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Unilateral Combined Stereotactic Radiofrequency Pallidotomy and Thalamotomy
for Idiopathic Parkinson’s Disease
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BACKGROUND: Lesioning surgeries in Parkinson’s disease (PD) include target obliteration of a certain area in brain tissue to
disrupt maladaptive neuronal arrangements. There was an advancement in treatment of movement disorders when stereotactic
procedures were applied in lesioning. Target selections were modulated various times until in 1960s when thalamotomy was
used for tremors and pallidotomy was used for bradykinesia and rigidity.

OBJECTIVE: To report the efficacy of unilateral combined stereotactic radiofrequency pallidotomy and thalamotomy for
idiopathic Parkinson’s disease.

PATIENTS AND METHODS: This is a prospective observational study including 62 patients with idiopathic Parkinson’s
disease who underwent stereotactic radiofrequency pallidotomy and thalamotomy between June 2017 and December 2019.
Pre-operative clinical assessment was based on the Unified Parkinson’s Disease Rating Scale (UPDRS) and Hoehn and Yahr
scale for PD. Postoperative clinical assessment was based on the UPDRS and Hoehn and Yahr scale for PD in addition to
complications at 1, 6, 12 and 24 months.

RESULTS: Sixty patients who completed the two-year follow-up and fulfilled our criteria were recruited. The mean age
was 57.47+9.90 years. The average UPDRS off state motor assessment results showed reduction after 1 month from 60.16
to 30.88, and at 24-months follow-up it was 41.6. The average Hoehn and Yahr scale was reduced from 3.63 to 1.19 after
1-month, and at 24 months it was 1.87. The average UPDRS constancy of tremors improved after 1-month from 3.53 to
0.75. Improvement in constancy of tremors reached 75% of cases after 24-months with average 1.62. The average UPDRS
rigidity score improved at 1-month follow-up from 3.31 to 1.21. Total improvement of rigidity reached 63% after 24-months.
Two patients had postoperative thalamic hematoma presenting with hemiplegia, which was conservatively managed, and
improved after 1-month with little deficit. Around 51.6% of the patients had gait imbalance at 6-months follow-up while 22.5%
showed dysarthria immediately postoperatively which totally resolved after 1-month in 12.9%. There were no recorded cases
of infection, cerebrospinal fluid (CSF) leaks or cognitive dysfunction.

CONCLUSION: Our data suggest that unilateral combined stereotactic radiofrequency Pallidotomy and Thalamotomy for
idiopathic PD is an effective procedure.

KEYWORDS: Pallidotomy, Parkinson’s, Radiofrequency, Spasticity, Thalamotomy, Tremors.

INTRODUCTION Lesioning procedures continued to develop, and currently
accessible methods include invasive procedures such
as thermoablation, radiofrequency and laser interstitial
thermal therapy (LITT), and less invasive procedures
such as magnetic resonance-guided high intensity

focused ultrasound (MRgFUS) ablation, and stereotactic

Lesioning surgeries in Parkinson’s disease (PD) include
target obliteration of a certain area in brain tissue to disrupt
maladaptive neuronal arrangements. An advancement in
movement disorders occurred when stereotactic procedures

were applied in lesioning. Target selections were modulated
various times until in 1960s when Thalamotomy was used
for tremors and Pallidotomy was used for bradykinesia
and rigidity."> Though lesioning procedures were executed
for numerous years in particular patients with PD, their
practice reduced in the 1960s following the presentation
of levodopa. However, long-term treatment with levodopa
has led to newly unfavorable side effects that refreshed the
era of lesioning surgeries.?
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radiosurgery (SRS). Radiofrequency and thermaoablation
are the commonly used modalities.**

In 1954, Hassler and Reichert used thalamotomy to treat
tremors associated with PD. Ventrolateral thalamotomy
has been considered the neurosurgical treatment of choice
for disabling, drug-resistant parkinsonian and other types
of tremors. Tremors could be relieved not only by a
thalamic lesion but also by a lesion in the posteroventral
portion of the medial (Internal) Globus Pallidum (GP1i)
and ventralis intermedius (VIM) nucleus of the Thalamus.
Hassler and Reichert proved that thalamotomy controls
the tremors related to PD.? Various studies had shown
the role of VIM lesioning in control of PD medically
refractory tremors or other types of tremors.*®
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One of the studies retrospectively reviewed the results in
60 patients with PD tremors, cerebellar tremors, essential
tremors and post-traumatic tremors. All these patients
had unilateral VIM thalamotomy with mean follow-up
of 53.4 months. Patients with PD tremors had marked
improvement in 86% of the cases while patients with
essential tremors had similar improvement in 83% of
cases. Results were not as favorable for those patients
with post-traumatic tremors (50%) or cerebellar tremors
(67%). Temporary complications of thalamotomy were
seen in 60% of cases including dysarthria, dysphasia,
confusion, dystonia, contralateral paresis or sensory
disturbances.’

