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S
tereotactic biopsy is a routine procedure performed 
in all neurosurgical centers. The purpose of stereo-
tactic biopsy is to obtain an accurate histological 

diagnosis with the least possible morbidity. Historically, 
most surgeons who were trained in free-hand biopsy (in 
the 1970s) converted to frame-based stereotactic biopsy 
(in the 1980s and 1990s) because of its safety, accuracy, 
precision, and reliability.11,19 Frameless techniques have 
now been adopted by the majority of neurosurgery prac-
titioners, although frame-based techniques are still indi-
cated in specific settings.27,31 To date, only a few centers 
routinely perform robot-assisted biopsies.3,8,13,16,23 Robot-

ic stereotactic biopsy needs to allow for accurate, safe, 
frameless, and rapid procedures by combining the advan-
tages of frameless and frame-based techniques. However, 
its place remains uncertain, as only a few clinical series of 
robotic biopsies—based on a limited number of patients—
have been published.3,8,16,23 This article reports the clinical 
results of our first series of 100 frameless robotic biopsies.

Methods
robotic Device

The robotic device used in this study was the ROSA 
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(Medtech), a new integrated multi-application robotic 
platform composed of a robotic arm with 6 degrees of 
freedom coupled to a planning station. The robot also has 
haptic abilities,20 allowing it to be used as a supervisory-
controlled device as well as a shared-control device.

Patient Population

We retrospectively evaluated the first 100 cases of con-
secutive frameless robotic stereotactic biopsy performed 
in our department between April 2011 and May 2013 (67 
males and 33 females; sex ratio 2.03). The study popula-
tion comprised pediatric and elderly patients (median age 
at presentation 59 years; range 7–86 years).

Neuroimaging

All preoperative imaging (CT and MRI) was per-
formed without a frame or anesthesia several days before 
surgery. A preoperative CT scan (continuous 0.625-mm 
slice thickness; no gantry; matrix size of 512 × 512 pix-
els) was acquired on the day before surgery. Flat-panel CT 
(FPCT) was performed with the O-arm Surgical Imaging 
System (Medtronic) using standard 3D acquisition (0.8-
mm slice thickness; no gantry; matrix size of 512 × 512 
pixels). The 3-T MRI protocol (Signa HDx, GE Health-
care) used in this series was not specific to our stereotactic 
biopsy protocol but was part of the protocol used by our 
neuroradiological team for the diagnosis of brain tumors. 
The MRI sequences used for targeting consisted of 3D T2-
weighted sequence (1-mm slice thickness; no gantry; ma-
trix size of 512 × 512 pixels); Gd-enhanced T2*-weighted 
gradient echo perfusion-weighted sequence;22 and Gd-en-
hanced 3D T1-weighted gradient echo sequence (continu-
ous 1-mm slice thickness; no gantry; matrix size of 512 × 
512 pixels).

Postoperative CT scanning was systematically per-
formed the day after surgery (continuous 0.625-mm slice 
thickness; no gantry; matrix size of 512 × 512 pixels).

When the patient was referred to our institution with 
CT or MRI scans suitable for robotic surgery, only those 
examinations or sequences required for radiological diag-
nosis and/or surgical targeting were performed.

Stereotactic Planning

Biopsy needle targeting and trajectory determina-
tion were performed using the robot’s planning software 
(Rosana, Medtech). The reference images were the preop-
erative CT scans for frameless surface registration and in-
traoperative FPCT scans for skin or bone fiducial marker 
registration. CT scans were matched with a preoperative 
nonstereotactic MRI data set after importing images into 
the planning station. Image coregistration used a rigid 
and linear algorithm. Accuracy of the image coregistra-
tion was checked, was able to be corrected, and was then 
validated by the surgeon. A specific interface showing 
the 2 imaging data sets was available, and validation was 
able to be achieved on anatomical landmarks such as ven-
tricles, commissures, or bone. The target and trajectory 
were planned the day before surgery. Targeting was based 
on MR images. Surgical planning determined a gyral en-
try point to avoid a transsulcus trajectory or stripping of 

the ependymal wall. Target points were situated over a re-
gion of hyperperfusion, contrast enhancement, or, in the 
absence of either of these two signs, over a hyperintense 
signal on FLAIR or T2-weighted sequences.22 Figure 1 il-
lustrates the surgical planning performed for one patient 
of this series.

Surgical Procedure

All procedures were performed with patients under 
general anesthesia.

