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HISTORY AND DEFINITION 
OF CORTICO-CORTICAL EVOKED 
POTENTIAL

Cortico-cortical evoked potential (CCEP) was first intro-
duced by Matsumoto et al. [1] in 2004 as an extra-operative 
epilepsy surgical procedure based on the principle of neuronal 
connectivity. In language area mapping, CCEP detects elec-
trical activity between Broca’s and Wernicke’s areas, which are 
functionally connected cortical regions. Through CCEP moni-
toring, the surgeon can localize the arcuate fasciculus (AF), a 
white matter fiber tract connecting the frontal language area 
and temporal language area, allowing for mapping and pre-
dicting functional language areas within these regions [2]. 
CCEP can be monitored using two techniques depending on 
the direction of stimulation: anterior CCEP and posterior 
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CCEP monitoring has emerged as a promising alternative for intraoperative language function assess-
ment under general anesthesia to overcome the limitations of awake surgery. This review aims to sum-
marize the current evidence on CCEP-guided surgery, focusing on its effectiveness in preserving lan-
guage function.
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CCEP. Anterior CCEP is a method that stimulates the frontal 
lobe, and the evoked electrical signals are detected in the tem-
poral lobe along the AF. In contrast, the posterior CCEP meth-
od stimulates the temporal lobe, and the electrical signals are 
detected in the frontal lobe. Since the AF is more widely dis-
tributed in the temporal lobe, the anterior CCEP method can 
define CCEP signals more clearly than the posterior CCEP 
method, making it the preferred method in clinical fields [1,2]. 
CCEP typically consists of four consecutive voltage peaks called 
P1, N1, P2, and N2. The N1 and N2 peaks are first and late 
negative voltage peaks, distinguishable from stimulus artifacts. 
N1 is usually more pronounced in the recorded signal than the 
other peaks because it is attributed to the excitation of pyra-
midal cells. P1 and P2 refer to positive voltage peaks preced-
ing and following N1, respectively [3,4].

CLINICAL SIGNIFICANCE OF CCEP 
MONITORING 

Maximal safe resection (MSR) is an essential treatment con-
cept for improving the prognosis of patients with glioma [5-7]. 
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However, when the tumor is located near an eloquent area, 
especially language areas, preserving these areas becomes par-
ticularly challenging because of the complexity of the language 
network system [8,9]. Awake surgery has been the gold stan-
dard for monitoring language areas during brain tumor sur-
gery. This approach allows surgeons to directly localize the 
language area while stimulating different brain regions. How-
ever, awake surgery is not always feasible due to a variety of 
clinical factors, such as the extensiveness of the tumor, the pres-
ence of high-grade features that elevate the risk of increased 
intracranial pressure, the patient’s age and psychological state, 
and an approximately 5.4% risk of intraoperative seizures dur-
ing surgery [10,11]. In situations where awake surgery is not 
feasible, CCEP, which monitors and localizes language areas 
under general anesthesia, could be a highly valuable alterna-
tive. Additionally, CCEP monitoring is considered a highly 
practical method due to its very low intraoperative seizure in-
cidence rate of 0.39% [12].