Lesion of the posteroventral segment of the internal
Globus Pallidus (GP1) is efficient at treating contralateral
tremor, rigidity, dyskinesia and bradykinesia.! Various
studies supported this opinion. The first of these studies
described an improvement in the off-state Unified
Parkinson’s Disease Rating Scale (UPDRS) motor score
of 65% at 1 year following the surgery.!! Lozano et al.
study showed UPDRS motor score improved in the off
state by 30% at 6 months postoperatively, although the
UPDRS akinesia score improved only by 33%. The gait
score showed 15% improvement in the off-state with
decrease in contralateral dyskinesias by 92%.!> Baron
et al. described a 25% improvement in the motor score
in the off state at 3 months postoperatively.'> Shannon
et al. described an improvement in 15% in the off-state
motor score 6 months postoperatively.'* This study aims
to evaluate the role of unilateral combined Thalamotomy
and Pallidotomy in improving the symptoms in patients
with PD.

PATIENTS AND METHODS

This prospective observational study included patients
suffering from idiopathic Parkinson’s disease treated
at Suez Canal University between June 2017 and
December 2019. Total number of 62 patients underwent
stereotactic unilateral combined Pallidotomy “GPi” and
Thalamotomy “VIM” using radiofrequency ablation
for the management of Parkinson related tremors,
bradykinesia and rigidity, after careful counseling and
acquiring informed consent from the patients. All patients
have signed a consent for the publication purpose. This
article followed the world medical association declaration
of Helsinki ethical principles. The study was approved
by our institutional review board (IRB), and consent was
obtained from all patients.

We included only patients diagnosed with idiopathic
PD, with medication induced motor signs and refractory
tremors, and Hoehn and Yahr >2 off stage. Exclusion
criteria included multiple comorbidities that increase
morbidity and mortality risk of surgery, neuropsychiatric
diseases, dementia, postural instability and atypical PD
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such as supranuclear gaze palsy, early postural instability
or severe early dysautonomia. We excluded patients who
failed to complete 24-months follow-up.

A multidisciplinary presurgical assessment was done by
neurosurgery and neurology team, including complete
physical and mental assessment of the patients presented
with PD. Neurology team was responsible for diagnosis
confirmation and assessment of the medication trials
the patients were offered. The off state was outlined
as the state after withdrawal of anti PD treatment by
12 hours, based on the Core Assessment Program for
Intracerebral Transplantations (CAPIT) committee
definition.!> The objective clinical test used in this study
was the UPDRS in off state motor assessment, tremors
and rigidity, both preoperatively and at 1, 6, 12 and 24
months postoperatively.'® Patients were also staged using
Hoehn and Yahr scale in off state preoperatively and
postoperatively at 1, 6, 12 and 24 months.!” Preoperative
imaging included magnetic resonance imaging (MRI)
and computed tomography (CT) brain one day prior to

surgery.
Operative details

After admission, patients were preoperatively assessed
by the anesthesia team. Stereotactic system Cosman-
Robert Wells (CRW) (Integra, NJ, USA) application was
performed under local anesthesia by scalp block. Patients
then underwent CT brain with the frame and fiducials
applied to it. Data was analyzed and target selection was
done by waypoint navigator software (FHC, Bowdoin,
ME, USA), selecting the preferred points after fusion
between preoperative MRI, CT brain and post fiducials
CT brain as follows.

