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1 | INTRODUCTION
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Abstract

Background: Fine operation has been an eternal topic in neurosurgery. There were
many problems in functional neurosurgery field with high precision requirements. Our
study aims to explore the operability, accuracy and postoperative effect of robot-
assisted stereoelectroencephalography (SEEG) in neurosurgery.

Methods: We conducted a retrospective analysis of patients with epilepsy who under-
went electrode implantation in our hospital. From 2016 to 2019, the epilepsy center of
Hebei people’s hospital implanted electrodes in neurosurgery on 24 patients, including
20 with SINO robot-assisted SEEG system and eight with frame-SEEG technology.
Result: Robot-assisted SEEG neurosurgery had higher accuracy, and the mean error
of entry and target point was smaller than that of frame SEEG surgery. No bleed-
ing or infection occurred postoperatively, and two patients who underwent robot-
assisted SEEG neurosurgery had electrode displacement. Electrode displacement was
observed in two patients, both the entry points were orbital frontal, one in the frame
system and one in the robot assistant system. The average placement time of each elec-
trode in robot assisted system surgery was less than that in frame system surgery.
Conclusion: The SINO SEEG electrode implantation assisted by surgical robot-

assistant system manufactured in China is safe, accurate and mature.
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to the subspecialty fields of neurosurgery, such as brain tumors

and cerebrovascular diseases. The stereoelectroencephalograpy

Since the birth of modern neurosurgery in the late 19th century, fine
operation has been an eternal topic in neurosurgery. In the past 20
years, technologies such as intraoperative imaging (Moriarty et al.,
1996), brain functional imaging and neuron avigation (Mert et al,,
2015; Morrison et al., 2016 ) have been regarded as landmarks of
precision neurosurgery, but these technologies are more often applied

(SEEG) method was developed 50 years ago by Jean Bancaud and
Jean Talairach at Sainte-Anne Hospital in Paris, and they made the
Talairach stereoscopic frame neurosurgical system. There are similar
frame neurosurgical systems: Leksell and Fischer-Leibinger. SEEG
is a kind of intracranial multi-touch deep electrode placement and

monitoring technology and is the best way to refractory epilepsy
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FIGURE 1 The SINO neurosurgical robot, including manipulator, puncture system, workstation and Sinoplan software system

preoperative evaluation. It can better research anatomic-electricity-
clinical seizures, epileptogenic zone in order to assist doctors better
clear scope, achieve accurate resection and maximum protection
in patients with brain function (lida & Otsubo, 2017). The original
Talairach frame-based technology uses an external fixed grid system
combined with intraoperative angiography and ventriculography
in order to position the orthogonal electrodes in the desired posi-
tion using a two-dimensional image. Several epilepsy centers have
described the technique of orthogonal and oblique depth electrode
insertion into the insula by using the classic manual Leksell stereotactic
framework, with good accuracy and few complications (Desai et al.,
2011; Gil Robles et al., 2009; Salado et al., 2018 ). However, there were
many problems in functional neurosurgery field with high precision
requirements, such as how to realize the fusion of stereotactic tech-
nique and a variety of image data, how to achieve more accurate surgi-
cal plan and operation and how to realize the operation data real-time
feedback. It needed a new revolutionary technology and equipment to
breakthrough development bottleneck, and the new frameless stereo-
tactic surgery robot, Robot of Stereotactic Assistant (ROSA), arise
at the historic moment (Lefranc et al., 2014). The frameless insertion
technique adds a reference step before surgery, using a laser system
to collect information about the patient’s face and skull, to construct
anatomic and radiological images of the patient, and to develop a
surgical plan, simplifying the procedure and reducing time (De Barros
et al., 2020). This technique was compared to frame-based methods on
SEEG in terms of complications but not accuracy (Abel et al., 2018).

