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OPERATIVE NEURO

Long-Term Improvement of Parkinson Disease
Motor Symptoms Derived From Lesions of
Prelemniscal Fiber Tract Components

BACKGROUND: Prelemniscal radiations (Raprl) are composed of different fiber tracts,
connecting the brain stem and cerebellum with basal ganglia and cerebral cortex. In
Parkinson disease (PD), lesions in Raprl induce improvement of tremor, rigidity, and
bradykinesia in some patients, while others show improvement of only 1 or 2 symptoms,
suggesting different fiber tracts mediate different symptoms.

OBJECTIVE: To search for correlations between improvements of specific symptoms with
surgical lesions of specific fiber tract components of Raprl in patients with PD.
METHODS: A total of 10 patients were treated with unilateral radiofrequency lesions
directed to Raprl. The improvement for tremor, rigidity, bradykinesia, posture, and gait was
evaluated at 24 to 33 mo after operation through the Unified Parkinson’s Disease Rating
Scale (UPDRS) score, and the precise location and extension of lesions through structural
magnetic resonance imaging and probabilistic tractography at 6 to 8 mo postsurgery.
Correlation between percentage of fiber tract involvement and percentage of UPDRS-III
score improvement was evaluated through Spearman’s correlation coefficient.

RESULTS: Group average improvement was 86% for tremor, 62% for rigidity, 56% for
bradykinesia, and 45% for gait and posture. Improvement in global UPDRS score corre-
lated with extent of lesions in fibers connecting with contralateral cerebellar cortex and
improvement of posture and gait with fibers connecting with contralateral deep cerebellar
nuclei. Lesion of fibers connecting the globus pallidum with pedunculopontine nucleus
induced improvement of gait and posture over other symptoms.

CONCLUSION: Partial lesion of Raprl fibers resulted in symptom improvement at 2-yr
follow-up. Lesions of selective fiber components may result in selective improvement of
specific symptoms.

KEY WORDS: Correlation of fiber tracts lesions and improvement of symptoms, DWI-MRI, Parkinson disease,
Prelemniscal radiations, Probabilistic tractography, Radiofrequency lesions, Tract density image
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piegel and Wycis' first proposed the  disease (PD), as compared with the conven-

term “campotomy” to suggest that subtha-  tional pallidal and thalamic lesions. The obser-
lamic fibers could represent more discrete  vation made by Andy and Jurko® that the simple
targets to treat motor symptoms of Parkinson insertion of an electrode 2.0 mm in diameter

ABBREVIATIONS: 3D, 3-dimensional; AC-PC, anterior commissure-posterior commissure; CCx, contralateral
cerebellar cortex; CSD, constrained spherical deconvolution; DBS, deep brain stimulation; DCN, deep cerebellar
nuclei; DWI-MRI, diffusion-weighted magnetic resonance imaging; FLAIR, Fluid attenuated inversion recovery;
FSL, FMRIB software library; GP, globus pallidum; GP-PPN, globus pallidum-peduncle pontine nucleus; L-DOPA,
|-deoxy phenylalanine; MES, mesencephalic tegmentum; MRI, magnetic resonance imaging; OFC, orbitofrontal
cortex; PD, Parkinson disease; PFC, prefrontal cortex; PPN, peduncle pontine nucleus; PSA, posterior subthalamic
area; Pu, putamen; Raprl, prelemniscal radiations; RF, radiofrequency; Ru, red nucleus; SD, standard deviation;
SIFT2, spherical-deconvolution informed filtering of tractograms; STN, subthalamic nucleus; S-W, Schaltenbrand-
Wahren; TDI, track-density image; UPDRS, Unified Parkinson’s Disease Rating Scale
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TABLE 1. Demographics of Population
Patients Sex Age (years) Years of evolution Operated side Follow-up months
PO1 F 51 5 Left 31
P02 F 52 5 Right 33
P03 M v 3 Right 30
P04 M 53 5 Left 32
P05 F 52 8 Left 32
P06 F 58 2 Right 31
P07 M 66 8 Left 24
P08 M 72 n Left 30
P09 M 74 14 Left 29
P10 M 55 5 Left 30
Global M=6 60.4 (8.84) 6.36 (3.58) Left =7 (70%) 32.90 (9.28)
(Mean and standard deviation [SD]) F=4 Right =3 (30%)
M = male, F = female.
in the posterior subthalamic area (PSA) induced a complete arrest METHODS

of tremor in the contralateral side made a proof of principle of
the original proposal. Subsequent reports identified the target
as a group of fibers in the PSA named prelemniscal radiations
(Raprl).>® When deep brain stimulation (DBS) became available,
Raprl-DBS was found also effective in treating rigidity, bradyki-
nesia, posture, and gait.””

