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Placement Accuracy of Deep Brain Stimulation
Electrodes using the NexFrame® Frameless System

Presnost ulozeni elektrod pro hlubokou mozkovou stimulaci

pomoci bezramového systému NexFrame®

Abstract

Background: Various methods are used to target nuclei of basal ganglia, including direct visualization
of preoperative magnetic resonance images, intraoperative microelectrode recording and
anatomical target coordinates. A frame-based stereotaxy or a frameless stereotactic system
(NexFrame®) are used during electrode placement. Accurate electrode placement is necessary
for correctly functioning deep brain stimulation (DBS). The objective of the study was to evaluate
placement accuracy of DBS electrodes using the NexFrame® frameless navigation system in our
department. Methods: Coordinates of the planned target point according to anterior and posterior
commissural points are found using preoperative MRI of the brain and are usually modified
intraoperatively according to microrecording and clinical examination. The coordinates of the
actual position of the electrode are detected using a fusion of preoperative MRI with postoperative
CT. To determine placement accuracy of the electrodes, the total error and lateral, anteroposterior,
and vertical errors were calculated. Results: A total of 70 DBS electrodes were implanted using the
NexFrame® system in 35 patients diagnosed with Parkinson’s disease, essential tremor, or dystonia
(mean age 62.1 +8.3) between June 2013 and January 2016. The mean total error was 1.64 + 0.81 mm,
the mean lateral error was 1.03 + 0.79 mm, the mean anteroposterior error was 1.14 + 0.95 mm, and
the mean vertical error was 1.05 + 0,91 mm. Results were compared to the results of other studies
and we conclude that the frameless Nexframe® system is fully comparable to frame-based systems.

Souhrn

Uvod: Hluboké mozkové stimulace vyuziva k pfesnému cileni jader v oblasti bazalnich gangli
pfimé zobrazeni magnetickou rezonanci, intraopera¢ni microrecording nebo dané anatomické
koordinaty. K zavedeni elektrod Ize vyuzit rdmovy nebo bezrdmovy stereotakticky systém.
Pro spravnou funkci hluboké mozkové stimulace je zésadnf co nejpresnéjsi ulozenf elektrody
v daném jadru, a proto jsme provedli vyhodnoceni souboru pacientl operovanych bezramovym
stereotaktickym systémem NexFrame®. Metodika: Koordinaty pldnovaného cilového bodu
ziskavame pomoci predoperac¢ni magnetické rezonance a finalni pozici ulozeni modifikujeme
na zakladé microrecordingu a klinického testovani. Soufadnice pooperacni pozice elektrod
kontrolujeme na zdkladé CT vysetfeni pocitacové fuzovaného s predoperacni pldnovaci
magnetickou rezonanci. K ur¢eni pfesnosti ulozenf elektrody byla pocitédna celkova chyba v¢. chyb
v laterdIni, vertikdlni a AP ose. Vysledky: Celkovy pocet 70 elektrod byl implantovan pomoci systému
NexFrame® v obdobi cerven 2013 az leden 2016 u 35 pacientt s diagnézou Parkinsonovy nemocdi,
dystonie nebo esencidlniho tresu. Celkova chyba byla 1,64 + 0,81 mm, chyba v laterdIni ose byla
1,03 £ 0,79mm, chyba v AP ose byla 1,14 + 0,95 mm a chyba ve vertikalni ose byla 1,05 £ 0,91 mm.
Vysledky nasi studie byly porovnany s publikovanymi studiemi v¢. vyc¢tu moznych chyb pfi
implantaci pfi pouZiti jak rdmového, tak bezramového systému. Vysledkem studie je zavér, ze
bezramovy systém NexFrame® je pIné srovnatelny s rdmovymi systémy.
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PLACEMENT ACCURACY OF DEEP BRAIN STIMULATION ELECTRODES USING THE NEXFRAME® FRAMELESS SYSTEM

Introduction

Deep brain stimulation (DBS) is a widely
used technique for modulation of subcor-
tical brain structures in patients with Par-
kinson’s disease [1,2], essential tremor [3],
dystonia [4,5] and some other movement
disorders. Class | evidence supports its use
in Parkinson’s disease, in comparison with
best medical treatment [6]. The DBS is now
being more frequently indicated also during
earlier stages of Parkinson'’s disease [7,8]. DBS
electrodes have conventionally been placed
using frame-based stereotaxy with micro-
electrode recording (MER) and physiological
mapping of target structures. Frameless neu-
ronavigation-guided implantation technique
using a skull-mounted aiming devices (Nex-
Frame®, STarFix, Clearpoint) is used in some
centers in conjunction with bone-implanted
fiducial markers. Targeting accuracy of frame-
less stereotactic system has been previously
evaluated in laboratory and clinical settings
with no significant differences compared to
frame-based systems [9-11]. There are several
advantages of the frameless system compa-
red to the frame-based system for functional
neurosurgical procedure, such as improved
patient’s comfort, independent of the head,
dissociation of imaging and surgical proce-
dure, reduced surgical time, avoidance of
technical difficulties associated with imaging
of patients with a stereotactic frame [12-14].

