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Objective: To investigate cognitive and behavioural effects of bilateral lead implants for high
frequency stimulation (HFS) of the subthalamic nucleus in patients with Parkinson’s disease; and to dis-
criminate between HFS and the effects of surgical intervention on cognitive function by carrying out
postoperative cognitive assessments with the stimulators turned on or off.
Methods: Motor, cognitive, behavioural, and functional assessments were undertaken in 20 patients
with Parkinson’s disease before implantation and then at three, six, and 12 months afterwards. Nine
patients were also examined 18 months after surgery. Postoperative cognitive assessments were car-
ried out with stimulators turned off at three and 18 months, and turned on at six and 12 months.
Results: Cognitive assessment showed a significant postoperative decline in performance on tasks of
letter verbal fluency (across all postoperative assessments, but more pronounced at three months) and
episodic verbal memory (only at three months, with stimulators off). At three, six, and 12 months after
surgery, there was a significant improvement in the mini-mental state examination and in a task of
executive function (modified Wisconsin card sorting test). On all postoperative assessments, there was
an improvement in parkinsonian motor symptoms, quality of life, and activities of daily living while off
antiparkinsonian drugs. A significant postoperative decrease in depressive and anxiety symptoms was
observed across all assessments. Similar results were seen in the subgroup of nine patients with an 18
month follow up. Following implantation, three patients developed transient manic symptoms and one
showed persistent psychic akinesia.
Conclusions: Bilateral HFS of the subthalamic nucleus is a relatively safe procedure with respect to
long term cognitive and behavioural morbidity, although individual variability in postoperative cogni-
tive and behavioural outcome invites caution. Stimulation of the subthalamic nucleus does not per se
appear to impair cognitive performance in patients with Parkinson’s disease and may alleviate the
postpoperative decline in verbal fluency.

In recent years, various new procedures have been intro-
duced for the treatment of severe Parkinson’s disease,
including posteroventral pallidotomy and chronic electrical

high frequency stimulation (HFS) of the internal globus pal-
lidus or the subthalamic nucleus. This is a reversible and
adaptable procedure which may produce marked improve-
ment in the cardinal motor symptoms of Parkinson’s disease,
through a functional inactivation of the internal globus
pallidus or the subthalamic nucleus.1–4 However, the effects of
these HFS procedures on cognition and behaviour in
Parkinson’s disease have still to be clearly defined. They might
give rise to cognitive and behavioural changes either by
inducing surgical microlesions or by modifying the activity of
the basal ganglia–thalamocortical circuitry, with possible
additional effects on distant neural systems. The ventromedial
part of the subthalamic nucleus is linked to associative corti-
cal areas and may play a role in cognition and mood.

Cognition has been assessed in various studies of patients
with Parkinson’s disease before and after surgery for HFS of
the subthalamic nucleus, with stimulators turned on (on con-
dition) during the postoperative evaluation. These studies,
however, have been unable to distinguish between the cogni-
tive effects of the surgical intervention and those of HFS per
se, because postoperative cognitive assessments were system-
atically carried out only with stimulators on. In all the studies
that have assessed cognition in patients with Parkinson’s dis-
ease before and after subthalamic nucleus HFS, and with
stimulators on during the postoperative evaluation, there has

been a worsening in verbal fluency tasks after the procedure.
In addition, a decline in tasks sensitive to frontal lobe
dysfunction and in memory tasks has been reported in some
studies5–7 but not in others.8 Postoperative cognitive perform-
ance in patients treated by HFS with the stimulators on versus
off has been assessed in two studies, but there are discrepan-
cies in the findings.9 10 In addition, those studies have only
focused on tasks sensitive to frontal lobe dysfunction, and the
postoperative cognitive assessments were done in on and off
conditions only at short test–retest intervals.

In the present study, we had two main objectives: first, to
investigate cognitive and behavioural effects of bilateral HFS
of the subthalamic nucleus in a homogeneous group of
patients with Parkinson’s disease, in order to assess the safety
of the procedure and any cognitive morbidity that might be
involved; and second, to attempt to discriminate between the
effects on cognition of surgical intervention and the effects of
HFS of the subthalamic nucleus per se, by doing postoperative
cognitive assessments under two different stimulation condi-
tions (stimulators turned on or off). We set out to explore a
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wide range of cognitive functions (including episodic memory,

working memory, and non-verbal abstract reasoning) in addi-

tion to tasks sensitive to frontal lobe dysfunction.

