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SURGERY IN PARKINSON'S DISEASE
By LESLIE C. OLIVER, M.B., B.S., F.R.C.S.
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FIG. I.-The origin and course of the anterior choroidal artery. From Carpenter,
Noback and Moss.

(By coturtesy of the Editor of the 'Archives of Neurology and Psychiatry.')

Introduction
All methods of surgical attack so far employed

in the treatment of Parkinson's disease and post-
encephalitic Parkinsonism aim at symptomatic re-
lief only. No author, however enthusiastic, has
claimed to cure these diseases. Tremor, the most
obvious manifestation, has claimed most attention,
but although it is the commonest early symptom
and is present in the majority of patients with the
completely developed syndrome, it is far from
being the commonest presenting symptom. To
operate for tremor when disability is the complaint
leads only to increased disability. By disability I
mean slowness and poverty of movements despite
the presence of adequate muscular power. Some
patients-a small minority-seek relief from
severe embarrassing or disabling tremor; it is from
this group that patients are selected for operation.

In this brief report the operative procedures are
arranged in anatomical rather than chronological
order.

Operations Directed at the Globus Pallidus
Coagulation of the anterior choroidal artery.-

This operation was first performed by Cooper
(1953). Occlusion of this vessel (Fig. i) causes
partial infarction of the globus pallidus, one of the
ganglia supposed to be in a state of degeneration
in the Parkinsonian syndrome.
While attempting a pedunculotomy on a

patient suffering from Parkinson's disease, Cooper
accidentally damaged the anterior choroidal artery
and was obliged to coagulate it. The peduncu-
lotomy was then abandoned. After operation the
patient was nevertheless found to be free from
tremor on the opposite side, but there was no
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hemianopia, hemiplegia or hemianaesthesia, which
are expected to follow occlusion of the anterior
choroidal artery (Abbie, I933).

Cooper has continued to coagulate the artery
for Parkinson's disease. He carries out routine
angiography to demonstrate the artery and any
variations of its origin. It usually arises from the
internal carotid artery just above the point of
origin of the posterior communicating artery. The
vessel is exposed by the temporal route and retrac-
tion of the temporal lobe. At least i cm. of the
artery is coagulated in order to destroy anastomotic
vessels.

Cooper has reported on 34 patients; bilateral
operations were performed on six of them. His
mortality is io per cent. but he claims elimination
of tremor and rigidity in all surviving patients.

Browder (I954) has published records of two
patients on whom he carried out this operation,
but the only effect noted was a reduction in the
rate of the tremor on the opposite side.
Although Abbie (I933) demonstrated staining

of many important structures* after injecting dye
into the anterior choroidal artery, Mettler et al.
(I954) showed that bilateral coagulation of the
anterior choroidal artery in the chimpanzee re-
sulted in infarction of a small part of each globus
pallidus only.

Division of the pallido-fugal fibres.-Meyers
(1942) has tried several procedures directed at the
basal ganglia but the operation he prefers is section
of the pallido-fugal fibres (the ansa lenticularis and
the fasciculus lenticularis-Fig. 2). He carries out
the section through the lateral wall of the third
ventricle with a specially designed instrument.
The third ventricle is approached through the
frontal lobe and the anterior horn of the lateral
ventricle. Meyers (I955) has performed, 22
operations in which section of the pallido-fugal
fibres only was done, and his results are as
follows:

No. of
Patients

Much improved (tremor-free; some rigidity
persisting; no clinical neurological deficits
consequent to surgery) .. .. .. 8

Improved (tremor and rigidity reduced but not
abolished; or if abolished, attended by some
degree of post-operative dyspraxia, paresis
or apasticity) .. .. .. .. 10

Unimproved .. .. .. .. .. 2
Operative Mortality .. .. .. .. 2

(Patients were followed up for a minimum of I 8
months and a maximum of 13A years.)