In 2017, the SINO neurosurgical robot (Figure 1) produced by
Sinovation Medical Technology Co., Ltd. (Beijing) was introduced into
our hospital. SINO neurosurgical robot adopts the contactless visual
location patient registration technology. Based on the way of robot arm
ontology positioning, it adopts the method of automatic visual scan-
ning to locate the patient’s facial surface for patient registration. SINO
neurosurgical robot has the three-dimensional (3D) visualization tech-
nology of craniocerebral vascular based on multimodal image fusion,

which can fully show the intracranial vascular structure. Combined

with the results of radiological examination, a safer and more targeted
puncture route and stereotactic surgical plan can be developed pre-
operatively. In this study, we analyzed the accuracy, complications
and postoperative follow-up results of operations to explore the

advantages of robot-assisted SEEG system applied on neurosurgery.

2 | METHODS

2.1 | Patients

From 2016 to 2019, the epilepsy center of Hebei people’s hospital
implanted electrodes in neurosurgery on 24 patients, including 20 with
SINO robot-assisted SEEG system and eight with frame-SEEG tech-
nology. All patients included were diagnosed with moderate or severe
epilepsy and required electrode implantation surgery. This study was
approved by the Ethics Committee of The Second Hospital of Hebei
Medical University (No. 2019-R172). This was a retrospective study
without the patient knowing.

2.2 | Instruments and methods

SINO neurosurgical robot consists of hardware system and software
system; hardware system includes manipulator, puncture system and
workstation, and software system used is Sinoplan. The 6-axis robotic
arm system has the function of automatic touch avoidance, ensuring
the dexterity and safety of the operation. The fixation mode of the
robotic arm ensures accurate operation for physical and mechanical
fixation. Sinoplan software system has a variety of functions, including
multi-mode image data (magnetic resonance imaging (MRI), com-
puterized tomography (CT), vascular image and positron emission
tomography (PET)) input and fusion, 3D reconstruction, vascular
visualization, path planning and target calculation, data import robot

hardware system assisted surgery and data output. The puncture
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planning system can carry out registration, fusion, 3D model extraction
and path planning after importing preoperative image data. Puncture
accessories include positioner, bit stepper, bit connecting rod, 2.1 mm
bit, electrocoagulation needle, probe, ruler and screwdriver.

The procedure of SINO robot-assistant SEEG electrode implanta-
tion is diagnosis, planning, implantation and postoperative. Diagnosis
includes preoperative imaging examination, image data import, local-
ization diagnosis or hypothesis of epileptic foci, based on electroen-
cephalogram (EGG) results and symptomatology or other recordings,
and 3D brain reconstruction, which was conducted to confirm the
location, scope and interrelationship of lesions, epileptogenic foci and
related important brain functional areas. Preoperative 3D structural
and angiographic examination was performed. The anatomical struc-
ture can be observed with 3D-T1. The lesions can be observed with
3D flair, and fat suppression should be set for 3D cortical reconstruc-
tion. 3D principal component analysis (PCA) can be used to observe
magnetic resonance angiography without injecting contrast agent and
without distinguishing between arteriovenous, and can be used for 3D
vascular reconstruction. SINO software system supports dicom data
import such as PET/CT, 3D digital subtraction angiography (DSA) and
CT angiography (CTA). According to the implant data, the puncture
planning system makes the path planning, identifies and avoids the ves-
sels of the puncture path. Bone markers were installed on patient under
local anesthesia, and the 3D-CT scan for head was performed. CT data
were fused with the implant plan to obtain the robot target path plan-
ning (6-15 items). Afterward, the patient went into the operating room
for general anesthesia, and the head rest was fixed. The robot was con-
nected to the head rest and fixed. For robot-assistant SEEG surgery,
the robot is typically placed directly in front of the patient’s head. The
linear distance between the base of the robotic arm and the patient’s
ear hole should be 50-55 cm, and the patient’s head should be level
with the base of the robotic arm. After the pendulum is completed, the
robot will be locked by the lifting system. Use a headrest to secure the
patient’s head, and note that the rest should be away from the elec-
trode covered area. Attach the robot rest to the other side of the rest,
and then check and lock all joints. The data were output to the robot
hardware system, and drag the robotic arm to the bone markers to
complete the registration. After registration, the robotic arm will auto-
matically be in place to perform the target puncture path. After the
location of the markers is specified in the software, drag the robotic
arm to successively point the probes at the bone markers to complete
the registration. The registration accuracy of bone markers is about
0.1-0.4 mm. The robot automatically positioned itself to the planed
path. Guided by the robot, the doctor drilled the skull with a 2.1 mm
drill and a stepper, and then burned the dura mater with an electric
coagulation needle. The robot was automatically positioned 190 mm
away from the target, and the guide screw was installed with a screw-
driver. Then, a 190 mm probe was used to make a puncture tunnel, and
the distance from the end of the guide to the end of the guide screw
was measured as L. Note that 190 mm minus L is the electrode depth X.
Postoperative 3D-CT scan was performed again, which was fused with
preoperative head MRI to confirm the position of each electrode point.