It is well documented that in serial neuropsychological

assessments improved performance may result from the

repeated administration of a cognitive task (practice effects),

especially with short test–retest intervals.11 Accordingly, in

order to limit the influence of learning from repeated cognitive

testing on the comparisons between different stimulation

conditions (stimulators on versus off), relatively long intervals

between cognitive assessments under different stimulation

conditions were chosen in our study.

METHODS
Patients
Twenty patients with Parkinson’s disease (11 men, nine

women) were selected for implantation according to the

following inclusion criteria12:

• a diagnosis of Parkinson’s disease made according to the UK

Parkinson’s disease brain bank criteria13;

• disabling motor fluctuations with prolonged off periods

(25% or more of the waking hours) and on state

dyskinesias;

• unsatisfactory management of fluctuations with drug

treatment;

• Hoehn and Yahr stage > III in the practically defined off
condition.14

Exclusion criteria were a history of previous brain surgery or

implantation of a heart pacemaker, an unstable anti-

parkinsonian drug regimen, severe psychiatric symptoms

(hallucinations, major depression), moderate or severe cogni-

tive impairment as measured by scores below 20 on the mini-

mental state examination (MMSE), a diagnosis of dementia

according to the Diagnostic and Statistical Manual of Mental Disor-
ders, fourth edition (DSM-IV),15 and unsatisfactory general

condition.

The main demographic and clinical characteristics of

patients at time of implantation are given in table 1.

Neurosurgical procedures
All the patients received a bilateral stereotactic subthalamic

nucleus implant, following neurosurgical procedures that

have already been described.12 The mean (SD) voltage of

stimulation was 2.64 (0.36) V at three months, 2.76 (0.33) V at

six months, 2.83 (0.39) V at 12 months, and 2.89 (0.45) V at 18

months. Thus, there was a slight increase in the energy deliv-

ery required over time in order to assure optimal control of

parkinsonian motor symptoms. This was comparable with the

setting variations reported in other studies.3

Clinical assessment
All the patients underwent motor, cognitive, behavioural, and

functional assessments, both preoperatively and postopera-

tively. Motor assessment was carried out using the motor

examination part of the unified Parkinson’s disease rating

scale (UPDRS),16 with evaluations before surgery and at three,

six, 12, and 18 months after the implant, both with and with-

out antiparkinsonian drug treatment.12 All cognitive, behav-

ioural, and functional assessments were done while the

patients were on anti-parkinsonian drugs, both before and

after surgery. Cognitive assessment was carried out by means

of a neuropsychological test battery which was assembled

according to the following criteria: relatively short duration

(two to three hours), assessment of a range of cognitive func-

tions known to be affected by Parkinson’s disease, and inclu-

sion of tests known to be sensitive to the effects of

pallidotomy. Tests sensitive to motor speed were not included

in the neuropsychological battery to minimise the possible

deleterious effects of dyskinesias on the results.

Overall cognitive status was assessed by means of the

MMSE.17 Verbal short term memory was assessed by digit

span forward and backward.18 Spatial short term memory was

evaluated by Corsi’s block tapping test.19 Episodic verbal

memory was assessed by Rey’s auditory verbal learning test

(RAVLT).20 For the RAVLT, randomised parallel forms were

used in different assessments to limit practice effects. To

investigate non-verbal abstract reasoning we used Raven’s

progressive matrices ’47.21 To assess frontal-executive func-

tions, we used the modified Wisconsin card sorting test

(MWCST)22 and a letter verbal fluency task.23 The score range

for those neuropsychological measures that have a prefixed

maximum score is reported in tables 3 and 4.

Behavioural assessment included an evaluation of mood

and anxiety using Zung’s self rating depression scale (SDS)24

and Zung’s self rating anxiety scale (SAS),25 which can quan-

tify symptoms of depression and anxiety at the time of testing.

In addition, a clinical interview to detect the presence of

Table 1 Main demographic and clinical
characteristics of patients with Parkinson’s disease at
the time of the implant

Number of patients 20
Sex ratio (male/female) 11/9
Age (years) 57.0 (7.8)
Educational level (years) 11.8 (5.2)
Disease duration (years) 14.2 (5.4)
Levodopa equivalent daily dose 1395.8 (644.1)

Values are mean (SD) or n.

