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The pallidotomy procedure has enjoyed a resurgence in
popularity since Laitinen published his influential paper in
1992.1 Despite the large number of patients being operated upon,
there is a striking variation in the techniques utilized to perform
this procedure. Perhaps more disconcerting are the assertions of
some centres that their techniques are superior despite any
prospective comparisons. In an effort to bring evidenced based
medicine into this sometimes dogmatic field, we begin by
analysing one variation of the surgical technique – pre-operative
target localization. Some centres use a CT scan2,3 while others
use a MRI4-9 or a combination of both.10,11 A few centres
continue to use ventriculography.12 The accuracy of CT and MRI
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percentage improvement of dyskinesia was noted for each patient and the two groups compared by the Mann-Whitney test. The distance
from the final target to the MRI and CT pre-operative co-ordinates were calculated for each patient. The mean distance for each modality
was then compared by Student’s t-test. The number of electrode repositionings was also recorded for each patient and the two groups
compared by the nonparametric Mann-Whitney test. Results: Although the MRI co-ordinates were significantly (p<0.023) closer to the
final target, this did not translate into a significant reduction in electrode repositionings. There was no significant difference in the
improvement in dyskinesia between the two groups. Conclusions: The pre-operative MRI co-ordinates were significantly (p=0.023)
closer to the final target than those from the CT. The potential advantages and disadvantages of both imaging modalities are reviewed.
There was no significant difference in surgical outcome using either MRI or CT for pre-operative localization in pallidotomy. 
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mesures d’impédance. Le pourcentage d’amélioration de la dyskinésie a été noté pour chaque patient et les deux groupes ont été comparés par le test
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have been directly compared for small cohorts with brain
lesions13 or deep brain electrodes3 and in a group receiving a
mixture of stereotaxic procedures.14 There is no information,
however, on whether functional stereotaxic surgery utilizing CT
or MRI leads to i) improved clinical outcome or ii) fewer
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intraoperative electrode repositionings. We postulated that the
MRI’s superior imaging of i) the internal capsule (allowing more
precise pre-operative targeting in the axial plane) and ii)
intercommissural line (allowing more precise vertical slice
selection) would result in more accurate pre-operative
localization than CT. This paper prospectively studies these
factors in a cohort of Parkinsonian patients receiving a unilateral
ventroposterior pallidotomy.

METHODS AND MATERIALS

Patients
Twenty-four consecutive Parkinson’s Disease (PD) patients

were entered into this study. Patients were selected for unilateral
pallidotomy based on their motor symptoms (medically

intractable dyskinesia ± severe bradykinesia and tremor).
Patients were brought into hospital the evening before surgery
and all Parkinsonian medications stopped at midnight. The
morning of surgery, patients had a Universal Compact Head
Ring (Radionics Inc.) attached to their skull under local
anaesthesia.

CT Scan
All scans were performed on a HiSpeed CT/i™ scanner (GE

Medical Systems) using Version 5.0 software. Axial cuts 3 mm
thick every 2 mm (i.e. overlapping) were made through the basal
ganglia with a CRW localizer frame (Radionics Inc.). Images
were reformatted sagittally to measure the intercommissural line,
note its angulation with horizontal and to locate the posterior
commissure relative to the pineal calcification. The target was

Figure 1: A typical CT scan from the series. Left: the
sagittal reformat; Centre: an axial image at the level
of the intercommissural line, and Right: an axial
image at the level of the target (4 mm below centre).
On the sagittal reformat, the length and direction of
the intercommissural line is difficult to interpret
because the anterior commissure is particularly
difficult to see. On the axial image, the edge of the
internal capsule (slightly hypodense) is difficult to
delineate from the pallidum.

Figure 2: The MRI of the same patient in Figure 1. Left: the mid-sagittal image; Centre: an axial image at the level of the intercommissural line, and
Right: an axial image at the level of the target (4.4 mm below centre). The anterior commissure (bulging posteriorly from the anterior wall of the third
ventricle) and posterior commissure (bulging anteriorly from the posterior wall of the third ventricle immediately above the aqueduct) are immediately
obvious on the sagittal image making measurements of the intercommissural line easier than from the CT. The boundary between the internal capsule
(low signal) and pallidum (higher signal) is far clearer than the corresponding CT image.

https://doi.org/10.1017/S0317167100000871 Published online by Cambridge University Press

https://doi.org/10.1017/S0317167100000871


THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES

238

selected 2 mm anterior, 19-23 mm lateral (just lateral to the
internal capsule), and 4-6 mm below the mid-commissural point.
An example is shown in Figure 1.

