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Abnormal eye-head coordination in Parkinson's
disease patients after administration of levodopa:
a possible substrate of levodopa-induced dyskinesia
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SUMMARY Head oscillations in response to whole body oscillation of Parkinsonian patients before
and after administration of levodopa were compared with those of normal subjects. Parkinsonian
patients developed large increases in the amplitude of their head movements while fixating a station-
ary target after administration of levodopa. This increase was proportional to disease severity and
was maximal in stage IV patients with levodopa induced dyskinesias. These findings indicate a

fundamental yet reversible change in the strategy of eye-head coordination in Parkinsonian patients
after administration of levodopa which may be due to release of normally inhibited visuo-vestibular
reflexes.

Parkinsonian patients characteristically develop de-
pressed righting reflexes' and difficulty maintaining
their balance. Complaints of falling frequently bring
these patients to medical attention. These patients
also develop impaired ability to suppress their
vestibulo-ocular reflex (VOR) and may exhibit inap-
propriately large VOR gains when placed in situ-
ations requiring suppression.2 These findings suggest
defective supranuclear control of vestibular reflexes in
Parkinson's disease.
Many Parkinsonian patients develop dyskinesias

after long term treatment with levodopa.3 Denny-
Brown4 and Purdon-Martin' have proposed that re-
leased vestibulospinal reflexes might contribute to
dystonia. The vestibular system has potent con-
nections to the neck musculature via the medial longi-
tudinal fasciculus and the medial vestibulospinal
tract.6 To investigate the hypothesis that levodopa-
induced dyskinesias might be mediated by vestibular
reflexes we have studied the dynamics of head oscil-
lations induced by whole body oscillation of Parkin-
sonian subjects before and after medication with
levodopa.
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Metbods

Patients Sixteen patients were studied, and all were exam-
ined by a neurologist (MW) prior to entry into the study and
the diagnosis of Parkinson's disease confirmed. Patients
were graded on the Hoehn and Yahr7 scale of clinical sever-
ity. The table summarises the characteristics of the patient
population for each group of disease severity (II-IV). On the
day of investigation, patients were instructed to withhold
their morning medication. They were then studied at 9 am in
the head and eye movement apparatus described below.
(Two patients were unable to withhold completely medica-
tion and took doses of Sinemet at least 2 l/2 hours prior to the
study). After the pre-medication study was performed, the
patients took their usual dose of Sinemet, but no other med-
ication. The head and eye movement studies were repeated
one hour after the patients took their medication.
Controls Ten normal subjects ages 58 to 84 years (mean 65)
were also studied with the same protocol but no medication.
These subjects were medical school senior faculty and staff in
good health and normal volunteers. Normal volunteers all
had normal neurological examinations and normal psycho-
metric testing. Informed consent was obtained from all sub-
jects prior to study.
Apparatus Patients were seated on a velocity servo-
controlled rotating chair (Genisco 1185-3) and secured
tightly to it with shoulder and waist straps. Head movement
relative to the body in the horizontal plane (yaw) was mea-
sured with a magnetic search coil system8 which detected
rotation of coils mounted on a lightweight (50 gm) plastic
helmet and on a strap secured around either the subject's
chest or neck (see fig 1). Resolution of the system was better
than 10 minutes of arc. Tilting the head 300 and eccentric
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Table Clinical characteristics ofpatients

Clinical stage II III IV
Age 46-76 (62) 67-82 (72) 63-77 (68)
Duration of disease (yr) 1-7 (5) 4-16 (9) 4-23 (14)
Dose of levodopa (mg) 400-750 (575) 300-875 (540) 150-2250 (1093)
N 4 5 7

placement of the head in the field in combination produced
errors of less than 30%. Correction factors were calculated
for each subject each time the subject was seated in the chair
by comparing the maximum voltage deflections produced by
rotating the coil 1800 around the subject's head with that
expected in the centre of the field. Linear motion of the coils
within 10 cm of the centre of the field produced no discern-
ible artifact when the angular position of the head was
within 10° of midposition. Eye position was measured with

Fig 1 Apparatusfor measuring headposition relative to
body position. The subjects sits on a velocity servo-controlled
chair. Mounted on the chair are two pairs ofHelmholtz coils
which carry highfrequency oscillating currents. The currents
induced in the small coils mounted on the subject's head and
neck (or chest as shown) are proportional to the angle

between the axes ofthe large and small coils. The net angle
between head and body is the subtracted signal of the two
small coils.