Table 2 Motor scores (without and with anti-parkinsonian drug treatment), levodopa equivalent daily dose (LEDD) at
baseline and at follow up visits with stimulators turned on

Baseline 3 Months 6 Months 12 Months Baseline 18 Months

Number of patients 20 20 20 20 9 9
UPDRS motor score off drug treatment 58.8 (9.7) 27.3 (10.9) 28.8 (10.6) 30.9 (15.6) 60.8 (8.9) 27.0 (14.3)

Change* −53.6% −51.1% −47.3% −55.6%
p Value* 0.0001 0.0001 0.0002 0.0101

UPDRS motor score on drug treatment 24.0 (9.0) 25.8 (12.3) 19.9 (10.8) 22.1 (12.3) 25.0 (8.0) 17.3 (5.5)
Change* +7.6% −16.9% −8.1% −30.7%
p Value* NS NS NS NS

LEDD 1395.8 (644.1) 613.6 (398.5) 594.2 (309.7) 500.7 (328.8) 1185.1 (426.5) 535.3 (458.1)
Change* −56.0% −57.4% −57.4% −53.8%
p Value* <0.0001 0.0008 0.0002 0.0209

Values are mean (SD) or n unless specified.
*Compared with baseline.
LEDD, levodopa equivalent daily dose; UPDRS, unified Parkinson’s disease rating scale.
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behavioural abnormalities or psychiatric disorders was con-

ducted in all patients.

Functional assessment included evaluation of activities of

daily living (ADL) and of quality of life. ADL during periods

with and without antiparkinsonian drug treatment in the last

month were evaluated using the ADL subscale of the

UPDRS.16 Quality of life during the last three months was

assessed by the Parkinson’s disease quality of life question-

naire (PDQL).26

Study design
A preoperative assessment (baseline) was made during the

four weeks preceding the bilateral implantation of electrodes.

In the overall group of 20 patients, postoperative assessments

were carried out at three, six, and 12 months after implanta-

tion. In addition, nine of the 20 patients also underwent a

postoperative assessment 18 months after implantation. Post-

operative assessments of cognitive functioning were done in

two different stimulation conditions according to an ABBA

design: at three and 18 months the patients were examined 60

minutes after turning the stimulators off, while at six and 12

months the stimulators were left in the on condition. As the

repeated administration of a cognitive task (especially with

short test–retest intervals) may result in an improved

performance from practice, relatively long intervals between

cognitive assessments under different stimulation conditions

were chosen.11

Statistical analyses
To assess the outcome of the patients as a group (group

outcome) and as individuals (individual outcome), two sets of

analyses were carried out. To evaluate group outcome, the

scores of the sample of patients obtained on each postopera-

tive assessment were compared with preoperative scores by

means of the Wilcoxon’s signed rank test. This non-parametric

test was chosen because of the small sample size and the non-

normally distributed data. Given the explorative nature of our

study, the standard non-corrected significance α level of

p < 0.05 was used to reduce the risk of a type II error.

However, given the risk of type I error with multiple compari-

sons in a relatively small sample of patients, significant results

should be accepted with caution when the α levels are only

marginally less than 0.05.5 6

In addition, in the overall sample of 20 patients each

individual postoperative raw score was transformed to a

standard z score, using means and standard deviation values

of the sample at baseline, to evaluate postoperative changes

among individual patients on cognitive, behavioural, and

functional variables. The criterion of an increase of more than

+1.0 SD was used to register individual postoperative

improvements, while a decrease of more than −1.0 SD was

used to register individual postoperative declines.27

RESULTS
Group outcome
After surgery, parkinsonian motor symptoms improved in all

the patients (table 2). Compared with preoperative scores,

there was a significant improvement in UPDRS motor scores

in all postoperative assessments without antiparkinsonian

drug treatment, and a significant reduction in the total

levodopa equivalent daily dose (LEDD). Motor fluctuations

improved in all patients and on state dyskinesias were

markedly reduced.

The group outcome on cognitive variables for the overall

group of 20 patients with a 12 month follow up is reported in

table 3. On the letter verbal fluency task, there was a highly

significant postoperative decline at three months, with stimu-

lators off (mean decline, −21.5%; p = 0.0005), and a significant

decline at six months (mean decline, −11.3%; p = 0.0283) and

12 months, with stimulators on (mean decline, −14.8%;
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p = 0.0382). On the episodic verbal memory task, a postopera-

tive decline was observed only at three months with stimula-

tors in off state, on both immediate recall (mean decline,

−13.3%; p = 0.0217) and delayed recall of the RAVLT (mean

decline, −14.1%; p = 0.0395). Conversely, an improvement in

postoperative performance was detected on the MMSE at

three months (mean improvement, +4.9%; p = 0.0144), six

months (mean improvement, +4.5%; p = 0.0097), and 12

months (mean improvement, +6.7%; p = 0.0042). On the

MWCST, there was improved postoperative performance in

the number of correct criteria at six months (mean increase,

+18.6%; p = 0.0284) and 12 months (mean increase, +16.3%;