MRI
All scans were performed on a Signa Advantage 1.5T scanner

(GE Medical Systems) with Platform 5.7 software. Using a
Universal Compact Localizer Frame (Radionics Inc.), a sagittal
T1-weighted scan (2 mm thick no gap, TR=500 ms, TE=14 ms,
FOV=28 cm, matrix 256x192, NEX=2, frequency direction =
superior to inferior, with no phase wrap and a saturation band
inferiorly, time=3:20) was performed first. The inter-
commissural line was measured and its angulation away from
horizontal noted. The vertical position of the optic tract was also
documented. Axial fast spin echo proton density scans (2.2 mm
thick with no gap, TR=2000 ms, TE=32 ms, echo train length=6,
matrix 256x256, NEX=3, frequency direction = anterior to
posterior, using flow compensation, no phase wrap and a
saturation band inferiorly, time=4:22s) were then done through
the basal ganglia. The target was selected 2 mm anterior, 19-23
mm lateral, and 2.2-6.6 mm below the mid-commissural point.
The lateral position was selected to place the target abutting the
internal capsule (in the ventromedial portion of pallidum). The
vertical position was selected on the lowest cut through the basal
ganglia (above the ambient cistern). An example is shown in
Figure 2. 

Surgery
Each patient was randomly assigned to proceed with either

the CT or MRI co-ordinates. Patients were taken to the operating
theatre and given pre-operative antibiotics (cefazolin 1g I.V.).
The procedures were performed under local anaesthesia (0.25%
Marcaine without epinephrine) without systemic sedation. A burr
hole was placed to allow the stimulating electrode (1.5 mm
exposed tip, 1.8 mm diameter) (Radionics Inc.) to approach the
pallidum in a parasagittal plane 65o up from the intercommisural
line. Impedance measurements and responses to macrostimula-
tion were made every 2 mm beginning 10 mm above the target.
Macrostimulation with 1 ms square wave pulses at 2 Hz for
motor and at 50 Hz and 100 Hz for sensory responses were
performed with a RFG-3C Lesion Generator (Radionics Inc.).
The electrode was moved i) laterally 2 mm if motor (2 Hz) or
sensory (50 Hz) responses were recorded below 2.5 volts (a
second move 2 mm anteriorly was occasionally needed), ii)
medially 2 mm if no sensory responses were recorded at 5.0 volts
(50 Hz) or 3.0 volts (100 Hz), iii) vertically 2 mm if visual
phosphemes were reported at 100 Hz below 3.0 volts. Lesions
were made at 80oC for 60 seconds at the target and at 3 mm and
6 mm above the target. Patients were observed overnight and
discharged in the morning.

Analysis
Patient’s dyskinesia was scored pre-operatively and six weeks

postoperatively using the rating scale of Goetz.15 The percentage
improvement was noted for each patient and the two groups
compared by the Mann-Whitney test. The distance from the final
target to the MRI and CT pre-operative co-ordinates were
calculated for each patient. The distance was calculated using the
x, y, and z co-ordinates of the pre-operative sites and the final
target determined intraoperatively. The mean distance for each

modality was then compared by Student’s t-test. The number of
electrode repositionings was also recorded for each patient and
the two groups compared by the nonparametric Mann-Whitney
test. Analyses were performed using SYSTAT software Version
8.0 (SPSS Inc.).

RESULTS

Detailed postoperative motor scores for similar cohorts have
been published previously by our centre.16,17 There was no
significant difference in the postoperative improvement of
dyskinesia scores between the patients where CT (n=12) or MRI
(n=12) co-ordinates were utilized. Dyskinesia was reduced by a
mean (± standard deviation) of 79 ± 17% and 84 ± 15%
respectively in the two groups. The mean distance (± standard
deviation) from the pre-operative co-ordinates to the final target
were 3.7 ± 1.1 mm for CT and 2.3 ± 1.6 mm for MRI. The MRI
calculation was significantly closer to the final target (p=0.023).
More patients in the MRI group (7/12) than the CT group (3/12)
did not require an electrode repositioning. Although there was a
trend for the group utilizing MRI co-ordinates to have fewer
electrode repositions per operation (0.75 ± 0.96) than the group
utilizing CT co-ordinates (1.2 ± 0.87), this did not reach
statistical significance at the 0.05 level. 