CCEP MONITORING PROCEDURE 
UNDER GENERAL ANESTHESIA 

General anesthesia is started with the administration of in-
travenous propofol and remifentanil to induce sedation. The 
muscle relaxant rocuronium (0.6 mg/kg) is administered in-
travenously only for intubation. During anesthesia mainte-
nance, the target concentrations of propofol and remifentanil 
are 4 μg/mL and 4 ng/mL, respectively. Mean arterial blood 
pressure is maintained within 20% of the baseline levels, and 
the bispectral index (BIS) value is maintained between 40 and 
60, which is the optimal range for CCEP monitoring under 
general anesthesia [13]. A craniotomy is performed to expose 
the frontal and temporal lobes, including the tumor. After 
opening the dura, the brain surface of the frontal and tempo-
ral lobes is exposed, and a grid-type subdural electrode (4×5) 
is placed on the temporal lobe surface, covering the region ex-
pected to be Wernicke’s area. A strip electrode (1×4) or bipo-
lar stimulator is used to stimulate the cortical language areas 
around the frontal lobe to localize the AF connecting Broca’s 
and Wernicke’s areas. CCEP signals are detected in the tempo-
ral lobe with the serial repositioning of the frontal electrode. 
The stimulation intensity typically begins at 10 mA with a fre-
quency of 1 Hz and a pulse duration of 0.3 ms. If an evoked 
potential is not detected, the stimulation intensity can be se-
quentially increased by 1 mA up to 15 mA. In cases where ar-
tifact signals are frequent and it becomes difficult to distinguish 
them from positive response signals, the stimulation intensity 
can be decreased by 1 mA. It is important to distinguish be-
tween positive response signals and artifact signals. The posi-
tive response signal shows distinct amplitude peaks called the 

P1 and N1 peaks, whereas artifact signals produce a continu-
ous waveform without a clear N1 peak. Additionally, if evoked 
potentials are detected in electrodes adjacent to the strip elec-
trode, these are likely artifact signals. Through this process, the 
stimulation point that evokes positive response signals at the 
temporal lobes is identified and marked with aseptic surgical 
stickers, completing the language area mapping. The tumor is 
resected while preserving the mapped language areas. If the 
tumor is considered to invade the AF, continuous CCEP mon-
itoring can be applied. Schematic illustrations for the CCEP 
monitoring procedure are depicted in Fig. 1.

CLINICAL OUTCOMES OF 
CCEP-GUIDED SURGERY 

Several published studies revealed the outcomes of the CCEP 
monitoring technique for language area mapping. Saito et al. 
[2] applied the CCEP monitoring technique to brain tumor 
surgery in 2014 and demonstrated the feasibility of CCEP moni-
toring in resecting gliomas affecting language areas. Among the 
13 patients included in the study, 12 underwent CCEP moni-
toring with awake surgery, and one patient received general 
anesthesia. In the early postoperative period, 10 patients ex-
hibited speech impairments, but all of the patients recovered 
their speech function within an average of 6.1 months. Nota-
bly, the time of language function recovery differed according 
to intraoperative changes in CCEP signals (p<0.01). Although 
the patients presented with deteriorated language function 
after surgery, they all recovered from postoperative speech 
impairments within 3 months if no changes in intraoperative 
CCEP signals were detected. Tamura et al. [14] and Ookawa 
et al. [15] performed CCEP monitoring during awake surger-
ies on five and seven patients, respectively. In Tamura’s study, 
two out of five patients experienced transient naming difficul-
ty for 2 weeks but fully recovered. In Ookawa’s study, three of 
the seven patients exhibited transient speech impairment, and 
one developed mild verbal aphasia; however, all patients re-
covered language function within 8 weeks. In 2017, Yamao et 
al. [16] reported a CCEP monitoring study involving 20 pa-
tients, four of whom underwent general anesthesia. Their find-
ings demonstrated an association between positive language 
sites using intraoperative CCEP monitoring and preoperative 
neuroimaging findings from functional MRI (62.5%–90.9%). 
However, this correlation was not statistically significant (p= 
0.17). In this study, successful CCEP signals were obtained in 
all four general anesthesia cases. An increase in N1 amplitude 
was observed in 16 patients, supporting the notion that CCEP 
signals serve as a dynamic marker of neuronal connectivity 
and the functional integrity of the AF. The key significance of 
this study is the exploration of CCEP signal reversibility and 
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the identification of cut-off values for predicting language func-
tion outcomes. The reversibility of CCEP signals was observed 
after tumor resection by alleviating brain edema. Patients who 
exhibited less than a 50% reduction in N1 amplitude experi-
enced only temporary speech impairment and full recovery. 
Notably, only one patient, who showed a 51.5% decline in N1 
amplitude, developed persistent speech impairment. These 
findings suggest that a 50% reduction in N1 amplitude may 
serve as a critical threshold for preserving the dorsal language 
pathway. In a 2019 study by Suzuki et al. [13], CCEP-guided 
surgeries were performed for 13 patients with tumors in the 
language-dominant hemisphere. In this study, CCEP monitor-
ing was executed under both general anesthesia and awake 
conditions. A key aspect of this study is the demonstration of 
anesthesia effects on CCEP signals. CCEP signal amplitudes 
were increased as the elevation of BIS level. Under general an-
esthesia with a BIS level below 65, decreases in CCEP signal 
amplitudes ranged from 11.3% to 75.2% (median 31.3%), with 
these differences being statistically significant (p<0.01). How-
ever, no significant difference in CCEP latencies between awake 
and general anesthesia was found. The findings indicate that 
CCEP amplitudes are influenced by anesthesia depth, whereas 
latencies remain unaffected. Saito et al. [17] published a study 