Raprl is composed of different fiber tracts, connecting
the brain stem and cerebellum with the basal ganglia and
cerebral cortex, as demonstrated by high angular resolution
diffusion-weighted magnetic resonance imaging (DWI-MRI) and
tractography, which identified 3 fiber components: cerebellar-
thalamic-cortical, globus pallidum-peduncle pontine nucleus
(GP-PPN), and mesencephalic-orbitofrontal component.’
Lesions>® or DBS”819-12 of Raprl can induce improvement
of tremor, rigidity, bradykinesia, posture, and gait in some
patients, while others show improvement of only 1 or 2 of those
symptoms. The selective improvement of one symptom over the
others suggests that different fibers might be related to different
symptoms.' 112

On the other hand, even when DBS therapy has been
considered the gold standard to treat motor symptoms of PD,
lesions induced by radiofrequency (RF), radiosurgery, or magnetic
resonance imaging (MRI)-guided ultrasound are still used to treat
PD cases.!?"'> This applies to patients and health services that
cannot afford the cost of neurostimulators, patients living in areas
with no infrastructure to monitor DBS therapy and its compli-
cations, and cases with dominant unilateral symptoms.m We
have taken the opportunity of treating a series of patients with
dominant unilateral PD symptoms, performing discrete unilateral
RF lesions. Since lesions are distinctly identified in structural
MRI, we analyzed the site and extent of lesions and their spatial
relation to tractography of the subthalamic region, correlating
percentage involvement of specific fiber systems with percentage
improvement of specific symptoms evaluated through the Unified
Parkinson’s Disease Rating Scale-III (UPDRS-III).
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The protocol was approved by the Hospital’s Institutional Review
Board/Ethics Committee, and every participant signed an informed
consent, and fully complied with the declaration of Helsinki.

A total of 10 PD patients (ages 54-74 yr) with dominant unilateral
symptoms were included in the study: 2 patients in stage I, 6 in stage II,
and 2 in stage III of the Hoehn-Yahr scale. All patients improved by L-
deoxy phenylalanine (L-DOPA) administration for 3 to 9 yr; thereafter,
they presented motor fluctuations and/or L-DOPA-induced dyskinesias.
A total of 7 patients had prominent symptoms on the right extrem-
ities and 3 on the left (Table 1). Severity of symptoms was evaluated
through UPDRS-III motor score-specific items: 20 to 21 for tremor; 22
for rigidity; 23 to 26 and 31 for bradykinesia; and 27 to 30 for gait and
posture. Pre- and postoperative evaluations were performed in a 24 h
off-medication condition.

Surgery was carried out under local anesthesia, contralateral to more
prominent symptoms. Electrode trajectory was planned through a fusion
imaging of preoperative MRI and computed tomography scan in stereo-
tactic conditions with the ZD frame (Leibinger, Freiburg, Germany) in
place, using the Praezis Plus 3A software (Praezis, Heidelberg, Germany).
T2 axial sequences oriented parallel to the inter-commissural (anterior
commissure-posterior commissure [AC-PC]) line, 1-mm-thick sections
without intervals, clearly identified the red nucleus (Ru) and subthalamic
nucleus (STN) between 2 and 5 mm below AC-PC. The target was the
white matter between anterior-lateral margin of Ru and the posterior
medial margin of STN. The target was located at the level of the maximal
diameter of Ru, usually 3 to 4 mm below the AC-PC line'? (Figures 1-3).

