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Abstract
Objective-To determine the roles of the
putamen and pallidum in ocular motor
control.
Methods-Eye movements were recorded
electro-oculographically in nine patients
with bilateral focal lesions affecting the
lentiform nucleus, and in 12 age matched
control subjects. Reflexive visually guided
saccades (gap task), antisaccades, memo-
rised sequences of saccades, memory
guided saccades (with visual input only,
and with both visual and vestibular
inputs), and predictive saccades (with and
without gap) were studied.
Results-Latency and accuracy of visually
guided saccades were normal. The per-
centage of errors in the antisaccade task
and latency of correct antisaccades did not
differ significantly from the results of con-
trols. The percentage of errors in saccade
sequences was significantly increased.
Accuracy of the two types of memory
guided saccades was impaired bilaterally.
The percentage ofpredictive saccades was
significantly decreased when a gap
existed, but unchanged without a gap,
compared with controls. Therefore, sac-
cades made immediately in response to an
external target (reflexive visually guided
saccades and antisaccades) were per-
formed without difficulty, whereas those
requiring an internal representation of
such a target (such as memory guided sac-
cades, predictive saccades, and saccade
sequences) were performed with signifi-
cant disturbances.
Conclusions-The lentiform nucleus
influences the cortical areas involved in
the control of saccades when the experi-
mental paradigm requires the use of an
internal representation of the target for
correct planning and execution of the
ensuing saccade.

(7 Neurol Neurosurg Psychiatry 1996;60:179-184)

Keywords: saccades; putamen; pallidum

In the frontal lobe, there are three cortical
areas involved in the control of saccadesl: the
frontal eye field, the supplementary eye field,
and the dorsolateral prefrontal cortex. The
basal ganglia are connected to cortical areas
through different neuronal circuits.2 The
frontal cortical areas receive direct feedbacks
from the basal ganglia, in particular through a

pathway involving successively the putamen,
the pallidum, and the thalamus.3i' There is evi-
dence from electrophysiological studies that
the motor circuit involving the basal ganglia
and thalamus has an important role in modu-
lating the planning and execution of limb
movements.6 In humans, bilateral focal lesions
of the lentiform nucleus-that is, affecting the
putamen and/or the pallidum, cause motor dis-
orders such as dystonia and, less often, behav-
ioural disturbances such as abulia or
disinhibition.7 Positron emission tomography
in such patients shows hypometabolism in the
prefrontal cortex, suggesting a deafferentation
of this cortex resulting from damage to the
lentiform nucleus.8
The precise role of the lentiform nuclei in

the control of eye movements is still unclear. In
monkeys, there are some anatomical data con-
cerning the ocular motor corticosubcortical
pathways6 but no studies of the consequences
of lesions in the lentiform nucleus for eye
movements. In humans, bilateral focal lesions
affecting this nucleus are rare7 and, to our
knowledge, there have been no previous
reports of recordings of eye movement in
patients with such lesions. To determine the
role of the putamen and pallidum in ocular
motor control, we studied nine patients with
bilateral lesions of the lentiform nuclei, using
seven saccade tasks: reflexive visually guided
saccades, antisaccades, two types of memory
guided saccades, saccade sequences, and two
types of predictive saccades.

Methods
SUBJECTS
Nine patients (five men and four women; age:
44 (SD 11) years) with bilateral lesions in the
lentiform nucleus were examined. The lesions,
documented by MRI in eight patients and CT
in one patient, were clearly visible and appar-
ently limited to the lentiform nucleus, without
visible damage to the internal capsule or other
cerebral structures (fig 1). The aetiology of
these lesions was cardiac arrest (n = 2), anoxia
(n = 3), and carbon monoxide intoxication
(n = 2). The mean delay between the cause of
brain damage and the eye movement recording
was 13 (range 1 to 44) years in these seven
patients. In the remaining two patients, the
aetiology and age of the lesions were unknown.
In four patients, the bilateral lesions concerned
predominantly the pallidum and in five
patients predominantly the putamen (fig 2).
Clinically, all patients with lesions affecting
predominantly the putamen and two patients
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Figure 1 Horizontal MRI
section ofpatient 1 showing
hypersignals in both
putamen areas.

with lesions affecting both the putamen and
pallidum had focal or generalised dystonia.
Two of the four patients with predominantly
pallidal lesions showed no neurological signs,
the third patient presented with a writing
tremor, and the fourth showed behavioural dis-
turbances such as inertia and loss of drive.
None of the nine patients had kinetic or static
cerebellar syndromes, intellectual deteriora-
tion, episodic memory deficit9 or depression.