p = 0.0300), and in the number of total errors at six months

(mean decrease, −39.2%; p = 0.0186) and 12 months (mean

decrease, −43.4%; p = 0.0066). On this latter task, a decrease

in perseverative errors was observed at three months (mean

decrease, −47.6%; p = 0.0219), six months (mean decrease,

−58.7%; p = 0.0135), and 12 months (mean decrease, −50.8%;

p = 0.0121).

With respect to the outcome on behavioural and functional

variables in the overall group of 20 patients with a 12 month

follow up (table 3, lower part), there was a decrease in depres-

sive symptoms at three months (mean decrease on SDS,

−21.0%; p = 0.0070), six months (mean decrease on SDS,

−14.8%; p = 0.0332), and 12 months (mean decrease on SDS,

−15.9%; p = 0.0060). A decrease in anxiety symptoms was

also observed at three months (mean decrease on SAS,

−15.3%; p = 0.0097), six months (mean decrease on SAS,

−11.7%; p = 0.0362), and 12 months (mean decrease on SAS,

−16.8%; p = 0.0268). There was an improvement in the qual-

ity of life at three months (mean decrease on PDQL, −37.0%;

p = 0.0032), six months (mean decrease on PDQL, −42.4%;

p = 0.0008), and 12 months (mean decrease on PDQL,

−34.7%; p = 0.0048). A highly significant improvement in

activities of daily living off drug treatment was observed at

three months (mean decrease on UPDRS-ADL, −72.6%;

p < 0.0001), six months (mean decrease on UPDRS-ADL,

−74.0%; p < 0.0001), and 12 months (mean decrease on

UPDRS-ADL, −72.3%; p < 0.0001). For ADL on drug treat-

ment, there was significant improvement only at six months

(mean decrease on UPDRS-ADL, −32.7%; p = 0.0141) and 12

months (mean decrease on UPDRS-ADL, −38.6%;

p = 0.0313).

The results on cognitive, behavioural, and functional

variables in the subgroup of nine patients with an 18 month

follow up were quite similar to those obtained in the overall

group of 20 patients, as shown in table 4. This shows only

those tasks with significant changes from baseline. Interest-

ingly, a postoperative decline in letter verbal fluency was

observed only at three months (mean decrease, −27.9%;

p = 0.0280) and 18 months (mean decrease, −18.4%;

p = 0.0357) with stimulators in the off condition, but not at six

and 12 months (in the on condition). On Raven’s progressive

matrices ’47, there was an improvement at three months

(mean increase, +7.6%; p = 0.0425) and 12 months (mean

increase, +9.2%; p = 0.0280). Moreover, a significantly im-

proved postoperative performance was observed on the

MWCST for both the number of total errors at six months

(mean decrease, −47.8%; p = 0.0464) and the number of per-

severative errors at three months (mean decrease, –63.4%;

p = 0.0277), six months (mean decrease, −70.7%;

p = 0.0277), and 12 months (mean decrease, −73.2%;

p = 0.0180).

In this subgroup of nine patients (table 4), an improvement

in quality of life and ADL while off antiparkinsonian drugs

was observed in all postoperative assessments, while a

decrease in both depressive and anxiety symptoms was

observed in all postoperative assessments except for that at 18

months. There was also a significant improvement in ADL

while on drug treament at six, 12, and 18 months.
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Individual outcome
The individual outcome on cognitive, behavioural, and

functional variables on three month, six month, and 12 month

postoperative assessments in the sample of 20 patients is

given in table 5. After implantation, no patient became

demented according to the DSM-IV criteria.15

Across all postoperative assessments, the percentage of

patients who showed deterioration on the letter verbal fluency

task was substantially greater than the percentage who

improved. Moreover, on an episodic memory task (immediate

and delayed recall of RAVLT) at three months, the percentage

of patients who declined was also substantially greater than

the percentage who improved. By contrast, across all

postoperative assessments the percentage of patients who

improved on other cognitive tasks (MMSE, Corsi’s span,

number of total errors and perseverative errors on the

MWCST) was greater than the percentage who declined. A

marked degree of individual variability was observed on digit

span backward across all postoperative assessments. A minor-

ity of patients showed no postoperative change on this verbal

short term memory task, while most had either a postopera-

tive improvement or a decline.

