealed
absence of sweating below the level of the mid thighs
and only mild sweating elsewhere. On several occa-
sions large quantities of residual urine-that is 500 ml
or more-were drained. He was treated with amanta-
dine, 200 mg/day, which did not help his symptoms.
Nine months later he was readmitted and severe
orthostatic hypotension was documented again. On
several occasions the BP was unrecordable in the
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upright position. He was given levodopa-carbidopa
(Sinemet),2 three tablets a day, with only minimal
improvement in the features of Parkinsonism.
Orthostatic hypotension remained the major problem
and he was tried on tranylcypromine, 2.5 mg four
times daily in addition to Sinemet. The BP showed
wide fluctuations from hypertensive states at rest to
unrecordable in upright position. Different com-
binations of these three drugs and fludrocortisone
acetate were tried; however, the blood pressure
2Merck Sharp and Dohme Limited. Tablet containa L-dOpa, 250 mg
and carbidopa, 25 mg.

rV, ~ tJ
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system atrophy. (c) Case 8. Normal ste/late gang/ion
in control.

control remained erratic and unpredictable. On the
day of his death he returned to his Ied after using
the washroom around midnight. Two hours later a
nurse found him dead in bed. At the time of his death
he was takingeL-dopa, i g daily and tranylcypromine,
15 mg daily. At necropsy no definite cause of death
could be established. Neuropathological findings
indicated multiple system degeneration of the brain.
Nerve cell loss and gliosis were noted in the putamen,
substantia nigra, locus coeruleus, and dorsal nucleus
of vagus. Loss of Purkinje cells of the cerebellum and
some loss of anterior horn cells of the spinal cord
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FIG. 4 Case 6. Lewy bodies in
nerve cellprocesses within the
stellate ganglion. Nissl stain,
x 280.

were evident. A considerable reduction of cells-five
to seven cells per section on each side-and associated
gliosis were noted in the intermediolateral cell column
of the spinal cord. Mild demyelination of the anterior
and lateral columns of the spinal cord was present.
There was slight loss of nerve cells in the sympathetic
ganglia (Fig. 3b), but no Lewy bodies were visualised.

CASE 8

(Control) B.M. was a 58 year old female. She had no
clinical evidence of dysautonomia and she died 10
weeks after the onset of her symptoms. At necropsy
acute bronchopneumonia was confirmed as the im-
mediate cause of death. There was an infiltrating
glioblastoma multiforme in the right thalamus
extending to the superior colliculus of the midbrain.
Substantia nigra and pigmented nuclei of the brain
stem were normal. Examination of the spinal cord
revealed no abnormalities and the sympathetic
ganglia (Fig. 3c) were unremarkable.
The clinical features of these cases are summarised

in Table 1 and the pathological findings in Table 2.

DISCUSSION AND CONCLUSION

Vegetative symptoms indicative of under or over-
activity of the automatic nervous system are a com-
mon feature of Parkinson's disease (Selby, 1968;
Appenzeller and Goss, 1971). The disability produced
by these symptoms in most cases is, however, mini-
mal. Orthostatic hypotension is perhaps the most
disabling autonomic abnormality in Parkinsonism.

Severe orthostatic hypotension in idiopathic paralysis
agitans has been reported by Vanderhaeghen et al.
(1970) and Bannister and Oppenheimer (1972). In
most untreated cases of paralysis agitans and those
treated with anticholinergic drugs, the postural drop
in BP is asymptomatic. Gross et al. (1972) have
demonstrated that postural drop in BP in the upright
position is significantly greater even in mild cases of
idiopathic paralysis agitans than in the normal popu-
lation. Evaluation of postural drop in BP may there-
fore serve as a reasonably good guide to autonomic
function in idiopathic paralysis agitans. It can be
measured accurately in a clinical as well as an experi-
mental setting.
The pathological basis oforthostatic hypotension in