Electrical stimulation was applied through a RF bipolar electrode
1.6 mm in diameter, with a center-to-center contact distance of 3.0 mm
(thermo-controlled bipolar electrode TCB-013, Fischer Leibinger,
Freiburg, Germany). Stimulation parameters were 60 Hz, 0.5 ms, and
amplitude increased in steps of 0.5 V along the trajectory of the electrode,
starting 4.0 mm above the target point in 2-mm steps. Usually, 4 steps
were necessary to identify the optimum place for lesioning based on
the amplitude of stimulation to control symptoms without side effects,
although in some cases, exploration extended to 6 levels, as described for
patients P05 and P08 in the discussion section. Lesions were performed
at a temperature of 80°C for 60 s.
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LESIONS OF PRELEMNISCAL FIBER TRACT COMPONENTS

FIGURE1. Projection of individual lesions produced by RF ablation into standard space, color-coded by patient and organized by hemisphere.
The majority of lesions involve white matter between STN and Ru, corresponding to the location of the prelemniscal radiations. Coordinates
in mm. Notice that the target extends in the dorsal-ventral (Z) direction more than anterior-posterior (Y) and medial-lateral (X) coordinates.

Final evaluation was through UPDRS-III applied 24 to 33 mo postop-
eratively, avoiding transient improvements.

Pre- and postoperative MRI were obtained using an identical protocol
with a 3T Philips Achieva TX MRI scanner (Philips Medical Systems,
Best, Netherlands). High-resolution T1-weighted (3-dimensional [3D])
gradient echo images were acquired with a spatial resolution of
1 x 1 x 1 mm® (TR/TE = 8.05/3.68 ms) and sagittal plane 3D fluid
attenuated inversion recovery; (FLAIRT?2) sequences (1 x 1 x 1.2 mm?
resolution; TR/TI/TE = 4800/1650/279 ms). DWI-MRI was acquired
with 120 unique diffusion-gradient directions, with b = 2000 s/mm?,
voxel size of 2 x 2 x 2 mm?, and 4 non-DWI (b = 0 s/mm?). The
scanning session was 50 min. MRI follow-up was performed 6 to 8 mo
postsurgery to eliminate the artifacts of an inflammatory process induced
RF lesioning.

Diffusion Preprocessing and Tractography

DWIs were corrected for motion and eddy-current distortions
using FMRIB software library (FSL). Images were intensity-normalized
by dividing the diffusion-weighted volumes by the median value of
cerebrospinal fluid intensity on the mean b = 0 image. Fiber orientation
distributions were estimated using constrained spherical deconvolution
(CSD)! with MRerix3 (http://www.mrtrix.org/).

Tractography characterized tracts that traverse lesions. We analyzed
the anatomical connectivity obtained in the preoperative tractography
data, since diffusion changes induced by the lesions impact negatively
the accurate delineation of the affected tracts on the postoperative

OPERATIVE NEUROSURGERY

DWL.'® Postoperative anatomical MRI was used to manually delineate
the ablation, which was registered to presurgical tractography, and
assessed the involvement of the preoperative tracts within the coregistered
lesion.

Registration of DWI to the anatomical T1-weighted image was
performed using a linear transformation. Automatic cortical parcel-
lation was performed on T1 images with FreeSurfer (v.5.3, http://surfer.
nmr.mgh.harvard.edu).”” For a detailed segmentation of the subcor-
tical nuclei, VolBrain (http://VolBrain.upv.es) was used.?® For each T1
volume, tissue maps (cerebrospinal fluid, gray and white matter) were
obtained using FSL-FAST.

To improve visualization of the small anatomical structures within
the PSA, track-density images (TDIs)?! based on CSD'” were generated
from 10000000 tracts seeded throughout the white matter with a
final resolution of 0.2 x 0.2 x 0.2 mm®. The ability of TDI to
resolve sub-voxel structures has been demonstrated in synthetic as well
as biological data.2'"2* TDI maps, along with co-registered FLAIRT2
volumes, were used to guide manual segmentation of the PSA aided by
the Schaltenbrand-Wahren (S-W) atlas, > delineating the following struc-
tures: STN, Ru, and Zic.>?® Probabilistic tractography was performed
using the anatomically constrained tractography method.”” Uniform
seeding across the entire white matter was used to generate 100 000 000
streamlines (tracts). To have a quantitative measurement of the tracts,
we seeded an additional 1 000 000 streamlines in our region of interest
(Raprl), combined them with the 10 000 000 whole-brain stream-
lines, and performed spherical-deconvolution informed filtering of
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Contralateral Ipsilateral Ipsilateral Ipsilateral
Lesion in cerebellar cerebellar pallidal frontal
Post-Qx fibers fibers

fibers fibers

Track weight

the AC-PC level (Hv-3.5).

