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BSTRACT

 

Background

 

Posteroventral medial pallidotomy
sometimes produces striking improvement in pa-
tients with advanced Parkinson’s disease, but the
studies to date have involved small numbers of pa-
tients and short-term follow-up.

 

Methods

 

Forty patients with Parkinson’s disease
underwent serial, detailed assessments both after
drug withdrawal (“off” period) and while taking their
optimal medical regimens (“on” period). All patients
were examined preoperatively, and 39 were exam-
ined at six months; 27 of the patients were also ex-
amined at one year, and 11 at two years.

 

Results

 

The percent improvements at six months
were as follows: off-period score for overall motor
function, 28 percent (95 percent confidence interval,
19 to 38 percent), with most of the improvement in
the contralateral limbs; off-period score for activities
of daily living, 29 percent (95 percent confidence
interval, 19 to 39 percent); on-period score for con-
tralateral dyskinesias, 82 percent (95 percent confi-
dence interval, 72 to 91 percent); and on-period score
for ipsilateral dyskinesias, 44 percent (95 percent
confidence interval, 29 to 59 percent). The improve-
ments in dyskinesias and the total scores for off-
period parkinsonism, contralateral bradykinesia, and
rigidity were sustained in the 11 patients examined
at two years. The improvement in ipsilateral dyskine-
sias was lost after one year, and the improvements
in postural stability and gait lasted only three to six
months. Approximately half the patients who had
been dependent on assistance in activities of daily
living in the off period before surgery became inde-
pendent after surgery. The complications of surgery
were generally well tolerated, and there were no sig-
nificant changes in the use of medication.

 

Conclusions

 

In late-stage Parkinson’s disease,
pallidotomy significantly reduces levodopa-induced
dyskinesias and off-period disability. Much of the
benefit is sustained at two years, although some im-
provements, such as those on the ipsilateral side and
in axial symptoms, wane within the first year. The
on-period symptoms that are resistant to dopamin-
ergic therapy do not respond to pallidotomy. (N Engl
J Med 1997;337:1036-42.)
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ESPITE the introduction of several new
medical therapies, patients with advanced
Parkinson’s disease continue to have fluc-
tuations between pronounced increases

in parkinsonism (“off ” periods) and episodes of im-
proved mobility (“on” periods), which are often com-
plicated by choreoathetotic movements (dyskine-
sias). For this reason, there has been a resurgence of
interest in neurosurgical interventions, particularly
posteroventral medial pallidotomy. Defining the role
of such an invasive therapy requires a long-term pro-
spective study of a large number of patients using
methods of evaluation with established sensitivity
during off and on periods. To date, none of the few
reports describing the effects of posteroventral medi-
al pallidotomy have met these criteria. We performed
a follow-up study of 40 patients undergoing pallidot-
omy, with evaluations at six months, one year, and
two years.

 

METHODS

 

Patients

 

Forty patients with idiopathic Parkinson’s disease underwent
posteroventral medial pallidotomy between June 1993 and Janu-
ary 1996 (Table 1). All the patients had initially had good re-
sponses to levodopa with the subsequent development of marked
disability due to off-period immobility, disabling levodopa-
induced dyskinesias, and increasing disability during the on peri-
od primarily from ambulatory disturbances, despite an optimal
regimen of available antiparkinsonian drugs. Exclusion criteria in-
cluded marked cognitive dysfunction, active psychiatric symptoms,
concurrent neurologic or other, uncontrolled medical disorders,
or previous brain surgery. Four additional patients underwent
surgery but no lesions were made; these patients are not included
in the analysis. Complications in these four patients included in-
tracerebral hemorrhage requiring surgical evacuation (in one pa-
tient), unsuccessful microelectrode mappings (in two), and an ex-
acerbation of paranoia (in one).

 

Evaluations

 

Patients were evaluated clinically as reported previously,

 

2

 

 with
the use of a modified

 

3

 

 Core Assessment Program for Intracerebral
Transplantation.