The simple procedure is shown in Figure 2.

In addition to SEEG surgically implanted electrodes, SINO can also
perform intraoperative cortical electrocorticography, lesion removal
and radiofrequency damage surgery. The prospective observational
analyses included patients with medically refractory focal epilepsy who
underwent robot-assisted stereotactic placement of depth electrodes
for extraoperative brain monitoring. Two of our patients underwent
the radiofrequency damage surgery, and other six patients underwent
lesionectomy with SINO robot.

2.3 | Statistical analysis

Statistical analyses were performed using SPSS 20.0 software. The
difference between two groups was analyzed using two tailed Stu-
dent’s t test. A value of p < .05 was considered a statistically significant

difference.

3 | RESULTS

Operative data for our cohort are reported in Table 1. This study
collected 24 SEEG patients admitted to the epilepsy center in neu-
rosurgery department of the Second Hospital of Hebei Medical Uni-
versity from August 2016 to February 2019, including 16 with SINO
robot-assisted SEEG system and eight with frame-SEEG technology.
The age of patients underwent frame SEEG surgery ranges from 10 to
41 years old, and the patients underwent robot-assisted SEEG surgery
in the cohort had a range of 4-38 years of age. The total number of
implanted electrodes was 71 and 171 of frame and robot, respectively.
Robot-assisted SEEG neurosurgery had higher accuracy, and the mean
error of entry and target point was smaller than that of frame SEEG
surgery. No bleeding or infection occurred postoperatively. Electrode
displacement was observed in two patients, both the entry points were
orbital frontal, one in the frame system and one in the robot assis-
tant system. The average placement time of each electrode in robot
assisted system surgery was less than that in frame system surgery.
The patients were followed up for 4-12 months, and eight patients
recurred in 1 week (one frame, three robots), and three patients
recurred in one month (one frame, two robots). Six months after
surgery, only one patient who underwent radiofrequency damage had a

recurrence.

4 | DISCUSSION

In the present study, our statistical results show that the robot-
assisted neurosurgery system has shorter operating time, smaller
entry and target errors and fewer electrode abnormalities, indicating
that the robot-assisted neurosurgery system has higher operability,
accuracy and safety. Robot-assisted neurosurgery system can improve
the accuracy of electrode implantation and the efficiency of surgical
treatment. We believe that the advantages of surgical robots shown in

our statistical data were very considerable, and their extensive clinical
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FIGURE 2 The simple procedure of SINO neurosurgical robot assisted stereoelectroencephalography (SEEG) electrode implantation

application will bring great improvement to the efficiency and effect of
neurosurgery.

So far, most stereotactic neurosurgery still relies on the workflow
established about half a century ago (Guo et al., 2018). The basic idea of
SEEG created is to analyze the clinical symptomatology and periparox-
ysmal phase EEG data, to understand the anatomic-electrical-clinical
correlation and to hypothesize the anatomic localization characteris-
tics of epileptic network (Gonzalez-Martinez et al., 2013). The most
important indications that SEEG tested include cortical structures
located in the sulcus (including focal cortical dysplasia), deep cor-
tical structures (including insulin-cap, limbic system) and deep or
paraventricular lesions (such as paraventricular ectopic gray matter
and hypothalamic hamartoma) (lida & Otsubo, 2017). Accuracies and
safety for SEEG electrode implantations have been confirmed (Cardi-
nale et al., 2013). Due to its own mechanical error and the error caused
by the mounting frame, the stereoscopic frame has a bigger error (Starr
et al.,, 2002). Frameless stereotaxy has been proved to be comparable
to frame-based stereotaxy in accuracy, diagnostic yield, morbidity
and mortality (Candela-Cant6 et al., 2018). However, it could still be
complicated and time-consuming because of the intensive manual
operation required. To further simplify the procedure and enhance
accuracy, robotics was introduced. Robots have superior capabilities
over humans in certain tasks, especially those that are limited by
space, accuracy demanding, intensive and tedious. Clinical benefits

have been shown in the recent surge of robot-assisted SEEG surgical

interventions (Gonzélez-Martinez et al., 2016; Mcgovern et al., 2018;
Mullin et al., 2016; Ollivier et al., 2017; Zeng et al., 2017 ).