At three, six, and 12 months, on most behavioural and

functional variables assessing depressive and anxiety symp-

toms, quality of life, and ADL while off antiparkinsonian

drugs, the percentage of patients who showed a postoperative

improvement was markedly greater than the percentage with

a postoperative decline.

Adverse events
Eleven of the 20 patients experienced adverse events. Four had

persistent complications: psychic akinesia (one patient), mild

worsening of dysarthria (two patients), and a mild worsening

of hypophonia (one patient). The patient who showed

worsening of hypophonia also experienced transient ballistic

or choreic dyskinesias of the neck or limbs, as did one of the

patients who showed a worsening of dysarthria. Seven further

patients had only transient adverse effects: three showed

transient manic symptoms with hypersexuality,28 one experi-

enced paraesthesiae, and two experienced paraesthesiae and

diplopia. One of these latter patients had a perioperative com-

plication, namely a mild subarachnoid haemorrhage, the only

presenting symptom being transient diplopia. No permanent

lesions occurred in any patient, as confirmed by neurological

examination and magnetic resonance imaging.

DISCUSSION
The results of cognitive assessment in the overall group of 20

patients treated by HFS of the subthalamic nucleus with 12

months of follow up showed that three months after surgery,

with stimulators off, there was a highly significant decline in

a letter verbal fluency task and a significant decline in a

episodic verbal memory task (immediate and delayed recall of

the RAVLT), while a significant postoperative improvement

was observed on the MMSE and on a task of executive func-

tion (the MWCST, with a decreased number of perseverative

errors). Six and 12 months after surgery, with stimulators in

the on condition, there was a significant postoperative decline

in letter verbal fluency (although not as marked as at three

months) and an improvement in the MMSE and the MWCST

(increased number of correct criteria, decreased number of

total and perseverative errors).
In the overall group of 20 patients, there was a significant

postoperative decrease in both depressive and anxiety
symptoms and an improvement in parkinsonian motor
symptoms. Improvements in quality of life and activities of
daily living off drug treatment were observed across all post-

operative assessments. Similar results were observed in the

subgroup of nine patients with an 18 month follow up.

Following implantation, 11 patients experienced adverse

events, which were persistent in four.

A postoperative decline in a letter verbal fluency task was

observed in the overall group of 20 patients across all postop-

erative sessions. This decline was marginally significant at six

and 12 months (with the stimulators in the on condition) and

highly significant at three months (with stimulators off). This

observation may indicate that a decline in verbal fluency was

either more pronounced in the early postoperative stages or

that it was attenuated by stimulation (or both). In this respect,

it has been reported that the postoperative decline in letter

verbal fluency might be more marked at three months than at

12 months,10 and that it is attenuated when stimulators are in

the on condition.9 The latter finding is in agreement with our

observation of a significant postoperative decline in letter ver-

bal fluency only at three and 18 months (with stimulators off)
in the subgroup of nine patients with an 18 month follow up,

but not at six and 12 months (with stimulators on). In all,

these findings support the view that a decline in verbal fluency

may be attenuated by stimulation of the subthalamic nucleus.

Declines in letter or category fluency have been reported in

patients with Parkinson’s disease after unilateral or bilateral

Table 5 Individual postoperative changes of cognitive, behavioural, and functional variables in the 20 patients with a
12 month follow up

Variable

Improvement (SD >+1) No change (SD +1 to −1) Decline (SD < −1)

3 Months 6 Months 12 Months 3 Months 6 Months 12 Months 3 Months 6 Months 12 Months

MMSE 35% 25% 40% 55% 75% 55% 10% 0% 5%
Raven’s progressive matrices ’47 20% 25% 25% 60% 45% 50% 20% 30% 25%
Rey’s immediate recall 5% 20% 30% 55% 55% 50% 40% 25% 20%
Rey’s delayed recall 15% 15% 40% 45% 60% 35% 40% 25% 25%
Digit span forward 5% 15% 10% 80% 75% 70% 15% 10% 20%
Digit span backward 25% 40% 30% 35% 25% 40% 40% 35% 30%
Corsi’s span forward 45% 35% 30% 50% 65% 65% 5% 0% 5%
Corsi’s span backward 25% 15% 10% 70% 75% 85% 5% 10% 5%
Letter verbal fluency 0% 10% 0% 74% 63% 79% 26% 26% 21%
MWCST: No of criteria 0% 0% 0% 83% 89% 83% 17% 11% 17%
MWCST: total errors 33% 33 % 39% 55% 61% 50% 11% 6% 11%
MWCST: perseverative errors 39% 33% 44% 61% 67% 44% 0% 0% 11%
Zung’s depression scale 76% 58% 65% 12% 25% 29% 12% 17% 6%
Zung’s anxiety scale 50% 37% 47% 37% 50% 47% 12% 12% 6%
ADL-UPDRS, off drug treatment 100% 100% 100% 0% 0% 0% 0% 0% 0%
ADL-UPDRS, on drug treatment 0% 10% 5% 95% 90% 95% 5% 0% 0%
PDQL 75% 75% 69% 6% 19% 25% 19% 6% 6%