 

4

 

 Follow-up evaluations were performed at 1 week
in the first 27 patients and at 3, 6, 12, and 24 months in 39, 39,
27, and 11 patients, respectively. When possible, postoperative
doses of antiparkinsonian medications were maintained at the
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preoperative levels. Many patients, however, changed their medi-
cation doses because of reduced needs, particularly in the imme-
diate postoperative period.

During the follow-up period, nine patients underwent addi-
tional surgical procedures. A repeated ipsilateral lesion was made
in one patient after three months of follow-up. The initial lesion
had been placed suboptimally, in a more anterior and dorsal po-
sition than usual, for fear of creating a visual deficit, because the
optic tract could not be identified with certainty (the patient did
not report seeing phosphenes in response to electrical stimulation
at the location of the optic tract predicted by microrecording). In
the second procedure, the optic tract was identified unequivocally
with the use of light-flash–evoked action-potential microrecord-
ing, and the lesion was placed ventrally in a more appropriate lo-
cation. After this operation, there was a marked improvement, es-
pecially in the patient’s incapacitating dyskinesias. The other eight
patients underwent contralateral procedures: pallidotomies in two
patients (at 6 and 18 months), and implantation of deep brain
stimulators in six (at 9 to 18 months). All eight patients had had
improvement after unilateral pallidotomy and had requested a
second procedure for persistent and disabling ipsilateral symp-
toms. These patients had further improvement after the second
procedure, as reported elsewhere.

 

5-7

 

 For each of these nine pa-
tients, data on efficacy are included only to the last follow-up ex-
amination before the second surgical procedure, because includ-
ing the subsequent follow-up data would have biased the results
in favor of the initial procedure.

 

Surgical Procedure

 

The methods we used for microelectrode-guided posteroven-
tral medial pallidotomy have been described in detail elsewhere.

 

2,8

 

Microelectrode recordings and stimulation were used to identify
the sensorimotor territory of the internal segment of the globus
pallidus, the optic tract, and the internal capsule. One or two
largely overlapping radiofrequency lesions, 6 mm in diameter,
were produced with the use of a thermistor-coupled probe, 1 mm
in diameter, with a 3-mm exposed tip. The temperature of the tis-
sue at the lesion reached 60°C, 70°C, 80°C, and finally, 90°C for
60 seconds.

 

Statistical Analysis

 

Follow-up evaluations were performed at three and six months
in 39 patients. The evaluation at six months was chosen for the
assessment of early efficacy in the hope of reducing the influence
of the placebo response, which should have been larger at three
months than at six months. For the analysis of long-term efficacy,
the patients were divided into two groups, those followed for one
year (27 patients) and those followed for two years (11 patients),
who were also included in the one-year group.

The primary measure of efficacy was the overall score on the
Unified Parkinson’s Disease Rating Scale

 

1

 

 (defined as the com-
bined scores for activities of daily living and motor function, Parts
II and III of the scale) in the off and on periods. The range of
possible scores was 0 to 52 for activities of daily living and 0 to
108 for motor function, with a range of 0 to 160 for the com-
bined score. Lower scores indicate better function. Secondary
measures included the Schwab and England Activities of Daily
Living Scale and subscores of the Unified Parkinson’s Disease
Rating Scale for tremor, rigidity, bradykinesia, postural instability
and gait disorder, and dyskinesias, as defined previously.
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 Pairwise
comparisons between the results of the base-line evaluation and
the results of the follow-up evaluations were made with Student’s
t-test or the Wilcoxon signed-rank test, as appropriate.