For frameless surface registration biopsy, the robot was 
fitted with the MAYFIELD headrest (Integra LifeScienc-
es Corporation), securely positioning the head attached to 
the robotic device by a rigid arm to avoid any mechanical 
movement. Automatic robotic frameless surface registra-
tion was performed. The robot is equipped with a registra-
tion system that combines robotic movements with nonin-
vasive touch-free laser measurement for frameless patient 
surface registration. Around 5000 to 8000 points of the 
face, dorsum, edges of the nose, forehead, and temples are 
automatically registered. Accuracy of the registration was 
confirmed by the surgeon on several landmarks such as 
the root of the nose, internal and external canthus, temples, 
midline, and free landmarks chosen by the surgeon. Drap-
ing was performed. The robotic arm was automatically 
positioned along the planned trajectory. The robot was 
used during stereotactic surgery as an instrument holder 
(as arcs with frames). Thus, the surgeon manually passed 
instruments through the reducers. We did not use the hap-
tic abilities of the robot to insert probes or electrodes dur-
ing stereotactic surgeries. All instruments were then po-
sitioned and used through an adapted reducer held by the 
robotic arm. A 3.2-mm hole was drilled along the trajec-
tory. The dura was opened with electrocautery applied to a 
bushing-guided blunt stylet, which was insulated except at 
its tip. A Sedan side-cut biopsy needle (10-mm specimen 
window; 2.5 mm in diameter) was placed along the trajec-
tory. Staged biopsies (at least 2 stages) were performed to 
obtain as much tissue as possible and to optimize sample 
collection. Each stage obtained 4 “rosette” biopsy samples 
by rotating the side-cut needle according to the standard 
negative-pressure technique in 4 quadrants. When the tu-
mor was too small to perform staged biopsy, only “rosette” 
biopsies were performed by rotating the side-cut needle 
to systematically obtain 4–8 samples during surgery. The 
entire biopsy needle was then removed and the skin was 
closed with one No. 2-0 suture. The surgical procedure is 
illustrated in Fig. 2.

For frameless biopsy with fiducial marker registra-
tion, robotized registration was performed by means of 
invasive bone fiducial markers or skin fiducial markers. 
The MAYFIELD headrest was attached to the robotic de-
vice by a rigid arm to avoid any mechanical movement. 
An FPCT device (O-arm Surgical Imaging System) was 
then installed. Three positions were registered (parked to 
place the O-arm away from the patient’s head and to give 
enough space for the surgery; lateral and frontal to center 
the O-arm for imaging of the head) to guide automatic 
movements of the O-shaped gantry during surgery. The 
fiducials were placed on patient’s head in the operative po-
sition. 3D FPCT was performed and the scan was used as 
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the reference image for registration. Automatic matching 
was performed with the preoperative MR images used for 
surgical planning. Share-controlled robotic fiducial reg-
istration was then performed. The rest of the procedure 
was conducted in the same way as frameless surface reg-
istration biopsy. Except for the first 5 patients, operating 
time was consistently less than 2 hours, which included 
positioning of the head, installation of FPCT and robotic 
devices, CT imaging data set acquisition, and draping. Fig. 
3 illustrates positioning of the head when the robot was 
linked to FPCT.

Postoperative CT scans were matched with preopera-
tive planning scans to check if the biopsy site was realized 
inside the tumor.

Patients were discharged to home on postoperative Day 
1 or 2 when a satisfactory clinical status was observed. 
Patients returned to receive diagnostic information within 
2 weeks after surgery when the definitive histology report 
and the multidisciplinary treatment proposal were avail-
able.

results
histological Diagnosis

A wide range of histological subtypes was observed. 
Details on the accuracy of tissue diagnosis are presented in 
Fig. 4. Neoplastic diagnoses included glioblastoma and/or 
Grade IV primary tumors in 51 cases, Grade I glioma in 5 
cases, low-grade glioma (Grade II) in 10 cases, anaplastic 
glioma (Grade III) in 9 cases, brain lymphoma in 15 cases 
(Grade III), and metastasis in 7 cases. A nonspecific inflam-
matory process was observed in 2 cases, and hemorrhage 
and a nonspecific inflammatory process were observed in 
1 case. Twenty-eight lesions were deep brain lesions; 21 le-
sions were situated in the corpus callosum, diencephalon, 

pineal region, or hypothalamus; and 8 lesions were situated 
in the posterior fossa, brainstem, or cerebellum. Twenty of 
these lesions were less than 15 mm in diameter.