FIGURE 2. Cases with homogeneous improvement of symptoms induced by lesions in Raprl. Columns from left to right show the following: postsurgical MRI (Post-Qx)
with lesion locations indicated by arrows. Second column = lesions automatically superimposed on presurgical space. The following 4 columns show different fiber
tracts in Raprl at the level of lesions, visualized as semitransparent streamlines. The last column shows lesions on the axial view of S-W stereotactic atlas 3.5 mm below

tractograms (SIFT2) obtaining quantitative estimates of white matter
density, given as the sum of SIFT2 weights for the streamlines in
a given pathway.”®% “Tracts were virtually dissected according to
cortical frontal areas, basal ganglia, and cerebellum, defined automat-
ically by the co-registration of subject-specific labels according to
the Desikan-Killiany Atlas.”"® The regions were grouped according
to different greater anatomical areas, as explained in the results
section.

The precise location and extension of the lesion was evaluated at
6 to 8 mo after surgery. Lesions were manually delineated using the
FLAIRT?2 postoperative volume, where the lesion was clearly distin-
guished, and were linearly registered to the postoperative TDI. In this
way, we were able to determine the percentage of each tract involved by
lesions.

Lesion involvement of each fiber tract represented the percentage
of the sum of SIFT2 weights for the subset of streamlines that pass
through the segmented lesion, relative to the sum of SIFT2 weights for
all streamlines conforming the tracts.’® To achieve their normalization,
we concatenated the linear registration between each subject’s postsur-
gical to presurgical volumes, and the nonlinear transformation of each
subject’s presurgical T2-weighted volume to standard space ICBM-152
2009b, nonlinear asymmetric).31
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Statistical Analysis

Symptom improvement is referred as the percentage decrease of
UPDRS postoperative score with respect to preoperative values; all evalu-
ations were performed in a 24-h off-medication condition. Changes
from preoperative and final follow-up UPDRS scores and sub-scores for
tremor, rigidity, bradykinesia, gait, and posture were determined and
their significance evaluated by Wilcoxon’s test.

The relationship between changes in percentage decrease in the score
of items for different symptoms and percentage decrease in weight of
tracts connecting to different frontal cortical and subcortical regions
involved in lesions was determined through Spearman’s correlation
coefficient.

RESULTS

Volumes derived from segmentation of anatomical structures
in PSA for Ru and STN were similar to those reported by other
authors,>3% while volumes for Raprl and Zic were similar in
both hemispheres of the same patient, indicating that the segmen-
tation process was reliable. RF ablations were localized to regions
identified as Raprl and Zic, according to the S-W atlas. Nonlinear

www.operativeneurosurgery-online.com
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Contralateral Ipsilateral
Lesion in cerebellar cerebellar
Post-Qx pre-Qx space fibers fibers

O

Track weight
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pallidal frontal
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| 0.5

FIGURE 3. Cuses with transient improvement of symptoms; columns as for Figure 2. POI (top) shows a lesion immediately behind the posterior pole of STN,
corresponding to Zic. PO2 (bottom) shows a lesion behind the maximal diameter of Ru, between Zic and medial lemniscus.

registration of lesions showed the majority lying between Ru and
STN (Figure 1). Examples of lesions in patient-specific images are
shown in Figures 4 and 5.

Automated tractography analysis provided evidence of Raprl
connectivity with 22 cortical-subcortical regions per hemisphere,
which were combined into the following:

1. Bilateral orbitofrontal cortex (OFC): lateral and medial
segments.

2. Prefrontal cortex (PFC): frontal pole, pars orbitalis, pars trian-

gularis, and middle frontal gyrus.

Supplementary motor area including superior frontal gyrus.

Primary motor cortex.

