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Introduction: This study was performed to examine whether there is a link 
between the application of three types of robot-guided stereotactic biopsy 
techniques and the diagnostic rate of intracranial lesion biopsy.

Methods: The study involved 407 patients who underwent robot-guided 
stereotactic intracranial lesion biopsy at Xuanwu Hospital of Capital Medical 
University from January 2019 to December 2021. Age, sex, lesion characteristics, 
lesion distribution, surgical method, and target path depth were assessed for their 
impact on the biopsy diagnostic rate.

Results: The patients’ mean age was 42.1 years (range, 6 months–82 years). All 
patients underwent robot-assisted stereotactic brain biopsy using one of three 
different systems: a ROSA robotic system (n=35), the CAS-R-2 (n=65), or the 
REMEBOT domestic robotic system (n=307). No significant difference was found 
in the diagnostic rate of positive histopathological findings or the mean time 
of surgery among the three biopsy modalities. The diagnostic rate was 93.86%. 
Multiple linear regression analysis showed that age, sex, and biopsy modality did 
not affect the diagnostic rate n>0.05), whereas enhancing lesions and smaller-
volume lesions (≤l cm3) were significantly correlated with the diagnostic rate 
(p = 0.01). Lesions located in the suprasellar and pineal regions were significantly 
associated with the negative diagnostic rate (p<0.05).

Conclusion: The presence of enhancing lesions, lesion location, and lesion 
volume significantly affected the diagnostic rate of brain biopsy. Age, sex, lesion 
depth, and biopsy modality did not significantly affect the diagnostic rate. All 
three procedures had high safety and effectiveness.
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Introduction

Stereotactic biopsy is an effective surgical procedure that provides a histological diagnosis 
of intracranial lesions with the advantages of precision, high efficiency, and minimal invasiveness. 
Stereotactic biopsy plays a vital role in distinguishing among brain tumors, radiation necrosis, 
inflammation, and other lesions. For instance, histological diagnosis of glioma or lymphoma is 
vital for decisions regarding subsequent therapy, including the operation strategy, chemotherapy, 
radiotherapy, and targeted drug therapy. In particular, stereotactic biopsy can be  used for 
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multiple lesions; for difficult craniotomy; in high-risk locations such 
as the suprasellar, pineal, and brainstem regions; and in patients who 
cannot tolerate surgery because of poor health. With the rapid 
progress in neuroimaging, neurosurgical navigation technology, and 
especially the application of neurosurgical robots, stereotactic biopsy 
techniques for intracranial lesions have been rapidly developed with 
high visualization, automation, and precision (1–3). Although some 
researchers have concluded that stereotactic brain biopsy is feasible 
and safe, few have focused on diverse robotic systems applied in vivo 
(1, 4). In the present study, we established a series of unique treatment 
groups. We first evaluated a large series of patients who underwent 
three different types of robot-assisted stereotactic biopsy. We then 
analyzed our 3-year experience with robot-assisted stereotactic 
biopsies of brain lesions and confirmed the diagnostic value, predictive 
factors, and safety of different surgical procedures. As a participating 
institution in the national neurosurgical robot application project, our 
center uses a variety of domestic and foreign neurosurgical robot-
guided stereotactic surgery systems in the practice of intracranial 
lesion biopsy (Figure 1). This study was performed to evaluate and 
analyze the possible factors influencing the diagnostic rate and 
complications of robot-guided stereotactic brain biopsy in our center. 
We investigated 407 patients with complete clinical data to identify 
predictive factors and safety, and we performed a retrospective efficacy 
analysis of the positive diagnostic rate of robot-assisted stereotactic 
intracranial lesion biopsy.

Patients and methods

Clinical data

This retrospective study involved 407 patients who underwent 
robot-guided stereotactic intracranial lesion biopsy at Xuanwu 
Hospital of Capital Medical University, China from January 2019 to 
December 2021. They comprised 233 male and 174 female patients 

with a mean age of 42.1 years (range, 6 months to 82 years). Biopsy was 
performed with a ROSA robotic system (Zimmer Biomet Robotics, 
Montpellier, France) in 35 patients, the CAS-R-2 (Tianjin Huazhi 
Technology Co., Ltd., Tianjin, China) in 65 patients, and the 
REMEBOT domestic neurosurgical robot (Beijing Baihui Weikang 
Technology Co., Ltd., Beijing, China) in 307 patients. The hospital 
ethics committee approved the research, and all patients or their 
relatives provided written informed consent.