The robot-assisted SEEG system has varieties of advantages, includ-
ing high accuracy, fewer complications and ease of operation (Sharma
et al.,, 2019; Spyrantis et al., 2018 ). At the same time, each compo-
nent of the robot-assisted SEEG system has its own advantages. The
manipulator has the characteristics of flexible operation and small sys-
tem error. The software system has multi-mode image fusion (including
MRI, CT, PET) and reconstruction functions (including vascular recon-
struction, 3D reconstruction). Puncture system accessories is complete
and easy to operate. In addition, angiography methods, such as MRI, CT,
DSA, MRI structural images fusion, and registration methods, includ-
ing scalp registration points, facial tracking, skull fixation registration
points, are also worthy of attention. Medical robot system is composed
of auxiliary planning navigation system and auxiliary operating subsys-
tem. Before surgery, doctors can obtain three aspects of information,
which are the anatomical structure of the patient’s surgical site and
adjacent areas, surgical planning and surgical path planning. In addition,
simulation operation can also be carried out to understand the location
of surgical instruments in the diseased tissue and the surrounding tis-
sue information.

Comprehensive epilepsy center is necessary to establish a multidis-
ciplinary team of SEEG. SEEG electrode implantation assisted by sur-
gical robot system is safe, accurate and mature. The close coopera-

tion between engineers and clinicians, the continuous improvement of
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TABLE 1 Comparison of clinical parameters between the two implantation methods

Implant type

p-Value
667

Value

Statistical

-8)

Frame (n

=16)

Robot (n

Index

Male

Variate

Fisher’s exact test

3(37.50%)
5(62.50%)
3(37.50%)
5(62.50%)

9(56.25%)
7 (43.75%)
8(50.00%)
8(50.00%)

Gender

Female

679

Fisher’s exact test

Once a week or more

Seizure frequency

Less than once a week

025

—2.402

Student’s t-test

26.00 +10.82

15.69 +9.46

Median (IQR)

Mean + SD
Mean + SD

Age (years)

0.232
.393

1.196
0.871

Wilcoxon two-sample test

8.00(2.42,13.50)
9.00+3.51

3.50(0.92,6.50)
10.13+2.70

Course (years)

Student’s t-test

Median (IQR)
Median (IQR)
Median (IQR)

Number of electrodes

<.001
.894
991

3.707
0.134
—0.012

Wilcoxon two-sample test

13.55(11.50,16.00)

1.50(0.00,2.25)
2.02(1.03,3.04)

7.60 (6.9,8.35)

Average operation time (min)

Wilcoxon two-sample test

1.56 (0.00,2.24)
2.27(0.79,3.05)

Entry point error (mm)

Wilcoxon two-sample test

Target point error (mm)

Abbreviations: IQR, interquartile range; SD, standard deviation.

WILEY- >

technical accessories and the constant update of software system have
greatly promoted the development and application of domestic sur-
gical robots. Intelligence and precision are the inevitable trend in the
development of neurosurgery.

ACKNOWLEGMENTS

This study was supported by Science and Technology Department Key
Research and Development Technology Projects of Hebei Province
(No. 19277756D). The grant supported this study just financially and
had no role in the design of the study and collection, analysis and inter-

pretation of data and in writing the manuscript.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ETHICS APPROVAL AND CONSENT TO PARTICIPATE
This study was approved by the Ethics Committee of The Second Hos-
pital of Hebei Medical University (No. 2019-R172)

AUTHOR CONTRIBUTIONS

Each author has met the BMC Bioinformatics authorship require-
ments. Di Zhang, Xuehua Cui and Wenling Li conceptualized the study.
Di Zhang, Xuehua Cui, Jie Zheng, Shunyao Zhang, Meng Wang and
Wenling Li generated, analyzed and interpreted the data. Linxia Sang
performed statistical analysis. Di Zhang, Xuehua Cui and Wenling
Li wrote and/or revised the manuscript. All authors have read and

approved the final manuscript.