Ipsilateral and contralateral cerebellar cortex (CCx) and deep

cerebellar nuclei (DCN).

Globus pallidum (GP).

Caudal putamen (Pu).

Thalamus (Vop and Vim nuclei).

Ipsilateral and contralateral dorsal brainstem (peduncle

pontine nucleus [PPN]).

The connectivity maintains somatotopic —organization,
showing an anterior-posterior disposition of streamlines reaching
OFC, PFC (pars opercularis and ventral part of middle frontal
gyrus), GB, Vop, Vim, PPN, CCx, and DCN, where fiber tracts
that coalesce and funnel through Raprl are distinguishable mainly
by their assigned SIFT2 weights.

Spearman correlation tests were positive for percentage lesion
involvement for pathways connecting with contralateral CCx and
clinical improvements assessed via contralateral UPDRS total

W

o NN
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score. UPDRS scores for gait and posture also showed a positive
correlation with the percentage involvement of contralateral
DCN with a larger proportion of streamlines included in the
surgical lesions (Figure 5). In contrast, involvement of connec-
tivity with dorsal-lateral PFC, Pu, and GP had a negative impact
on gait and posture (Figure 6).

Preoperative/postoperative UPDRS-III evaluation demon-
strated that tremor was the symptom best controlled by Raprl-
RF lesioning in the studied group (86%, P = .001), followed by
rigidity (62%, P = .015), bradykinesia (56%, P = .046), and
gait and posture (45%, P = .001) (Table 2). At 2-yr follow-up,
the mean value for UPDRS global score had decreased, although
it did not reach statistical significance due to an increased score
for symptoms in the nontreated extremities.

Improvement was considered optimum when reduction of
the UPDRS-III score of items for one specific symptom was
over 75%; patients considering symptom control very satisfactory
in off-medication condition; suboptimum when symptoms
decreased 50% to 75% and still required medication; and
reduction of less than 50% off medication was considered a poor
result.!!

Individual improvements of symptoms for each patient and
lesion size are displayed in Table 3, which also shows the
progression of symptoms in the untreated side.

Six cases had optimum control of tremor, 2 cases had borderline
suboptimum control (75% and 71.4%), and the other 2 cases had
control of tremor immediately after surgery, lasting only 3 wk in
1 (P02) and 2 mo in the other (P01), and thereafter progressively
reappeared, with reductions of 20% and 50% at 2-yr follow-up.
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H&Y | n=2

Final evaluation UPDRS-III at 24-
33 months postoperatively

Patients with PD with dominant
unilateral symptoms (54-74 yo)

H&Y Il n=6

Preoperative evaluation UPDRS -
1ll 24 hours OFF medication

Preoperative 3T MRI with DWI for
tractography

Radiofrequency 1-2 lesions on
planned stereotactic coordinates
at 802C for 60 sec each, 2.0 mm

apart

H&Y Il n=2

MRI follow-up was performed 6
to 8 months post-surgery

FIGURE 4. Patient flowchart.

In these cases, rigidity was unchanged in one and had increased
20% in the other, with poor control of bradykinesia, posture, and
gait at the final evaluation. One case (P03) had optimum control
of tremor with poor control of rigidity, bradykinesia, posture, and
gait.

From 6 patients with optimum control of tremor, 4 had
optimum control of rigidity, as well, and 2 had poor control (P03
and P05), while 1 case (P07) with suboptimum control of tremor
had optimum control of rigidity.

Regarding bradykinesia, from 6 patients with optimum control
of tremor, only 1 had optimum control of bradykinesia and 2 had
suboptimum control.

From 6 cases with optimum control of tremor, 2 patients (P05
and P08) had optimum improvement of gait and posture but with
suboptimum control of rigidity and bradykinesia.

Cases with a more consistent control of all symptoms (P06,
P09, and P10) had lesions involving the 3 fiber tracts comprising
Raprl (Figure 2). In contrast, cases with transient improvement

6 | VOLUMEO | NUMBERO | 2020

of symptoms had lesions outside Raprl fibers: 1 laterally on Zic
and the other posteriorly, between Zic and medial lemniscus
(Figure 3). In 2 cases, the lesion was performed inferior and
medial to the intended target at the mesencephalic-pontine
junction (P05 and P08), involving mainly cerebellar and GP-PPN
components in the brain stem, had optimum control of tremor,

posture, and gait (Table 3 and Figure 7).