Preoperative preparation

The decision to perform a brain biopsy and the planning of the 
surgical technique were based on a joint multidisciplinary consultation 
organized by the Xuanwu Hospital Centre for the Precision Treatment 
of Difficult Neurological Disorders. The biopsy plan was completed 
before the surgery. All patients underwent a preoperative magnetic 
resonance-enhanced thin scan (Contrast-enhanced multiplanar 
reformation). The volume and target depth were measured by a 
software outlining method when the lesion was taken.

Surgical approach of robot-guided 
stereotactic brain lesion biopsy

Three frameless robotic stereotactic systems are used in our 
center. The ROSA and REMEBOT are active arm robot systems with 
six degrees of freedom of movement. The CAS-R-2 is a passive 
mechanical arm robot system with five degrees of freedom. Robot-
assisted stereotactic biopsy systems mainly consist of four key 
components: an operation planning subsystem, surgical localization 
subsystem, optical position tracking sensor, and operation subsystem. 
The operation planning system provides surgeons with a simple, true-
to-life, high-performance software tool that generally fulfills the 
following functions: establishing and maintaining a case history, 

FIGURE 1

All patients underwent robot-assisted stereotactic brain biopsy using one of three systems: a ROSA robotic system (Zimmer Biomet Robotics, 
Montpellier, France), the CAS-R-2 (Tianjin Huazhi Technology Co., Ltd., Tianjin, China), or the REMEBOT domestic neurosurgical robot (Beijing Baihui 
Weikang Technology Co., Ltd., Beijing, China). The ROSA system is housed on a mobile wheeled platform that is rigidly coupled to the skull clamp 
during surgery. The ROSA can be used in frame-based or frameless modes and incorporates intraoperative imaging into its workflow. The ROSA can 
use facial laser scanning for registration; i.e., it automatically performs a face scan followed by image reformation. The REMEBOT robot system 
consists of one arm with six degrees of freedom, one master computer, and one binocular camera. The CAS-R-2 system is mainly composed of five 
parts: a computer-aided surgical planning system, positioning navigation system, manipulator with five degrees of freedom, platform locking control 
installation system, and marker recognition and fixation system.
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entering and demonstrating data in Digital Imaging and 
Communications in Medicine format, performing three-dimensional 
reconstruction for visualization, and planning the puncture tract. A 
camera executes the functions of visual registration and visual 
navigation, and controller and executing instruments perform the 
function of precisely positioning the puncture needle. The mechanical 
arm substitutes for a stereotactic arc and is used to hold the probe with 
which the surgeon finally performs the stereotactic procedure. The 
surgeon performs depth measurements using the depth of the probe.

The ROSA robot uses facial laser scanning for registration. 
Specifically, after successful induction of general anesthesia, the head 
frame is fixed and secured to the robot trolley, manual registration is 
performed, and the laser device is used to correspond the preoperative 
computed tomography (CT) reconstruction of the face to the 
intraoperative bony anatomical landmarks of the face such as the nasal 
root, inner and outer canthi, brow arch, and other structures. After 
successful registration, the robot automatically performs a face scan 
including approximately 5,000–8,000 scan points on the face, and 
image reformation is then performed. Brain magnetic resonance 
imaging is performed the day before the CAS-R-2 and REMEBOT 
procedure, and the images are transmitted to the surgical robotic 
procedure planning system. The patient must be prepared for skin 
adhesion to the scalp marker. The markers covered the target lesions 
and were arranged in a spatially staggered manner so that the three 
points were not in one plane. Head CT is performed and fused with 
the surgical plan from the previous surgery. The biopsy target, cranial 
entry point and biopsy trajectory were designed according to the 
lesion sites, sizes and shapes determined from three-dimensional 
imaging. The surgery approach was appropriately designed after three-
dimensional reconstruction of the lesions by the their respective 
stereotactic surgery planning system (5–7). The patient’s head is fixed 
with a plastic pillow or Mayfield head frame for manual alignment 
after induction of general anesthesia (Figure  2). Various robotic 
re-registrations are made, and the alignment is completed with an 
accuracy error within 2 mm before the brain biopsy procedure is 
performed. After completing the registration stage, we will disinfect 
according to the standard surgery procedure and lay out a sterile 
draping. The operating end of the robotic arm is the fixator through 
which the cranial drill for puncture and the puncture needle are 
passed. The cranial drill is a 3-mm-diameter drill. A Sedan aspiration 
biopsy needle with a lateral cutout is used to obtain the biopsy 
specimen by negative-pressure aspiration using a 5-mL syringe. Three 
biopsies are routinely obtained from the target lesion through a single 
tract or multiple tracts. One-third of the specimens are first sent for 
intraoperative freezing. The biopsy core is then removed and the 
biopsy tract is observed for active bleeding while awaiting the return 
of intraoperative freezing results. The remaining specimens are 
routinely sent for histopathological examination after the procedure.