Diagnostic yield

After matching between preoperative planning and 
postoperative CT scans, all biopsy sites were inside the 
tumor targeted (Fig. 5). A histological diagnosis was es-
tablished for 97 of the 100 biopsy targets. A nonspecific 
inflammatory process was described for 1 of the 3 non-
diagnostic targets in a patient treated with steroids for 2 
weeks that was not stopped before surgery. The final di-
agnosis of T-cell lymphoma was established 1 month after 
stopping steroid therapy. 

A diagnosis of inflammatory process was also reported 
for a patient with a 1-cm contrast-enhancing frontobasal 
lesion but without hyperperfusion or tumor spectra on 
MRI spectroscopy. The multidisciplinary team decided 
not to perform a second biopsy but chose to conduct MRI 
every 3 months. After 9 months of follow-up, the lesion 
remained unchanged in terms of size and signal character-
istics. The last nondiagnostic biopsy was associated with 
intracystic catheter placement. This 50-year-old patient 
was urgently referred to our institution with a deteriorat-
ing level of consciousness and massive right hemiparesis. 
Preoperative MRI showed a partly cystic diencephalic 
lesion, the solid portion of which showed massive hem-
orrhagic transformation. Intracystic catheter placement 
allowed the patient’s level of consciousness to return to 
normal. The histological diagnosis of the lesion was hem-
orrhage, necrosis, and inflammatory cells. In view of the 
typical appearance of the lesion and the patient’s poor 
clinical status, the multidisciplinary team treated the tu-
mor as glioblastoma by chemotherapy alone. The lesion 
rapidly progressed and the patient died within 2 months.

FiG. 1. Surgical planning on Rosana software. Frameless surface registration was performed in this example. The views shown 
(clockwise starting with the upper left image) are perpendicular, axial, sagittal, and coronal to the trajectory. Figure is available in 
color online only.
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FiG. 2. Images of the ROSA robot.  a: The patient is positioned for surgery. The head is fixed to the robot by means of the 
MAYFIELD headrest. The touch screen, on which all planning and registration data are centralized, can be seen on the right.  b: 
The robot holds a noninvasive laser device to obtain measurements for frameless surface registration. Automatic robotic frameless 
surface registration is performed. The robot is equipped with a registration system that combines robotic movements with nonin-
vasive touch-free laser measurement for frameless surface registration. Around 5000 to 8000 points of the face, dorsum, edges 
of the nose, forehead, and temples are automatically registered. The laser can be seen on the patient’s skin.  c: The accuracy 
of the registration is confirmed by the surgeon on several landmarks, such as roots of the nose, internal and external canthus, 
temples, and midline, as well as free landmarks chosen by the surgeon.  D: The laser is then used to show the entry point. The 
hair is shaved around this point, the skin is prepared, and then draping is completed.  e: A 3.2-mm hole is made. The drill follows 
the planned trajectory via a reducer held by the robotic arm (which is in place). The dura is opened by electrocautery applied to 
a bushing-guided blunt stylet that is insulated except at its tip.  F: A Sedan side-cut biopsy needle (10-mm specimen window, 2.5 
mm in diameter) is placed along the trajectory.  G and h: To obtain as much tissue as possible and to optimize sample collection, 
staged biopsies (at least 2 stages) are performed, taking 4 “rosette” biopsies in each stage by rotating the side-cut needle with a 
standard negative-pressure technique in 4 quadrants. Figure is available in color online only.
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bleeding rate

Postoperative CT demonstrated bleeding in 10 patients. 
Intralesional bleeding associated with transient clinical 
symptoms was observed in 2 cases. Minimal third ven-
tricle hemorrhage with no clinical manifestations was ob-

served after pineal tumor biopsy in 1 case. Minimal bleed-
ing along the biopsy trajectory or at the biopsy site was 
observed in 7 cases. All 7 cases of bleeding were clinically 
asymptomatic. Fig. 6 illustrates the 2 types of bleeding ob-
served in this series.

FiG. 3. Use of the robot coupled with an FPCT scanner.  a: The patient is in the prone position and bone fiducials have already 
been placed. The head is fixed to the robot using the MAYFIELD headrest.  b: Overview of the robot installation with the robotic 
arm and FPCT scanner in place. c and D: As a result of the matching of the intraoperative CT data with preoperative planning 
data on Rosana software, the accurate placement of the Sedan needle can be checked.  e and F: If necessary, the correction of 
the robotic arm position can be performed to finally confirm the accurate position of the needle in the target. Figure is available in 
color online only.