DISCUSSION

Correlation of Fiber Lesioning With Changes in Severity
of Symptoms

Despite our small sample of patients, Spearman correlations
show that surgical disruption of connectivity of CCx is associated
with improvement of symptoms of extremities contralateral to
Raprl lesions, which is in line with previous reports’® and

with similar effects to DBS in this area.”810:12:34-38 [ esions of

www.operativeneurosurgery-online.com
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p=0.021, rho=0.71
30

28

UPDRS total score difference
(=]

A

0 55 11 16.5 2

Percentage of CCx tracts

p=0.021, rho=0.713

Gait and posture sub-score difference
n>

0 45 9 135 18
Percentage of DCN tracts

FIGURE5. Correlations between gait and posture and percentage of tracts within the surgical lesion of Raprl. Involvement of fibers
connecting to the CCx and DCN, respectively, results in gait and posture improvement.

fibers connecting contralateral DCNss are in turn associated with
posture and gait improvements.

In contrast, we found a negative correlation between lesions in
fibers connecting PFC pars opercularis and ventral middle frontal
gyrus, Pu, and GP and improvement in posture and gait. It is
worth noting that these symptoms are axial and therefore under
the control of both hemispheres; hence, progression of PD in
the nontreated hemisphere may jeopardize improvement of this
symptom. Moreover, in the present series, gait and posture had
improved at last follow-up in all but 1 patient.

In our cases, 0.8% involvement of fibers connecting Raprl
with the middle frontal gyrus correlated with less improvement
in posture and gait. In other studies, gait control mediated by
PFC has been proposed, based on information derived from a
morphometric MRI analysis of voxels of gray and white matter in
PD patients with deterioration of executive functions and freezing
gait. Atrophy of middle right frontal gyrus correlated with the
severity of the dysfunction.”” Decrease in connectivity studied
through MRI and tract-based spatial statistics for frontal lobes
showed a correlation with deterioration in executive functions in
PFC.° Studies focusing on the anatomical location of PFC fibers
connecting with Raprl might prevent negative outcomes in the
future.

In our study, RF lesions were clearly delineated in their
location and extension in postsurgical structural MRI, repre-
senting an advantage over DBS for determining the affected
fiber tracts in the presurgical MRI. This series derives important
information.

Our observations highlight that lesions in PSA effective at
controlling PD symptoms were located on fiber tracts and not
in nuclei (Figure 1). Zic has been proposed as a target to treat

OPERATIVE NEURO

tremor of different etiologies’“’42 and Raprl and Zic are in close

anatomical relation but may be differentiated by microelectrode
recording.!’124> The only case with a lesion in Zic had only
partial control of tremor (50%), without improvement in other
PD symptoms. In the 2 patients with transient improvement of
symptoms, ending in poor results, lesions were outside Raprl,
and transient improvement may be related to edema secondary to
increased temperature during RF lesion (Figure 3). The practical
implication is that for future targeting in PSA, DWI-MRI and
tractography may better orient trajectories of electrodes for lesions
or DBS.

On the other hand, lesions of fibers disrupting only a small
part of the tract result in long-lasting improvement of symptoms.
This was true not only for “positive symptoms,” such as tremor
and rigidity, but also for “negative symptoms” like bradykinesia,
gait, and posture,44 indicating that lesions modulate overactive
circuits involved in the physiopathology of all motor symptoms
in PD. Therefore, the volume of lesions may be reduced while still
achieving adequate control of symptoms, decreasing the possi-
bility of having undesired side effects.