Target selection

VIM target is 14 mm lateral and 6 mm anterior from
the posterior commissural point in the same anterior
commissure - posterior commissure (AC-PC) plane and
GPi point is 21 mm lateral and 3 mm anterior from the
mid commissural point at the mid-commissure (MC)
plane (Fig. 1). Specific adjustments were done in relation
to the lateral ventricular wall and internal capsule with
the fusion images. Afterwards, selected targets were
transferred to Stereocheck application (Mevis Informatica
Medica Ltda, Sao Paulo, Brazil) (Fig. 2), where both
entry and lesion targets were transformed into X, Y and
Z numbers. Preoperative placement of the patient on
the Mayfield (Integra, NJ, USA) was done. Patient was
connected with neurophysiological monitoring for motor
assessment. Sterile shaving and surgical draping was
done. Data gained from Stereocheck was then transferred
to phantom stereotaxis system and confirmed, then the
arc and ring was fixed upon patients’ frame. Burr hole
guided by trajectory from the software was performed
followed by durotomy.
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Fig 1: A case of a 56 years old male patient with PD planning for right unilateral combined VIM and GPi lesioning. (A) Axial MRI

brain TIWI with VIM target “red crosshair right to third ventricle”. (B) Coronal MRI brain TIWI with VIM target “red crosshair

right to third ventricle”. (C) Axial MRI brain T1WI with GPi target “red crosshair right to third ventricle”. (D) Coronal MRI brain
T1WI with GPi target “red crosshair right to third ventricle”.

Fig 2: Axial CT brain with ring and fiducial marks for
planning in Stereocheck.

Fig 3: (A) Coronal and (B) axial CT brain showing thalamic
hematoma post-lesioning.

Electrode placement

The macroelectrode with bipolar 2-mm width, 3-mm
length and 3-mm tip was inserted through a guiding
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tube with 2mm diameter, then it was connected to
the radiofrequency apparatus “Neuro N50” (Inomed,
Germany) with impedance monitoring until reaching
the target. Functional localization was done by
macrostimulation with 2 Hertz and 50 Hertz in both points
to assess proximity of the VIM target to ventral caudal
(VC) nucleus and internal capsule, and proximity of the
GPi target to the internal capsule. After confirmation
of the target, VIM underwent a temporarily lesioning
“50° C for 50 seconds” followed by careful assessment
of the patient. If there was no deficit it was followed by
permanent lesion “65° C for 60 seconds” then withdrawal
by 2-mm and reapplying permanent lesion. GPiunderwent
a temporarily lesioning “50° C for 50 seconds” followed
by careful assessment of the patient, then followed by
permanent lesion “72° C for 60 seconds”, withdrawal by
2-mm then reapplying permanent lesion. Hemostasis and
skin closure were done.

Postoperative assessment was done at 1, 6, 12 and 24
months for both the UPDRS off state and the Hoehn
and Yahr scale. Intraoperative and postoperative
complications were reported. Statistical analysis was
done using the statistical packages for the social sciences
(SPSS) version 26 (I0S, Chicago, IL, USA). Paired t-test
was implemented between means of variables.

RESULTS

Sixty-two patients were enrolled in the study; 37 males
and 25 females and the mean age was 57.47+9.90
years. Two patients failed to complete follow-up and
were excluded from the study. The average UPDRS
off motor assessment results showed marked reduction
after 1 month from 60.16 to 30.88. At 6-months and
I-year follow-up there was a non-significant rise in
the average UPDRS off motor assessment to 39.1 and
42.3, respectively. At 24-months follow-up, the average
UPDRS off motor was 41.6. The average Hoehn and
Yahr scale was reduced from 3.63 to 1.19 after 1-month.
At 6-months and 12-months follow-up, there was a non-
significant rise to 1.5 and 1.9, respectively. At 24 months
postoperatively, the average Hoehn and Yahr scale was
1.87 (Table 1) (Graphs 1,2).
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The average UPDRS constancy of tremors (Graph 3)
was analyzed and showed a significant improvement after
I-month duration from 3.53 to 0.75. There was a non-
significant rise at 6 months and 12 months to 1.23 and
1.72, respectively. Total improvement in constancy of
tremors reached up to 75% of cases after 24-months with
average 1.62. In addition, the average UPDRS rigidity
score (Graph 4) also showed significant improvement at
I-month follow-up from 3.31 to 1.21. There was a non-
significant rise at 6 months and 12 months to 1.9 and
2.3, respectively. At 24-months follow-up, the average
reached 2.1. Total improvement of rigidity reached up to

63% of cases after 24-months.