in 2022 involving seven patients who underwent awake cra-
niotomy with both direct stimulation and CCEP monitoring. 
In this study, intraoperative CCEP changes were observed in 
two patients, both of whom revealed postoperative language 
deficits. While one patient who showed a 60% reduction in 
CCEP signal amplitude during surgery required 24 months 
for recovery, another patient with a 20% decrease in CCEP 
amplitude recovered language function within 1 month. 

Although previous studies presented the feasibility and clin-
ical outcomes of CCEP monitoring under general anesthesia 
[18-20], a study by Kim et al. [21] in 2022 statistically addressed 
language preservation outcomes. The study showed the effec-
tiveness of CCEP monitoring through an objective evaluation 
of language function outcomes. In this research, CCEP mon-
itoring was performed under general anesthesia in 29 patients, 
and valid CCEP signals were identified in 25. Among them, 
20 patients underwent pre- and postoperative language assess-
ments using the controlled oral word association test. The re-
sults indicated that the language function preservation rate 
for CCEP-guided surgery under general anesthesia was 65% 
during a 6-month follow-up period. In a study by Vega-Zela-
ya et al. [22] published in 2023, seven patients underwent brain 
tumor surgery under general anesthesia. Within 24 hours af-

Fig. 1. Schematic illustrations depicting intraoperative CCEP monitoring. Following craniotomy and dura incision, a grid-type subdural elec-
trode (4×5) was positioned on the surface of the temporal lobe, while a strip-type electrode (1×4) was used to stimulate the frontal lobe in a 
bipolar fashion. The green line represents the arcuate fasciculus. A: No peak amplitude was detected, indicating a negative result. B: Evoked 
potential without distinct N1 peaks, implying artifact signals. C: A clear N1 peak, indicating a positive result.

A

B

C
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ter surgery, three patients exhibited deteriorated dysarthria 
or aphasia symptoms; however, after 1 year, only one patient 
showed dysarthria symptoms similar to those before surgery. 
In a study by Seidal et al. [4] published in 2024, awake surgery 
was performed on 20 patients with tumors, and reliable CCEP 
signals were observed in 19 of them. In one patient, where the 
tumor predominantly involved the parietal cortex, reliable 
CCEP signals were not obtained. Among the 20 patients, apha-
sia symptoms improved in three during the immediate post-
operative period, while 11 patients showed worsening symp-
toms. Only three patients continued to show worse aphasia 
symptoms after surgery. Detailed language function outcomes 
and clinical information on the reviewed studies are summa-
rized in Table 1.

LIMITATIONS AND FUTURE  
DIRECTIONS OF THE CCEP  
MONITORING TECHNIQUE

CCEP monitoring under general anesthesia has proven to 
be a promising technique for preserving language function 
during glioma surgery [21]. Although awake surgery is still 
the standard method of resecting brain tumors around elo-
quent areas [10,11,23], CCEP can serve as an alternative to 
awake surgery in cases when awake surgery is not feasible. 
Considering that the language preservation rate for awake sur-
gery is over 95%, CCEP-guided surgery under general anes-
thesia is not superior to awake surgery. However, in situations 
where awake surgery cannot be performed, it is clinically im-
portant to preserve language function through CCEP moni-
toring under general anesthesia [24]. Although the assessment 
criteria for language function and follow-up periods vary across 

studies, awake surgery remains superior in terms of preserv-
ing language function. Since research on CCEP monitoring 
under general anesthesia is still in the early stages, with a lim-
ited number of cases and short-term follow-up periods, ad-
ditional studies are needed to validate the efficacy of CCEP-
guided surgery. 