ADL-UPDRS, activities of daily living subscale of the unified Parkinson’s disease rating scale; MMSE, mini-mental state examination; MWCST, modified
Wisconsin card sorting test; PDQL, Parkinson’s disease quality of life questionnaire.
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pallidotomy27 29 and after surgery for electrode implantation in
the internal globus pallidus30 or subthalamic nucleus.9 As a
decline in verbal fluency may also be observed in non-operated
patients, this skill could be considered “at risk” in patients
with Parkinson’s disease. The decline in verbal fluency
observed in patients with HFS of the subthalamic nucleus
might arise from surgical microlesions of critical neural
systems located close to the anterior cingulate cortex in rela-
tion with the parasagittal trajectory used for electrode
implantation,9 within the distributed “cognitive” loops in-
volved in verbal fluency tasks. It is also possible that HFS of
the subthalamic nucleus might influence the activity of such
cognitive loops involved in verbal fluency tasks by attenuating
the decline in verbal fluency. According to this hypothesis
cognitive deficits induced by surgery could be compensated by
stimulation of the subthalamic nucleus.10

Our study expands earlier investigations that have assessed
cognition in Parkinson’s disease only with stimulators turned
on. Ardouin et al investigated cognition and mood in 62
patients before and three to six months after bilateral HFS of
the subthalamic nucleus or internal globus pallidus with
stimulators in the on condition.8 That study showed no signifi-
cant postoperative decline in memory or executive functions,
but detected a reduction in letter verbal fluency together with
an improvement in mood in both the subthalamic nucleus
group and in the whole patient population (which included
those with globus pallidus stimulation). Moreover, postopera-
tive improvement was observed in the whole population on
the trail making test, a task sensitive to selective visual atten-
tion, motor speed, and cognitive flexibility. Saint-Cyr et al
investigated neuropsychological changes in a group of 11
patients with Parkinson’s disease treated with HFS of the sub-
thalamic nucleus, including six patients older than 69 years.5

Assessments were always undertaken with the stimulators in
the on condition. At three to six months postoperatively there
was a significant decline in tasks of verbal fluency, verbal and
visuospatial memory, and executive function (trail making B
test). At nine to 12 months, a significant postoperative decline
was observed in tasks of verbal fluency, verbal and visuospatial
memory, working memory, and executive function (trail mak-
ing B test, conditional associative learning test), and in the
frontal lobe personality scale. The investigators concluded that
bilateral HFS of the subthalamic nucleus can have a negative
impact on frontal executive functions, especially in patients
older than 69 years, suggesting that further studies are needed
to investigate the possible reversibility of these effects when
HFS is turned off. Trepanier et al compared the neuropsycho-
logical outcome in patients with HFS of the internal globus
pallidus or subthalamic nucleus31 and suggested that older
patients were at risk of cognitive and behavioural decline after
bilateral HFS of the subthalamic nucleus, while globus
pallidus stimulation may be safer. Alegret and coworkers6

assessed cognition and behaviour in 15 patients with Parkin-
son’s disease before and three months after surgery for bilat-
eral HFS of the subthalamic nucleus, with stimulators in the
on condition. They observed a postoperative improvement in
both the trail making B test and the Maudsley obsessive com-
pulsive inventory. This study, however, showed a postoperative
decline in a visuospatial task (the line orientation test), in
tasks of verbal memory and verbal fluency, and in the Stroop
word-colour test (an attentional task measuring the inhibition
of cognitive interference). Dujardin et al investigated nine
patients before and at three and 12 months after surgery for
HFS of the bilateral subthalamic nucleus, with stimulators
on.7 They observed a significant postoperative decline in
episodic verbal memory only at three months, and a decline in
the Stroop word-colour test at 12 months. Behavioural
changes (apathy, depression, anxiety) were also reported in
four patients.

