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Case Report
Frameless Stereotactic Robot-Assisted Subthalamic Nucleus Deep Brain Stimulation:

Case Report

Sumeet Vadera1, Alvin Chan1, Thomas Lo1, Amandip Gill1, AnnaMorenkova2, NicolasM. Phielipp2, Neal Hermanowicz2,
Frank P.K. Hsu1
-BACKGROUND: Electrode implantation for deep brain stimulation (DBS) can
be performed in numerous ways, but the current “gold standard” is the use of
frame-based systems for accuracy. Robotic stereotactic procedures, however,
have gained increased interest because of their ease of use and reliability, but
there could be concern about their safety in the United States as the result of
recent lawsuits (e.g., the da Vinci Surgical System). We report the first DBS
implantation performed using a robot (ROSA robotic device) approved by Food
and Drug Administration for use in North America.

-CASE DESCRIPTION: A 56-year-old, right-handed woman with a 12-year
history of Parkinson disease is described. She was offered bilateral sub-
thalamic nucleus DBS placement to address motor fluctuations and dyskinesias.
DBS electrode implantation was implemented successfully with ROSA robotic
stereotactic assistance. Using preoperative magnetic resonance imaging scan
acquisitions, we targeted the patient’s subthalamic nucleus bilaterally. Bone
fiducials were placed and intraoperative computed tomography (CT) imaging
was obtained. The magnetic resonance imaging and CT were fused, and the
patient was registered to the ROSA software. Trajectories were obtained and a
microdrive device was fixed to the robotic arm to advance the electrode to the
correct location. Electrodes were then placed bilaterally. Intraoperative CT
showed good placement with no complications encountered.

-CONCLUSIONS: The advantages of robotic assistance in stereotactic pro-
cedures are as follows: 1) improved accuracy, 2) “arc-less” approach, and 3)
minor adjustments can be made in multiple planes to the entry point without
adjustment of a frame. The case demonstrates robotic stereotactic assistance
viability as an alternative to traditional frame-based or frameless systems in U.S.
hospitals.
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INTRODUCTION

Deep-brain stimulation (DBS) is used to
treat a variety of diseases and symptoms,
including essential tremor, dystonia,
Tourette syndrome, and Parkinson dis-
ease.1 Bilateral DBS of the subthalamic
nuclei (STN) in patients with Parkinson
disease is associated with improvement
of motor function and low rates of
complications.2-4 DBS is considered in
Parkinson disease when patients respond
to levodopa, but the duration of benefit
is too short or there are too many
undesired complications.1

DBS electrode implantation can be
achieved in a variety of ways, with the 2
main categories including frameless and
frame-based systems. Currently, frame-
based systems are considered to be the
“gold standard” because they are precise,
reliable, and have been used for many
years with good results.5 Frame-based
systems can be relatively accurate,
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although submillimeter accuracy can be
difficult to attain.6 Ultimately, accuracy
and precision are considered to be the
most crucial components of DBS
electrode implantation.1

Robot-assisted stereotactic techniques
are a novel way of implanting DBS elec-
trodes that have gained popularity in Europe
recently7 but have not yet been well adopted
in North America. We are aware of the
Mazor robot (SpineAssist; Mazor Robotics,
Caesarea Park South, Israel) that has been
used in DBS implantation, but this robot
currently is only approved by the Food and
Drug Administration (FDA) for use in the
spine.8 Frame-based robotic registration
WORLD NEUROSURGERY, http://
has been performed and shown to have
good accuracy, dexterity, and precision.7

Frameless stereotactic robot assistance has
been used in DBS and provided accuracy
that is comparable with the traditional
manual systems.9 The ROSA robot
(Medtech Surgical, Inc, Montpellier,
France) has been used to place single or
numerous electrodes into brain targets for
stereoelectroencephalography and laser
ablations for several years with good
results.10,11 We report the first
implantation of electrodes with a robot
approved by the FDA for intracranial use
for bilateral STN DBS in a patient with
Parkinson disease in North America.
dx.doi.org/10.1016/j.wneu.2015.11.009

http://crossmark.crossref.org/dialog/?doi=10.1016/j.wneu.2015.11.009&domain=pdf
mailto:fpkhsu@uci.edu
http://dx.doi.org/10.1016/j.wneu.2015.11.009
http://www.WORLDNEUROSURGERY.org
http://www.sciencedirect.com
www.sciencedirect.com/science/journal/18788750
http://dx.doi.org/10.1016/j.wneu.2015.11.009


