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Abstract

While laser ablation has become an increasingly important tool in the neurosurgical oncologist’s armamentarium, deep
seated lesions, and those located near critical structures require utmost accuracy during stereotactic laser catheter placement.
Robotic devices have evolved significantly over the past two decades becoming an accurate and safe tool for stereotactic
neurosurgery. Here, we present our single center experience with the MedTech ROSA ONE Brain robot for robotic guidance
in laser interstitial thermal therapy (LITT) and stereotactic biopsies. We retrospectively analyzed the first 70 consecutive
patients treated with ROSA device at a single academic medical center. Forty-three patients received needle biopsy immedi-
ately followed by LITT with the catheter placed with robotic guidance and 27 received stereotactic needle biopsy alone. All
the procedures were performed frameless with skull bone fiducials for registration. We report data regarding intraoperative
details, mortality and morbidity, diagnostic yield and lesion characteristics on MRI. Also, we describe the surgical workflow
for both procedures. The mean age was 60.3 + 15 years. The diagnostic yield was positive in 98.5% (n=69). Sixty-three
biopsies (90%) were supratentorial and seven (10%) were infratentorial. Gliomas represented 54.3% of the patients (n=38).
There were two postoperative deaths (2.8%). No permanent morbidity related to surgery were observed. We did not find
intraoperative technical problems with the device. There was no need to reposition the needle after the initial placement.
Stereotactic robotic guided placement of laser ablation catheters and biopsy needles is safe, accurate, and can be implemented
into a neurosurgical workflow.

Keywords Robotic neurosurgery - LITT - Stereotactic procedures - Brain tumors - ROSA robot

Introduction

In the last quarter of the century, the successful use of
industrial robotics for highly specific, highly precise, and
dangerous tasks stimulated renewed interest in transferring
these concepts to the medical field [1]. The robots have had
the potential to deliver faster results than any other proce-
dures available that required the manual adjustment of the
stereotactic frame because the robots’ computer calculates
and make adjustments faster than humans [2]. The recently
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FDA-approved Robotic Surgical Assistant (ROSA ONE
Brain; MedTech, France) is an emerging robotic technol-
ogy used in neurological surgery to assist in planning and
performing minimally invasive procedures. While use of
ROSA in the epilepsy field has been described extensively
for stereo-electroencephalography (SEEG) placement [3, 4]
and laser ablation of epileptogenic foci [5, 6] data regarding
its utility in neurosurgical oncology is limited.

In neuro-oncology, safe and accurate placement of stereo-
tactic biopsy needles and laser ablation catheters is critical
with the goal of reducing morbidity and mortality through
the preservation of eloquent brain areas and avoidance of
vasculature [7]. Laser interstitial thermal therapy (LITT) has
become an increasingly important tool in the neurosurgical
oncologist’s armamentarium [8, 9]. However, deep seated
lesions, and those located near critical structures require
utmost accuracy during stereotactic laser catheter placement.
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The data regarding the utility of robotic guidance for LITT
are limited.

In this study, we present a large series of patients (27
biopsies and 43 MRI-guided LITT) surgically treated with
the assistance of the ROSA ONE Brain robot. We describe
our results, surgical technique and workflow for using this
system.

Methods
Ethics

Institutional review board approval was obtained for this
study. The consent process was waived, because this was a
retrospective study stripped of all identifying patient infor-
mation. The surgeons in the intraoperative pictures con-
sented to publication.

Study design, setting and patients

This retrospective and single center study was conducted in
accordance with PROCESS guidelines [10]. The patients
were surgically treated at University of Miami Hospital from
March 2019 to August 2020. The ROSA ONE Brain robot
was acquired by our institution on March 2019 and, since
then, all the stereotactic procedures have been made with
this FDA-approved platform. Surgeries were performed by
staff surgeons and assisted by residents.