346

Unauthenticated | Downloaded 08/04/22 06:37 PM UTC



Frameless robotic stereotactic biopsies

J Neurosurg  Volume 122 • February 2015

FiG. 4. upper: The various biopsy sites are shown. The whole brain was explored as well as supratentorial, deep, or infratento-
rial lesions.  lower: The diagnostic yield (97%) of the robotic series and the wide range of tumor subtypes diagnosed are shown. 
Figure is available in color online only. V3 = third ventricle.
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Mortality, transient Morbidity, and Permanent Sequelae

No mortality, infectious morbidity, or permanent se-
quelae related to stereotactic biopsy were observed.

Six patients experienced transient morbidity. Transient 
deterioration of preexisting hemiparesis and oculomotor 
palsy (Parinaud syndrome) occurred in 1 patient with a 
pontine tumor. The patient’s previous neurological status 
recovered within 10 days following stereotactic biopsy. 
The tumor was a large B-cell lymphoma. After 30 months 
of follow-up, the patient was still alive with no neurologi-
cal deficit. 

In another case, the patient was followed for a very large 
biparietal-pineal-brainstem and intraventricular (third ven-
tricle and lateral ventricles) lesion discovered in the con-
text of acute hydrocephalus (initially treated by endoscopic 

third ventriculostomy), which was associated with oculo-
motor palsy and severe tetraparesis. No clinical changes 
were observed immediately after stereotactic biopsy, but 
the day after the biopsy the patient suffered deterioration 
of his level of consciousness. CT scanning showed tri-
ventricular hydrocephalus due to obstruction of the third 
ventriculostomy by hemorrhage. An external shunt was 
placed, leading to recovery of a normal level of conscious-
ness and the patient’s previous clinical status. The lesion 
was a WHO Grade IV primitive neuroectodermal tumor. 
However, after several days, the patient experienced rapid 
clinical deterioration and died. 

Transient deterioration of preexisting hemiparesis was 
demonstrated in 3 cases. All biopsies were performed over 
the motor gyrus. Transient deterioration of preexisting 

FiG. 5. Coregistration of postoperative CT data with preoperative planning data is shown.  a and b: Two preoperative planning im-
ages are shown (left) and 2 postoperative CT images matched with preoperative planning are shown (right). In all cases, biopsies 
were obtained within the tumor targeted.  c: Postoperative CT images coregistered and merged with preoperative planning im-
ages. Bone print (arrow indicating the hole made during surgery) and air bubble confirming that the biopsies were obtained inside 
the tumor. In all 100 cases, the biopsy site was inside the tumor targeted. Figure is available in color online only.
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hemiparesis (lesion involving the postcentral gyrus) was 
observed in 1 case. These symptoms resolved completely 
within 72 hours.

Finally, only 2 cases of transient deterioration were 
associated with intralesional bleeding. All other clinical 
complications were not related to hematoma document-
ed on postoperative CT. These symptoms were therefore 
probably related to brain shift and/or reflex edema follow-
ing biopsy.

technical Details

Stereotactic biopsy was performed with the patient in 
the supine position in 92 cases and in the prone position 
in 8 cases. The robot was easy to use regardless of the 
patient’s position. However, surface registration was im-
possible when the patient was positioned prone because 
the robotic arm cannot register the face in this position. 
We used fiducial marker registration for these cases. The 
prone position was used for 2 types of biopsies: the trans-
cerebellar approach (7 cases) and the pure occipital ap-
proach (1 case) (Table 1). Intraoperative FPCT was not 
necessary in the cases of fiducial marker registration. 
However, it facilitated the procedure by avoiding the need 
to place markers and create CT scan markers in place be-
fore the surgery. Imaging registration was performed with 
the patient in the operating position under general anes-

thesia, which facilitated the biopsy procedure. FPCT ref-
erence imaging was performed with the patient in place 
and surgery was planned on the basis of the preoperative 
MRI. The images were registered on the planning soft-
ware and fused with the preoperative MR images. The 
other main advantage of FPCT was that it allowed correc-
tion, whenever necessary, of the needle position by means 
of micromovement of the robot, and it also allowed in-
traoperative control of the needle position. Although the 
surgical procedure essentially took the same time, the 
operating room was occupied for significantly longer due 
to installation and scanning. Intraoperative FPCT was re-
served for pediatric cases because it limits the number of 
preoperative imaging examinations that can be stressful 
for children. A transcerebellar approach was used for pos-
terior fossa biopsy and very small deep lesions, for which 
intraoperative FPCT was also preferred.