CASE REPORT

SUMEET VADERA ET AL. ROBOT-ASSISTED DBS IN THE U.S.
CASE REPORT

Presentation
A 56-year-old, right-handed woman with a
12-year history of Parkinson disease is
described. Despite optimization of medi-
cal therapy by a movement disorders
neurologist, she experienced disabling
rigidity and bradykinesia with a waning of
medication efficacy and medication-
associated dyskinesias during the “on”
state. Treatment options were presented
to her, and she agreed to DBS.

Treatment
The patient was treated with bilateral DBS
electrode implantation to the STN by the
use of ROSA robotic stereotactic assis-
tance. The ROSA robot is consists of 1) a
robotic arm that can position an electrode
and 2) a computer screen displaying
advanced imaging with proposed probe
trajectory and depth (Figure 1).7 Using
preoperative magnetic resonance imaging
(MRI) scan acquisitions, we targeted the
patient’s STN. The procedure was
performed with the patient under general
anesthesia. She was placed in a Leksell
headframe and fixed to the robot
(the headframe was used only to hold
Figure 1. (A) Patient in Leksell head frame with robot
arm pointer probe registering bone fiducials screwed
robot arm. (D) Photo of the ROSA robot computer sc

WORLD NEUROSURGERY 97: 762.e11-76
the patient’s head in place and not for
any stereotactic coordinate registration).
Five bone fiduciaries were positioned in
the patient’s skull, and intraoperative
computed tomography (CT) imaging was
obtained with the BodyTom
(NeuroLogica Corporation, Danvers,
Massachusetts, USA) (Figure 1A). The
images were loaded to the ROSA robot
and the MRI and CT were fused.
Registration was performed by contacting
a pointer probe mounted to the robotic
arm to each bone fiduciary (Figure 1B).
Using the laser guide, we marked the

entry points on the scalp and then the
patient’s scalp was cleaned and drapes
were placed. Incisions were placed
appropriately and the burr holes were
placed at the predetermined locations.
The robot calculated the appropriate tra-
jectory and distance-to-target and posi-
tioned the arm to the appropriate location
and angle (Figure 2A and C). We attached
a microdriver device to the robotic arm,
which was used to pass the electrode to
the correct location.
During initial implantation of the left

STN electrode, it was noted that the elec-
trode was abutting the edge of the burr
hole and so the robotic arm was
above her head. (B) Close-up of ROSA robotic
into the patient’s head. (C) Photo of the ROSA
reen used by the surgeon.

2.e14, JANUARY 2017 www.WO
repositioned by the use of 1-millimeter
adjustments to the entry point while
maintaining the same target point. The
“isocenter” function of the robot was used
to perform this. This functional allows for
millimeter movements of the entry point
in multidimensional planes while main-
taining the target. The procedure was
repeated on the right side without any
complication. Microelectrode recording
(MER) was performed by a neurophysiol-
ogist during implantation on both sides
and was noted to be in satisfactory posi-
tion. MER was the surgeon’s technique of
choice of ensuring that the depth elec-
trodes were placed in the correct location
based upon audio feedback, because MER
has been shown to be effective even under
general anesthesia.12 A subsequent
intraoperative CT scan showed good
positioning of the electrodes with no
acute complications. Figure 2B shows the
right electrode with an accuracy of 1.68
mm, whereas Figure 2D shows the left
electrode with an accuracy of 1.14 mm.
Three-dimensional error was calculated.