DISCUSSION

Ventriculography was the gold standard for pallidal targeting
for many decades. It was hindered by the possibility of parallax
errors, distortion of the third ventricle’s shape, and the uncertain
anatomical correlation between ventricular anatomy and
paraventricular targets.18,19 Although it is still used,12 most
centres avoid it because of the associated morbidity.20,21

Following Brown’s22 description of CT guided stereotaxy,
neurosurgeons began to utilize this technique. It was reported to
be as accurate as ventriculography.23 Laitinen’s1 sentinel paper
used CT for pre-operative localization. There has been a recent
trend for stereotaxic neurosurgeons to utilize MRI scans to
localize the pallidum.4-9 The potential benefits of MRI include
enhanced anatomic detail, easier visualization of the
intercommissural line in the sagittal plane, and better grey-white
differentiation. It also has the potential to directly visualize the
pallidum without estimating its position from the
intercommissural line.10,24 Potential problems include image
distortion, long scanning times (blurred pictures if the patient
moves), claustrophobia, and the standard contraindications for
MRI. Many excellent centres continue to utilize CT scans.2,25

The potential benefits of CT include faster scan times, less
expensive equipment, and no distortion of images. Its
disadvantage is poorer anatomic detail (including grey-white
differentiation). Some centres have combined the two
techniques.10,11

There are two main sources of distortion for MRI: gradient
field nonlinearities and resonance offsets. The three mutually
orthogonal gradient coils are designed to produce linear
gradients. Imperfections can occur resulting in distortions that
are maximal at the edge of the MRI slice.26 Since the
pallidotomy target is very near the centre of the slice, these
distortions are minimized. With a field of view of 28 cm, the
fiducial markers will also lie within the area of gradient linearity
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guaranteed by the manufacturer. Resonance offsets are due to
chemical shifts and magnetic field inhomogeneities. Chemical
shifts due to the different gyromagnetic ratio of the hydrogen
atoms in fat or water can cause objects (made of fat or water) to
appear to shift different distances along the gradient field. The
fiducial markers (aqueous solution of cupric sulphate) were
chosen to match the gyromagnetic ratio of hydrogen atoms in the
pallidotomy target (i.e. water not fat). Magnetic field
inhomogeneities are produced by the scanner (less of a problem
with more modern magnets) and by the object being imaged
(susceptibility artefacts). If the object being imaged has a
magnetic dipole (e.g. hydrogen atom) it will affect the main
magnetic field. How much it disturbs the field is called its
magnetic susceptibility. When objects of different susceptibility
(e.g. air-water or air-fat) are close together, geometric distortion
can occur near the interface. The tissues near the pallidotomy
target are uniform and thus not prone to this distortion but the
fiducial markers do have a water-air interface.27 This effect
occurs only in the read-out gradient direction (not the phase
encoding direction).26 In our study, this would affect the y
(anteroposterior) co-ordinate. Inspection of the fiducial images
did not reveal obvious distortion (e.g. oval rather than round
shape).

The difference in stereotaxic localization between CT and
MRI has been well-documented.13,14,28,29 Targets visualized with
the two techniques have been reported to vary by 3-5 mm or to
be insignificantly different.14,28 In our cohort of patients (n=24),
there was no significant difference in clinical outcome between
the groups using CT or MRI co-ordinates. This was not
surprising since the method of final target selection (intra-
operative electrophysiology) and lesioning were identical for the
two groups. Our postulate that the MRI’s superior imaging of the
internal capsule and intercommissural line would result in more
accurate target selection was confirmed. The MRI co-ordinates
were statistically closer to the final target (p=0.023) than those
generated from the CT. This probably reflects the improved
visualization of the internal capsule when selecting the lateral co-
ordinate for the target with MRI compared to CT. Although the
MRI group had double the percentage of ‘direct hits’ (i.e. no
need for electrode repositioning) compared to the CT group, this
did not translate into a significantly reduced number of electrode
repositionings. It is likely that our sample size was too small to
detect this difference. In order to prove this increased percentage
was statistically significant, one would need 116 patients
(assuming an increase from 25% to 50% using a two-sided
�=0.05 and a power=0.80).

We conclude that i) MRI offers more accurate pre-operative
localization of the pallidotomy target than CT, and ii) there is no
significant difference in the reduction of dyskinesia following
pallidotomy performed with either CT or MRI pre-operative
localization. The trend for fewer electrode repositionings using
MRI has led our centre to switch from CT to MRI for the pre-
operative stereotaxic localization of pallidotomies. There is a
small but real risk of hemorrhage with each electrode pass
through the brain. Although there were no complications in this
cohort, with larger numbers of patients over the course of a year,
we hope the reduced number of electrode passes will translate
into reduced complications.
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