Different Fiber Tracts Mediate Different Symptoms

Heterogenous improvement of symptoms in cases herein
presented indicates that, even in the small volume of Raprl, lesions
affected fibers mediating different symptoms. In fact, the stereo-
tactic coordinates used for Raprl in the past*® correspond to
the lateral part of Raprl and induced improvement of tremor
over other PD symptoms. When MRI became available, the
target changed for the “x” coordinate to 4.5/10 because lesions
induced better control of rigidity and gait.7’8’“’12 In our series,
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p=0.001, rho=-0.74

A

Gait and posture sub-score difference
n

0 0.2 0.4 0.6 0.8
Percentage of the rostral middle frontal gyrus tracts

p=0.004, rho=-0.82

Gait and posture sub-score difference
n

0.00 1.75 3.50 5.25 7.00
Percentage of Pu tracts

7 p=0.026, rho=-0.7

>

Gait and posture sub-score difference
N

0
-2
-4
0 0.045 0.09 0.135 0.18
Percentage of the pars opercularis tracts
7 A p=0.028, rho=-0.69

Gait and posture sub-score difference
N

0 5 10 15 20
Percentage of GP tracts

middle gyrus and pars opercularis, Pu, and GP.

FIGURE 6. Negative correlations between gait and posture UPDRS scores and percent of fiber tracts within the Raprl lesion that were associated with frontal

TABLE 2. Symptom Improvements

Variable (UPDRS items) Max possible score UPDRS-III Basal mean (SD) Final follow-up (SD) %d P

Tremor (Items 20-21) 12 7.90 (2.42) 1.09 (1.81) —86 .001
Rigidity (Item 22) 8 4.54 (2.11) 1.90 (2.16) —62 .015
Bradykinesia (Items 23-26 and 31) 20 7.81(4.19) 3.81(3.84) —56 .046
Gait/Posture (Items 27-30) 16 5.27 (2.83) 1.90 (1.70) —45 .001

Possible max score = maximal possible scores for unilateral tremor, rigidity, bradykinesia, posture, and gaitin UPDRS-III. Basal mean = preoperative condition of patients for unilateral
tremor and rigidity, and bradykinesia posture and gait. Mean value score for final UPDRS-IIl evaluation. A%d = percent decrease of symptom severity. Significance of changes for

each symptom is indicated.

of 6 cases with optimum control of tremor, 2 had poor control
of rigidity while 1 case with optimum control of rigidity had
suboptimum control of tremor. In the case with the smallest lesion
size, tremor was selectively improved while rigidity remained
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unchanged, indicating that there are different cerebellar thalamic
fibers mediating these 2 symptoms. Recently, we reported a case
with selective control of tremor that had an RF lesion placed in
the base of the thalamus, involving the cerebellar-thalamic fibers
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TABLE 3. Detailed UPDRS-III Pre-/Postsurgical Score for Each Patient in Right (R) and Left (L) Extremities
T R B GandP Global UDRS

Patients Operated side pre/post pre/post pre/post pre/post pre/post Lesion size (mm?)

P01 Left R6-L0/ R5-L1/ R8-L0/ 4/3 47/44 46.65
R3-L3 R5-L2 R8-L5

P02 Right R4-L8/ R2-L4/ R4-L12/ 9/5 60/70 46.25
R4-L6 R2-L5 R3-L8

P03 Right RO-L14/ RO-L6/ R4-L14/ 2/5 61/75 10.15
R9-LO R6-L5 R14-L

P04 Left R8-L2/ R4-L1/ R11-L6/ 9/5 50/53 30.42
RO-L5 R4-L2 R4-L4

P05 Left R10-LO/ R8-L2/ R12-L4/ 6/1 60/36 4225
R1-LO R4-L1 R8-L4

P06 Right RO-L7/ R1-L3/ R2-L0/ 31 39/1m 25.1
RO-LO R1-LO R1-LO

P07 Left R7-L0/ R4-L1/ R4-L2/ 41 32/20 50.14
R2-LO RO-LO R1-L2

P08 Left R8-L3/ R4-L1/ R8-L3/ 6/1 40/23 68.1
R2-L4 R1-LO R4-LO

P09 Left R8-L3/ R8-L2/ R7-L3/ 9/5 74/57 37.37
R1-L6 R1-L4 R1-L9

P10 Left R5-LO/RO-LO R1-L1/RO-L2 R5-LO/R2-L3 5/2 40/20 3473

UPDRS items for tremor (T) 20 and 21, 22 for rigidity (R); 23 to 26 and 31 for bradykinesia (B); 27 to 30 for gait and posture (G and P). Pre-/postoperative changes for global UPDRS-IlI

and volume of lesion size are indicated.

connecting with Vim leaving intact fibers ending in Vop, which
probably controls rigidity.*> This is in concordance with the fact
that both DBS in Gpi connecting with Vop via the thalamic fasci-
culus*®%” and DBS in Raprl connecting DCN with Vop, improve
rigidity over tremor.