The operating time for the last 50 frameless robotic bi-
opsies was systematically less than 1 hour, including posi-
tioning of the head, installation of the robot, and draping, 
and less than 2 hours when the robot was coupled with the 
O-arm Surgical Imaging System and bone fiducial regis-
tration.

Discussion
The ROSA robot is a new integrated multi-application 

FiG. 6. Representative postoperative CT scans showing the 2 types of bleeding observed in this series.  a and b: Images reveal-
ing the 2 intralesional hemorrhages that were responsible for transient clinical deterioration.  c: Images illustrating the minimal 
bleeding (arrows) not associated with any clinical changes after biopsy.  D and e: Postoperative CT scans demonstrating 2 other 
asymptomatic hemorrhages (arrows). Figure is available in color online only.
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platform. It is simultaneously a supervisory-controlled and 
a shared-control robotic device.

The aim of this study was to analyze the results of our 
first 100 robotic stereotactic biopsies. To our knowledge, 
this study represents the largest published series of ro-
botic stereotactic biopsies. Our series shows that the di-
agnostic accuracy of robotic stereotactic biopsy is at least 
equivalent to that of conventional frame-based and frame-
less stereotactic procedures.1,2,4,6,7,14,15,18,25,27,28,31,33 The wide 
range of tumor subtypes diagnosed in the present series 
confirms the high rate of accurate histological diagno-
sis. No mortality or permanent morbidity were observed. 
There was no control group in our study to really compare 
stereotactic procedures. However, we report slightly less 
permanent morbidity than other big stereotactic biopsy se-
ries.1,2,4,6,7,14,15,18,25,27,28,31,33 In our opinion, our series shows 
that ROSA robot stereotactic biopsy allows safe stereotac-
tic biopsy procedures.

In our opinion, the ROSA device presents several ad-
vantages. First, it is easy to use. The robot was rapidly ac-
cepted by all neurosurgeons in the department. The data 
reported here are based on the experience of 4 senior neu-
rosurgeons with only 1 surgeon specialized in functional 
and stereotactic neurosurgery. Second, the device can be 
used to perform all types of registration: frame-based reg-
istration,21 frameless fiducial marker (skin or bone) reg-
istration, and frameless surface registration; this allows 
for the most ergonomic option for each patient with no 
limitation in terms of the patient’s body or head position. 
As demonstrated in the present series, the prone position 
was used for the transcerebellar approach based on skin or 
bone fiducial marker registration. Imaging with the mark-
ers in place must be performed in these cases17 either be-
fore surgery or, as in the present series, by intraoperative 
CT. Third, like all-frameless stereotactic procedures, the 
major advantage of robotic stereotactic procedures is be-

ing able to separate imaging from the actual surgical pro-
cedure.5,12,23 Surgical planning allows determination of a 
gyral entry point, thereby avoiding a transsulcus trajectory 
or the stripping of the ependymal wall, which represent 
the highest risks of morbidity associated with stereotactic 
trajectories.34 Last, the operating time is reduced to about 
1 hour in the absence of intraoperative FPCT, which is 
similar to the operating time of a biopsy performed with a 
navigation system.

The main drawback of the device is its dimensions (the 
robot must be placed relatively close to the patient’s head 
and occupies a space almost equivalent to that of a hu-
man being in the operative field) and, like all devices, it 
requires a learning curve. However, the learning curve as-
sociated with this device is short. The use of this device is 
similar to that of a navigation system and the surgeon only 
needs to learn how to use the robotic arm.

Robotic surgery has to allow for accurate, safe, frame-
less, and rapid procedures by combining the advantages 
of both frameless and frame-based procedures. Frameless 
biopsy is preferred because of its ergonomic advantages 
and because it facilitates surgical workflow.2,7,10,33 Frame-
less stereotactic biopsy is widely used for supratentorial le-
sions and lesions larger than 15 mm.1,2,26–28,31 In many neu-
rosurgery departments, frame-based biopsy is reserved for 
procedures that cannot be safely performed by a frameless 
approach. Most neurosurgical teams still prefer frame-
based biopsy for brainstem lesions, small deep lesions, 
and lesions close to highly vascular areas, such as pineal 
lesions.27,31 This preference may be based on the slight 
but significant difference in terms of accuracy between 
the two techniques that, in our opinion, could explain the 
lower diagnostic yield of frameless biopsy for very small 
and posterior fossa lesions.2 Although frame-based stereo-
taxy is reliable, accurate, and safe even for the deepest and 
smallest lesions,8,9,23,24,29–31 it clearly complicates the surgi-
cal workflow. Dedicated imaging must be performed on 
the day of surgery with the frame in place, which is time 
consuming. The patient is awake and, for many neurosur-
gical teams, high-field MRI or CT is not available in the 
operating room; therefore this method may require trans-
fer of the patient to the radiology department for scanning 
and return to the operating room for biopsy.7 As demon-
strated by the present study, an accurate diagnosis can 
be obtained for lesions of all sizes in the whole brain, as 
diagnoses were obtained for all of the 20 lesions smaller 
than 15 mm. The robotic device was used for 8 brainstem 
biopsies and histological diagnoses were established in ev-
ery case, with only 1 case of transient clinical worsening, a 
result at least comparable to that obtained in frame-based 
biopsy series in terms of accuracy and morbidity.9,24,30

