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Our results are not in agreement with those of a recent
investigation of the role of bone cement as a releasing factor
for the genesis of fat embolism in cats (Dustmann et al., 1972).
These workers also used Plasticine as a control substance and
observed no haemodynamic disturbance when it was inserted.
Details of the blood pressure changes were not given, but it was
stated that in most cases when cement was inserted there was a
fall in peripheral blood pressure and a rise in central venous
pressure. Histological evidence of massive fat embolism was
seen in the lungs in six out of eight experiments with cement
and minimal fat embolism in all eight experiments with Plasti-
cine. The reason for this difference in results is not known,
though there were differences in operative and insertion tech-
niques and in the anaesthetic agents used.

Several instances of cardiac arrest during or after insertion of
the Thompson femoral head prosthesis in man were attributed
to pulmonary fat embolism (Burgess, 1970; Dandy, 1971;
Gresham et al., 1971) and a recent retrospective study identified
this operation as entailing a special risk of death from this cause
(Sevitt, 1972). The identification of fat and marrow cells in
the femoral venous blood and lungs of a number of animals
confirms the risk of embolism under experimental conditions.
It is unlikely, however, that the acute hypotensive effect is
caused by a factor carried in the blood since it occurred when the
femoral venous return was prevented, and its onset was not
delayed by the introduction of a 30-cm shunt. A delay of at
least five seconds would be expected on the basis of measure-
ments of femoral venous flow. On four of the five occasions
when blood was collected from the femoral vein draining the
limb subjected to Plasticine insertion, there was no change in
arterial pressure on reinfusion of this blood a few seconds later.
In one experiment, however, there was a protracted fall in
blood pressure accompanied by a rise in central venous pressure.
The release of fat, marrow cells, or other materials into the
circulation was a common occurrence judging from the histo-
logical e ation of the lungs and femoral venous blood.
Probably this was responsible for the occasional observations of
protracted cardiovascular events, but the acute falls in blood
pressure which occurred on almost every occasion may have
been reflex in nature. The possibility should be considered that
the hypotensive episodes which appear common after cement

insertion in man (Harris, 1970; Ling and James, 1971; Phillips
et al., 1971; Thomas et al., 1971) have a different pathogenesis
from that leading to the relatively rare cases of cardiac arrest.

In conclusion, this animal preparation gives a reproducible
acute fall in arterial blood pressure in circumstances similar to
the operative situation in man and the results suggest that the
mode of implantation is more important than the material
implanted. Experiments are in progress to further elucidate the
nature of the depressor effect and the means of preventing it.
These experiments will be reported in detail later.

We thank Dr. R. F. Crampton, Director of B.I.B.R.A., for his
suggestions and comments on the paper. Also we are grateful to Dr.
P. Grasso for his opinion on the tissue pathology, and for his advice
and encouragement.
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"On-Off" Phenomena Related to High Plasma Levodopa
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Summary

The neurological deficit and plasma concentrations of
levodopa have been studied in a Parkinsonian patient
experiencing "on-off" phenomena. Blind evaluations of
transient attacks of dysphomna revealed an association
between episodes ofneurological deterioration and excep-
tionally high plasma concentrations of levodopa shortly
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after ingestion. These results indicate that "on-off"
phenomena can be toxic reactions to levodopa rather than
deteriorations due to inadequate intake or absorption
of the drug. Management of patients subject to such
attacks should be aimed at minimizing fluctuations in the
serum level of the drug.

Introduction

Rapid spontaneous fluctuation of symptoms and signs has long
been recognized as a characteristic feature of the Parkinsonian
syndrome. The commonest manifestations are the exacerbations
of tremor which occur when a patient is anxious and the transient
episodes which suddenly freeze a patient to immobility when
walking. Since the introduction of levodopa, oscillations in
performance, often termed as the "on-off" effect or akinesia
paradoxica, have been reported with increasing frequency
(Cotzias et al., 1969; Barbeau et al., 1971; Barbeau, 1972;
McDowell, 1972; Markham, 1972; Yahr, 1972; Damasio et al.,
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1973). These attacks comprise a more profound and prolonged
motor deficit than those encountered before treatiment with
levodopa. Akinesia is the predominant feature, commonly
accompanied by distress. There may be a reduction or less often
an increase in muscle tone. Hyperkinesia, tremor, and confusion
have been reported. Several patients have also complained of
a hot flushing sensation in these attacks. "On-off" phenomena
develop over a few minutes, and clear spontaneously over a
similarly dramatic short time course. They usually last between
30 minutes and three hours and often recur at the same time
each day. It has been suggested that they are commonest in
patients who have been taking rather high doses of levodopa
for long periods, at least 18 months. Those who initially respond
well to therapy are more likely to encounter this problem.
Damasio et al. (1973) reported a prevalence of "on-off" pheno-
mena of nine out of 100. As their mechanism is not known, a
rational approach to their management has not been formulated.