Motor-evoked potentials and somatosensory-evoked po-
tentials are techniques that can be used to map motor and sen-
sory areas, as well as their associated pathways, under general 
anesthesia [25,26]. However, no intraoperative electrophysi-
ological method has been established for the real-time moni-
toring of language function during surgery. Nevertheless, in-
traoperative CCEP monitoring has shown that changes in N1 
amplitude during surgery correlate with postoperative lan-
guage functional outcomes, suggesting that CCEP monitor-
ing could be a useful tool for mapping language function ar-
eas [2,13,16,17]. Despite its potential, intraoperative CCEP 
monitoring has certain limitations. First, valid CCEP signals 
were achieved in 92.3% of patients undergoing awake surgery, 
whereas the success rate under general anesthesia was lower, 
ranging from 55.5% to 86.2% [2,18,21]. Additionally, no stan-
dardized protocols have been established for the CCEP moni-
toring technique, and technical variations remain a challenge. 
The brain is composed of sulci and gyri, and since CCEP sig-
nals are available only within the electrode coverage area, un-
detected functional connections may exist. Furthermore, the 
language network system is highly complex, involving not only 
the AF but also other tracts, such as the frontal aslant tract, 
which are not yet fully understood [27,28]. Therefore, moni-
toring only the AF may be insufficient for accurately predict-
ing language function. Furthermore, CCEP monitoring re-
quires a craniotomy larger than that needed for tumor resection 

Table 1. Summarized clinical results of language area mapping utilizing CCEP monitoring 

Study Year Patients No. Type of anesthesia Surgery Language function preservation rate (%) Follow-up periods
Saito et al. [2] 2014 13 Awake: 12

GA: 1
Tumor :13 100 15 months

Tamura et al. [14] 2016 5 Awake: 5 Tumor: 5 100 2 weeks
Ookawa et al. [15] 2017 8 Awake: 5 Tumor: 7

Epilepsy: 1
100 8 weeks

Yamao et al. [16] 2017 20 Awake: 16
GA: 4

Tumor: 20 75 6 months

Suzuki et al. [13] 2019 15 Awake: 15 Tumor: 13
Epilepsy: 2

80 -

Saito et al. [17] 2022 7 Awake: 7 Tumor: 7 85.7 24 months
Kim et al. [21] 2022 20 GA: 20 Tumor: 20 65 6 months
Vega-Zelaya et al. [22] 2023 7 Awake: 1

GA: 6
Tumor: 7 100 12 months

Seidal et al. [4] 2024 20 Awake: 20 Tumor: 20 85 -
GA, general anesthesia



TM Cheon et al.

43

alone, potentially increasing surgical time, infection risk, and 
intraoperative blood loss.