Finally, the robot is easily combined with intraopera-
tive CT, which can be used as reference imaging. With 
intraoperative FPCT, the needle in position can be coregis-
tered with preoperative planning images, which allows the 
surgeon to confirm that the needle is accurately placed.21 
Moreover, because of  the robot’s micromovement ability, 
we can correct the robotic arm position if an error is mea-
sured. Finally, intraoperative CT data coregistered to pre-
operative planning data can confirm the accurate position 
of the needle inside the target during the surgery.

table 1. Summary of biopsy-related information

Factor
Supratentorial 

Biopsy
Posterior Fossa 

Biopsy

Overall 92 8
Site of biopsy
    Lobar 71 NA
  Deep* 21 NA
    Brainstem NA 6

    Cerebellum NA 2

Robotized frameless registration
    Surface registration 83 1

    Fiducial markers 9 7
Patient position
    Supine 91 1

    Prone 1 7
Intraop use of FPCT† 17 8

NA = not applicable.
*  Diencephalon, corpus callosum, pineal region, or hypothalamus.
†  Intraoperative FPCT was reserved for pediatric patients, cases of posterior 
fossa biopsy via a transcerebellar approach, and cases of very small deep 
lesions.
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The diagnostic accuracy and the safety of the ROSA 
robot appear to be at least equivalent to those of the other 
robotic devices currently available on the market. The 
present series is the largest series of robotic biopsies and 
compares favorably with other published series. Surgi-
Scope (Intelligent Surgical Instruments & Systems) was 
used in a large series with 97.8% diagnosis rate, 2% rate 
of transient morbidity, and 2% rate of permanent sequelae, 
but no information was provided concerning the topo-
graphic sites of the tumors.3 The MKM (Carl Zeiss) was 
used successfully in 23 patients with a diagnostic yield of 
95% and 5% rate of transient morbidity,32 even for very 
small lesions, but no information on the topographic lo-
calization of the lesions was provided. There have been 
no reports of large series involving the use of neuromate 
(Renishaw). However, there are reports of the use of this 
device in 17 brainstem biopsies, with a diagnostic yield 
of 86% (100% after a second procedure that was neces-
sary for 2 patients), permanent sequelae in 6% of patients, 
and transient morbidity in 13%, and in 17 stereotactic pi-
neal biopsies, with a diagnostic yield of 99% and transient 
morbidity in 6%.16,23 To our knowledge, no studies have 
been published concerning biopsies using the Pathfinder 
(Prosurgics Ltd.).

The ROSA device appears to have 4 main advantages 
over the other robotic devices: 1) it can be used to per-
form all kinds of registration, from surface registration 
to frame-based registration to marker-based registration, 
which means it offers a wide range of options (most other 
devices only provide one registration mode—skin or inva-
sive fiducial marker registration for all devices and some-
times frame-based registration); 2) it is a mobile device (in 
contrast with the SurgiScope and MKM); 3) it can be eas-
ily coupled with intraoperative imaging (no modification 
in terms of design is necessary, compared with the neuro-
mate, MKM, and SurgiScope, which due to their designs 
are not compatible with intraoperative imaging); and 4) its 
haptic abilities facilitate its use in nonstereotactic surgery 
procedures (these haptic properties allow the robot to be 
used as a haptic endoscope holder for ventricular endos-
copy, transnasal endoscopy, and keyhole procedures). This 
multi-application ability may make the device more cost 
effective, as it is not exclusively devoted to stereotactic 
procedures.

conclusions
In this large, single-center series, robotic stereotactic 

biopsy appeared to be a safe and effective way of estab-
lishing a histological diagnosis. In our opinion, the ROSA 
robot combines the advantages of frameless and frame-
based stereotactic surgery.
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