patients suffering from multiple system atrophy is
believed to be cell loss in the intermediolateral column
of the spinal cord (Johnson et al., 1966; Schwarz,
1967; Chokroverty et al., 1969; Bannister and
Oppenheimer, 1972), but the site of the lesion
responsible for postural hypotension in paralysis
agitans is not yet established. There is no large study
dealing with clinical dysautonomia and its patho-
logical correlates in that disease. Most information
on the subject is based on recent physiological and/or
pharmacological studies. Appenzeller and Goss
(1971) postulated that hypothalamic lesions were at
the basis of dysautonomia in idiopathic paralysis
agitans. Pathological lesions in the hypothalamus are
rare, whereas dysautonomia is very common in this
condition. We detected lesions in this region in only
one case who suffered from oculogyric crisis, but no
hypothalamic pathology was noted in other cases who
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TABLE 1
CLINICAL FEATURES IN SIX PATIENTS WITH IDIOPATHIC PARALYSIS AGITANS, ONE WITH MULTIPLE SYSTEM ATROPHY

(CASE 7) AND ONE CONTROL (CASE 8)

Case

1 2 3 4 5 6 7 8

Sex M M F M F F M F
Age at death (yr) 48 68 77 78 76 72 52 58
Duration of illness (yr) 7 3 11 8 18 14 4 10/52
Resting tremor (maximum) +++ + + + +++ + + 0
Rigidity (maximum) ++ +++ ++ +++ +++ +++ + 0
Bradykinesia (maximum) + + +++ + + +++ +++ +++ + 0
Degree of global

disability (maximum) IV IV IV IV V V 11 0
Bladder dysfunction + 0 0 0 0 ? +++ 0
Constipation + 0 + + + + + 0
Sexual impotence ? 0 NA 0 NA NA +++ NA
Sweating abnormalities +++ 0 0 0 0 + + + + 0
Oculogyric crisis 0 0 0 0 + 0 0 0
Postural hypotension

Before L-dopa 0 0 0 + 0 +++ +++ 0
On L-dopa 0 + 0 ++ 0 +++ +++ NA

Excess seborrhoea ++ ++ + ++ + + ++ 0

+ mild. + + moderate. + + + severe. 0 negative.
NA: not applicable. ?: not definite.

TABLE 2

PATHOLOGICAL FINDINGS IN SIX PATIENTS WITH IDIOPATHIC PARALYSIS AGITANS, ONE WITH MULTIPLE SYSTEM
ATROPHY (CASE 7) AND ONE CONTROL (CASE 8)

Case

1 2 3 4 5 6 7 8

Substantianigra +++ ++ +++ +++ +++ +++ ++ 0
Locus coeruleus + + + + + + + 0
Dorsal nucleus of vagus + + + + + + + 0
Cerebral cortex 0 0 0 0 0 0 0 0
Hypothalamus 0 0 0 0 + 0 0 0
Intermediolateral sp. cord 0 0 0 0 0 + ++ 0
Sympathetic ganglia (cell loss) 0 + + 0 + 0 +++ + 0
Sympathetic ganglia (Lewy bodies) + + * + + + + 0 0
3rd nerve nucleus 0 0 0 0 + 0 0 0
Other CNS lesions 0 0 0 0 Rt. thal. CPM Ant. H, GbM

lesion Purk, LT

0 negative. + slight. + + moderate. + + + marked. * axonal swellings.
CPM: central pontine myelinolysis. Purk.: Purkinje cells of cerebellum. Ant. H: anterior horn cell. LT: spinal cord long tract. GbM: glioblastoma
multiforme.

suffered from significant orthostatic hypotension.
Oculogyric crisis has often been regarded as a dis-
tinctive feature of postencephalitic Parkinsonism.
Case 5, however, had neither history nor pathological
findings that indicated a postencephalitic basis of
Parkinsonism. We have seen severe recurrent oculo-
gyric crisis which resolved rapidly with levodopa
therapy in a patient suffering from dystonia muscu-
lorum deformans (Rajput, 1973). This sign therefore
cannot be regarded as pathognomonic of post-