For the long-term groups, we used an analysis of variance with
repeated measures or a nonparametric Friedman’s analysis of vari-
ance with repeated measures on ranks. If no significant difference
was found, a power analysis was performed. A correlational anal-
ysis was also used to detect any trend in loss of improvement over
time (with a slope of zero indicating sustained improvement). In
view of the number of repeated analyses, a P value of 0.005 was

considered to indicate statistical significance, in order to avoid a
type I error. To provide 95 percent confidence intervals, the
mean of the percent change in scores for individual patients was
used rather than the percent change in mean total scores.

A secondary hypothesis of the study was that pallidotomy
would result in clinically significant improvement. This hypothesis
was tested by examining the effects of pallidotomy on specific test
items in the activities-of-daily-living scale that represent impor-

 

*The Schwab and England score for activities of
daily living (ADL) is based on a scale from 0 to 100,
with a higher score indicating better function.

 

1

 

†The Hoehn and Yahr stage of parkinsonism is
based on a scale from 0 to 5, with a lower stage in-
dicating higher function.

 

1

 

‡PDCI denotes peripheral decarboxylase inhibi-
tor. The total levodopa equivalent was calculated as
the regular dose of levodopa plus carbidopa (or
benserazide)
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(0.75

 

�

 

the dose of controlled-release
levodopa plus carbidopa)
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(10

 

� 

 

the dose of bro-
mocriptine)
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(100
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the dose of pergolide).
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HARACTERISTICS

 

 

 

OF

 

 

 

THE

 

 P
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HARACTERISTIC
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Sex (no. of patients)
Male
Female

26
14

Age (yr)
Mean 

 

�

 

SD
Range

58.8

 

�

 

8.2
44–72

Duration of disease (yr)
Mean 

 

�

 

SD
Range

12.9

 

�

 

4.8
4–25

Schwab and England ADL score (%)*
On period

Mean
Range

Off period
Mean
Range

78
35–100

39
10–70

Hoehn and Yahr stage†
On period

Median
Range

Off period
Median
Range

2.5
1.5–5.0

3.5
2.0–5.0

Side of surgery (no. of patients)
Right
Left

26
14

Medications‡
Levodopa and PDCI

No. of patients
Mean dose (mg)
Range

Bromocriptine
No. of patients
Mean dose (mg)
Range

Pergolide
No. of patients
Mean dose (mg)
Range

Total levodopa equivalents
No. of patients
Mean dose (mg)
Range

40
1096

300–2600

10
23.1

5–47.5

19
3.2

0.2–11.25

40
1153

300–2250
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tant daily self-care functions (feeding, dressing, and personal hy-
giene), two components of the motor section of the scale that are
related to ambulatory ability (gait and postural stability), and the
severity of contralateral dyskinesias as scored on the dyskinesia rat-
ing scale. For each of these items, a score of 2 or higher (out of
4) generally indicates some degree of dependence on others for
care or a major interference in function. With the exception of
the analysis of dyskinesias, this evaluation was applied only to the
worst off period, since there were insufficient numbers of patients
who were dependent on others in the on period to permit con-
clusions. Evaluations were performed at 6 and 12 months in the
one-year group and at 12 and 24 months in the two-year group.

 

RESULTS

 

Early Response

 

All 40 patients were followed for at least three
months, and data were available at six months for all
but 1 patient, who underwent a second procedure.
Improvements in the off-period motor and activi-
ties-of-daily-living scores were in the range of 30
percent (Table 2). All off-period features of parkin-
sonism improved significantly on the side contralat-
eral to the side on which surgery was performed. Ip-
silateral tremor and rigidity did not change, but
bradykinesia improved significantly. In the on peri-
od, there was a significant improvement only in
the total activities-of-daily-living score (Schwab and
England on-period scores showed a trend toward
improvement [P

 

�

 

0.007]). None of the motor sub-
scores on the Unified Parkinson’s Disease Rating

 

*ADL denotes activities of daily living, and PIGD postural instability–gait disorder. Lower scores
indicate better function for all items except the Schwab and England ADL score. Scores are described
in detail in Lozano et al.
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†The score for tapping was calculated as the time (in seconds) required to complete a simple tap-
ping test.
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VALUE BASE