Two patients (3.2%) had thalamic hematoma that was
discovered postoperatively with hemiplegia (Fig. 3). The
patients were managed conservatively, and they improved
after 1-month with little residual deficit. Also noticed in
the study that 32 patients (51.6%) had gait imbalance
noticed at 6-months follow-up with leaning towards
the contralateral side to the lesioning. Fourteen patients
(22.5%) showed dysarthria immediately postoperative
and 8 of these patients (12.9%) totally recovered after
1-month. There were no recorded cases of infection, CSF
leaks or cognitive dysfunction.
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Graph 1: UPDRS off motor state assessment.

Yahr and Hoen scale

35

25

15

0.5

Pre-operative 1-month

6-month 12-month 24-month

Graph 2: Hoehn and Yahr assessment.
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Graph 3: UPDRS constancy of rest tremors assessment.

UPDRS Rigidity
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Graph 4: UPDRS rigidity assessment.

Table 1: Clinical assessment preoperatively and at the final follow-up (After 24-months)

24-month

Item

Preoperative (Mean+SD)

24-months (Mean+SD)

T-score P-value

UPDRS off state motor score

Hoehn and Yahr scale

60.16+3.8
3.63+0.66

41.6+4.49
1.87+£0.61

10.23 <0.05*
7.8 <0.05*

SD: standard deviation.

UPDRS: Unified Parkinson’s disease rating scale.

*p-value <0.05 is statistically significant.
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DISCUSSION

Spiegel etal.in 1947 introduced the era of brain stereotactic
surgery.'® Later it became an evolution in this field in the
management of PD. Hassler successfully managed to
control PD symptoms by Thalamotomy.!® Traditionally,
Thalamotomy alone was used as a maneuver for PD,
but after Leksell’s evolutionary introduction of the
GPi lesioning, rigidity and bradykinesia were managed
along with tremors.® Long-term studies on isolated
Thalamotomies had shown that patients were still
disabled with rigidity. In addition studies which favored
that isolated lesion in GPi could control both rigidity and
tremors, was found later to be insufficient to control the
tremors.?*?! VIM lesioning aims to disrupt the rubro-
thalamo-cortical circuit controlling abnormal impulses
initiating tremors,?>* while GPi lesioning disconnect
the inhibitory outflow of the GPi to the ventralis oralis
anterior (VOa) nucleus and the pedunculopontine
nucleus (PPN).222

In this series we had a success rate in improving patients
UPDRS and experiencing less relapse and complications.
Linhares et al. reported success of thalamotomy procedure
in suppressing tremors in PD with 75% improvement in
upper limb and 73% improvement in lower limb tremors.*
Fayed et al. reported successful results in combined
Pallidotomy and Thalamotomy over Pallidotomy alone
in improving patients functional state and controlling
PD.2¢ Several mechanisms were postulated regarding the
persistence of tremors after lesioning the GPi alone as
the GPi lesioning does not directly disconnect the rubro-
thalamo-cortical loop. In addition, it may exacerbate
the tremors by the disinhibition of the reticulospinal
system.?*?” Tacono et al. stated that combined VIM and
GPi lesioning could treat broad range of symptoms in PD
immediately with no or little risk on the patients.?

Study Limitations

The small sample size affected the statistical testing of
the results.

CONCLUSION

Unilateral combined VIM/GPi lesioning had shown to be
very effective in controlling PD symptoms and improving
the overall functional state of the patients. Despite being
a successful technique, few studies were focusing on it. It
showed to be potent and carries little risk for the patients.
We advocate that case-control studies should be directed
to assess this technique.

List of abbreviations

AC: Anterior commissure.

CAPIT: Core Assessment Program for Intracerebral.
Transplantations.

CRW: Cosman Roberts Wells.

CSF: Cerebrospinal fluid.

CT: Computed tomography.

GPi: Globus pallidus internus.
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IRB: Institutional review board.

LITT: Laser interstitial thermal therapy.

MC: Mid-commissure.

MRgFUS: Magnetic resonance -guided high intensity
focused ultrasound.

MRI: Magnetic resonance imaging.

PC: Posterior commissure.

PD: Parkinson’s disease.

PPN: Pedunculopontine nucleus.

SPSS: Statistical packages for the social sciences
SRS: Stereotactic radiosurgery.

UPDRS: Unified Parkinson’s Disease Rating Scale.
VC: Ventral caudal.

VIM: Ventralis intermedius.

VOa: Ventralis oralis anterior.
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