*The globus pallidus, the subthalamic nucleus, the
ventrolateral nucleus of the thalamus, the substantia
nigra, the red nucleus, the ansa lenticularis, the hippo-
campus, the optic tract, the lateral geniculate body, the
posterior limb of the internal capsule and, finally, the
choroid plexus of the inferior horn of the lateral ventricle.
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FIG. 2.-Russell Meyer's diagram showing A. i.-The
pallido-fugal fibres; M.-Meyers' transventricular
route; G.-Guiot's approach.

Other writers claim good results following
division of the pallido-fugal fibres using other
techniques (Fenelon, I952, 1953; Guiot and
Brion, 1953; Spiegel and Wycis, I954).

Carpenter et al. (I950) have been able to produce
choreoid movements in monkeys by partial
destruction of the subthalamic nucleus and have
reduced or eliminated these movements by par-
tially destroying the contralateral globus pallidus.
These experiments were checked by histological
methods.

Operations on the basal ganglia or their efferent
fibres are technically difficult, but have the
advantage of avoiding the pyramidal tract, although
other more vital structures may be in danger. In
most cases there is no check on what has been
done.
Workers in this field seem to ignore the sub-

stantia nigra which is involved to a greater extent
than the globus pallidus in Parkinson's disease.

Ablation of Cortical Projection Areas
Excision of Area 4.-Horsley (I909) was the

first to operate on the frontal cortex for involuntary
movements. He showed that removal of the pre-
central gyrus, Area 4 of Brodmann (Fig. 3),
abolished contralateral athetosis. Bucy (1948 and
195i) has also carried out excisions of the pre-
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FIG. 3.-Brodmann's areas.

central cortex for choreo-athetosis and tremor of
traumatic origin. He has succeeded in completely
eliminating both these types of involuntary
movement at the expense of spastic paralysis of
the affected limbs. He excises Area 4 for tremor
and both Areas 4 and 6 for choreo-athetosis. This
type of operation is suitable only for violent
unilateral involuntary movements when these are
considered to be a worse handicap than paralysis.
From these experiences Bucy concludes that in-
voluntary movements arise in the pre-central area
which is released from the control of the destroyed
basal ganglia. However, the essential fact about
the pathology is that the affected ganglia, with the
occasional exception of the substantia nigra, are
not destroyed but are in various stages of degenera-
tion, with normal and abnormal cells lying side by
side. Therefore there is abnormal function rather
than absence of function.
Ward, McCulloch and Magoun (1948) have

produced alternating tremor at rest in monkeys by
electrocoagulation of parts of the reticular forma-
tion, and have temporarily eliminated the tremor
by excision of Areas 4 and 6.

Excision of Area 6.-Klemme (1940), without
publishing the details of his work, maintains that
Parkinsonian tremor can be abolished contra-
laterally by excision of the pre-motor Area 6 of
Brodmann without damage to Area 4 (Fig. 3).
The patients I have seen who have been operated
on by Klemme have had a severe spastic hemi-
plegia, and reference to one of his published
diagrams and its caption (Fig. 4) will show that
infarction is almost certain to occur beyond the
line of excision. Even if he used the sub-pial
technique of excision there remains the difficulty of
defining the border between Areas 4 and 6 by
electrical stimulation, for there is great variability
iii the threshold of the human cerebral cortex,
and occasionally there is not a sufficient margin

(IV\\(Il
-NI

Large vessels must be coagulated
indi-vidually.

FIG. 4.-One of Klemme's diagrams reproduced with
its original caption, by kind permission of the
Editor of Modern Medicine.

between ineffectual and convulsive currents.
Furthermore, Brodmann's Area 4 gives origin to a
considerable non-pyramidal outflow which would
escape destruction if, as Klemme claims, he can
incise the cortex accurately between Areas 4 and
6. Other workers (Browder, I947; Bucy, I95I;
Putnam, I940; Sachs, I942; Sj6qvist, 1954) have
failed to confirm Klemme's results.