The electronic medical records were read for data abstrac-
tion (Table 1). The number of successful biopsies was
defined as the no need for a repeat biopsy due to insufficient
tissue collection. Tumor location was divided in supraten-
torial and infratentorial. Supratentorial tumors were subdi-
vided into three groups: superficial tumors (located up to
2 cm from the cortical surface), deep tumors (located more
than 2 cm far away from the cortical surface) and tumors

Table 1 Statistical data from

: Characteristic Value (%)
“Needle biopsy” group and
“Laser ablation” group Type of robotic-assisted procedure Needle biopsy (27) Laser ablation (43)
Age (years) 59.3+17.75 60.9+12.7
Number of patients (N)
Male-to-female ratio 0.8:1 0.65:1
Male 12 (44.4%) 17 (39.5%)
Female 15 (55.6%) 26 (60.5%)
Pathology result
Diagnostic 27 (100%) 42 (97.6%)
Gliomas 15 (55.6%) 23 (53.6%)
Metastatic tumors 3(11.1%) 3(6.9%)
Lymphoma 2 (7.4%) -
Autoimmune disease 1(3.7%) -
Demyelinization disease 1(3.7%) -
Radiation Necrosis 2 (7.4%) 10 (23.3%)
Gliosis/Necrosis 3(11.1%) 6 (13.9%)
Non-diagnostic 0 (0.0%) 1(2.3%)
Location
Supratentorial 24 (88.8%) 39 (90.6%)
Superficial tumors 6 (22.2%) 7(16.2%)
Deep tumors 14 (51.8%) 24 (55.8%)
Corpus callosal 4 (14.8%) 8 (18.6%)
Infratentorial 3(11.2%) 4.(9.4%)
Volume (cm®) 59+59 9.2+13.1
Number of needle reposition 0 (0%) 0 (0%)
Number of reoperation 0 (0%) 1(2.3%)
Technical problems with robot 0 (0%) 0 (0%)
Time of the procedure (min) 75.2+40 100.3+47
Postoperative complication (Clavien-Dindo)
Grade 1 1(3.7%) 5(11.6%)
Grade V 2 (7.4%) 0 (0%)
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arising from the corpus callosum. The tumor volume was
calculated using the ellipsoid formula [11]. Duration of the
procedure was measure in minutes, in needle biopsies, we
considered the time from the skin incision to the closure,
and in LITT cases, we consider from the skin incision to the
beginning of the intraoperative MRI. The time for trajectory
planning was not considered, because it is performed the
night before the procedure.

We used descriptive statistic to analyze our results. Cat-
egorical variables were presented as proportions and the
continuous variables were presented with mean and standard
deviation. The data were analyzed using GraphPad Prism 6
(GraphPad Software, USA).

Surgical technique and workflow
Preoperative considerations

Trajectories are planned the day before using a preoperative
thin slice MRI. SWI-MRI sequence is also obtained to help
avoid trajectories that lead to tumor areas that have bled
previously, and may be at higher risk for bleeding intraop-
eratively (Fig. 1A, B). The planned trajectory should avoid
all eloquent regions, vessels, sulci, and ventricles down the
center of the lesion (Fig. 2A). If a laser ablation will be
performed, the trajectory is planned along the long axis of
the lesion.

Patient positioning considerations

Almost all biopsies and laser ablations can be performed
with the patient supine, with a shoulder bump and head turn

Fig. 1 Preoperative images.
Axial brain MRI with contrast
showing a big right insular
tumor with heterogenous
enhancement (A). Preoperative
susceptibility weighted-image
MRI (SWI) is strongly recom-
mended to identify areas of
high tumoral vascularization or
previous bleeding to avoid these
areas in the planned trajectory

B)

as needed. In our experience, biopsies and laser ablations
of midline cerebellar lesions should be performed prone.
However, all other lesions, including mesial temporal lesions
accessed from a posterior to anterior trajectory, can be safely
performed in a supine position.

Patient registration

The patient is intubated and sedated. The first step consists
in placement of the skull bone fiducials for registration. In
the supine position, five bone fiducials are placed through-
out the skull without fixation of the head in a skull clamp
(Fig. 2B, C). If the patient is in the prone position, the bone
fiducials are placed after the head is fixed with a skull clamp.

After the bone fiducials are placed, an intraoperative
thin slice O-arm CT scan is performed (Fig. 2D), and then
merged with the preoperative MRI. The patient’s head is
then secured with a skull clamp and placed in the final sur-
gical position. The head clamp is affixed to the ROSA robot
(Fig. 2E). To avoid inadvertent movement while the patient
is affixed to the ROSA robot, the OR bed control should
be disconnected. Afterwards, a pointer probe is attached to
the robot arm for registration. Registration is performed by
bringing the ROSA pointer probe to touch each bone fiducial
and then confirmed on multiple anatomic points (Fig. 2F).
The ROSA arm can be used to identify the planned trajec-
tory entry point, which is marked on the skin with a marker.