electro-oculography (bandpass 0 01 to 30 Hz). Head posi-
tion, eye position and chair velocity were low pass filtered
(10 Hz) digitised with 12 bit resolution at 50 Hz and stored
on floppy discs for offline analysis by a Nicolet 12/70
computer.
Protocol All subjects were studied with their visual acuity
corrected by their normal correction for distance. They were
instructed to fixate either a 1 cm diameter spot on the wall
18 m from their nasion (target stationary in space) or the
end of a rigid rod mounted on the chair so that its tip was 65
cm from their nasion (target moving with the subject). Sub-
jects were instructed to "lock their eyes on the target". Some
subjects asked for further instructions and were told to fixate
the target in what seemed the most natural way to them. We
deliberately avoided any suggestions to the patients on what
strategy of eye-head coordination they should choose. The
chair was oscillated at 300/s at frequencies of0-4 to I 0 Hz in
0 2 Hz steps. Data were acquired for forty seconds at each
frequency in the two conditions. The data from each trial
were displayed on a CRT terminal immediately. Trials in
which the subjects talked, became drowsy or distracted were
rejected.
Analysis Fourier analysis of the data was performed
off-line. At each frequency of chair oscillation, the com-
ponent of head movement (relative to the body) at the fre-
quency of chair oscillation was extracted. Gain and phase of
head velocity with respect to the chair velocity were com-
puted.

Results

Figure 2 illustrates the response of a normal subject to
whole body oscillations. The head movements are
composed predominantly of a sinusoidal oscillation
related to the chair oscillation which is approximately
in phase with the subject's eye movements but usually
less than 10% of their amplitude. Thus, smooth pur-
suit eye movements are largely responsible for track-
ing the target and the eye and head position sum
appropriately to compensate for chair movement.
Prior to ingestion of levodopa, Parkinsonian subjects
behaved qualitatively much as normal subjects in
these tests. Figure 3 illustrates a representative section
of a recording from one patient with stage IV disease
prior to medication. Note the qualitative similarity of
the responses of this patient with those of the normal
subject shown in fig 2.

In contrast, the strategy employed by this patient
shifts dramatically after administration of levodopa.
As seen in fig 4, after levodopa this patient's head
moves opposite to the chair rotation as before, but the
amplitude of the head movement has increased
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Abnormal eye-head coordination in patients with Parkinson's disease
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Fig 2 Head and eye movements ofan 84-year-old normal
volunteer. The subjectfixated on a stationary target during
chair oscillation. Top trace indicates eye position (EOG);
middle trace indicates headposition and the bottom trace
indicates chair position. Note that smooth pursuit eye
movements are largely responsible for tracking the target.
Head movements are predominantly composed ofan
oscillation linearly related to the chair oscillation. These head
oscillations are less than 10% of the amplitude ofthe eye
movements andsum approximately with them to compensate
for chair movement.

markedly, so that it actually exceeds the amplitude of
chair movement. As shown in fig 4, the patient's eyes

must move in the direction of the chair movement at
a velocity which permits them to remain fixated on
the target. Note that in this condition, the eye move-
ments are opposite the direction of the vestibulo-
ocular reflex.

Further insight can be obtained by examining this
patient's head movements when he fixated a target
moving with him. In this condition, optimal fixation
is obtained if the subject's head and eyes remain mo-

tionless. Figure 5 shows this patient's head move-
ments before and after medication while he fixated the
target moving with him. Prior to medication (upper
trace), head movements are quite small. After admin-
istration of levodopa (middle trace), the patient ex-

hibited head movements over six times larger than the
movements prior to medication. He was intermit-

2s
Fig 3 Head and eye movements in a patient with stage IV
Parkinson's disease prior to medication while the subject
fixated a stationary target. The top trace indicates eye
position, the middle trace indicates headposition and the
bottom trace chair position. Note the similarity with the
responses ofthe normal subject illustrated infig 2.

tently able partially to suppress these movements, but
never decreased his head movements to less than
twice the pre-medication level. In each case, eye
movements (not shown) opposite to the head rota-
tion, that is in the direction of chair rotation, compen-
sated for the head movements.
Mean gains between head velocity and chair veloc-

ity over the four frequencies tested for all subjects
while they fixated a stationary target are plotted in fig
6. Gain is expressed in dB (20* log head velocity/chair
velocity). Normal subjects in this study had relatively
narrow range of gains; no normal subject had a mean
gain higher than -18 dB. The mean gains of patients
in all clinical groups before medication were not
significantly different from controls although the vari-
ation was increased, especially in stage IV patients.
There was little effect of levodopa on the head move-
ments of stage II patients (mean change 1-9 dB), a
modest increase (6-4 dB) in the movements of stage
III patients and a mean increase of 16-3 dB in the
head movements of stage IV patients. This increase
corresponds to an increase in amplitude of 553%. The
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Fig 4 Head and eye movements in the same patient
performing the identical task as infig 3 after adninistration
oflevodopa. Traces represent the same signals. Note that the
amplitude ofthe head oscillation has increased more than
ten-fold and that eye movements have reversed in direction.

only stage IV patient who did not exhibit a marked
increase in head movements could tolerate only 1/2 of
a 10/100 Sinemet tablet three times a day. Note that
4/7 of the stage IV patients demonstrated head move-
ments after medication which are more than two stan-
dard deviations above the normal range. Three of
these patients had levodopa-induced dyskinesias, and
the highest gains were seen in the two patients with
the most prominent dyskinesias. Neither the mean
gain nor the change in gain after medication predicted
the occurrence of the milder dyskinesias seen in other
patients; however, we were unable to control for the
effects of other medications with longer half-lives, for
example bromocriptine, which some patients were
also taking.