Operations on Cortico-Fugal Fibres
Section of the anterior limb of the internal

capsule.-This operation was first tried by Meyers
(I940) and later adopted by Browder (1948) as his
standard operation for the relief of unilateral
tremor (Fig. 5). A small frontal flap is opened
under local anaesthesia and the internal capsule is
approached through the anterior horn of the
lateral ventricle and exposed by removal of the
head of the caudate nucleus. Division of the
capsular fibres is carried out piecemeal until
contralateral tremor is abolished and flexion
movements of the fingers are nearly lost. There
is a post-operative hemiplegia which quickly
diminishes. The amplitude of the tremor is
greatly reduced. The operation is recommended
for patients with unilateral tremor only. Browder
(1952) has reported improvement in 14 patients
out of i6. There were two deaths.

Pedunculotomy.-This operation was first per-
formed by Walker (I949) for a case of hemi-
ballismus (Fig. 6), and by Guiot and Pecker (I949)
for Parkinsonian tremor, but the latter have given
it up (Guiot, I955) because of the profound hemi-
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FIG. 5.-Dr. Jefferson Brow-
der's illustrations of anterior
capsulotomy reproduced by
kind permission of the Editor
of the American Journal of
Surgery.

FIG. 6.-Reproduction of Earl Walker's illustration
showing the extent of his pedunculotomy.
(By kind permission of the Editor of the ' Acta Psychiatrica et

Neurologica.')
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-Putnark's pyrmidotmy.

FIG. 7.

paresis that must be produced to eliminate tremor
completely.

Operations on the Spinal Efferents
Pyramidotomy.-One of the patients whose

record appears in James Parkinson's (I8I7) mono-
graph had a cerebral apoplexy and immediately
lost the tremor on the hemiplegic side. This
observation, together with the knowledge that
section of the pyramidal tract in monkeys causes
little or ho lasting disability, led Putnam (1940,
1950) to divide the crossed pyramidal tract
unilaterally at the second cervical level for unilateral
tremor (Fig. 7). Out of 22 patients, 15 showed
reduction of tremor. Most of these patients
recovered from the post-operative hemiplegia.
The minimum follow-up period was one year.

I have done 76 Putnam operations and the
results are classified as follows:

(a) Unilateral cordotomy for unilateral tremor:
Operations .. .. .. .. 20
Successful .. .. .. .. 10
No change .. .. .. .. 9
Worse .. .. .. .. ..
Deaths .. .. .. .. ..

(b) Unilateral cordotomy for the worst side:
Operations .. .. .. .. 24
Successful .. .. .. .. 2
No change .. .. .. .. 13
Worse .. .. .. .. .. 9
Deaths .. .. .. .. .. o

(c) Bilateral cordotomy for bilateral tremor (two stages):
Operations .. .. .. I0 (5 patients)
Successful .. .. .. I (patient)
No change .. .. .. I
Worse .. .. .. .. I
Deaths .. .. .. .. 2

tt

-GdmpIets seetion of the lateral column.

FIG. 8.

(d) Bilateral cordotomy for bilateral tremor (one stage):
Operations .. .. .. .. 20
Successful .. .. .. .. 3
No change .. .. .. .. 6
Worse .. .. .. .. .. 9
Deaths .. .. .. .. .. 2

A successful result implies that in the patient's
opinion worthwhile improvement had been accom-
plished. Complete elimination of tremor by this
operation is exceptional.

Several interesting facts were established by
these cordotomies. Perhaps the most surprising
of them is that little or sometimes no neurological
deficit follows division of the posterior half of the
lateral column at the second cervical level, even
when bilateral cordotomy is performed.

Patients with bilateral manifestations of the
disease have little prospect of relief by pyramid-
otomy, although those with unilateral tremor have
a 50 per cent. chance of considerable reduction in
the amplitude of the tremor. Patients who, after
cordotomy, had evidence of damage to the spino-
thalamic tract had most relief. This last observa-
tion led me eventually to divide the whole of the
lateral column.