Safety and efficacy evaluation

The cranial CT images are routinely reviewed on postoperative day 
1 to determine the status of the path within the target lesion target. A 
puncture tract or air bubble shadow is usually visible early after the 
biopsy, helping to determine the accuracy of the extraction site and rule 
out surgical complications such as intracranial hemorrhage. The 
postoperative CT images are fused with the preoperatively planned 

target, and measurements of entry point and target point are compared 
to calculate error values. The yellow lines represent the biopsy trajectory 
planned preoperatively. The cross at the end of yellow lines represent 
the target point. Burr hole is the actual biopsy trajectory of the 
operation. Air bubble shadow is the real target. Because that three-
dimensional (3D) visualization technology of cranial bone and take the 
target path as the axis with rotate 360 degrees of each level as the average 
of the measurement of the entry point and target point error (Figure 3).

Statistical analysis

The factor variables, diagnostic rates, and validity of robot-guided 
brain biopsies were retrospectively analyzed. Demographic information; 
clinical, imaging, and histopathological findings; and information on the 
different biopsy modalities, duration of the procedure, and postoperative 
complications were collected for all patients. The t-test was performed, 
and the odds ratio and 95% confidence interval were calculated. Multiple 
linear regression was used to determine the correlates affecting the rate 
of diagnosis. A p value of <0.05 was considered statistically significant.

Results

Procedural outcomes and complications

All patients in this study had a CT scan within the first 24–48 h 
after the biopsy, which was matched with preoperative images to verify 
the accuracy of puncture, with a positive diagnostic rate of 93.86% 
(25/407). Twenty-five patients had negative diagnostic findings 
(inconclusive in 22 and normal brain tissue in 3) (Table  1). Five 
patients underwent a second stereotactic biopsy. Four underwent an 
open biopsy, and a successful histological diagnosis was established. 
The remaining 10 patients failed to undergo re-biopsy, 5 of these 
patients were treated by default, and 2 were treated empirically with 
steroids. The overall postoperative complication rate was 0.98%, and 
the most notable complications were bleeding at the biopsy site in 
three patients and cerebral edema in one. Two patients had 
asymptomatic bleeding (<10 mL) at the puncture site on postoperative 
CT. No increase in bleeding was seen on re-examination, and no 
special treatment was given.

Demographic characteristics

The mean age of all 407 patients was 42.1 years (range, 6 months 
to 82 years). The mean age of the patients in the positive and negative 
diagnosis groups was 41.95 and 33.74 years, respectively. There were 
no significant differences in age between the two groups. There were 
also no significant sex-related differences in the diagnostic results, 
with 12 female and 13 male patients having a negative diagnosis 
(p = 0.27 and p = 0.33, respectively) (Table 2).

Lesion location and size

The lesion distribution was as follows (multiple lesions or lesions 
involving both sides were counted according to the actual target site): 

https://doi.org/10.3389/fneur.2023.1173776
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Feng et al. 10.3389/fneur.2023.1173776

Frontiers in Neurology 04 frontiersin.org

supratentorial lobes, n = 170; deep supratentorial and midline areas 
(corpus callosum, basal ganglia, saddle area, and paraventricular 
area), n = 159; and infratentorial area, n = 78. In total, 198 lesions were 
sampled on the left and 209 on the right. In addition, 229 single lesions 
and 178 multiple lesions were sampled on the right side. There were 
229 single lesions and 178 multiple lesions (Table 1). The volume of 
lesion was 13.42 cm3 (range, 0.31–88.9 cm3). In total, 301 lesions were 
significantly enhanced and 106 were not significantly enhanced. The 
lesion volume ranged from 1 to 67 cm3 (mean, 15 cm3). For the 

thirty-six lesions with a volume of ≤1 cm3, the diagnostic rate was 
16.67%. In contrast, smaller lesion volumes were significantly 
associated with the negative diagnostic rate (p = 0.01), and the mean 
lesion volume in the positive diagnostic group (15.2 cm3) was larger 
than that in the negative diagnostic group (6.7 cm3). The average 
supratentorial (69.75 ± 2.31 mm) and sub-tentorial (92.07 ± 4.68 mm) 
trajectory length measured from the biopsy plan. With respect to 
location, there was no significant difference in the diagnostic rate 
between midline/deep and superficial lesions. Multifactorial analysis 