One of the major challenges of CCEP monitoring is incon-
sistent N1 and N2 waveform peaks. Unlike direct cortical stim-
ulation during awake surgery, where functional responses, such 
as speech arrest, provide clear validation, CCEP signals rely on 
electrophysiological signals, which can differ between patients. 
Matsumoto et al. [1] reported an N1 peak and amplitude la-
tency of 20–40 ms. However, reports regarding the N1 peak 
are inconsistent. Seidel et al. [4] applied electrical stimulation 
with a square-wave biphasic current, featuring a pulse width 
of 0.6 ms and a frequency of 50 Hz, at an average intensity of 
3–6 mA during CCEP monitoring in 20 patients with awake 
surgery. In the awake state, N1 peak latency was measured at 
21.32±7.59 ms with an N1 amplitude of 72.73±63.82 μV. In 
the asleep state, the N1 peak latency was 21.22±7.33 ms, with 
an N1 amplitude of 54.92±36.98 μV. Vega-Zelaya et al. [22] 
performed electrical stimulation in six patients under general 
anesthesia and one patient with awake surgery, starting at 5 mA 
and gradually increasing in increments of 5 mA up to a max-
imum of 20 mA. The average N1 latency was 37.7±0.8 ms 
(range 24.8–46.4 ms), and the amplitude was 184.1±17.0 μV 
(range 30.6–540.2 μV). In a study by Tamura et al. [14], awake 
surgery was performed on five patients, where biphasic elec-
trical pulses (50 Hz frequency, 0.3 ms pulse duration) were 
applied with intensities ranging from 3 mA to 15 mA. The 
mean latency of the N1 peak was 55.4±21.4 ms, and the mean 
amplitude of the main peak was 58.02±30.6 μV. The ampli-
tude and latency of CCEP waveforms may fluctuate due to 
differences in individual brain anatomy, variations in cortical 
excitability, and the effects of anesthesia. This inconsistency 
complicates the interpretation of results, as weak or absent 
waveforms do not necessarily indicate a lack of functional con-
nectivity, while strong responses may not always correlate with 
essential language pathways. Another important limitation is 
the influence of anesthesia on CCEP signals. Since general an-
esthesia affects neuronal excitability and synaptic transmission, 
it can alter CCEP responses, potentially reducing the clarity of 
waveforms. Different anesthetic agents have varying effects on 
cortical activity, and while some studies have optimized anes-
thesia protocols for intraoperative electrophysiology, the de-
gree to which these effects impact language network mapping 
remains an area of ongoing investigation. Thus, further re-
search is needed to determine the best anesthetic strategies 
that maintain stable CCEP signals without compromising pa-
tient safety.

Further research should aim to develop standardized wave-
form interpretation protocols to enhance the clinical utility 
of CCEP monitoring and ensure greater consistency in iden-
tifying critical language pathways. Investigating the effects of 

different anesthetic agents and refining multimodal mapping 
techniques could also improve the accuracy of CCEP-guided 
functional assessments. Larger prospective studies are needed 
to establish stronger correlations between CCEP waveforms 
and long-term language outcomes. Despite these limitations, 
CCEP monitoring remains a valuable tool for glioma surgery, 
particularly in cases where awake craniotomy is not feasible. 
Although CCEP monitoring could not completely replace 
awake surgery, advancements in the CCEP monitoring tech-
nique and multimodal integration could solidify its role as a 
reliable alternative for preserving language function. Contin-
ued refinement of the monitoring technique will be essential 
to maximizing both oncological and functional outcomes in 
glioma patients.

CONCLUSION 

Although awake surgery remains the gold standard for lan-
guage area mapping, CCEP monitoring under general anes-
thesia could be a good alternative for situations where awake 
surgery is not feasible. Further clinical studies are essential to 
refine the technique, particularly in terms of waveform and 
interpretation consistency. As more data is gathered and pro-
tocols are standardized, we anticipate that CCEP monitoring 
will continue to evolve and become a more reliable tool in 
neurosurgical practice.

Ethics Statement
Not applicable

Availability of Data and Material
Data sharing not applicable to this article as no datasets were generated 

or analyzed during the study.

ORCID iDs 
Tae-Min Cheon 	 https://orcid.org/0009-0002-7596-9820
Soo-Hyun Yoon 	 https://orcid.org/0009-0006-5093-3601
Myoung-Jeong Kim 	 https://orcid.org/0009-0008-9811-3551
Kyung-Min Kim 	 https://orcid.org/0000-0002-1150-3338

Author Contributions
Conceptualization: Kyung-Min Kim. Data curation: all authors. Funding 

acquisition: Kyung-Min Kim. Investigation: Kyung-Min Kim. Methodolo-
gy: Kyung-Min Kim. Project administration: Kyung-Min Kim. Writing—
original draft: Tae-Min Cheon, Kyung-Min Kim. Writing—review & edit-
ing: Kyung-Min Kim.