Fig. 1. Frameless system NexFrame®.

In both techniques, brain images used
for targeting (CT and/or MRI) are obtained
preoperatively. Surgical planning software
is used to register brain targets in an image
space (“stereotactic space”) defined by the
frame geometry or by bone-implanted fid-
ucial markers.

The optimal method for targeting the
subthalamic nucleus (STN) and positioning
the DBS electrode is still debated [15,16]. MER
is widely used intraoperatively for precise
electrode position [17,18], although there are
some reports about verification of electrode
position using intraoperative CT [19] or post-
operative MRI [20].

The aim of the this project was to evaluate
accuracy of DBS electrode placement using
NexFrame® system in comparison with data
obtained in previously published studies.

Methods
Patients
Thirty-five consecutive patients (total
70 electrodes) who underwent DBS using the
NexFrame® were retrospectively included.
All patients met the UK-Brain Bank crite-
ria for diagnosis of idiopathic Parkinson’s
disease. Patients treated with DBS for dysto-
nia who did not experience sufficient effects
from pharmacological treatment, including
applications of botulinum toxin type A. All
subjects implanted for the diagnosis of

tremor had pharmacoresistant essential
tremor.

All patients were fully informed about the
procedure and the procedure was perfor-
med by a single surgeon (K. D.) and neurolo-
gists (N. M., O. P).

Imaging

Three MRI sets were obtained a few days be-

fore the surgery;:

1.volumetric 3D Gd-enhanced gradient
echo MRI sequence covering the whole
brain in 1 mm axial slices, mainly for trajec-
tory planning;

2.T2 images turbo spin echo 2 mm slices;

3.IR-FSE image set covering the basal gang-
lia region only, 2 mm axial slices, mainly for
direct visualization of the borders of the
GPI'and surrounding structures.
Images were obtained using the Magne-

tom Avanto 1.5 Tesla unit (Siemens).

Surgical technique

Four to six stereotactic NexFrame® pins were
placed one day before the surgery and CT
scan with contrast was performed in 1 mm
slices covering the whole brain. Both MRI
and CT image sets were imported into ste-
reotactic surgical planning software pack-
age (FramelinkMedtronic’), computationally
fused, and reformatted to produce images
orthogonal to the AC-PC line and mid-
-sagittal plane.

The target points for the tips of the
electrodes were selected using a combina-
tion of direct (visualized) and indirect tar-
geting in Parkinson’s disease and dystonia,
and with only indirect targeting in tremor.
The trajectories were visualized on the volu-
metric MRl images using “navigation” views.
Small adjustments were then made to avoid
traversing the cortical veins and dural ve-
nous lakes (easily seen on Gd-enhanced
images) and lateral ventricles.

Surgical procedures were carried out in
two stages during the same day. The first
stage, implantation of the DBS electro-
des was on an awaken patient, and the se-
cond stage was implantation of the internal
pulse generator, performed under general
anesthesia.

Using a passive planar blunt probe, a non-
-sterile registration of the skull fiducial mar-
kers was then performed to link image and
surgical spaces. The burr hole entry point of
the predetermined electrode trajectory was
then marked on the skin, and a small hole
was drilled to mark that point on the skull.
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After we performed appropriate sterile pre-
paration and draping, linear skin incisions
were made and bur holes centered on the
pilot hole were completed. The lead ancho-
ring device (StimLoc, Medtronic, Inc.) and
the NexFrame® base were attached to the
skull (Fig. 1), and the second sterile registra-
tion was performed using the implanted fi-
ducials (target registration error < 0.4 mm).
The NexFrame® tower was then attached
and aligned to the corresponding target
using FrameLink software (Medtronic Inc.).
Target depth was then calculated and set on
the microTargeting™ Drive System (FHC) po-
sitioning device. The dura was opened and
closed by fibrin glue to prevent CSF leak or
pneumocefalus.