Postoperative Course
The patient tolerated the procedure well,
and no complications were noted. She
returned 2 weeks later for Stage-2 gener-
ator implantation and tolerated this well.
Stimulation programming was accom-
plished without difficulty using monop-
olar settings. She noted improvement in
her symptoms since implantation.
DISCUSSION

The use of a robotic assistance device for
stereotactic procedures is becoming more
commonplace for implantation of stereo-
electroencephalography electrodes and
laser ablation procedures.7 There are
several benefits to robot-assisted stereo-
tactic surgery: 1) improved accuracy
compared with traditional stereotactic
methods; 2) an arc-less approach; 3)
incorporation of registration and naviga-
tion into one system; and 4) minor ad-
justments can be made to the entry point
in multidimensional planes (as opposed to
singular plane adjustments made with
traditional methods) without readjusting
the entire frame and while maintaining
the same target point (maintenance of the
“isocenter”). Although DBS has been
performed in Europe using the ROSA
RLDNEUROSURGERY.org 762.E12
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Figure 2. (A) Location and angle of the electrode before placement into the right subthalamic nuclei
(STN). (B) Actual placement of the electrode with an accuracy of 1.68 mm. (C) Location and angle of
the electrode before placement into the left STN. (D) Actual placement of the electrode with an
accuracy of 1.14 mm.
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robot,7 to our knowledge, this is the first
instance that robotic stereotactic
assistance using a robot approved by the
FDA for intracranial use in the placement
of DBS electrodes in North America.
The use of a robot for assistance with

implantation does require some alter-
ations to the workflow for DBS implanta-
tion. For instance, the use of skull
fiduciaries was required to ensure that the
accuracy of the system was optimized.
Although not usually part of the workflow,
bone fiduciary registration is a require-
ment for DBS implantation with the
ROSA, which likely allows for improved
accuracy over laser-guided surface regis-
tration that is routinely performed for
other stereotactic procedures using robotic
assistance. This added additional time to
the procedure and required another CT
scan to fuse with the MRI. Also, because
the robot must remain fixed at the head of
the patient, the operating room layout had
to be adjusted (Figure 1). Finally, although
the robotic arm has minimal motion once
it has reached the trajectory, the
762.E13 www.SCIENCEDIRECT.com
attachment between the microdriver
device and the robotic arm did add a
small amount of additional movement to
the system.
Nevertheless, the robot offered several

improvements over frameless and frame-
based systems. Because the trajectories
and distances were all calculated by the
robot without human intervention, this
removes any possibility of human error from
calculation errors or translational errors. It
also allows for better consistency. This sys-
tem does not require a standard arc and
frame for stereotactic coordinates while of-
fering excellent accuracy and precision
(Figure 2B and D). This system performs
patient registration and navigation
together, which likely offers increased
efficiency over other frameless systems
where this is performed separately. Finally,
one of the main benefits of this system is
that alterations can be made in the target
and entry point with one-millimeter in-
crements within multidimensional planes
easily. When performing similar alterations
with a frame-based system, this is often
WORLD NEUROSURGERY, http://
time-consuming and onerous because
adjustments need to be made to several
coordinates to make small changes.
In the United States, there is be concern

that the push behind the current trend of
using robot assistance in a wide number
of procedures is based heavily on adver-
tising with little evidence of actual
benefit.13 The concern is further
compounded by the fact that the FDA
tightly regulates control over new drugs
but exerts less control over new surgical
techniques and tools, such as robot
assistance.10 Indeed, recent lawsuits
against Intuitive, the company that
produces and distributes the da Vinci
Surgical System,14 could be preventing
U.S. hospitals and surgeons from
pursuing robotic assistances more
aggressively. Specifically, neurosurgery is
considered one of the top malpractice
risks,15 which may further dissuade U.S.
neurosurgeons from taking risks and
pursuing new methodology.
In presenting this case, we aim to show

that our use of the ROSA robot is not the
product of advertisement or any other
unsubstantial claim, but instead a tool that
could potentially give surgeons advantages
over traditional manual methods in accu-
rately implanting depth electrodes for DBS
while ensuring the patient’s safety.
The use of robotic stereotactic naviga-

tion systems such as the ROSA robot for
DBS and other stereotactic procedures
has significantly improved the ease of
implantation, accuracy, and reliability of
these procedures. As this technology
continues to improve and more neuro-
surgeons become comfortable with
these systems, robotic assistance will
likely become more widely used for
implantation of all types of stereotactic
procedures.
CONCLUSION

This case provides the first use of ROSA
robotic stereotactic assistance in placing
bilateral DBS electrodes in the United
States, demonstrating its viability as an
alternative to traditional manual frame-
based or frameless systems in U.S.
hospitals.
dx.doi.org/10.1016/j.wneu.2015.11.009
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