In this study clinical observations were correlated with
estimations of the plasma concentration of levodopa in a single
patient experiencing frequent "on-off" attacks. As the main
motor manifestation of her neurological deterioration was dys-
phonia, it was possible to record her voice on magnetic tape
and subsequently assess the severity of disability in a blind
situation in which the evaluator had no knowledge of the time
at which the various recordings were made.

Patient and Methods

The patient was a woman of 67 years. There was no history of
encephalitis or exposure to drugs producing Parkinsonism. She
had no relatives with Parkinsonism. In 1959 she developed
tremor of her right hand. In 1960 an expressionless facies
and minimal resting tremor in the left hand were noted. A
diagnosis of idiopathic Parkinsonism was made and stereotactic
surgery was performed on the right thalamus in 1961 with
noticeable improvement of the tremor in her left hand. In 1962
a similar operation was performed on the left thalamus but this
was followed by a dense right hemiplegia which persisted. Over
the next 10 years slow deterioration occurred, with increased
rigidity in all four limbs and pronounced hypokinesia.

In August 1970 she was started on levodopa therapy, achieving
a maximumn tolerated dose of 6-25 g a day over five months.
At this stage the only adverse reactions were occasional nausea

and minimal postural hypotension. In October 1971 episodes of
confusion occurred and the dose was reduced to 5 g a day. Her
Parkinsonian features had greatly improved but she complained
of attacks of flushing, and in September 1972 she was started
on propranolol 20 mg daily which led to some improvement in
this symptom.

In January 1973 her husband noticed a sudden deterioration
in her condition with frequent episodes of dysphonia and con-

fusion. These attacks tended to occur after lunch and lasted
from one to four hours. No dyskinesia was encountered. The
patient was taken into hospital. The day after admission oral
levodopa (1.0 g) was administered during breakfast (8 a.m.)
and lunch (12 noon). Full neurological examination was per-

formed at hourly intervals, grading her deficits according to an

arbitrarily defined clinical scoring protocol (0 representing
normality; 4 maximal deficit) as described by Calne et al. 1971.
Every hour her voice was recorded on magnetic tape (Uher
Universal 5000, tape speed 3j in (7-7 cm) per second). At each
recording she repeated standard words, with a request that she
speak as loudly and clearly as possible. Her speech was sub-
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sequently evaluated, zero score representing normal volume and
articulation. Maximum disability, where difficulty was en-
countered in deciding whether the patient's voice emerged
above the noise level of the recording system, was given a score
of 4.
Over the day that clinical assessments were made, samples of

venous blood were taken at hourly intervals. The blood was
centrifuged in tubes containing heparin and sodium meta-
bisulphite. The amino-acid fraction was separated on a Dowex
column, oxidized to hydroxy-indole derivatives, and assayed
fluorimetrically for levodopa as described by Reid et al. (1972).

Results

Clinical evaluations of mental state, facial movement, finger
dexterity, tone, power, and tendon reflexes showed only two
trends. Confusion and facial hypokinesia were both increased
at 1 p.m. and2p.m.
The time course of fluctuations in dysphonia is shown in the

table. The figures represent the evaluations by two independent
"blind" observers assessing a series of eight tape recordings of
the voice. There is close similarity between the figures obtained
by the two assessors.
The plasma concentrations of levodopa are shown in the

graph, together with the mean values obtained in another study

31=

E -

I

'1]

4 -

uC 2 -

co4

0

._

4
3

2

0
lOam 11 12rzon 1 2 3 4 5pm

levodopa
I orally

Sequential observations on plasma levodopa, dysphonia, facial hypokinesia,
and confusion (increasing scores signify increasing deficit). One gramme of
levodopa was taken by mouth at 8 a.m. and 12 noon. Dotted line indicates
continuity oflevodopa level; the rise must have followed rather than preceded
noon dose. Broken line is derived from mean plasma levels reported by
Dunner et al. (1971) in five depressed patients given an isolated dose of 1 g
of levodopa; bars represent standard errors.

by Dunner et al. (1971). Three points emerge from a comparison
of these observations. First, the exceptionally rapid absorption
in our patient-an oral dose of 1 g taken between lunch courses

"Blind" Evaluations of dysphonia by Two Observers. Last Set of Values are Based on Recordings made Four Weeks Later, Levodopa Therapy having been stopped.

