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Simple Summary: To optimise patient outcomes in tumour surgery in visual eloquent areas, it is
crucial to preserve the integrity of the visual pathways. The aim of our prospective study is to examine
the use of visual evoked potentials (VEPs), utilising different techniques such as transcranial and
direct cortical recording. In a cohort of 39 patients, we established a significant correlation between
the infiltration of the optic radiation by the tumour on tractography and the occurrence of visual
field deficits after surgery. In contrast to the transcranial recordings, direct cortical VEP recordings
exhibited a robust correlation with visual outcomes. Lastly, a 40% decrease in the amplitude of the
N75 and P100 waves of the direct cortical recordings was associated with the risk of a worsening
visual outcome. VEP monitoring can be a reliable method to detect visual deficits, but there is a need
to improve the technique as it is prone to false warnings.

Abstract: Brain tumour surgery in visual eloquent areas poses significant challenges to neurosurgeons
and has reported inconsistent results. This is a single-centre prospective cohort study of patients
admitted for asleep surgery of intra-axial lesions in visual eloquent areas. Demographic and clinical
information, data from tractography and visual evoked potentials (VEPs) monitoring were recorded
and correlated with visual outcomes. Thirty-nine patients were included (20 females, 19 males; mean
age 52.51 ± 14.08 years). Diffuse intrinsic glioma was noted in 61.54% of patients. There was even
distribution between the temporal, occipital and parietal lobes, while 55.26% were right hemispheric
lesions. Postoperatively, 74.4% remained stable in terms of visual function, 23.1% deteriorated and
2.6% improved. The tumour infiltration of the optic radiation on tractography was significantly
related to the visual field deficit after surgery (p = 0.016). Higher N75 (p = 0.036) and P100 (p = 0.023)
amplitudes at closure on direct cortical VEP recordings were associated with no new postoperative
visual deficit. A threshold of 40% deterioration of the N75 (p = 0.035) and P100 (p = 0.020) amplitudes
correlated with a risk of visual field deterioration. To conclude, direct cortical VEP recordings
demonstrated a strong correlation with visual outcomes, contrary to transcranial recordings. Invasion
of the optic radiation is related to worse visual field outcomes.

Keywords: optic radiation; visual evoked potentials; intraoperative neuromonitoring; intra-axial
tumour

1. Introduction

Brain tumour surgery poses significant challenges to neurosurgeons due to the in-
tricate relationship between the tumour and adjacent eloquent brain areas. Preserving
critical neural structures, such as the visual pathways, is of utmost importance to minimise
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postoperative complications and optimise patient outcomes [1]. Resection of lesions in the
occipital, parietal and temporal lobes is associated with a risk of visual deficits due to their
proximity to the visual pathway [2]. DTI data (diffusion tensor imaging) can help identify
lesion-induced displacement of the tracts and plan a safer surgery [3].

Visual acuity during surgery can be monitored either by monitoring the visual fields
(VF) in an awake setting or by monitoring the visual evoked potentials (VEPs). Studies
in awake craniotomies demonstrate that direct monitoring of the VF of the patients can
prevent hemianopia [4–7]. In recent years, the integration of real-time intraoperative
monitoring of VEPs in brain tumour surgery has shown promising results [8–10].

VEPs are typically recorded using scalp electrodes and represent the summation of
synchronised neural activity in the visual pathways. The main component of interest
in VEPs is the P100 wave, which corresponds to the activation of the primary visual
cortex. Variations in the latency or amplitude of the P100 wave can indicate a functional
compromise in the visual system. While transitory VEP changes indicate a reversible visual
deficit, permanent VEP changes may translate into a permanent deficit [11].

VEP abnormalities are apparent in most patients with tumours that affect the visual
pathway, including the optic radiation and the visual cortex, even when the visual acu-
ity is preserved [12,13]. Multiple attempts have been made in the past to classify visual
eloquent gliomas based on their anatomical relationship with optic radiation [3]. How-
ever, a functional classification based on intraoperative VEP integrity is lacking. VEPs
provide valuable insights into the functional integrity of the visual system during brain
tumour resection, enabling surgeons to make informed decisions and enhance surgical
onco-functional balance.