Discussion

These data support the hypothesis that Parkinsonian
patients treated with levodopa develop defective su-

pranuclear control of head as well as eye movements.

After

60

5s

Fig 5 Head movements before and after levodopa in the
same patient as infigs 3 and 4 while hefixated a target
moving with him. Top trace indicates head movements prior
to levodopa, middle trace indicates head movements after
levodopa and the bottom trace indicates chair position. Note
the large increase in amplitude ofoscillations after levodopa
and the intermittent success ofthe patient in suppressing
them.

The head movements observed in these patients are
1800 out of phase with the vestibular stimulation and
appear to be involuntary, and this impression is re-
inforced by the extreme examples observed when
patients' head movements are actually serving to de-
stabilise retinal images. Increased head movements in
response to oscillation might be caused by the
decreased smooth pursuit and saccadic function
observed in Parkinsonian patients.9 However, in the
examples shown, the eyes moved opposite to the
direction of perceived target motion (opposite to nor-
mal pursuit and VOR direction). Involuntary head
movements associated with saccadic eye movements
between targets has been reported by Shimuzu et alt°
in Parkinsonian patients; however, Kennard, et alt'
found that Parkinsonian patients made little or no
head movement when tracking predictable and un-
predictable targets with "natural" eye and head
movements. In neither study was the effect of lev-
odopa investigated.
The strategy of eye-head coordination employed by

Parkinsonian patients appears to shift reversibly with
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Abnormal eye-head coordination in patients with Parkinson's disease
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Fig 6 Mean gain between chair velocity and head velocity over thefourfrequencies tested
for ten normal subjects in the same age range and Parkinsonian patients before and after
levodopa. Mean and standard deviationfor normals are indicated by horizontal lines. Note
the progressive increase in gain after levodopa in patients with increasing severity of
disease. The mean increase in head movement amplitude ofstage IVpatients is 553%.

administration of levodopa. Decreasing the rigidity of prioceptive input, and the visual input and in-
the neck will increase the size of head movements in structions. Normal subjects can demonstrate
response to whole body oscillations, but tone would markedly different VOR gains in darkness with
have to decrease considerably below normal to pro- different instructions.'4 Thus, the increased head os-
duce the increases observed.'2 The large oscillations cillations in Parkinsonian patients should not be
illustrated in fig 4 could have been produced if tone equated with cognitive dysfunction, especially since
had decreased so much that the head and neck were in these oscillations were dependent on administration
a state ofmechanical resonance; however, in that case of levodopa.
one would expect large spontaneous oscillations We can not distinguish between the possibilities
which were not observed. Further, the largest oscil- that levodopa causes the release of visuo-vestibular
lations were observed in stage IV patients, some of reflexes in patients with advanced disease by stimu-
whom had markedly increased neck stiffness prior to lation of brainstem pathways or that the decrease in
medication. rigidity in these patients with levodopa unmasks a
The reversibility of these increased head oscil- reflex that is already uninhibited. The relatively small

lations in Parkinsonian patients contrasts with the effect of levodopa on stage II patients suggests that
observations of Jenkyn et al,'3 who observed a levodopa alone is not sufficient to cause the release of
"6nucho-cephalic" reflex in demented patients. This such reflexes. (One of us, M.W., also took levodopa
reflex was elicited by "rapidly turning the shoulders of with no effect on induced head oscillations.) Patients
a standing subject to the right or left while his eyes are with advanced disease have increased difficulty with
closed to avoid visual fixation." The experimental sit- balance and defective righting reflexes and might be
uation described here is quite different- especially;in.-- expected-to have defective supranuclear control of
regard to the relative strengths of vestibular and pro-- vestibulosspinal reflexes but these patients also have
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generally had their disease longer and taken doses of
levodopa higher than patients with milder disease.
Thus, they are more likely to develop problems with
dopamine receptor supersensitivity.3 Therefore, the
interpretation of these results must be made with
some caution as the effect of levodopa on the brain-
stems of these patients may be quite different from the
effects on normal subjects or mildly affected patients.
It is tempting to ascribe the increased oscillations in
Parkinson's patients to an exaggerated vestibulo-
spinal reflex; however, other systems might also play
a role, particularly the recently observed modulation
of neck muscle activation by horizontal eye posi-
tOl15 16tion."

This work was supported by a Medical Merit Review
grant from the Veteran's Administration. We thank
Dr Ronald Angel for his helpful comments and sug-
gestions.
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