 

 

 

LINE

 

6 

 

MONTHS

 

P 

 

VALUE

 

Overall 0–160 68.8

 

�

 

13.3 47.9

 

�

 

17.0

 

�

 

0.001 27.6

 

�

 

11.7 23.6

 

�

 

13.5 0.043

ADL 0–52 24.6

 

�

 

5.1 17.2

 

�

 

7.0

 

�

 

0.001 10.3

 

�

 

5.0 7.2

 

�

 

5.3 0.004

Motor 0–108 44.4

 

�

 

11.2 30.7

 

�

 

11.5

 

�

 

0.001 17.4

 

�

 

8.7 16.5

 

�

 

9.3 0.6

Schwab and 
England ADL

0–100 39.0

 

�

 

17.5 65.1

 

�

 

15.8

 

�

 

0.001 78.2

 

�

 

14.3 85.2

 

�

 

9.3 0.007

PIGD 0–20 10.3

 

�

 

3.9 7.1

 

�

 

4.1

 

�

 

0.001 4.7

 

�

 

3.6 3.7

 

�

 

3.6 0.024

Gait 0–4 2.3

 

�

 

0.9 1.8

 

�

 

1.1 0.006 1.0

 

�

 

0.7 0.9

 

�

 

0.9 0.61

Postural stability 0–4 2.1

 

�

 

0.9 1.4

 

�

 

1.0

 

�

 

0.001 1.2

 

�

 

0.9 1.0

 

�

 

1.0 0.1

Freezing 0–4 2.3

 

�

 

1.0 1.4

 

�

 

1.1

 

�

 

0.001 0.7

 

�

 

0.8 0.5

 

�

 

0.8 0.098

Ipsilateral side
Bradykinesia 0–16 7.3

 

�

 

2.9 5.9

 

�

 

3.1 0.001 3.2

 

�

 

2.1 3.4

 

�

 

2.6 0.74
Tapping† 13.5

 

�6.0 11.1�2.8 0.003 10.1�2.5 9.1�2.5 0.006

Contralateral side
Bradykinesia 0–16 9.4�2.7 5.5�3.1 �0.001 3.9�2.4 4.1�2.7 0.67
Tremor 0–12 2.9�2.7 1.3�1.8 �0.001 0.4�0.9 0.2�0.6 0.47
Rigidity 0–8 3.7�2.2 1.7�1.4 �0.001 1.4�1.3 1.0�1.3 0.098
Tapping† 17.8�14.3 12.1�8.5 0.003 11.0�5.8 9.4�3.8 0.002

Scale changed significantly in the on period. Tap-
ping scores, a measure of bradykinesia, improved sig-
nificantly on both the contralateral and ipsilateral
sides in the off period and to a lesser but still signif-
icant extent in the on period. Mean (�SD) scores
for contralateral dyskinesias were dramatically re-
duced (from 2.3�0.9 to 0.4�0.6, P�0.001), and
scores for ipsilateral dyskinesias were reduced by 42
percent (95 percent confidence interval, 25 to 50
percent) (from 2.0�1.0 to 1.1�0.7, P�0.001).

The effect of age at the time of surgery on the
outcome was evaluated by comparing the 22 pa-
tients who were 60 years old or younger (mean age,
53.2�4.5) with the 11 who were 65 or older (mean
age, 68.5�2.5). Overall off-period scores did not
differ significantly at base line between the two
groups (younger group, 66.7�13.2; older group,
69.5�14.4). At six months, there was a 36 percent
improvement (95 percent confidence interval, 25 to
47 percent) in the younger group and a 16 percent
improvement (95 percent confidence interval, 1 to
31 percent) in the older group (P �0.024). Dyski-
nesias responded similarly in the two age groups.