Multiple studies indicate that VEP monitoring can often be unreliable. VEPs from
transcranial recordings are sensitive to anaesthetic changes [14–17]. Other factors, such as
the craniotomy, the intraoperative brain manipulation during tumour resection, and the
invasion of the visual pathway from the tumour, also play a significant role in the reliability
and reproducibility of the recordings [18,19].

Ota et al. (2010) demonstrated reliable detection of visual responses via a direct cortical
recording in a small population of patients that underwent epilepsy surgery under general
anaesthesia [20]. Eleven years later, Boëx et al. showed in a mixed population of neuro-
oncology and neuro-vascular patients that subcortico–cortical evoked potentials can be
observed in the optic radiation and Meyer’s loop [9]. They correlated the latency of the
waveforms to the velocity of signal propagation along the optic pathway. More recently,
Carrai et al. (2023) demonstrated in a cohort of 10 patients that direct cortical recordings
show better stability of the waveforms in comparison to transcranial recordings [10].

This study aims to explore the application of VEPs in brain tumour surgery, highlight-
ing their significance and clinical outcomes. We utilise different techniques of VEP monitor-
ing, including transcranial and direct cortical recording, when feasible. We aim to distin-
guish which method is best correlated with functional visual outcomes postoperatively.

2. Materials and Methods

This is a single-centre prospective cohort study conducted from January 2021 to
December 2022. Patients of age ≥ 18 years old admitted for surgery due to intra-axial
post-chiasmatic tumours within the visual eloquent areas (temporal, parietal and occipital
lobe) were enrolled.

Preoperative tractography was performed using Stealth Viz Medtronic© software S8
with a diffusion tensor imaging model (DTI). Two regions of interest (ROI) were defined:
a start ROI in the lateral geniculate body and an end ROI at the calcarine fissure. An FA
value of 0.18 and a maximal angulation of 45 degrees were used in the model.

All of the patients in our cohort underwent general anaesthesia in the form of TIVA
(total intravenous anaesthesia), using Propofol and Remifentanil. No use of inhalation
agents was made. The depth of anaesthesia was continuously monitored by the neuro-
physiology team through direct analysis of the raw EEG recording and supported by the
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CSA (Compressed Spectral Array) index. Both parameters provided an indication of the
level of unconsciousness during surgery. Frequent communication between the Anaesthe-
sia and Neurophysiology teams allowed them to adjust the anaesthesia depth, avoiding
burst suppression.

Visual function was monitored by stimulating the eyes unilaterally or bilaterally
with red or white LED flash goggles or pads. Electroretinography (ERG) was constantly
recorded in order to check for the appropriate functionality of the stimulating electrode.
Scalp corkscrew electrodes were placed on O1, O2, Oz, Cz-, A1 and A2, according to the
International 10–20 EEG system and placement guidance using the intraoperative stealth
system. O1-Cz/Fz, O2-Cz/Fz, O1-A1, O2-A2 and O1/2-Oz scalp recordings were taken.
Peaks N75 and P100 (ISCEV standards) were monitored intermittently throughout the
procedure and compared to the patient’s intraoperative baselines.

Whenever deemed safe, depending on the location of the tumour and the mass effect,
a strip electrode (4–6 contacts) was placed along the longitudinal fissure after the dura
opening, parallel to the falx cerebri and onto the visual cortex (interhemispheric location,
perpendicular to the calcarine fissure). The position was confirmed under direct vision
or with intraoperative ultrasound. This strip electrode was used for a continuous direct
cortical recording of the N75 and P100 waves. We used a warning threshold of a 50%
decrease in amplitude and a 10% increase in latency as an intraoperative alarm for potential
neurological damage [18].