Intraoperative microelectrode
registration (MER)

To perform MER in STN-DBS, four MER/ma-
crostimulation needles were placed in an
array with central, lateral, anterior and poste-
rior to delineate the borders of the nucleus.
Depending on preoperative MRI, it was de-
cided in some cases to record with three or
five microelectrodes rather than four. In GPi-
-DBS, based on the pre-operative MRI and
the better visibility of the GP structures and
internal capsule, usually three to four chan-
nel recordings were performed in the cent-
ral, medial, posterior, and lateral channels to
define the distance of the calculated target
to the border between the GPi and the in-
ternal capsule. Starting for the STN and GPi,
respectively, 10mm above the MRI-based
target, the microelectrodes were advanced
in steps of 500 um towards the target by an
electric microdrive. When the needles were
inside the STN, GPe (globus pallidus exter-
nus) and GPi at each depth, the spiking acti-
vity of the neurons lying close to the needle
could be recorded. Depending on neuro-
nal density, not more than three to five units
were recorded simultaneously. More distant
units could not be distinguished from the
background level.

Macro-test stimulation

After MER, the tip of the microelectrode was
retracted. Channels that showed significant
multi-unit activity over a length longer than
3mm were selected for intraoperative test
stimulation (60 ps pulse-duration; 130 Hz
pulse frequency). The complete electrode
with the macro-tip was then advanced to
be used for macro-test stimulation, and this
was performed by an experienced neurolo-

Fig. 2. Postoperative fusion CT and MRI.

gist at two or three depths with a 2mm in-
terval, all within the boundaries of the target
nucleus as determined by MER. After evalua-
ting the selected channels by macro-test sti-
mulation, the one with the largest therapeu-
tic window, i.e,, the lowest current threshold
for improvement of symptoms and the
highest threshold for side effects, was cho-
sen for permanent electrode implantation.
For dystonic patients, the threshold for ca-
psular side effects was used to select the
best electrode. In addition, improvement of
mobile dystonia was sought when present.
With respect to the depth of implantation
of the electrodes in STN DBS, we are used
to implanting contact number 1 at the point
with the best stimulation parameters. For
GPi DBS, we position the deepest contact
point at the inferior border of the nucleus as
determined by MER.

Lead Anchoring and Implantable
Pulse Generator Placement

Leads were anchored to the skull with a lead
anchoring device (Stimlock, Medtronic®).
After scalp closure, the surgery continued
under the general anesthesia and the lead
extenders and pulse generators were pla-
ced. The duration of surgery (from initial
skin incision until pulse generators place-
ment) was 185 + 9.2 min. Control CT imag-
ing was performed the same day after
surgery. The CT scan with contrast was
performed in 1 mm slices covering whole
brain and after that fused with preopera-
tive planning to control the accuracy of the
placement (Fig. 2).
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Accuracy assessment

Precise location of the electrode within the
STNis possible by calculating an error on the
preoperative/perioperative MRI/CT fusion
images. The entry point AGPC coordinates
(point A) and the target point AGPC coor-
dinates (point B) of the trajectory are found
on the navigation device using preoperative
MRI. The target is usually modified intraope-
ratively according to microrecording and cli-
nical examination by a shift on the trajectory
labeled as distance d. Knowing this distance
and the AGPC coordinates of both the start-
ing point and the planned target, it is possi-
ble to calculate the AGPC coordinates of the
modified target (point C). The AG-PC coordi-
nates of the actual position of the electrode
(point D) are localized by placing a cursor
manually at the end of the electrode visi-
ble on CT-MRI fusion on the navigation de-
vice. Using the equation for calculating the
distance of two points in 3D space, it is pos-
sible to determine the total error (distance
between the modified target and the actual
position of the electrode) and by using the
equation for the distance of two points in
straight line, the placement errors in the la-
teral, anteroposterior, and vertical axes are
identified (Fig. 3).

Results

A total of 35 patients with Parkinson’s dis-
ease, dystonia and tremor were implanted in
two stages between June 2013 and January
2016. The mean age was 62.1 + 8.3 years.
The mean total operating room time was
185 £ 9.2 min. There were no hemorrhages
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latB - latA

lat; = latg +

APC=APB+

J(at, — latg)? + (AP, — APg)? + (vert, — vertg)?