It should be noted that the robot is equipped with a regis-
tration system that combines robotic movements with non-
invasive touch-free laser measurement for frameless surface
registration [12].
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Fig.2 Preoperative surgical planning with ROSA platform. Using the
touch screen, the surgical team register in the platform the trajectory
planned the day before and configurate a needle route to the target
(A). After this step, local anesthetic is injected (B) and skull fiducials
must be placed (C). Next step consists of getting a high-resolution
fine-cut intraoperative CT (in our case we use the O-arm, Medtronic).
Bone fiducials are placed in preoperative holding in a pattern distrib-
uted over both hemispheres (D). The CT is used for matching intraop-
erative and preoperative planning data on ROSA software interface.

Surgical technique

Needle biopsy The patient is prepared and draped in stand-
ard fashion. The ROSA robot is engaged and the arm is used
to identify the entry point. Once the entry point is chosen,
a small stab incision is made. The ROSA arm is used to
align a power drill to make as small burr hole. The dura is
opened sharply using a K wire. After the dural opening and
using the robotic frameless neuronavigation, the guidance
rod from the arm is placed above the burr hole. Next, the
ROSA computer calculates the depth to the target, which
is marked on the Nashold needle (Nashold, Integra, USA).
The ROSA arm is used to align the needle in the correct
trajectory (Fig. 3A), and is then introduced to the target
point (Fig. 3B). The samples are taken in four quadrants.
The needle is removed and the stab incision is closed with
an interrupted absorbable suture. The drapes and the bone
fiducials are removed.
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The patient’s head is then secured with a skull clamp, the patient is
placed in the final surgical position, and the head clamp is affixed to
the ROSA robot (E). The ROSA robot’s wheels are locked in place,
and the OR table bed control is disconnected from the bed to avoid
inadvertent movement of the OR table, while the patient is affixed
to the ROSA robot. A pointer probe is attached to ROSA arm. Then,
registration is performed by bringing a pointer probe to touch each
bone fiducial and then confirmed on multiple anatomic points (F)

LITT For patients that undergo LITT, we use Visualase
Thermal Therapy System (Medtronic, Minnesota, USA)
[13]. Following the stereotactic needle biopsy, ROSA arm
is used to align the placement of a guidance bolt (Fig. 3C),
which is securely affixed into the skull. The ROSA com-
puter calculates the depth to the target. A 1.8 mm laser
cannula is placed through the alignment rod and the skull
bolt (Fig. 3D). After alignment, the cannula length trajec-
tory is marked in the laser catheter and the precision aiming
rod device is moved out of the way. The laser catheter is
progressed through the guidance bolt to the lesion. There
should be no resistance (Fig. 3E). The bolt and catheter are
secured and wrapped with Xeroform (Fig. 3F). The head is
detached from the skull clamp, the patient transferred onto
a stretcher and brought down to MRI for the second part of
the procedure.

The MRI reference images are obtained and the laser
catheter is confirmed to be in optimal position. The treatment
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Fig.3 Surgical workflow. Before drilling, the alignment error must be
taken at least 3 times and this error might be less than 1 mm. After
defining the entry point, a small stab incision and a twist-drill burr
hole are made. The dura is opened sharply using an angiocath or a
K wire. Next, the alignment rod from the robot is placed above the
burr hole. A The biopsy needle (Nashold, Integra, USA) is advanced
through the rod into the lesion and tissue samples are sent off for
permanent pathology. B When biopsy is completed, the needle is
removed. These two steps represent the biopsy needle procedure.
For patients that undergo LITT procedure, we have to move away
the alignment rod and screwed the skull guidance bolt from the laser
system. We use Visualase Thermal Therapy System (Medtronic).