DATA AVAILABILITY STATEMENT
The datasets during and/or analyzed during the current study are avail-
able from the corresponding author on reasonable request.

PEER REVIEW
The peer review history for this article is available at https://publons.
com/publon/10.1002/brb3.2347

REFERENCES

Abel, T. J,, Varela Osorio, R., Amorim-Leite, R., Mathieu, F., Kahane, P,
Minotti, L., Hoffmann, D., & Chabardes, S. (2018). Frameless robot-
assisted stereoelectroencephalography in children: Technical aspects
and comparison with Talairach frame technique. Journal of Neurosurgery:
Pediatrics, 22(1), 37-46. https://doi.org/10.3171/2018.1.PEDS17435

Candela-Cant¢, S., Aparicio, J., Lopez, J. M., Bafos-Carrasco, P, Ramirez-
Camacho, A, Climent, A., Alamar, M., Jou, C., Rumia, J., San Antonio-Arce,
V., Arzimanoglou, A., & Ferrer, E. (2018). Frameless robot-assisted stere-
oelectroencephalography for refractory epilepsy in pediatric patients:
Accuracy, usefulness, and technical issues. Acta Neurochirurgica, 160(12),
2489-2500. https://doi.org/10.1007/s00701-018-3720-8

Cardinale, F,, Cossu, M., Castana, L., Casaceli, G., Schiariti, M. P.,, Miseroc-
chi, A., Fuschillo, D., Moscato, A., Caborni, C., Arnulfo, G., & Russo, G.
L. (2013). Stereoelectroencephalography: Surgical methodology, safety,
and stereotactic application accuracy in 500 procedures. Neurosurgery,
72(3), 353-366. https://doi.org/10.1227/NEU.0b013e31827d1161

De Barros, A., Zaldivar-Jolissaint, J. F., Hoffmann, D., Job-Chapron, A.-S.,
Minotti, L., Kahane, P, De Schlichting, E., & Chabardés, S. (2020). Indica-
tions, techniques, and outcomes of robot-assisted insular stereo-electro-


https://publons.com/publon/10.1002/brb3.2347
https://publons.com/publon/10.1002/brb3.2347
https://doi.org/10.3171/2018.1.PEDS17435
https://doi.org/10.1007/s00701-018-3720-8
https://doi.org/10.1227/NEU.0b013e31827d1161

Brain and Behavior

' | WILEY

encephalography: A review. Frontiers in Neurology, 11, 1033. https://doi.
org/10.3389/fneur.2020.01033

Desai, A., Jobst, B. C., Thadani, V. M., Bujarski, K. A, Gilbert, K., Darcey, T.
M., & Roberts, D. W. (2011). Stereotactic depth electrode investigation
of the insula in the evaluation of medically intractable epilepsy. Jour-
nal of Neurosurgery, 114(4), 1176-1186. https://doi.org/10.3171/2010.9.
JNS091803

Gil Robles, S., Gelisse, P, El Fertit, H., Tancu, C., Duffau, H., Crespel, A., &
Coubes, P. (2009). Parasagittal transinsular electrodes for stereo-EEG in
temporal and insular lobe epilepsies. Stereotactic and Functional Neuro-
surgery, 87(6), 368-378. https://doi.org/10.1159/000249818

Gonzalez-Martinez, J., Bulacio, J., Alexopoulos, A., Jehi, L., Bingaman, W., &
Najm, I. (2013). Stereoelectroencephalography in the “difficult to local-
ize” refractory focal epilepsy: Early experience from a North Ameri-
can epilepsy center. Epilepsia, 54(2), 323-330. https://doi.org/10.1111/
j.1528-1167.2012.03672.x