APg — AP,

J(lat, — latg)? + (AP, — APg)? + (vert, — verty)?

vertg — vert,

verts = vertg +

J(at, — latg)? + (AP, — APg)? + (vert, — verty)?

total error = \/(latc —latp)? + (AP; — APp)? + (verty — vertp)?
vertical error = |vert, — vert;|
AP error = |APy, — AP¢|
lateral error = |latp — lat,|

Fig. 3. Mathematical model for calculation of accuracy.

Tab. 1. Final results in our study.

Total error (mm) Lateral axis

Antero-posterior axis

Vertical axis

1.64 +0.81 1.03+0.79

114 +0.95 1.05 £ 091

Tab. 2. Comparison of our study with other published studies.

Study Stereotactic system Total error (mm)

Starr et al. [20] Leksell frame 315

) ) 2.64 left

Schrader et al. [26] Zamorano-Dujovny ring 304 right
Holloway et al. [10] NexFrame® 315
Fitzpatrick et al. [28] Starfix 2.70
CRW 1.99
Kelman et al. [14] NexFrame® 204
NexFrame® 2.2
Sharma et al. [13] Leksell 17
Krahulik et al. NexFrame® 1.64

(either symptomatic or asymptomatic) vi-
sible on CT images or any of the complica-
tion such as infection or alergic reaction.
The mean total error was 1,64 + 0.81 mm,
the mean lateral error was 1.03 + 0.79mm,
the mean anteroposterior error was
1.14 + 0.95mm, and the mean vertical error
was 1.05 + 0,91 mm (Tab. 1). Results of our
study compared to other published studies
are shown in Tab. 2.

Discussion

The authors are aware that the results of this
study can be influenced by errors related to
the measurement of accuracy. The MRI/CT
fusion is used for placement accuracy mea-
surement and the error might occur while
merging preoperative MRI with postopera-

tive CT and thus influence the results. Fur-
thermore, the AG-PC coordinates of the
electrode real position are found using ma-
nual placement of the cursor on the visible
end of the electrode, as described in the
material and methods section. Manual pla-
cement of the cursor can produce error as
it is impossible to place the cursor exactly
at the end of the electrode in all three axes.
However, for the purposes of our study,
we consider our methods to be accurate
enough to evaluate placement accuracy in
our department.

Phantom studies have demonstrated
mean accuracy of the Cosman-Roberts-
-Wells and Leksell frames to be 1.7 + 0.1 and
1.8 £ 0.11, resp. when using 1-mm CT slice
thickness and no weight bearing [21-23]. The

increased error usually seen in a clinical si-
tuation is expected for several reasons, inclu-
ding weight bearing by the frame, mobility
of the brain within the cranial cavity, loss of
cerebrospinal fluid with subsequent brain
shift, inaccuracies of localization introduced
by selection of the lead tip and the AC-PC
coordinates on postoperative imaging, and
deviations of the microelectrode or DBS as it
passes through the brain substance.

Starr and colleagues assessed postopera-
tive coordinates of 76 STN DBS electrodes
that had been placed using the Leksell frame
and found a mean deviation of 3.15mm from
the expected target location [20]. The Uni-
versity of California Los Angeles group eva-
luated the discrepancy between expec-
ted and actual targets in 217 DBS cases.
There was a mean vector error of 2.9 mm
(range 0.1-6.44mm) for VIM, 2.3 mm (range
0-7.61 mm) for STN, and 2.2 mm (range 0.03—
—-4.5mm) for GPI targets.

Urgosik et al. analyzed accuracy of DBS
placement using the Leksel frame according
to intraoperative monitoring with very good
results and minimum complications [24].

Rohlfing et al. found reduced accuracy
of stereotactic frames because of torque
introduced by the effect of weight bea-
ring on the frame [25]. They assessed the
effects of mechanical loading of the frame
and a change in patient position on localiza-
tion error within the clinical situation. They
chose to compare scans obtained while the
patient was prone and supine, maximizing
the adverse effect of linear mechanical load-
ing. Computerized tomography scans were
obtained in 14 patients placed in the Brown-
-Roberts-Wells frame while supine and then
prone, and the registration transforma-
tions were compared. The mean error was
0.97mm (standard deviation 0.38), but the
registration error was greater than 1.5mmin
eight of 14 patients. The authors noted that
the errors from positioning and mechanical
loading were additive with other sources of
error.

Other factors influencing localization
accuracy include differences in scan slice
thickness, MRI susceptibility artifact, and dif-
ferences in scanners and fiducial marker pla-
cement [12,26]. Although errors could poten-
tially be introduced on image fusion, these
errors were usually less than 1 to 2 imaging
voxels [27].