plan is created and ablation is performed (Fig. 3G). After
the ablation is completed (Fig. 3H), the laser catheter is
removed and the stab incision is closed with a single absorb-
able suture.
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When the skull bolt is placed, the alignment rod is repositioned above
the bolt and locked (C). A 1.8 mm reducing laser cannula is placed
through the alignment rod and the drilled hole. The cannula length
trajectory is marked in the laser catheter (D) and the precision aiming
rod device is moved out of the way. The laser catheter is progressed
through the guidance bolt to the lesion (E). At this point, the bolt and
catheter are secured and wrapped with Xeroform (F) and the patient
brought down to MRI room for the second part of the procedure. An
MRI reference images are obtained, and the laser catheter is checked
to be in the optimal position for the laser ablation technique (G). A
postoperative MRI confirm a successful ablation (H)
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Results Intervention compliance, tolerability

and postoperative complications
Patient demographics

The male-to-female ratio was 0.71:1. The mean age was
60.3 + 15 years. Forty-three patients (61.4%) received
laser ablation and 27 patients only needle biopsy (38.6%).
All the laser procedures included a biopsy before the abla-
tion. The age and sex distribution were similar between
both groups (Table 1).

Tumor pathology, location and volume

Tumor pathology included gliomas from low-grade to
high-grade gliomas and glioblastomas (n =38, 54.3%),
lymphoma (n=2, 2.9%), metastatic tumors (n=06, 8.6%),
radiation necrosis (n=12, 17.2%), autoimmune encepha-
litis (n=1, 1.4%), demyelinization disease (n=1, 1.4%),
gliosis or necrosis (n=9, 12.8%) and nondiagnostic or
inconclusive results (n=1, 1.4%).

In terms of location 90% (n=63) of the lesions were
supratentorial and 10% (n="7) were infratentorial. Five of
the infratentorial tumors were in the cerebellum and two
were in the brain stem (Table 1).

The mean volume of the lesions was 7.9 + 11 cm?. The
smallest lesion was 0.15 cm?® and the biggest one was
65.2 cm’.

Fig.4 Images from the two
patients with postoperative
hemorrhages. Patient with right
thalamic GBM who died in

the second postoperative day
(A). Patient with right inferior
cerebellar peduncle melanoma
metastasis who died in the first
postoperative day (B)
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In a laser ablation procedure, we evaluate the optimal posi-
tion of the laser catheter with an intraoperative MRI. None
of the patients from laser group required a new reposition of
the needle. The precision to place the catheter was success-
ful in all the patients (Table 1).

Only one patient (1.6%) needed to be operated again
because of inconclusive result in pathology. During the
procedure, the robotic system worked in 100% of cases and
there was no need to change to another stereotactic system
because of technical problems. Duration of the procedure
were 75.2+40 and 100.3 =47 min in the needle biopsy
group and LITT group, respectively.

Most of the patients were discharged on postoperative
day 1 (n=65, 93%). Three patients were discharged on
postoperative day 2 (4.2%) and two patients died from an
acute complication after the procedure (2.8%). Among dead
patients, one had a massive GBM hemorrhage in the second
day after surgery (Fig. 4A). The other patient had a poste-
rior fossa hematoma from a metastatic melanoma in the first
postoperative day (Fig. 4B).

According to the Clavien—Dindo classification [14], the
reported grades of complication were I and V in 6 (9.7%)
and 2 (2.9%) patients, respectively. The therapeutics regi-
mens applied for grade I patients were antiemetic and anal-
gesic. No wound complications were found in this series
allowing for early radiation treatment as per neurooncologi-
cal indications in oncologic patients.
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Discussion

This report represents one of the largest series in robotic-
assisted cranial procedures [12, 15-18], and, to our
knowledge, this is the largest clinical series with the use
of Robotic Surgical Assistant system (ROSA ONE Brain;
MedTech, France) for laser ablation procedures, since its
introduction [19]. According to our results, the ROSA
robotic platform had an excellent performance in terms
of accuracy and safety and there was no need for needle
repositions or technical problems during the procedures.
We successfully performed 27 stereotactic biopsies and 43
biopsies followed by MRI-guided laser interstitial ablation
of metastasis and primary malignant tumors.

Stereotactic procedures are among the most frequently
performed procedures in cranial neurosurgery. There are
well-known differences between frame-based, frameless,
or even free-hand techniques [12, 16, 20, 21]. Frame-
based procedures are still the gold standard when com-
paring frameless and robotic techniques [20, 22]. In fact,
some authors found that the frameless technique has less
accuracy with larger spread of values in the planned tar-
get, especially in implanted DBS electrodes [20, 23, 24].
To solve these slight differences, robotic precision has
been increasingly utilized in the operating room in the
last decade.