In previous reports, improvement in bradykinesia with Raprl
lesions and DBS was not significant, probably because bradyki-
nesia was incipient in the candidates for Raprl lesions® or
DBS at that time.” However, when cases in stages Hoehn-
Yahr IV-V were included, bradykinesia significantly improved by
bilateral Raprl-DBS.? Probabilistic tractography of PSA revealed
fibers connecting mesencephalic tegmentum (MES) with OFC,
running medial and dorsal to STN, traversing Raprl in the
uppermost segments toward MES.” OFC has been proposed as
a potent inhibitor of emotional and motor behavior*®4’ and
connecting fibers with the brain stem may mediate bradykinesia.
Unilateral Raprl-DBS is also associated with bilateral glucose
hypometabolism of OFC.>® The location of this tract in Raprl,
away from coordinates we have used for this target, is perhaps
the reason that improvement of bradykinesia in this series was
less reliable (P < .046) than for tremor (P < .001) and rigidity
(P < .015).

Although our patients had only mild posture and gait distur-
bances, Raprl lesions significant improvement these symptoms
(Table 2). In 2 patients (P05 and P08) where gait and posture
improvement surpassed that of rigidity and bradykinesia, macro
stimulation during operation did not induce the expected

OPERATIVE NEURO

improvement at the intended target, so the exploration continued
beyond the target to obtain adequate control of tremor at the place
of lesioning. Postoperative MRI demonstrated that trajectories of
the electrodes were medial to our intended target and the lesions
located below the Ru.

Planning Based on Tractography Allows Targeting
Fibers for Selective Improvement of Symptoms

Fiber tracts comprising Raprl have a point of maximal
proximity where discrete lesions may improve all symptoms in
a uniform manner, like in some of our cases (Figure 2 and
Table 3). Extending away from this point, fiber tracts spread apart
toward their anatomical connectivity. Therefore, it might be that
surgical planning based on tractography allows targeting fibers for
selective improvement of symptoms.

CONCLUSION

Lesion of fiber tracts (and not nuclei) in the PSA are respon-
sible for PD symptom improvement. Different fiber tracts
mediate different symptoms. Small lesions at the Raprl core,
involving only part of the whole fiber tracts, resulted in over 2-yr
improvement. Lesions (and DBS) directed at selected fiber tracts
may result in selective improvement of symptoms tailored for each
patient’s needs.
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FIGURE7. RF lesion in P05 case intended for Raprl. A and B, postsurgical structural MRI axial view of the trajectory in PSA that traversed
Ru and ended below the nucleus (arrows). C, D, and E, axial, coronal, and sagittal views showing an elongated lesion mainly affecting pallidal
and cerebellar fibers.
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COMMENT

he authors elegantly describe their valuable experience in 10 patients

with Parkinson disease treated with targeted ablation of prelim-
iniscal fiber tracts. While the number of patients is small, this study is
unique and valuable on multiple fronts. First, in an era where deep brain
stimulation dominates the literature for surgical therapies for Parkinson
disease, it is important to be reminded of the value of targeted lesions.
Second, while the goals in stereotactic surgery are often consistency,
precision, and accuracy, this study reminds us that measured variability
is indeed valuable - to target specific symptomatology based on patient-
specific needs as well as for better understanding the efficacy of our
treatment in a symptom- and tract-specific manner. Finally, the authors’
work highlights the value to studying brain connectivity in under-
standing the functional neurosurgical interventions, be it stimulation
or ablation. However, as a clinical and academic community, we must
remain cognizant of the limitations of imaging and the interpretation of
these results, particularly when evaluating multiple tracts in small areas
such as the prelimnisal fiber tracts. Still, while these may not be perfectly
accurate representations of underlying anatomy, there is still very likely
value in the reported results as symptom-specific imaging biomarkers.
Prospective mapping and evaluation would be extremely valuable moving
forward.
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