Conflicts of Interest
The authors have no potential conflicts of interest to disclose. 

Funding Statement
This work was supported by Inha University Hospital research grant 

(No:2022-33-016).

Acknowledgments
None



44  Brain Tumor Res Treat  2025;13(2):39-44

CCEP for Language Area Mapping

REFERENCES

1.	 Matsumoto R, Nair DR, LaPresto E, Najm I, Bingaman W, Shibasaki 
H, et al. Functional connectivity in the human language system: a cor-
tico-cortical evoked potential study. Brain 2004;127(Pt 10):2316-30. 

2.	 Saito T, Tamura M, Muragaki Y, Maruyama T, Kubota Y, Fukuchi S, et 
al. Intraoperative cortico-cortical evoked potentials for the evaluation 
of language function during brain tumor resection: initial experience 
with 13 cases. J Neurosurg 2014;121:827-38.

3.	 Filipiak P, Almairac F, Papadopoulo T, Fontaine D, Mondot L, Cha-
nalet S, et al. Towards linking diffusion MRI based macro- and micro-
structure measures with cortico-cortical transmission in brain tumor 
patients. Neuroimage 2021;226:117567.

4.	 Seidel K, Wermelinger J, Alvarez-Abut P, Deletis V, Raabe A, Zhang D, 
et al. Cortico-cortical evoked potentials of language tracts in minimal-
ly invasive glioma surgery guided by Penfield stimulation. Clin Neuro-
physiol 2024;161:256-67.

5.	 Hervey-Jumper SL, Berger MS. Maximizing safe resection of low- and 
high-grade glioma. J Neurooncol 2016;130:269-82. 

6.	 Roelz R, Strohmaier D, Jabbarli R, Kraeutle R, Egger K, Coenen VA, et 
al. Residual tumor volume as best outcome predictor in low grade gli-
oma – a nine-years near-randomized survey of surgery vs. biopsy. Sci 
Rep 2016;6:32286.  

7.	 Oppenlander ME, Wolf AB, Snyder LA, Bina R, Wilson JR, Coons SW, 
et al. An extent of resection threshold for recurrent glioblastoma and 
its risk for neurological morbidity. J Neurosurg 2014;120:846-53. 

8.	 Giampiccolo D, Duffau H. Controversy over the temporal cortical ter-
minations of the left arcuate fasciculus: a reappraisal. Brain 2022;145: 
1242-56.

9.	 Yamao Y, Matsumoto R, Kunieda T, Arakawa Y, Kobayashi K, Usami 
K, et al. Intraoperative dorsal language network mapping by using sin-
gle-pulse electrical stimulation. Hum Brain Mapp 2014;35:4345-61.

10.	 Picht T, Kombos T, Gramm HJ, Brock M, Suess O. Multimodal proto-
col for awake craniotomy in language cortex tumour surgery. Acta 
Neurochir (Wien) 2006;148:127-37; discussion 137-8. 

11.	 Mikuni N, Miyamoto S. Surgical treatment for glioma: extent of resec-
tion applying functional neurosurgery. Neurol Med Chir (Tokyo) 2010; 
50:720-6. 

12.	 Kobayashi K, Matsumoto R, Usami K, Matsuhashi M, Shimotake A, 
Kikuchi T, et al. Cortico-cortical evoked potential by single-pulse elec-
trical stimulation is a generally safe procedure. Clin Neurophysiol 2021; 
132:1033-40.

13.	 Suzuki Y, Enatsu R, Kanno A, Yokoyama R, Suzuki H, Tachibana S, et 
al. The influence of anesthesia on corticocortical evoked potential moni-
toring network between frontal and temporoparietal cortices. World 
Neurosurg 2019;123:e685-92. 