Gonzalez-Martinez, J., Bulacio, J., Thompson, S., Gale, J., Smithason, S.,
Najm, 1., & Bingaman, W. (2016). Technique, results, and complications
related to robot-assisted stereoelectroencephalography. Neurosurgery,
78(2), 169-180. https://doi.org/10.1227/NEU.0000000000001034

Guo, Z., Leong, M. C.-W,, Su, H., Kwok, K.-W., Chan, D. T.-M., & Poon,
W.-S. (2018). Techniques for stereotactic neurosurgery: Beyond the
frame, toward the intraoperative magnetic resonance imaging-guided
and robot-assisted approaches. World Neurosurgery, 116, 77-87. https:
//doi.org/10.1016/j.wneu.2018.04.155

lida, K., & Otsubo, H. (2017). Stereoelectroencephalography: Indication and
efficacy. Neurologia Medico-Chirurgica, 57(8), 375-385. https://doi.org/
10.2176/nmc.ra.2017-0008

Lefranc, M., Capel, C., Pruvot, A.S., Fichten, A., Desenclos, C., Toussaint, P, Le
Gars, D., & Peltier, J. (2014). The impact of the reference imaging modal-
ity, registration method and intraoperative flat-panel computed tomog-
raphy on the accuracy of the ROSA(R) stereotactic robot. Stereotactic
and Functional Neurosurgery, 92(4), 242-250. https://doi.org/10.1159/
000362936

Mcgovern, R. A, Knight, E. P, Gupta, A., Moosa, A. N. V., Wyllie, E., Binga-
man, W. E., & Gonzalez-Martinez, J. (2018). Robot-assisted stereoelec-
troencephalography in children. Journal of Neurosurgery: Pediatrics, 23(3),
288-296. https://doi.org/10.3171/2018.7.PEDS18305

Mert, A., Kiesel, B., Woéhrer, A., Martinez-Moreno, M., Minchev, G., Furt-
ner, J., Knosp, E., Wolfsberger, S., & Widhalm, G. (2015). Introduction
of a standardized multimodality image protocol for navigation-guided
surgery of suspected low-grade gliomas. Neurosurgical Focus, 38(1), E4.
https://doi.org/10.3171/2014.10.FOCUS 14597

Moriarty, T. M., Kikinis, R., Jolesz, F. A,, Black, P. M., & Alexander, E. (1996).
Magnetic resonance imaging therapy. Intraoperative MR imaging. Neuro-
surgery Clinics of North America, 7(2), 323-331. https://doi.org/10.1016/
S$1042-3680(18)30396-6

Morrison, M. A,, Tam, F, Garavaglia, M. M., Hare, G. M. T., Cusimano,
M. D., Schweizer, T. A, Das, S., & Graham, S. J. (2016). Sources of

ZHANGET AL.

Open Access

variation influencing concordance between functional MRI and direct
cortical stimulation in brain tumor surgery. Frontiers in Neuroscience, 10,
461. https://doi.org/10.3389/fnins.2016.00461

Mullin, J. P, Smithason, S., & Gonzalez-Martinez, J., (2016). Stereo-electro-
encephalo-graphy (SEEG) with robotic assistance in the presurgical eval-
uation of medical refractory epilepsy: A technical note. Journal of Visual-
ized Experiments, (112), 5302. https://doi.org/10.3791/53206

Ollivier, I, Behr, C., Cebula, H., Timofeey, A., Benmekhbi, M., Valenti, M. P,
Staack, A. M., Scholly, J., Kehrli, P, Hirsch, E., & Proust, F. (2017). Efficacy
and safety in frameless robot-assisted stereo-electroencephalography
(SEEG) for drug-resistant epilepsy. Neurochirurgie, 63(4), 286-290. https:
//doi.org/10.1016/j.neuchi.2017.03.002

Salado, A. L., Koessler, L., De Mijolla, G., Schmitt, E., Vignal, J.-P, Civit, T,,
Tyvaert, L., Jonas, J., Maillard, L. G., & Colnat-Coulbois, S. (2018). SEEG
is a safe procedure for a comprehensive anatomic exploration of the
insula: A retrospective study of 108 procedures representing 254 tran-
sopercular insular electrodes. Operative Neurosurgery, 14(1), 1-8. https:
//doi.org/10.1093/ons/opx106