FIGURE 2

(A,B) The REMEBOT and (C,D) the CAS-R-2 use scalp markers for registration. The patient’s head is prepared for skin adhesion to the scalp markers 
before surgery (E,F). The ROSA robot uses facial laser scanning for registration; it automatically performs a face scan followed by image reformation. 
Magnetic resonance imaging and computed tomography of the head are performed and fused with the surgical planning procedure, and the images 
are transmitted to the surgical robotic procedure planning system. This system is capable of establishing and maintaining a case history, entering and 
demonstrating data in Digital Imaging and Communications in Medicine format, performing three-dimensional reconstruction for visualization, and 
planning the puncture tract. The patient’s head is fixed with a plastic pillow or Mayfield head frame after induction of general anesthesia. The 
mechanical arm substitutes for a stereotactic arc and is used to hold the probe with which the surgeon finally performs the stereotactic procedure. 
The surgeon performs depth measurements using the depth of the probe.
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of the above factors showed a statistically significant difference in the 
effect of preoperative magnetic resonance enhancement of the lesion 
on the diagnostic rate (t = −2.32, p < 0.05), with an odds ratio of 0.70 
(95% confidence interval, 0.25–1.90). A subgroup analysis of lesions 
located in the pineal and peri-saddle regions inferred a high negative 
diagnosis rate in 8 of 21 biopsies (p = 0.03) (Table 2).

Biopsy procedure

There were no significant differences in demographics or lesion 
characteristics among the three groups. The mean procedure duration 
was 62.5 ± 17.3 min, and there were no significant differences in the 
diagnostic rates among the three modalities. The REMEBOT-based 
stereotactic biopsy had the shortest mean duration of 57.7 min and 
saved a significant amount of procedure time compared with the 
ROSA and CAS-R-2. As previously described, we  did not find a 
significantly lower diagnostic rate for smaller lesions (≤1 cm3). 
However, a subgroup analysis showed that even in small-lesion 
biopsies, the CAS-R-2 and REMEBOT groups had higher diagnostic 
rates (85 and 92% for lesions of ≤1 cm3, respectively). In addition, 
positive diagnostic results were obtained in the five patients who 
underwent a second stereotactic biopsy.

Discussion

Because of the complexity of occupying intracranial lesions, 
radiological examinations based on morphological imaging alone 
have a 20%–30% misdiagnosis rate for intracranial lesions compared 

with histological diagnosis (1), and such examinations introduce 
many uncertainties (2, 8). Stereotactic biopsy is used to obtain tissue 
from intracranial lesions for pathological diagnosis and establishment 
of treatment strategies (2, 8, 9). Various factors, including the patient’s 
age and sex and the lesion volume and location, may influence the 
diagnostic rate of stereotactic biopsy of brain lesions (4, 10). A 
diagnostic rate of >90% is usually acceptable (11). The diagnostic rate 
is influenced by the expertise, relevant case experience, and 
qualifications of the staff performing brain biopsies in each clinical 
center (12). The diagnostic rate of 93.86% in the present study is 
consistent with that obtained in one of the most significant 
international retrospective studies of 4,589 patients who underwent 
5,000 biopsies (11). When stereotactic biopsies are performed by the 
same neurosurgeons with the same qualifications, as in the present 
study, the stability of the human surgical operation can be guaranteed. 
The rate of all postoperative complications was <1%, and no 
complications such as death, epilepsy, neurological deficits, or 
infection occurred. Three of the four complications were bleeding at 
the biopsy site and one was cerebral edema, and only one patient 
required a secondary surgical intervention. The average operative time 
was <65 min, and the safety and efficiency of the procedure were better 
than those in most reports in the domestic and international literature 
(2, 11, 12).

In the present study, the patients’ age and sex were not significantly 
associated with the diagnostic rate, which is consistent with the results 
of most other studies (4, 8, 13, 14). However, differences in the rate of 
definitive diagnosis by biopsy between older and younger patients 
have been reported (10, 15). For example, when an age of 40 years was 
set as the cut-off point in one study, the diagnostic rate was 75.9% in 
the younger group (<40 years of age) and 90.6% in the older group 

FIGURE 3

Measurement of entry point and target point error based on preoperatively planned target and on the fusion of postoperative CT to the preoperative 
dataset.
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(>40 years of age) (10). However, this trend was not found in 
our patients.