Complete section of the lateral column.-This
operation (Oliver, 1950, I953) is performed on
patients with marked longstanding unilateral tremor
and no suspicion of any of the Parkinsonian
manifestations in the opposite limbs (Fig. 8).
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Tremor must be the presenting symptom and
must be making life intolerable, and the patients
should be free from psychopathic tendencies. The
operation is rarely indicated in patients with the
generalized syndrome, for the disability is likely to be
greatly increased. Complete division of the lateral
column should never be done bilaterally.

Immediately after operation there is a total
flaccid hemiplegia with a positive Babinski reflex;
tremor is absent; there is analgesia and therman-
aesthesia on the opposite side up to a level which
usually includes all or part of the upper limb;
Horner's syndrome is always present but eventu-
ally disappears. Temporary retention of urine
occurs in some cases.

Recovery from the hemiplegia begins in a few
days. It occurs more quickly and more completely
in the lower than in the upper limb. All patients
were able to walk without assistance in from three
to four weeks. Rigidity, whether cog-wheel or
lead-pipe in character before operation, is usually
reduced. If cog-wheel rigidity is present before
operation it is converted into lead-pipe rigidity
by the operation.

Results:
Operations .. .. .. .. 14
Successful .. .. .. .. I2
Failures 2.. .. .. .. ..

Deaths .. .. .. .. .. o

Follow-up: Longest period, six years five months;
shortest period, three years six months (three more than
six years; eight more than five years but less than six
years).

Almost complete abolition of tremor is obtained;
the hemiparesis is much less than would be
expected and was severe in only one of my
patients, who had an almost useless upper limb
and had to have an arthrodesis of her ankle and
tarsal joints.

Sj6qvist (1954), just before he died, published
his experience with this operation. He reported
I i successful results out of I7 cases. One patient
died from pulmonary embolism. He stated that
the majority of his patients were completely in-
capacitated at the time of operation and seven
patients were able to return to work afterwards.
His conclusions regarding the indications for
operating are the same as my own.
Le Beau (1955) has also had successful results

with complete section of the lateral column.
Neuroanatomy.-Some conclusions regarding

the anatomy of the human spinal cord seem
justified by the foregoing experiences. The lateral
pyramidal tract is evidently not the slender bundle
represented in textbook diagrams, for the extent
of residual paresis following cordotomy in the
human subject increases as the section is extended
forward and is greatest when the whole of the

lateral column is divided. Sometimes an incision
limited to the posterior half of the lateral column,
in the cervical region, causes no permanent
paresis, and spinothalamic tractotomy, performed
for intractable pain, usually produces little or no
permanent paresis. It may, therefore, be con-
cluded that the lateral pyramidal tract is diffusely
distributed throughout the lateral column with a
tendency for its fibres to be concentrated in the
posterior part of the lateral column. These
observations are derived from cordotomy in the
upper cervical region. The situation may be
different at lower levels.

Bilateral division of the posterior spino-cerebellar
tracts and unilateral division of the anterior and
posterior spino-cerebellar tracts are without demon-
strable effect.

Horner's syndrome is rare after section of the
posterior half of the lateral column and after spino-
thalamic tractotomy, but is always present as a
temporary phenomenon after complete section of
the lateral column. It follows that the nerve
fibres concerned are diffusely distributed in the
human spinal cord.

Conclusion
I wish to stress that only a small proportion of

patients suffering from Parkinsonism can derive
benefit from surgery, and great care is necessary
in their selection. Exaggerated claims for surgery
have no doubt been made but it is important that
prejudice should not deprive some patients of
symptomatic relief.

Historical Note
This year (I955) is the bicentenary year of

James Parkinson (1755-I824) who, while working
as a general practitioner in the East End of
London, wrote a short monograph on the disease
which now bears his name.
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