14.	 Tamura Y, Ogawa H, Kapeller C, Prueckl R, Takeuchi F, Anei R, et al. 
Passive language mapping combining real-time oscillation analysis with 
cortico-cortical evoked potentials for awake craniotomy. J Neurosurg 
2016;125:1580-8. 

15.	 Ookawa S, Enatsu R, Kanno A, Ochi S, Akiyama Y, Kobayashi T, et al. 

Frontal fibers connecting the superior frontal gyrus to Broca area: a 
corticocortical evoked potential study. World Neurosurg 2017;107:239-
48.

16.	 Yamao Y, Suzuki K, Kunieda T, Matsumoto R, Arakawa Y, Nakae T, et 
al. Clinical impact of intraoperative CCEP monitoring in evaluating the 
dorsal language white matter pathway. Hum Brain Mapp 2017;38:1977-
91.

17.	 Saito T, Muragaki Y, Tamura M, Maruyama T, Nitta M, Tsuzuki S, et al. 
Monitoring cortico-cortical evoked potentials using only two 6-strand 
strip electrodes for gliomas extending to the dominant side of frontal 
operculum during one-step tumor removal surgery. World Neurosurg 
2022;165:e732-42. 

18.	 Giampiccolo D, Parmigiani S, Basaldella F, Russo S, Pigorini A, Ro-
sanova M, et al. Recording cortico-cortical evoked potentials of the hu-
man arcuate fasciculus under general anaesthesia. Clin Neurophysiol 
2021;132:1966-73.

19.	 Kanno A, Enatsu R, Ookawa S, Noshiro S, Ohtaki S, Suzuki K, et al. 
Interhemispheric asymmetry of network connecting between frontal 
and temporoparietal cortices: a corticocortical-evoked potential study. 
World Neurosurg 2018;120:e628-36.

20.	 Nakae T, Matsumoto R, Kunieda T, Arakawa Y, Kobayashi K, Shimo-
take A, et al. Connectivity gradient in the human left inferior frontal 
gyrus: intraoperative cortico-cortical evoked potential study. Cereb 
Cortex 2020;30:4633-50.  

21.	 Kim KM, Kim SM, Kang H, Ji SY, Dho YS, Choi YD, et al. Preserva-
tion of language function by mapping the arcuate fasciculus using in-
traoperative corticocortical evoked potential under general anesthesia 
in glioma surgery. J Neurosurg 2022;137:1535-43.

22.	 Vega-Zelaya L, Pulido P, Sola RG, Pastor J. Intraoperative cortico-cor-
tical evoked potentials for monitoring language function during brain 
tumor resection in anesthetized patients. J Integr Neurosci 2023;22:17.  

23.	 Bu LH, Zhang J, Lu JF, Wu JS. Glioma surgery with awake language 
mapping versus generalized anesthesia: a systematic review. Neurosurg 
Rev 2021;44:1997-2011.

24.	 Sanai N, Mirzadeh Z, Berger MS. Functional outcome after language 
mapping for glioma resection. N Engl J Med 2008;358:18-27.

25.	 Macdonald DB, Skinner S, Shils J, Yingling C. Intraoperative motor 
evoked potential monitoring - a position statement by the American 
Society of Neurophysiological Monitoring. Clin Neurophysiol 2013; 
124:2291-316.

26.	 MacDonald DB, Dong C, Quatrale R, Sala F, Skinner S, Soto F, et al. 
Recommendations of the International Society of Intraoperative Neu-
rophysiology for intraoperative somatosensory evoked potentials. Clin 
Neurophysiol 2019;130:161-79.

27.	 Catani M, Dell’acqua F, Vergani F, Malik F, Hodge H, Roy P, et al. Short 
frontal lobe connections of the human brain. Cortex 2012;48:273-91.

28.	 Kinoshita M, Shinohara H, Hori O, Ozaki N, Ueda F, Nakada M, et al. 
Association fibers connecting the Broca center and the lateral superior 
frontal gyrus: a microsurgical and tractographic anatomy. J Neurosurg 
2012;116:323-30.