Sharma, J. D., Seunarine, K. K., Tahir, M. Z., & Tisdall, M. M., (2019). Accu-
racy of robot-assisted versus optical frameless navigated stereoelec-
troencephalography electrode placement in children. Journal of Neu-
rosurgery: Pediatrics, 23(3), 297-302. https://doi.org/10.3171/2018.10.
PEDS18227

Spyrantis, A,, Cattani, A,, Strzelczyk, A., Rosenow, F., Seifert, V., & Freiman, T.
M., (2018). Robot-guided stereoelectroencephalography without a com-
puted tomography scan for referencing: Analysis of accuracy. Interna-
tional Journal of Medical Robotics and Computer Assisted Surgery, 14(2),
€1888. https://doi.org/10.1002/rcs.1888

Starr, P. A, Christine, C. W., Theodosopoulos, P. V., Lindsey, N., Byrd, D.,
Mosley, A., & Marks, W. J. (2002). Implantation of deep brain stimula-
tors into the subthalamic nucleus: Technical approach and magnetic res-
onance imaging-verified lead locations. Journal of Neurosurgery, 97(2),
370-387. https://doi.org/10.3171/jns.2002.97.2.0370

Zeng, B., Meng, F, Ding, H., & Wang, G., (2017). A surgical robot with
augmented reality visualization for stereoelectroencephalography
electrode implantation. International Journal for Computer Assisted
Radiology and Surgery, 12(8), 1355-1368. https://doi.org/10.1007/
s11548-017-1634-1

How to cite this article: Zhang, D., Cui, X,, Zheng, J., Zhang, S.,
Wang, M., Lu, W.,, Sang, L., & Li, W. (2021). Neurosurgical
robot-assistant stereoelectroencephalography system:
Operability and accuracy. Brain and Behavior, 11, e2347.
https://doi.org/10.1002/brb3.2347


https://doi.org/10.3389/fneur.2020.01033
https://doi.org/10.3389/fneur.2020.01033
https://doi.org/10.3171/2010.9.JNS091803
https://doi.org/10.3171/2010.9.JNS091803
https://doi.org/10.1159/000249818
https://doi.org/10.1111/j.1528-1167.2012.03672.x
https://doi.org/10.1111/j.1528-1167.2012.03672.x
https://doi.org/10.1227/NEU.0000000000001034
https://doi.org/10.1016/j.wneu.2018.04.155
https://doi.org/10.1016/j.wneu.2018.04.155
https://doi.org/10.2176/nmc.ra.2017-0008
https://doi.org/10.2176/nmc.ra.2017-0008
https://doi.org/10.1159/000362936
https://doi.org/10.1159/000362936
https://doi.org/10.3171/2018.7.PEDS18305
https://doi.org/10.3171/2014.10.FOCUS14597
https://doi.org/10.1016/S1042-3680(18)30396-6
https://doi.org/10.1016/S1042-3680(18)30396-6
https://doi.org/10.3389/fnins.2016.00461
https://doi.org/10.3791/53206
https://doi.org/10.1016/j.neuchi.2017.03.002
https://doi.org/10.1016/j.neuchi.2017.03.002
https://doi.org/10.1093/ons/opx106
https://doi.org/10.1093/ons/opx106
https://doi.org/10.3171/2018.10.PEDS18227
https://doi.org/10.3171/2018.10.PEDS18227
https://doi.org/10.1002/rcs.1888
https://doi.org/10.3171/jns.2002.97.2.0370
https://doi.org/10.1007/s11548-017-1634-1
https://doi.org/10.1007/s11548-017-1634-1
https://doi.org/10.1002/brb3.2347

	Neurosurgical robot-assistant stereoelectroencephalography system: Operability and accuracy
	Abstract
	1 | INTRODUCTION
	2 | METHODS
	2.1 | Patients
	2.2 | Instruments and methods
	2.3 | Statistical analysis

	3 | RESULTS
	4 | DISCUSSION
	ACKNOWLEGMENTS
	CONFLICT OF INTEREST
	ETHICS APPROVAL AND CONSENT TO PARTICIPATE
	AUTHOR CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT
	PEER REVIEW

	REFERENCES