An age matched control group of 12 normal
subjects (seven men and five women; mean age
47 (SD 10) years) was also studied, with the
same paradigms as in the patient group.
Informed consent was obtained from all
patients and control subjects.

PROCEDURE
Eye movements were recorded by direct cur-
rent electro-oculography, in complete darkness
with bitemporal electrodes. The bandwidth of
the recording amplifiers was from 0 to 100 Hz
and the system had a resolution of 10. The sub-
ject's head was immobilised. Stimulation was
carried out using a curvilinear ramp of light
emitting diodes (LEDs) located 80 cm in front
of the subject. Horizontal saccades were
studied in seven different tasks, as described
below.

Visually guided saccades (fig 3A)
In this task, the central fixation point was
switched off 200 ms (gap) before the onset of a
luminous lateral target located 25° to right or
left of the central point. The subject was
instructed to fixate the central point and to
look at the lateral target as soon as it appeared.
The target was presented pseudorandomly
right or left, with unpredictable timing. Left
and right saccade latencies were calculated for
each subject by averaging 20 measurements in
each direction. Saccade accuracy was deter-
mined using the primary saccade and the per-
centage of error in amplitude of this saccade
(target eccentricity minus saccade amplitude
divided by target eccentricity).

Figure 2 Schematic
representation of the
lentiform nucleus lesions in
the nine patients studied.
The hatched areas
represent the lentiform
nuclei, and the lesions are
shown in black. Pal =
pallidum; Put = putamen.

4;
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Figure 3 Saccade
paradigms (A) Visually
guided saccades with a gap:
saccade latency (Lat) and
amplitude (am) were
measured. (B)
Antisaccades: latency of
correct antisaccades (Lat)
and the percentage of errors
(e) (misdirected saccades)
were determined. (C)
Memorised sequences of
saccades (1,2,3,4 =
sequence of targets): the
percentage of incorrect
sequences (errors in the
order or number of
saccades) was calculated.
Note that the saccade
sequence shown is incorrect
(inversion of the third and
fourth saccades). (D)
Memory guided saccades,
(a) with visual input and
(b) with visual and
vestibular input: amplitude
(am) was measured (c =
corrective saccade). (E)
Predictive saccades, (a)
with gap and (b) without
gap: the percentage of
predictive saccades
(arrows) was determined.
F = centralfixation point;
G = gap; H = head;
L = left;M = midline;
R = ight; T = target.
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Antisaccades (fig 3B)
The procedure was the same as in the gap task
except that the subject was instructed to look
in the opposite direction to the suddenly
appearing lateral target, without first looking at
the target. Twenty trials were made in each lat-
eral direction. Latency of correct antisaccades
and the percentage of errors (misdirected sac-
cades-that is, reaching or simply initially
directed towards the target) were determined
for each lateral direction.

Memorised sequences of saccades (fig 3C)
The subject fixed a central fixation point while
four lateral LEDs were switched on, succes-
sively at one second intervals, and remained
illuminated. The eccentricity of the targets was
between 80 and 320 from the midline. The sub-
ject was instructed to remember the order of
appearance of the LEDs without looking at
them. Three seconds after the last LED had
been switched on, the central fixation point
was switched off and the subject then had to
look successively at the four LEDs in the same
order as stimulation and with about the same
cadence (with a pause of about one second at
each target location). For both patients and
controls, a few sequences were used to explain
the task. A sequence was considered incorrect
if there was at least one error in the order or
number of executed saccades. Twenty differ-
ent sequences were performed and the per-
centage of incorrect sequences was calculated.

Memory guided saccades (fig 3D)
Two different types of memory guided sac-
cades were studied. In both cases, the subject
was instructed to look at a central fixation
point while a single lateral target was flashed
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for 50 ms, to right or left, with unpredictable
timing and eccentricity (100, 150, 200, 250, or
300). The subject had to continue to look at
the central fixation point during a six second
delay. After this delay, the central fixation
point was switched off, and the subject made a
saccade, in complete darkness, to the remem-
bered location of the flash. Then, a lateral target
with the same position as the flash was
switched on and a corrective saccade was
made, if necessary. In the first task, the central
fixation point remained immobile and the
memory guided saccade was made with only a
visual input. In the second task, the subject
was rotated during the six second delay (the
head being fixed with respect to the trunk),
while continuing to look at the central fixation
point rotating with the chair. This resulted in a
suppression of the vestibulo-ocular reflex. In
this case, the memory guided saccade had both
a visual and vestibular input. The direction
and amplitude of rotation was unpredictable
(between 50 and 150); however, chair rotation
never reached or exceeded the eccentricity of
the flash. In both tasks, saccade accuracy was
determined using the primary saccade and the
percentage of error in amplitude of this sac-
cade, which was calculated by averaging 15
measurements in each direction.