An additional category of error can be re-
lated directly to errors in lead placement.
Some examples include deflection of the
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lead during implantation, slippage of the
lead during anchoring, and various inaccu-
racies in stereotactic localization that have
been described elsewhere [12,24].

Sharma and colleagues evaluated the
accuracy of the NexFrame® system com-
pared to the Leksell stereotactic frame [13].
The frame-based system had greater accu-
racy compared to the frameless system. The
targeting accuracy of the NexFrame® using
bone fiducials was not significantly different
compared to a stereotactic frame-based sys-
tem. The error in targeting using frameless
system significantly improved over a period
of time.

Kelman [14] analyzed accuracy of CRW
frame compared to the NexFrame®. Ninety
patient underwent microelectrode recor-
ding guided placement of 139 DBS leads
using a CRW frame (n = 70) and the Nex-
Frame® (n = 69) with equivalent accuracy of
both systems.

Several advantages related to the use of
aframeless device are described in literature.
Patients were much less apprehensive when
faced with skull fiducial marker placement
compared to application of a stereotactic
frame. The ability to apply fiducial markers
one or more days prior to surgery allowed
imaging and planning to be separated from
the procedure, thus decreasing operating
room time and enhancing patient comfort
given the shorter periods spent without me-
dication. Without rigid fixation to the ope-
rating table, patients were allowed greater
mobility and appeared better able to tole-
rate lengthy procedures. Intraoperative exa-
mination of the patient was easier without
the frame [13,14].

Conclusion

The NexFrame® system, using bone fidu-
cial markers for DBS, is an accurate and safe
procedure for frameless stereotaxy and
it is easily tolerated by patients. The Nex-
Frame® system for performing DBS should
be considered as an alternative to frame-ba-
sed systems.

Conflict of interest

All authors certify that they have no affiliations with or
involvement in any organization or entity with any finan-

cial interest (such as honoraria; educational grants; par-
ticipation in speakers’ bureaus; membership, employ-
ment, consultancies, stock ownership, or other equity
interest; and expert testimony or patent-licensing arran-
gements), or non-financial interest (such as personal or
professional relationships, affiliations, knowledge or be-
liefs) in the subject matter or materials discussed in this
manuscript.

Ethical approval

All procedures performed in studies involving human
participants were in accordance with the ethi-
cal standards of the institutional and/or national re-
search committee and with the 1964 Helsinki declara-
tion and its later amendments or comparable ethical
standards.

References

1. Deuschl G, Paschen S, Witt K. Clinical outcome
of deep brain stimulation for Parkinson’s disease.
Handb Clin Neurol 2013;116:107-28. doi: 10.1016/B978-0-
444-53497-2.00010-3.

2. Weaver FM, Follett K, Stern M, et al. Bilateral deep brain
stimulation vs best medical therapy for patients with
advanced Parkinson disease: a randomized controlled
trial. JAMA 2009;301(1):63-73. doi: 10.1001/jama.2008.
929.

3. Benabid AL, Pollak P, Gervason C, et al. Long-
-term suppression of tremor by chronic stimulation
of the ventral intermediate thalamic nucleus. Lancet
1991;337(8738):403-6.

4. Kupsch A, Benecke R, Miller J, et al. Pallidal deep-brain
stimulation in primary generalized or segmental dysto-
nia. N Engl J Med 2006;355(19):1978-90.

5. Vidailhet M, Vercueil L, Houeto JL, et al. Bilateral
deep-brain stimulation of the globus pallidus in pri-
mary generalized dystonia. N Engl J Med 2005;352(5):
459-67.

6.Benabid AL, Chabardes S, Mitrofanis J, et al. Deep brain
stimulation of the subthalamic nucleus for the treatment
of Parkinson’s disease. Lancet Neurol 2009;8(1):67-81.
doi: 10.1016/51474-4422(08)70291-6.

7. Schuepbach WM, Rau J, Knudsen K, et al. EARLYS-
TIM Study Group. Neurostimulation for Parkinson’s
disease with early motor complications. N Engl J
Med 2013;14;368(7):610-22. doi: 10.1056/NEJMoa1205
158.

8. Moro E, Schipbach M, Wachter T, et al. Refer-
ring Parkinson’s disease patients for deep brain sti-
mulation: a RAND/UCLA appropriateness study.
J Neurol 2015;263(1):112-9. doi: 10.1007/500415-015-
7942-x

9. Henderson JM. Frameless localization for functional
neurosurgical procedures: a preliminary accuracy study.
Stereotact Funct Neurosurg 2004;82(4):135-41.