Recently, two studies have assessed postoperative cognitive
performance in patients with Parkinson’s disease treated by

HFS with the stimulators in the on versus the off condition.
Jahanshahi et al investigated the effects of bilateral HFS on
executive functions in seven Parkinson’s disease patients with
electrode implantation in the subthalamic nucleus and in six
with implantation in the internal globus pallidus.9 The
patients were assessed three times: with stimulators off, with
stimulators on, and with stimulators off again. With stimula-
tors on, both the subthalamic nucleus and globus pallidus
groups showed a decline in a conditional associative learning
task and improved performance on various tests of executive
function (trail making tests A and B, paced visual serial addi-
tion test, missing digit test, and the naming of colour subtest
of the Stroop test). With the stimulators on, the subthalamic
nucleus group showed significant improvement on some fur-
ther tests of executive function (MWCST, random number
generation).

In the other study, Pillon et al investigated the effects of
subthalamic nucleus or globus pallidus stimulation by
comparing cognitive performance of two groups of patients
with stimulators on or off at three to 12 months after surgery.10

When stimulators were in the on condition, a significant
improvement in tests of psychomotor speed and spatial work-
ing memory was observed only in the patients with
stimulation of the subthalamic nucleus. No cognitive long
term effect of HFS was detected 12 months after surgery
except for a mild postoperative decline in a semantic category
verbal fluency task in the patients with stimulation of the
subthalamic nucleus, which was observed at three and 12
months under both conditions (stimulators on or off).

In our study, a postoperative decline was detected in a task
of episodic verbal memory (immediate and delayed recall of
the RAVLT) at three months (with stimulators off), but not at
six and 12 months (with stimulators on). This observation
might suggest that, following the subthalamic nucleus
implant, a slight decline in episodic verbal memory could be
either more evident in the early stages of postoperative follow
up or attenuated by subthalamic nucleus stimulation per se, or
both. The observation of a postoperative decline in episodic
verbal memory at three months6 7 28 supports the view that a
decline in episodic verbal memory may be more evident in the
early postoperative stages. On the other hand, the slight but
significant improvement observed in our study on the MMSE
at six and 12 months after surgery, with stimulators on, is dif-
ficult to interpret, as this task is aimed at assessing the overall
cognitive status by screening various major cognitive domains.
Such an improvement on the MMSE could reflect either a
small but genuine postoperative improvement in overall
cognitive functioning induced by subthalamic nucleus stimu-
lation, or (more likely) a practice effect, or both.

Similarly, the improved postoperative performance detected
in the overall group of our 20 patients on the MWCST in all
postoperative assessments (but more notably at six and 12
months, with stimulators on) could arise either from a genu-
ine improvement in specific frontal executive functions (set
shifting ability) or (perhaps more likely) from a practice effect,
or both. This finding, however, is in agreement with some pre-
vious reports of improved performance with stimulators on
detected on various tests of executive function, such as the
MWCST9 and tasks of spatial working memory,10 suggesting
that stimulation of the subthalamic nucleus could, at least in
some patients, improve executive functions and working
memory. On the other hand, it should be pointed out that
these findings are at variance with the results of the study
conducted by Saint-Cyr et al,5 which suggests that bilateral
subthalamic nucleus HFS can have a negative impact on fron-
tal executive functions, especially in patients older than 69
years. It has been proposed31 that differences between the
neuropsychological outcome in patients with Parkinson’s dis-
ease operated on in different centres may be influenced by
various factors, including the location and extent of the neu-
rosurgical lesions and the characteristics of the patients
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selected for surgery (age, preoperative cognitive status,

comorbidity with other conditions such as psychiatric

disorders). In this respect, it is worth commenting that the

mean age of the patients in Saint-Cyr’s study (66.5 years) was

about nine years older than the mean age of the patients in our

study (57.0 years), who showed no postoperative impairment

in tasks of executive function.