Some studies have shown a positive association between lesions 
located deep in the brain and the negative diagnostic biopsy rate (16). 
Such findings suggest that the lesion location is a significant influencing 
factor of the diagnostic rate (10, 17–19). In other studies, however, the 
lesion location proved irrelevant (10, 13, 15, 20, 21). The depth of the 
lesions in our study did not affect the diagnostic rate. Similar to our 
report, another study showed that the target path depth had no effect 
on the success rate of stereotactic biopsy (9, 18). In our subgroup 
stratified analysis, we found that lesions in the suprasellar area and 
pineal regions might have a higher rate of negative diagnosis. This might 
occur if the biopsy needle punctures the brain pool or ventricles during 
tissue sampling, resulting in cerebrospinal fluid aspiration. This harmful 
loss of aspiration pressure can lead to tissue loss into the Sedan needle 
hole. As a result, sampling errors can occur.

According to several studies, the lesion size is another vital 
influencing factor for the diagnostic result of brain biopsies (14, 19). 
Smaller lesions are more likely to produce negative results, and larger 
lesions are more likely to produce positive results. Our study findings 
are consistent with this. However, other studies have shown that 
lesion size is not relevant to the diagnostic result (10, 20). Our 
experience using the REMEBOT and CAS-R-2 compared with the 
ROSA showed differences in the mean lesion volume of ≤l cm3. In 
general, using bone nail-based marking and auto-registration 
methods for deep and small lesions is recommended to reduce 
systematic errors (17, 20, 22).

For a considerable period of clinical practice, frame-based brain 
biopsy was considered the gold standard for stereotactic intracranial 
lesion biopsy. However, a recent study proved no difference in 
diagnostic rates or complications between frame-based and 
frameless stereotactic surgery (11). Our study demonstrated no 
significant difference in the diagnostic rates among the three 
fameless procedures. The obvious advantage of the REMEBOT-
guided procedure is that it takes less registration time than the ROSE 
and CAS-R-2 procedures. Similar results have been reported from 
other centers (10, 14).

Another factor affecting the diagnostic rate of biopsies is the 
surgeon’s experience. The literature states that the operator’s 
technical skill level could be a key factor affecting the diagnostic 
rate of biopsy. Differences in the quantity of similar surgeries 
performed, proficiency, and expertise among centers are all 
essential factors affecting accuracy (23). More experienced 
surgeons are a significant predictor of favorable diagnostic rates; 
i.e., more senior neurosurgeons have higher diagnostic rates than 
less senior neurosurgeons. Our study minimized human 
influence. However, we hypothesize that personal experience is a 
confounding factor for accuracy and positive diagnostic rates. For 
this reason, we have organized an expert consensus on biopsy to 
reduce human factors and bias in biopsy procedure protocols 
(10, 24–26).

This study has three main limitations. First, it was a 
nonrandomized single-center study. Second, several pathologists were 
involved in evaluating the biopsy specimens, which may have affected 
the diagnostic rate. Third, the number of cases was relatively low and 
we designed the puncture path to avoid passing through the arachnoid 
cisterna of the sulci but did not take into account the trajectory crosses 
a ventricular surface, which may be as another factor influencing the 
diagnostic accuracy (27, 28).

In conclusion, to the best of our knowledge, this is the most 
extensive study of different types of robot-guided stereotactic 
intracranial lesion biopsies in China. This summary of our 3 years 
of experience related to brain biopsies at a single center involving 
different neurosurgical robot-assisted stereotactic operating 
systems is clinically valuable because it reflects routine real-world 
practice and identified the factors that affect diagnostic rates. The 
different procedures had high safety and effectiveness (3). 
We consider the lesion location and size, the number of biopsies 
performed at the center, and the relevant experience of the 
surgeon to be essential factors influencing the diagnostic rate and 
the safety and efficacy of robot-guided stereotactic intracranial 
lesion biopsies. In contrast, patient age, patient sex, surgical 
method, and lesion depth are not statistically associated with 
positive diagnostic rates.

TABLE 1 Distribution of brain biopsy lesions, surgical complications and 
histopathological findings in 407 cases.

Lesion characteristics Number of cases

Distribution

Midline or deep region 208

Brainstem, pontine arm region 49

Basal ganglia area 48

Thalamic region 38

Corpus callosum area 16

Pineal region 11

Paraventricular area 36

Sellar region 10

Superfical region 199

Lobe of the brain 170

Cerebellum 29

Complications 4

Bleeding 3

Edema 1

Histopathological findings

Lymphoma 68

High-grade glioma (WH0 grade 3–4) 113

Low-grade glioma (WHO grade 1–2) 58

Other neuroepithelial tumors 33

Inflammatory diseases 45

Metastasis 11

Cerebral infarction 9

Papilloma of the choroid plexus 2

Germinoma 24

Demyelination 17

Necrotic tissue after radiotherapy 2

Negative 25

Normal brain tissue 3

Inconclusive 22

The bold values means the total of category item under each subheading.
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