Long-Term Response

Primary Measure

The off-period scores at each of the follow-up
evaluations differed significantly from the base-line
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scores by an analysis of variance with repeated meas-
ures. There was no significant difference in the de-
gree of improvement (the difference between scores
at base line and each evaluation) over time (by an
analysis of variance with repeated measures), suggest-
ing sustained improvement, and the analysis dem-
onstrated sufficient power. Regression analysis also
demonstrated no significant change in the off-period
scores over the follow-up period in either the one-
year or the two-year group (mean regression slope,
0.065 [95 percent confidence interval, �0.047 to
0.117] at one year and 0.018 [95 percent confidence
interval, �0.055 to 0.074] at two years). Three pa-
tients in the one-year group and one patient in the
two-year group had slopes higher than the upper
limit of the 95 percent confidence interval, suggest-
ing some worsening of symptoms over time.

In the one-year group, the on-period scores at each
postoperative evaluation were significantly different
from the base-line score, with the exception of the
score at six months (Fig. 1). The analysis of variance
with repeated measures showed no differences in im-
provement at different evaluations, and the analysis
showed sufficient power. The mean regression slope
was 0.009 (95 percent confidence interval, �0.075
to 0.151), indicating no change over time and a sta-
ble improvement in the on-period scores (approxi-
mately a 19 percent change). As shown in Figure 1,
the improvement in the on-period scores was not
sustained in the group of 11 patients followed for
two years.

Secondary Measures

The significant improvements in off-period con-
tralateral bradykinesia at one week (36 percent
change; 95 percent confidence interval, 23 to 49
percent) and rigidity (51 percent change; 95 percent
confidence interval, 32 to 68 percent) were sus-
tained in both the one-year and the two-year groups.
Improvement in tremor was sustained in the one-
year group (53 percent change; 95 percent confi-
dence interval, 35 to 71 percent). There was a tend-
ency toward sustained improvement in the two-year
group, but the changes in the scores were not statis-
tically significant, because of the correction for mul-
tiple comparisons and the small number of patients
(10) with tremor in this group. Significant improve-
ment in the off-period composite score for postural
instability and gait disorder was lost between 6 and
12 months in the one-year group and between 3 and
6 months in the two-year group.

Improvement in off-period ipsilateral bradykinesia
was not sustained for more than three months in ei-
ther group, and changes in the scores for other ipsi-
lateral symptoms were not significant. As seen in the
group of 39 patients at six months (Table 2), chang-
es in the on-period scores were generally not signif-
icant or were unsustained.

Improvement in contralateral dyskinesias was sus-
tained in both the one-year and the two-year groups.
Trend analysis showed a slight worsening of contra-
lateral dyskinesias between one and two years. The
improvement in ipsilateral dyskinesias was sustained
in both groups at one year, but the benefit was lost
by the second year.

Level of Dependence

Between 44 and 52 percent of the patients who
were dependent on help with activities of daily living
(feeding, dressing, and hygiene) in the off period
preoperatively were independent at the six-month
follow-up (Table 3). This level of improvement was
maintained at two years for feeding and dressing but
was reduced at one and two years for hygiene. Im-
provements in gait and postural stability occurred in
a smaller proportion of patients. In approximately
75 percent of the patients, on-period contralateral
dyskinesias were reduced from a level of serious in-
terference with function to a level that posed no in-

Figure 1. Overall Scores for Activities of Daily Living and Motor
Function during Off and On Periods in Patients with Parkinson’s
Disease Treated with Pallidotomy and Followed for One Year
(27 Patients) or Two Years (11 Patients).
The overall score (on a scale of 0 to 160) was calculated as the
score for activities of daily living (on a scale of 0 to 52) plus
the score for motor function (on a scale of 0 to 108), with lower
scores indicating better function. Analysis of variance with re-
peated measures showed no significant differences in scores
from one week to one year (in the one- and two-year groups)
or two years (in the two-year group) for the off and on periods.
For all four lines, the mean regression slope did not differ from
zero, indicating that the initial effect was sustained over time.
The asterisks indicate scores that differed significantly from
the base-line values (P�0.005). The bars indicate standard
errors.
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terference. Additional data on outcome measures are
available elsewhere.*

Medications

There were no statistically significant changes in
doses of individual antiparkinsonian medications or
in the total dose of levodopa equivalents (Table 1)
during the follow-up period.