The marked improvement in parkinsonian motor symp-

toms observed in the present series might at least partially

explain not only the postoperative improvement in the quality

of life and activities of daily living but also the postoperative

decrease in depressive and anxiety symptoms—as a psycho-

logical response to the alleviation of disabling motor

symptoms.9 However, the possible influence of HSF of the

subthalamic nucleus on the neural circuits involved in mood

should also be considered.4 28 32

The analysis of postoperative changes in individual patients

in cognitive, behavioural, and functional variables showed

some individual variability which could, at least in part, reflect

slight variability in lead placement.33

Limitations
Longitudinal studies on the neuropsychological outcome after

surgical treatments of Parkinson’s disease raise several meth-

odological issues. First, it is necessary to consider that cogni-

tive decline may occur in patients with Parkinson’s disease

over time, although very little decline is usually observed over

a 12 month period.5 Second, we have already been mentioned

that in serial neuropsychological assessments improved

performance may result from practice effects, especially with

short test–retest intervals.11 To mitigate such practice effects,

various approaches could be employed, such as the use of par-

allel forms of cognitive tasks or the comparison of results with

an unoperated group of patients. However, the value of these

approaches is restricted by the limited availability of parallel

forms and by the logistic problems incurred in the recruitment

of an unoperated group of patients.34 Given the limited avail-

ability of alternative forms for many of the cognitive tasks

selected for our study, relatively long intervals between cogni-

tive assessments under different stimulation conditions were

chosen to limit practice effects.

An additional methodological issue derives from the choice

of the most appropriate pharmacological conditions during

preoperative and postoperative cognitive testing. Neuro-

psychological assessments in Parkinson’s disease patients

treated by HFS of the subthalamic nucleus have been carried

out under variable pharmacological conditions. In some stud-

ies, both preoperative and postoperative assessments were

performed with the patients on anti-parkinsonian drug

treatment.6 7 In other studies, preoperative and postoperative

assessments were carried out without anti-parkinsonian

drugs in all patients,6 9 or in most of them.8 10 In one study,

conducted in patients treated by unilateral internal globus

pallidus HFS,35 subjects were assessed with medication preop-

eratively and without medication postoperatively. It is not

possible to exclude the possibility that a postoperative reduc-

tion in anti-parkinsonian drugs in patients treated by HFS of

the subthalamic nucleus could to some extent influence their

performance on cognitive tasks. Although cognitive assess-

ments in patients free of antiparkinsonian drugs for at least 12

hours before and after surgery could minimise the influence of

changes in drugs on cognitive performance, it should be

pointed out that in at least some patients the severity of the

motor symptoms while they are off drug treatment (particu-

larly preoperatively) might not permit cognitive testing.6

Conclusions
Our study supports the view that bilateral HFS of the subtha-

lamic nucleus is a relatively safe procedure with regard to cog-

nitive and behavioural morbidity over a long term follow up

(up to 18 months). However, individual variability in postop-

erative cognitive and behavioural outcome—as observed in

our sample and in other studies—invites caution. Further

investigations are necessary to elucidate the reasons for such

individual variability in outcome, which could be influenced

by various factors such as the characteristics of the patients

(age, preoperative cognitive status, history of psychiatric

disorders) and the exact location of the electrode placement.

In addition, our findings indicate that stimulation of the sub-

thalamic nucleus per se does not seem to impair cognitive

performance in patients with Parkinson’s disease,

suggesting—in agreement with earlier results9—that subtha-

lamic stimulation could attenuate the observed postoperative

decline in verbal fluency tasks, at least in some patients.

. . . . . . . . . . . . . . . . . . . . .
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ECHO ................................................................................................................
Look before you leap if liable to pressure palsies

People with hereditary neuropathy with liability to pressure palsies (HNPP) should be warned against
sports like parachuting and rock climbing because of their increased risk of severe nerve injury from
tight harnesses.

An unusual case report describes how an 18 year old woman with no history of HNPP experienced
lasting weakness in both arms during her first parachute jump. She was harnessed by tight shoulder
straps to an instructor, and during the jump felt pain in her left shoulder. On landing she could not move
either arm or get up. About 80% strength returned to her right arm after 5–10 minutes but her left
remained numb and weak.

A week later she had no pain in her neck, back, or legs or weakness or tingling but still had mild weak-
ness and slow reflexes in the right arm and severe weakness and no reflexes in the left. This suggested
cervical central cord syndrome, but an MRI scan showed no abnormalities. Nerve conduction studies and
electromyography two weeks after the event showed sensorimotor neuropathy in the arms and legs and
prolonged latency of conduction at classic compression sites but no active denervation. Fluorescent in situ
hybridisation disclosed a deletion on chromosome 17p11.2 characteristic of HNPP. Recovery took nine
months.

Involvement of nerves in both arms is unusual and probably arose from the tight harness. Patients with
HNPP suffer recurring nerve injury after the mildest compression forces, and carrying heavy weights over
their shoulders, resting on their elbows, or crossing their legs is discouraged.

m British Journal of Sports Medicine 2002;36:465–466.
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