Predictive saccades (fig 3E)
Two different types of predictive saccades were
studied. In each case, the subject was
instructed to follow luminous targets which
were presented successively, at one second
intervals 250 leftwards, in the centre, 250 right-
wards, and again the centre. Eighteen cycles
were performed without interruption. In the
first predictive saccade task a 200 ms gap was
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introduced between targets for the stimulation
of centrifugal saccades (predictive saccades
with gap). In the second task, there was no gap
(predictive saccades without gap). Thus target
direction, amplitude, and timing were
predictable in both tasks. A saccade was
considered to be predictive and not visually
guided when latency was less than 70 ms."' In
both tasks, the percentage of centrifugal
predictive saccades was calculated in each
direction.

Statistical analysis was performed with the
Mann-Whitney U test to compare the results of
the patient group with those of the control
group.

Results
In a first analysis (not reported), the patient
group was divided into two subgroups
(patients with predominantly putamen lesions
and patients with predominantly pallidum
lesions) and the results of these two subgroups
were compared. Because results of these two
subgroups were analogous (with no significant
differences), all nine patients were thereafter
studied as a single group, and their results
compared with those of the control group
(table). In the patient group, latency of visually
guided saccades was on average 169 ms right-
wards and 178 ms leftwards, which was not
significantly different from latency in the con-
trol group (198 ms for rightward saccades and
186 ms for leftward saccades). Furthermore,
there was no significant difference in the per-
centage of error in amplitude (9% on average
in patients v 5% in controls for rightward sac-
cades, and 10% v 7% in controls for leftward
saccades).

In the patient group, latency of antisaccades
was on average 300 ms rightwards and 327 ms
leftwards, which was not significantly different
from mean latency in the control group (262
ms for rightward saccades and 253 ms for left-
ward saccades). The percentage of misdirected
saccades in the antisaccade task was on average
18% rightwards, and 13% leftwards-that is,

not significantly different from that of controls
(9% and 13%, respectively).
The percentage of incorrect sequences of

memory guided saccades was significantly
increased (P < 0 001) in patients (mean 54%),
compared with that of controls (23%).
The percentage of error in amplitude of

memory guided saccades with visual input was
significantly increased: 27% on average for
rightward and 31% for leftward saccades (con-
trols: 18% for rightward and 16% for leftward
saccades, P < 0-02 and P < 0-002 respec-
tively). Significant differences were also found
for memory guided saccades with visual and
vestibular input: 40% on average for rightward
saccades and 40% for leftward saccades (con-
trols: 20% for rightward and 23% for leftward
saccades, with P < 0 004 and P < 0 003
respectively).

In the control group, the percentage of pre-
dictive saccades was increased in the task with a
gap, compared with that of the task without a
gap: 88% on average for rightward saccades
with a gap v 53% without a gap (P < 0 004),
and 93% for leftward saccades with a gap v
46% without a gap (P < 0 001). In the patient
group, the percentage of predictive saccades
without a gap did not differ significantly from
that of controls (43% on average for rightward
saccades v 53% in controls, and 42% for left-
ward saccades v 46% in controls). By contrast,
the percentage of predictive saccades in the
task with a gap was significantly lower than
that controls: 57% on average for rightward
saccades v 88% in controls (P < 0 01) and
61% for leftward saccades v 93% in controls
(P < 0 02). Therefore, by contrast with the
results of the control group, the percentage of
predictive saccades in the patient group did not
increase significantly in the task with a gap
compared with that in the task without a gap.