encephalitic Parkinsonism. Aminoff and Wilcox
(1971) suggested lesions in the supraspinal centres
(without specifyingmore precisely). Gross et al. (1972)
suggested that the most likely site of the lesion res-
ponsible for postural hypotension was above the level
of the medulla, but they entertained the possibility of
lesions elsewhere in the nervous system. Substantia
nigra lesions are the most consistent pathological
finding in idiopathic paralysis agitans and the locus
coeruleus and dorsal nucleus of vagus are frequently
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involved in this condition (Greenfield, 1963). Our data
show no correlation between autonomic dysfunction
and severity of pathological changes in either of these
areas, and we are not aware of any report showing
such correlation. The difficulty with localising the site
of the lesion on the basis ofphysiological and pharma-
cological data alone is pointed out by Bannister and
Oppenheimer (1972). The answers to these questions
should be sought in studies of a more comprehensive
clinicopathological nature.
The normal cell population-13 to 14 cells on each

side, in the intermediolateral column at the first and
second thoracic segment levels of the spinal cord
(Bruce, 1901)-was reduced only minimally in case 6
of our series. The cells in this area are significantly
depleted in multiple system atrophy. Although the
degree of orthostatic hypotension in case 6 (paralysis
agitans) and case 7 (multiple system atrophy) are
comparable, the loss of cells in this region of the
spinal cord was much more pronounced in case 7.
Two other patients had orthostatic hypotension.
Case 2 only after L-dopa therapy, and case 4, before
and on L-dopa. Neither of these two cases had
pathological changes in the intermediolateral cell
column. Thus neither the supraspinal nor the spinal
cord lesions correlate with orthostatic hypotension
in idiopathic paralysis agitans.
Lewy bodies in the sympathetic ganglia have been

demonstrated (Den Hartog Jager and Bethlem, 1960;
Greenfield, 1963), but their frequency and the role,
if any, in the production of dysautonomia has not
been established so far. Den Hartog Jager and
Bethlem (1960) found Lewy bodies in five of their six
cases. Vanderhaeghen et al. (1970) reported identical
pathological data and proposed that these lesions be
regarded as characteristic of idiopathic paralysis
agitans. They also postulated that the lesion in the
sympathetic ganglia may play an important role in
the production of orthostatic hypotension in these
cases. We found Lewy bodies in five of the six cases
suffering from paralysis agitans (Table 2). They were
most numerous in case 6 (Fig. 4) who suffered from
the most severe orthostatic hypotension. An estimate
of cell population in the sympathetic ganglia revealed
loss of cells to be severe in case 6, moderate in case 2,
and mild in case 4. The overall severity of the
sympathetic ganglia lesions in paralysis agitans,
Lewy bodies and cell loss showed correlation with
orthostatic hypotension (Tables 1 and 2). Sympa-
thetic ganglia are often excluded from histological
examination at necropsy. Therefore the incidence and
significance of these lesions might have been over-
looked. The difference in the severity of sympathetic
ganglia lesions in idiopathic paralysis agitans and
multiple system atrophy is evident in Figs 3a and 3b.

Pathological lesions elsewhere within the central

nervous system show no correlation with orthostatic
hypotension in particular and with clinical dysautono-
mia in general in cases of idiopathic paralysis agitans.
In multiple system atrophy we found lesions at the
same sites as previously reported. Case 5, who had
recurrent oculogyric crisis, was the only one who had
lesions in the third nerve nucleus and the hypo-
thalamus. Whether this is a significant clinico-
pathological correlation remains to be confirmed.
We believe that recent central pontine myelinolysis
in case 6 was not responsible for longstanding
dysautonomia in this patient.
We found no relation of age, sex, duration of

illness, or severity of illness to dysautonomia in
idiopathic paralysis agitans, but the three patients
(cases 2, 4, and 6) who suffered from orthostatic
hypotension before and/or on L-dopa therapy, had
prominent akinesia and rigidity, and only minimal
tremor.

Additional studies are needed into autonomic
function in idiopathic paralysis agitans. These
studies should include examination of spinal cord
and sympathetic ganglia. Since paralysis agitans is a
common disorder, these patients provide valuable
opportunity for scientific studies and better under-
standing of autonomic nervous system functions in
man.

The authors are grateful to Dr M. Mori, Dr T.
Wilson, and Dr W. Kushniruk for their assistance in
evaluation and management of these cases.
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