Complications

Table 4 shows the complications of pallidotomy
in the 40 patients. The one patient with mild pre-

operative dementia, who was enrolled early in the
study period, had acute confusion and hallucina-
tions in the immediate postoperative period. As
they resolved, there was a persistent worsening in
his level of cognitive dysfunction. This was the only
patient in whom the disability from complications
outweighed the improvement in motor function
obtained from surgery. The persistent complica-
tions in the other 13 patients were generally rated
as mild, and the patients and their families consid-
ered them worth tolerating for the benefit gained
from the procedure. Included in this group was one
patient who sustained a frontal venous infarct with
persistent mild facial weakness, dysarthria, dysphagia
with drooling, and behavioral changes. The tran-
sient bulbar, facial, and limb complications typically
resolved within six weeks and were probably related
to edema surrounding the lesion, which sometimes
coursed along the internal capsule, as seen on post-
operative magnetic resonance imaging scans. The
persistent worsening of handwriting (in 4 of 15 pa-
tients with dominant-side lesions) was in striking
contrast to the substantial improvements in all oth-
er manual activities. None of the patients had visu-
al-field defects. Age and the side of the lesion were
not correlated with the frequency or persistence of
complications. All the patients underwent detailed
neuropsychological testing, and many underwent
formal behavioral evaluations. The preliminary re-
sults of these studies have been presented else-
where.9

DISCUSSION

We present the results at six months in 39 patients
with advanced Parkinson’s disease treated with pos-
teroventral medial pallidotomy, with long-term fol-
low-up data in two overlapping groups: 27 patients
followed for one year and 11 followed for two years.
In this large prospective series, we used validated rat-
ing methods to assess signs and symptoms in both
off periods and on periods, as well as on-period dys-
kinesias. Other studies have been retrospective,10-12

have used nonvalidated methods of assessment,10-12

have not obtained scores for defined off and on
periods,10-13 have reported very inconsistent data,14,15

or have involved relatively small numbers of pa-
tients.16-18 Despite the advantages of our study, it
was uncontrolled and unblinded, and the outcome
measures derived from even the best clinical rating
scales have a major subjective component.

Surgery resulted in a pronounced reduction in
the score for levodopa-induced contralateral dys-
kinesias (82 percent; 95 percent confidence inter-
val, 72 to 91 percent). This benefit persisted during
two years of follow-up, although there was a mild
worsening between the one-year and two-year eval-
uations. Ipsilateral dyskinesias improved but to a
lesser degree, and this change was sustained for one

*Dependence or serious interference was defined as a score of 2 or high-
er, and independence or no interference as a score of less than 2. All data
are for the off period, except for the data on contralateral dyskinesias.

TABLE 3. CHANGE FROM BASE-LINE FUNCTIONAL STATUS

AT 6, 12, AND 24 MONTHS.

CHANGE FROM

BASE LINE*
6 MONTHS

(N�27)
12 MONTHS

(N�27)
24 MONTHS

(N�11)

1-YR GROUP 
(N�27)

2-YR GROUP 
(N�11)

no. of patients (%)

Feeding
Dependence

to independence
Independence 

to dependence

12 (44)

1 (4)

11 (41)

1 (4)

5 (45)

1 (9)

6 (55)

2 (18)

Dressing
Dependence

to independence
Independence 

to dependence

14 (52)

1 (4)

12 (44)

2 (7)

5 (45)

1 (9)

5 (45)

1 (9)

Hygiene
Dependence

to independence
Independence 

to dependence

12 (44)