10. Holloway KL, Gaede SE, Starr PA, et al. Frameless ste-
reotaxy using bone fiducial markers for deep brain sti-
mulation. J Neurosurg 2005;103(3):404-13.

11. Henderson JM, Holloway KL, Gaede SE, et al. The
application accuracy of a skull-mounted trajectory
guide system for image-guided functional neurosur-
gery. Comput Aided Surg 2004;9(4):155-60

12. Maciunas RJ, Galloway RL jr, Latimer JW. The appli-
cation accuracy of stereotactic frames. Neurosurgery
1994;35(4):682-94.

13. Sharma M, Rhiew R, Deogaonkar M, et al. Accuracy
and precision of targeting using frameless stereotactic
system in deep brain stimulator implantation surgery.
Neurology India 2014;62(5):503-9. doi: 10.4103/0028-
3886.144442.

14. Kelman C, Ramakrishnan V, Davies A, et al. Anal-
ysis of stereotactic accuracy of the Cosman-Robert-
-Wells frame and nexframe frameless systems in deep
brain stimulation surgery. Stereotact Funct Neurosurg
2010;88(5):288-95. doi: 10.1159/000316761.

15. Gross RE, Krack P, Rodriguez-Oroz MC, et al. Electro-
physiological mapping for the implantation of deep
brain stimulators for Parkinson’s disease and tremor.
Mov Disord 2006;21(Suppl 14):5259-83.

16. Rezai AR, Kopell BH, Gross RE, et al. Deep brain stimu-
lation for Parkinson’s disease: surgical issues. Mov Disord
2006; 21(Suppl 14):5197-218.

17. Benazzouz A, Breit S, Koudsie A, et al. Intraope-
rative microrecordings of the subthalamic nucleus
in Parkinson’s disease. Mov Disord 2002;17(Suppl 3):
145-9.

18. Pralong E, Villemure JG, Bloch J, et al. Quality index
for the quantification of the information recorded
along standard microelectrode tracks to the sub-thala-
mic nucleus in parkinsonian patients. Neurophysiol Clin
2004;34(5):209-15.

19. Burchiel KJ, McCartney S, Lee A, et al. Accuracy of
deep brain stimulation electrode placement using in-
traoperative computed tomography without micro-
electrode recording. J Neurosurg 2013;119(2):301-6. doi:
10.3171/2013.4.INS122324.

20. Starr PA, Martin AJ, Ostrem JL, et al. Subthalamic
nucleus deep brain stimulator placement using high-
-field interventional magnetic resonance imaging and
a skull-mounted aiming device: technique and applica-
tion accuracy. J Neurosurg Mar 2010;112(3):479-90. doi:
10.3171/2009.6.JNS081161.

21. Bernardete EA, Leonard MA, Weiner HL. Compari-
son of frameless stereotactic systems: accuracy, pre-
cision, and applications. Neurosurgery 2001;49(6):
1409-16.

22, Dorward NL, Alberti O, Palmer JD, et al. Accuracy of
true frameless stereotaxy: in vivo measurement and la-
boratory phantom studies. Technical note. J Neurosurg
1999;90(1):160-8.

23. Helm PA, Eckel TS. Accuracy of registration meth-
ods in frameless stereotaxis. Comput Aided Surg
1998;3(2):51-6.

24, Urgosik D, Jech R, Ruzi¢ka E. Hlubokd mozkova sti-
mulace u nemocnych s extrapyramidovymi poru-
chami pohybu - stereotaktickd procedura a intra-
operac¢nf nalezy. Cesk Slov Neurol N 2011;74/107(2):
175-86.

25. Rohlfing T, Maurer CR jr, Dean D et al. Effect of chang-
ing patient position from supine to prone on the accu-
racy of a Brown-Roberts-Wells stereotactic head frame
system. Neurosurgery 2003;52(3):610-8.

26. Schrader B, Hamel W, Weinert D, et al. Documenta-
tion of electrode localization. Mov Disord 2002;17(Suppl
3):S167-74.

27. Hemler PF, Sumanaweera TS, van den Elsen PA, et
al. A versatile system for multimodality image fusion.
JImage Guid Surg 1995;1(1):35-45.

28. Fitzpatrick JM, Konrad PE, Nickele C. Accuracy of
customized miniature stereotactic platforms. Stereo-
tact Funct Neurosurg 2005;83(1):25-31.

212

Cesk Slov Neurol N 2017; 80/113(2): 208-212