Robotics allow for accurate, safe, frameless, and rapid
procedures by combining the advantages of both frameless
and frame-based procedure [12]. In our series, the rate of
nondiagnostic biopsy was 1.4% (n=1). This rate is lower
than other robotic series which report between 2.2 and
4.5% of nondiagnostic results [12, 25]. Regarding to lesion
size, some authors suggest a minimum size (15 mm) for
the frameless procedure [21, 26, 27]. Seventeen patients in
our series had lesions with a diameter smaller than 15 mm
and the diagnostic rate was successful in 100% of these
patients. To highlight the accuracy of the robotic proce-
dure, 11 out of these 17 patients received MRI-guided
LITT and the needle was always in an optimal position in
the intraoperative MRI. According to this, the minimum
size for a lesion to be biopsied using a frameless equip-
ment should be revised in robotic procedures.

In terms of safety, surgical robots are constantly evalu-
ated and over the years, they gain sophisticated techno-
logical progress to minimize the patient harm risk. This
is the main topic to justify the highly increased cost [28]
of introducing this robotic platforms in the operating
room. In our series, no infectious morbidity or permanent
sequelae related to the procedure were observed. We pre-
sented only two deaths after the biopsy but these compli-
cations were likely not caused specifically by use of the
ROSA robot, but rather the inherent risk of performing a

stereotactic needle biopsy on these types of tumors. Meta-
static melanoma and high-grade gliomas are lesions with
high risk of bleeding [29]. The general percentage of mor-
tality is similar to other non-robotic large series in terms
of morbidity and mortality [30-33].

In all robotic platforms is crucial understanding the per-
formance profiles. According to our experience, the ROSA
robot had successfully accomplished the vast majority of
the procedures without any technical issue, and the sys-
tem proved to be highly stable throughout the procedures.
None of the patients needed a needle reposition. Moreover,
classical trajectories considered as “extreme locations” in
frame-based techniques, like the lower temporal lobe and
posterior fossa were feasible to approach [16]. Before our
practice used the ROSA robot, we used the Medtronic
Stealth Station, Vertek Arm system. While we had favora-
ble results with the Vertek Arm system, the learning curve
is quite steep, as the trajectory alignment requires securing
7 degrees of freedom. This process can be quite difficult,
even for experienced surgeons. In our experience, when
using a single trajectory, the Vertek Arm system is faster
than the ROSA robot, as the ROSA robot takes longer
to register to the patient. However, when using multiple
trajectories during a single procedure, the ROSA robot is
faster.

Another advantage of ROSA platform is that this device
can be used to perform all types of registration: frame-based,
frameless fiducial marker (skin or bone), and frameless sur-
face registration [12]. There is no accuracy benefit of bone
fiducials over laser facial scanning [34]. Furthermore, the
robot is easily combined with intraoperative images and
the needle in position can be coregistered with preoperative
planning images, allowing the surgeon to confirm that the
needle is accurately placed [19].

Among the disadvantages of this platform, we could
mentioned the dimensions of the device, the learning curve
and the high initial cost [28, 35]. In the operating room, the
robot must be placed relatively close to the patient’s head
and occupies a space almost equivalent to that of a human
being in the operative field, so the presence of more than
one surgeon would be uncomfortable. The software interface
of the platform is relatively easy to use and very similar to
other neuronavigational systems and the most crucial part
is how to manage the robotic arm. One interesting point to
mention in our experience is that during the flight restric-
tions with COVID-19 pandemic, the technician could not
travel to assist with the use of the platform. In the future,
remote assistance could solve this issue.

Finally, the high initial cost of ROSA platform could be
overwhelmed with its multiple applications not only limited
to stereotactic biopsies [4, 15, 36]. Future studies should
focus in the statistical analysis to find differences among
frameless robotic and frameless non-robotic procedures
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to justify the cost-effectiveness of the device to be used in
countries with limited resources.

Conclusion

We presented the largest series of stereotactic laser abla-
tion with the ROSA robot. ROSA robot can successfully
and safely be used for stereotactic biopsies and laser ablation
therapy. To our experience, the platform was user-friendly
and simple to use and has a short intraoperative setup for
the registration of the patient and the planned trajectory.
The accuracy and precision for stereotactic targeting were
successful with only one-time needle placement.
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