3 (11)

7 (26)

2 (7)

2 (18)

0

2 (18)

0

Gait
Dependence

to independence
Independence 

to dependence

8 (30)

1 (4)

4 (15)

1 (4)

1 (9)

0

4 (36)

0

Postural stability
Dependence

to independence
Independence 

to dependence

6 (22)

1 (4)

10 (37)

1 (4)

4 (36)

0

2 (18)

0

Contralateral
dyskinesias

Serious interference 
to no interference

No interference to
serious interference

22 (81)

0

21 (78)

0

8 (73)

0

8 (73)

0

*See NAPS document no. 05424 for 17 pages of supplementary material.
Order from NAPS, c/o Microfiche Publications, P.O. Box 3513, Grand Cen-
tral Station, New York, NY 10163-3513. Remit in advance (in U.S. funds
only) $7.75 for photocopies or $5 for microfiche. Outside the U.S., add post-
age of $4.50 for up to 20 pages, and $1.00 for each 10 pages of material
thereafter, or $1.75 for the first microfiche and $0.50 for each microfiche
thereafter. There is a $15 invoicing charge on all orders filled before payment.
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year but was lost by the second year of follow-up.
Both the activities-of-daily-living and the motor
subscores in the off period improved by approxi-
mately 30 percent, and this improvement persisted
for two years. The off-period subscores for tremor,
rigidity, and bradykinesia improved significantly,
and this benefit was sustained for two years. These
changes were almost exclusively related to improve-
ment in the contralateral limbs, although some
short-term improvement in ipsilateral bradykinesia
was also seen. On-period subscores showed little
change, although the activities-of-daily-living scores
did improve by 20 percent, possibly because of the
striking reduction in dyskinesias. The off-period
composite score for postural instability and gait dis-
order and subscores for gait, postural stability, and
freezing were all significantly improved in the 39
patients followed for six months, but these im-
provements were not sustained. Smaller initial on-
period improvement in these scores was also lost by
three to six months. Complications were common
but in most cases did not persist, were well tolerated,
and were far outweighed by the benefit obtained
from surgery. Two important exceptions were per-
sistent dysphasia and hemiplegia due to an in-
tracerebral hemorrhage in one patient without a
lesion and permanent worsening of dementia in
another patient.

Surgery resulted in an unequivocal clinical benefit.
Approximately 50 percent of the patients who be-
fore surgery had been dependent on assistance in
activities of daily living during the off period were
independent six months after surgery, and this im-
provement was sustained for two years for feeding
and dressing and partially declined at one year for
hygiene but remained stable between one and two
years. Improvements in gait and postural stability
were less substantial but still evident in one third or
more of the patients. Disability from dyskinesias im-
proved markedly, and the benefit persisted for two
years. These observations are particularly striking in
view of the fact that the surgery was performed be-
cause no further clinical improvement could be ob-
tained with adjustments in medication. As in the
study by Baron et al.,18 age at the time of surgery af-
fected the outcome with respect to off-period par-
kinsonism; the patients who were 60 years old or
younger had a 36 percent improvement overall,
whereas those 65 years old or older had only a 16
percent improvement. Although Laitinen et al. re-
port that the dosage of levodopa can be reduced by
50 to 75 percent after surgery,10 most of our patients
who were followed for one year or longer eventually
required the same doses as before surgery.

The optimal candidate for pallidotomy remains to
be identified. Obviously, patients severely disabled by
asymmetric dyskinesias are excellent candidates for
the procedure, since this feature appears to respond

to surgery in almost all cases. However, this effect
does not seem to be correlated with the degree of
improvement obtained in other spheres. In general,
the greatest improvement in parkinsonism is in the
signs and symptoms that are most responsive to le-
vodopa. Symptoms that persist in the on periods re-
main relatively unresponsive to surgery. Our group
and others have obtained uniformly poor results in
patients with other “parkinson-plus” syndromes that
are not responsive to levodopa, such as striatonigral
degeneration, progressive supranuclear palsy, and cor-
tical basal ganglionic degeneration.19 Patients with
marked preexisting cognitive dysfunction seem to

*Four other patients were excluded because they did not undergo place-
ment of a lesion (see the Methods section).