Discussion
In our patients, the lesions visible on MRI were
probably necrotic, given their aetiology, and
limited to the lentiform nuclei, which are

Comparison of horizontal saccade tasks between patients and controls

Controls
Side Meani (SD) or (ratnge)

Visually guided saccades:
Latency (ms)

Accuracy (percentage of error in amplitude)

Antisaccades:
Latency of correct saccades (ms)

% of misdirected saccades

Sequences of memory guided saccades
% of errors

Memory guided saccades:
Visual input

Accuracy (percentage of error in amplitude)

Right
Left
Right
Left

Right
Left
Right
Left

Right
Left

Visual and vestibular input
Accuracy (percentage of error in amplitude) Right

Left
Predictive saccades:

With gap
% of predictive saccades

Without gap
% of predictive saccades

Right
Left

198 (35)
186 (53)

5 (3)
7 (6)

262 (42)
253 (31)

9 (0-30)
13 (0-33)

23 (10-35)

18 (7)
16 (7)

20 (8)
23 (10)

88 (47-100)
93 (65-100)

Right 53 (6-100)
Left 46 (6-100)

Patients
Mean (SD) or (range) P value

169 (28)
178 (36)

9 (4)
10 (5)

327 (84)
300 (57)
18 (0-33)
13 (0-29)

54 (44-80)

27 (11)
31 (10)

40 (15)
40 (4)

57 (24-82)
61 (0-88)

NS
NS
NS
NS

NS
NS
NS
NS

< 0*001

< 0 02
< 0 002

< 0 004
< 0-003

< 0 018
< 0 014

43 (0-89) NS
42 (9-19) NS
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known to be particularly sensitive to anoxia.
Although cerebral damage may initially have
been more extensive, it can be hypothesised for
several reasons that the residual lesions
affected principally the lentiform nuclei. (1)
There were no other visible lesions on MRI.
(2) Damage to the lentiform nuclei alone
would be sufficient to account for all the associ-
ated clinical signs (dystonia, inertia and loss of
drive)7 8; in particular, there was no clinical evi-
dence of cerebellar or memory impairment-
that is, of functional damage to the cerebellum
and hippocampal region, two structures also
known to be sensitive to anoxia and involved in
eye movement control. (3) The mean delay
between the onset of brain damage and eye
movement recordings was long (13 years); this
suggests that the effect of any slight damage,
which may have initially existed in addition to
the lentiform nucleus lesions, could have been
only transitory and have disappeared long
before our study or could have largely
improved by different compensation mecha-
nisms after such a period. (4) In support of
limited subcortical lesions in our patients, it
should be noted that, in a clinicopathological
study of 22 patients with carbon monoxide
intoxication, there was no cortical damage in
most cases"; furthermore, anatomical details
of two similar patients showed that the cytoar-
chitecture of the frontal cortex was preserved.'2
Therefore, it may be assumed that the ocular
motor disturbances in our patients were,
largely if not entirely, related to the bilateral
lentiform nucleus lesions visible on MRI.

There were no obvious differences in the
performance of saccade tasks between patients
with damage predominantly to the pallidum
and those with damage affecting preferentially
the putamen. It may well be that lesions
restricted to the putamen or the pallidum do
not exist in such a pathology. Furthermore, the
putamen and pallidum may belong to the same
neuronal circuit projecting (via the thalamus)
to frontal areas involved in the control of sac-
cades.6 Therefore, damage to either structure
could result in similar ocular motor distur-
bances.
The seven different saccade paradigms stud-

ied here can be divided into two groups: (1)
saccades performed immediately (reflexive
visually guided saccades and antisaccades),
without the need for additional, internal infor-
mation; and (2) saccades which require the use
of internal, memorised spatial or temporal
information (memory guided and predictive
saccades, and sequences of memory guided
saccades). In patients with bilateral lesions of
the lentiform nucleus, the first group of tasks
was performed without difficulty, whereas the
performance of the second group of tasks was
impaired.
The posterior eye field and the frontal eye

field are involved in the cortical control of
reflexive visually guided saccades."I 14 The
preservation of such saccades suggests that
they are not controlled by the putamen or pal-
lidum. These saccades could be controlled by
direct corticocollicular pathways,'5 16 and an
indirect, corticocaudo-nigrocollicular path-

way.2 17 In the antisaccade task, latency of cor-
rect antisaccades, which are controlled by the
frontal eye field,'4 and the percentage of misdi-
rected antisaccades, which are controlled by
the prefrontal cortex,'3 were not significantly
increased in patients compared with controls.
Therefore, afferent cortical pathways including
the lentiform nucleus do not seem to be crucial
for the control of antisaccades.