The corrective actions were undertaken as a response to the warning signs involved:
surgical pause, irrigation with warm saline, increasing blood pressure and stopping the
resection. It is important to note that stopping the resection was not always the goal, as
we gave more importance to the neurooncological outcome of patients. This was always
communicated with the patients preoperatively in the consent process.

The visual outcome was categorised as stable, deteriorated or improved according to
the preoperative and postoperative Goldman campimetry assessments performed by the
ophthalmology service [21]. Tumour histology was established according to the CNS WHO
classification reviewed in 2021 by a neuropathologist [22].

Statistical analysis was performed with STATA 13.0©. Regression methods (logis-
tic regression—impact of preoperative visual deficit and tractography data of the op-
tic radiations in VF outcomes; multilinear regression—amplitude and latencies from in-
traoperative neuromonitoring recordings and with visual outcomes; and multinomial
regression—impact of tumour location and histology in visual outcomes) were used. A
p-value < 0.05 was considered significant. We performed ROC analysis to determine what
percentage drop in amplitude of the VEPs was significant enough to determine a good
correlation with clinical visual outcome.

In addition to the described frequentist statistic methods, we designed a Bayesian
network to answer with Bayesian statistics the following questions about our data: In
patients who presented with a signal change in surgery, permanent or reversible, how
likely was action taken to revert the signal change? What were the postoperative outcome
probabilities of these patients? A figure of the network’s nodes and edges can be seen
in Figure 1.
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Figure 1. Representation of the Bayesian Network´s nodes and edges.

3. Results

Thirty-nine patients were included in this study (20 females, 19 males; mean age
52.51 ± 14.08 years old). The most common diagnosis was diffuse intrinsic glioma—24 pa-
tients (61.54%), followed by metastasis—11 patients (28.21%). Out of the gliomas, the
majority of patients were diagnosed with a WHO grade 4 glioblastoma (70.8%). With
regards to their location, there was an almost even distribution between temporal (13 pa-
tients), occipital (12 patients) and parietal (10 patients) lobes and a slight predominance of
right hemispheric lesions—21 patients (55.26%). Gross total resection (GTR) and supratotal
resection (SpTR) were performed in 63.16% of patients (twenty-two and two patients,
respectively). Preoperatively, twenty-two patients had no visual deficits; seven patients had
either upper or lower quadrantanopia; and ten patients had contralateral homonymous
hemianopia. Postoperatively, twenty-nine patients (74.4%) remained stable, nine patients
(23.1%) deteriorated, and one patient (2.6%) improved in terms of visual acuity (Figure 2).
The presence of a preoperative visual deficit (p = 0.3431), the tumour location (p = 0.151)
and histology (p = 0.9240) were not related to the visual outcome after surgery (Table 1).

Table 1. Demographic and clinical characteristics of this study’s population.

Demographic and Clinical Characteristics (n = 39)

Sex (Female) 20 (51.28%)
Age (years) 52.51 ± 14.08
Location

• Temporal
• Occipital
• Parietal
• Other

13
12
10
4

Laterality (Right) 21 (55.26%)
Histology

• Glioma
• Metastasis
• Other

24 (61.54%)
11 (28.21%)
4 (11.26%)

Diffusion-Weighted Imaging

• Optic Radiation Invasion
20 (51.28%)
7/20 (35%)

Extent of Resection

• SpTR 1

• GTR 2

• STR 3

2 (5.26%)
22 (57.89%)
14 (36.84%)
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Table 1. Cont.

Demographic and Clinical Characteristics (n = 39)

Preoperative Visual Field

• Normal
• Quadrantanopia
• Hemianopia

22 (56.41%)
7 (17.95%)

10 (25.64%)
Postoperative Visual Field

• Normal
• Quadrantanopia
• Hemianopia

17 (43.59%)
7 (17.95%)

15 (38.46%)
Visual Field Deterioration after Surgery 9 (23.08%)