†Confusion or somnolence lasted from less than 24 hours to 3 to 4 days
in three patients and for 2 to 3 weeks in one patient, who sustained a fron-
tal venous infarction.

‡The one patient with a frontal venous infarction is included.

§Data on changes in personality or behavior were reported by the pa-
tients’ spouses.

¶These 4 patients (of a total of 15) underwent a dominant-hemisphere
procedure.

�Factors contributing to weight gain included greater ease of feeding and
increased access to food in nine patients, reduced dyskinesias in six, in-
creased appetite in five, behavioral changes (e.g., foraging) in two, and bet-
ter control of diabetes in one; in nine patients, weight gain was attributable
to two or more of these factors.

**Weight gain is excluded.

TABLE 4. ADVERSE EFFECTS OF UNILATERAL 
PALLIDOTOMY IN 40 PATIENTS.*

ADVERSE EFFECT NO. OF PATIENTS

NO. WITH PERSISTENT

ADVERSE EFFECT

Acute confusion or somnolence 4† 0

Contralateral facial weakness 14 2‡

Dysarthria 10 3‡

Dysphagia 7 2‡

Impaired memory, concentration, 
or judgment

5 3

Changes in personality or 
behavior§

3 2‡

Contralateral-limb weakness 
(very mild)

3 0

Contralateral hypotonia
(for �12 hr)

1 0

Worsening of handwriting 10 4¶

Worsening of balance 2 2

Word-finding difficulties 1 1

Worsening of depression 1 0

Worsening of dementia 1 1

Weight gain (4 to 37 kg 
[8 to 82 lb] in 6 to 12 mo)�

14 —

Total**
One or more adverse effects
Two or more adverse effects
One or more persistent

adverse effects

25
15
14

—
—
14
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have poorer responses than others18 and are at con-
siderable risk for further cognitive decline as a result
of the procedure (unpublished observations). We do
not perform surgery in patients with impaired base-
line neuropsychological function, because we believe
there is a substantial risk of further decline to a state
of disabling cognitive dysfunction.

It is unknown how long the effects of pallidotomy
persist and what the long-term outcome is for pa-
tients who have undergone the procedure. A recent
report by Fazzini et al. suggests that the benefit may
be sustained for up to four years,20 although our
observations of the loss of ipsilateral and axial im-
provement and the degree of overall improvement
are in disagreement with their findings. It is unclear
whether patients who have undergone pallidotomy
will have a response to new treatments — for exam-
ple, glutamate antagonists,21 fetal mesencephalic im-
plantation,22 or regenerative therapies such as glial-
derived neurotrophic factor.23 If high-frequency
stimulation of the globus pallidus24 or subthalamic
nucleus25 is shown to be at least as safe and effective
as pallidotomy, it may make sense to offer this non-
destructive approach, especially to younger patients,
retaining the potential for a response to new treat-
ments as they become available. However, practical
issues, including cost and the large amount of time
required to optimize deep brain stimulation (e.g.,
electrode combinations, frequency, amplitude, and
pulse width), will strongly influence the final deci-
sion about surgery.

Until these questions are resolved, one can con-
sider the use of pallidotomy in patients with late-
stage Parkinson’s disease who, despite optimal med-
ical therapy, are disabled by levodopa-responsive
off-period symptoms or levodopa-induced dyskine-
sias. Patients with predominant axial symptoms (freez-
ing and falling), especially those that persist in the
on period, with minimal dyskinesias should not be
offered the procedure, nor should those with sub-
stantial cognitive decline or other levodopa-resistant
parkinson-plus disorders.
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