In the group of paradigms requiring internal
representation of target properties, patients
with lesions of the lentiform nucleus showed
significant impairment in performance com-
pared with controls. A significant increase in
the percentage of errors was found in patients
tested with saccade sequences. Saccade
sequences are also disturbed in patients with
lesions affecting the supplementary eye field,'8
which lies in the rostral part of the supplemen-
tary motor area'9 and, at the cortical level, con-
trols such sequences. Moreover, in patients
with Parkinson's disease, an impairment of
saccade sequences, improved by treatment
with levodopa, has been reported.20 PET studies
have shown that the dysfunction of the supple-
mentary motor area in patients with
Parkinson's disease is improved by levodopa.2'
Accordingly, it may be that the control of sac-
cade sequences by the supplementary eye field
depends on a subcortical pathway, probably
originating in the substantia nigra pars com-
pacta (SNpc) and joining in the putamen the
pathway which projects to the frontal lobe (via
the pallidum and thalamus, see earlier).
Therefore, the involvement of such a pathway
in saccade sequences could explain why the
patients with lesions in the lentiform nucleus
performed these sequences incorrectly.
However, the specific role of this nucleus in the
control of saccade sequences remains to be
determined. In monkeys, electrophysiological
studies have shown a neuronal activity preced-
ing sequential limb movements both in the
supplementary motor area22 and the pal-
lidum.2' During sequential arm movements, a
phasic neuronal activity in the pallidum, influ-
enced by the animal's preparation for move-
ments, is seen.24 It has been suggested that
such phasic activity is a signal indicating the
end of one movement in order to allow the
next movement in the sequence to start.24 Thus
the absence of such a signal after lesions in the
lentiform nucleus could explain a disorganisa-
tion in the preparation of the next correct sac-
cade in the sequence.
Memory guided saccades are controlled by

the prefrontal cortex,25 in which spatial work-
ing memory could be organised.26 Memorised
information concerning the spatial location of
the target is probably sent by the prefrontal
cortex to the frontal eye field, when the input is
visual, or to the supplementary eye field, when
the input is vestibular.27 These different frontal
areas receive afferent pathways from the puta-
men and pallidum via the thalamus.2
Therefore, an increase in the amplitude error
of memory guided saccades with vestibular
input could be explained by a deafferentation
of the prefrontal cortex or the supplementary
eye field, due to the lesions in the lentiform
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nucleus. The increase in the amplitude error of
memory guided saccades with visual input sug-
gests a deafferentation of the prefrontal cortex
or the frontal eye field. Amplitude disorders of
memory guided saccades have also been found
in patients with Parkinson's disease,28 2 in
whom the same nigrostriato-pallidothalamo-
cortical pathway is impaired.
The preservation of antisaccades and the

impairment of memory guided saccades, even
though both are controlled by the prefrontal
cortex,'3 25 could be explained by a difference
in the action of the cortical afferent pathways,
depending on the saccade to be performed.
Perhaps the putamen and pallidum play an
important part in the control of intentional,
internally triggered saccades, such as memory
guided saccades, because, as suggested by PET
results, these structures seem to be involved in
other types of internally triggered saccades.3"
On the other hand, it may well be that the
putamen and pallidum are not involved or are
less involved in the control of unwanted reflex-
ive visually guided saccades, externally trig-
gered in the antisaccade task.

In normal subjects, the existence of a gap in
the predictive saccade paradigm results in a
significant increase in predictive saccades, sug-
gesting a facilitating effect of an external cue
on these internally triggered saccades. In our
patients, prediction was possible, because they
were as capable of performing predictive sac-
cades as controls in the predictive task without
a gap. Such an ability to predict has also been
reported in patients with Parkinson's disease.123'
However, the facilitating effect of the gap on
predictive saccades no longer existed in our
patients, suggesting that such an effect is under
the control of the lentiform nucleus. It should
be noted that possibly in relation to this facili-
tating effect of the gap on predictive saccades,
the aforementioned phasic activity of the palli-
dal neurons24 seems to be dependent on the
context of the next movement; in particular if
this movement is predictable. Thus although
the lentiform nucleus does not seem to gener-
ate prediction in a saccade task, it could play a

part in the modulation of the predictive infor-
mation used in this task.

In conclusion, our results suggest that the
lentiform nucleus controls saccades for which
an internal representation of the target proper-
ties or a modulation of such information is
required. It should be noted that such saccades
are also impaired in patients with Parkinson's
disease,33 in whom a dysfunction of the nigro-
striatopallidal pathway also exists. These
results confirm the functional role of the basal
ganglia circuits, which could influence the cor-
tical areas involved in saccade control as they
do for other body movements.
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