Time: 11 a.m. 12 noon 1 p.m. 2 p.m. 3 p.m. 4 p.m. 5 p.m. Four Weeks Later
1st observer . 1-5 1 4 3-5 2-5 1 1 0
2nd observer .. . . 1 15 4 3 2-5 1 1 0
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at 12 noon leading to a rise from 0-85 tLg/ml at 11.15 a.m. to
4-32 Fg/ml at 12.15 p.m. The second unusual feature is the high
peak concentration of levodopa, 4-32 jig/ml. A third point of
contrast is the prolonged plasma half life of levodopa in our
patient, 1-57 hours compared with 1 08 hours.
The mean scores for dysphonia, confusion, and facial hypo-

kinesia are also indicated in the graph. It is evident that high
plasma concentrations correlate with maxmal deficit in all
clinical features.

After these investigations levodopa therapy was stopped, and
orphenadrine (50 mg thrice daily) was given. It is notable that
the episodes of dysphonia and confusion cleared completely
over four weeks without any general deterioration in her
Parkinsonism.

Discussion

The "on-off" phenomenon has become recognized as a problem
of increasing importance over the last year. Its relatively recent
emergence can be explained in terms of prolonged periods of
therapy usually completed before its appearance. Attacks are
particularly distressing when, as often occurs, they develop in
patients who had done well on levodopa. No satisfactory
approach to their management has been reported.
The simplest explanation for a dramatic increase in hypo-

kinesia in patients receiving levodopa would be inadequate intake
or absorption of the drug. The findings reported here indicate
that it is more likely that the attacks represent a toxic reaction
to levodopa or one of its metabolites. This view would be
consonant with the reported association of these hypokinetic
episodes with certain known adverse reactions to levodopa such
as confusion and hyperkinesia, which are also accompanied by
high plasma concentrations of levodopa. Furthermore, the
higher prevalence of "on-off" phenomena in patients who have
been on treatment with high doses for prolonged periods is in
accord with the view that a build-up of levodopa or one of its
metabolites is responsible.
While the mechanism of levodopa toxicity in these episodes is

not known, Hornykiewicz (1973) has made a suggestion,
entirely compatible with our observations, that a metabolite
of levodopa is acting as a "partial agonist" or "false transmitter"
in the central nervous system.
One feature of interest in the patient studied here was the

extremely rapid absorption of levodopa. As the plasma half
life was prolonged, it is possible that either metabolism was
impaired or distribution was abnormal. In patients who develop
"on-off" attacks, therefore, unusual pharmacokinetics may
prove to be a contributing factor.
Having obtained this evidence that "on-off" phenomena are

related to excessive plasma concentrations of levodopa, certain
practical implications should be considered. When starting
patients on levodopa it may be unwise to increase the dose to
maximum tolerated levels in all cases. Barbeau (1972) also
concluded from clinical observations that "on-off" attacks
represent levodopa toxicity, and he has suggested that an
arbitrary upper dose limit around 4-0 g a day should be set for
routine therapy until further evidence is available.

In addition to preventing attacks there is the problem of
managing patients in whom these episodes are established. It is
evident that unless the excessive peaks of plasma levodopa can
be reduced by more frequent administration of smaller doses
the total daily intake of levodopa should be decreased. The
addition of peripheral decarboxylase leads to less extreme
fluctuations in the plasma concentration of levodopa through the
day, but mean plasma concentrations tend to be rather higher
so it is not possible to predict how "on-off" phenomena will be
affected.

This study was supported by the Medical Research Council.
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Summary
Liver biopsies from 33 patients with miscellaneous liver
diseases were studied by direct immunofluorescence.
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Three patients with active chronic hepatitis possessed a
distinctive pattern of staining with anti-IgG conjugate.
They were relatively young women and all three pos-
sessed the anti-smooth-muscle antibody. In addition, all
three were untreated at the time of study. It is suggested
that direct immunofluorescence on liver biopsies may
help in the investigation ofliver disease and that humoral
immunity may participate in the pathogenesis of active
chronic hepatitis.

Introduction

Active chronic hepatitis was first delineated as a distinct entity
because of its association with the lupus erythematosus (L.E.)
cell (Joske and King, 1955). Since then several immunological
abnormalities have been described but the pathogenesis of this
syndrome remains uncertain. The finding of anti-smooth-
muscle antibody suggests that humoral immunity could be
involved, but the relation between a smooth muscle antigen and
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