1 GTR: gross total resection. 2 SpTR: supratotal resection. 3 STR: subtotal resection.
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3.1. Preoperative Mapping 
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Figure 2. Electroretinogram (ERG) and visual evoked potentials (VEPs) recorded from the strip
electrode on two different patients after independent right and left eye stimulation. (A) left: Axial
T1-weighted MRI image post-gadolinium demonstrating a temporal lesion in the visual eloquent
area; (A) right: There are no significant changes when comparing the closing recording (black line)
with the baseline traces (red line). The patient remained clinically stable; (B) left: Axial T1-weighted
MRI image post-gadolinium of an occipital lesion invading the visual cortex; (B) right: There is a
50% drop in the VEP recordings for left eye stimulation during surgery. This was a warning. The
recording improved at the end of the surgery, and the patient’s visual function did not deteriorate.
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3.1. Preoperative Mapping

Tractography demonstrated that optic radiation was available for surgical planning
in nineteen patients (48.72%) and tract invasion was identified in seven out of nineteen
patients (36.8%). The availability of tractography for surgical planning was not related to a
better VF outcome after surgery (p = 0.287) or a decreased likelihood of VF deterioration
after surgery (p = 0.449). However, the preoperative documentation of optic radiation
infiltration by the tumour (tumour-to-tract distance = 0 mm) was significantly related to VF
deficit after surgery (p = 0.016) and a higher likelihood of postoperative VF deterioration
(p = 0.040). (Table 2, Figure 3).

Table 2. Univariate analysis of the tractography impact on the optic radiation in the visual field
outcome.

Coefficient 95%CI p-Value

Availability of OR 1 for Surgical Planning & Postoperative VF 2 Outcome −0.38 ± 0.36 [−1.09–0.32] 0.287

Availability of OR 1 for Surgical Planning & VF 2 Deterioration 0.36 ± 0.76 [−1.14–1.85] 0.641

Infiltration of OR 1 & Postoperative VF 2 Outcome 1.62 ± 0.67 [0.30–2.94] 0.016

Infiltration of OR 1 & VF 2 Deterioration 2.02 ± 0.99 [0.09–3.96] 0.041
1 OR: optic radiation; 2 VF: visual field.
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mentary Material Table S1). With regards to direct cortical recording, higher N75 (normal 
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Figure 3. Example of two different tumours in the visual eloquent areas of the brain. (A) Prob-
abilistic tractography of the optic radiation, infiltrated by the tumour (tumour—red, optic
radiation—yellow); (B) axial T1-weightened MRI image post-gadolinium; (C) coronal view; (D) sagit-
tal view; (E) probabilistic tractography of the optic radiation, displaced by the tumour without infil-
tration (tumour—green, optic radiation—yellow); (F) axial T1-weighted MRI image post-gadolinium;
(G) coronal view; (H) sagittal view.

3.2. Intraoperative Monitoring

The relationship between the baseline and closure amplitude and the baseline and
closure latency of both N75 and P100 waves of the VEPs using cork screws (transcranial) or
strip electrode (direct cortical) recordings for VF outcomes was assessed. No significant
statistical correlation was identified between the baseline measures and the preoperative
visual deficit or between the measures at closure and the postoperative visual deficits when
transcranial recordings were used. A trend towards significance was observed with a higher
amplitude of N75 in patients with no preoperative VF deficit—p = 0.065 (Supplementary
Material Table S1). With regards to direct cortical recording, higher N75 (normal vision
16.77 ± 15.18 µV, quadrantanopia 9.68 ± 8.69 µV, hemianopia 5.29 ± 6.95 µV, p = 0.036)
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and P100 (normal vision 25.11 ± 10.05 µV, quadrantanopia 11.36 ± 11.22 µV, hemianopia
8.71 ± 10.33 µV, p = 0.023) amplitudes at closure were associated with the lack of VF deficit
after surgery. A similar trend was observed with the N75 baseline amplitude and absence
of preoperative VF deficit, even though no statistical significance was reached (p = 0.081).
(Table 3, Figure 4).

Table 3. N75 and P100 neurophysiologic properties in direct cortical recordings and visual field
outcomes.

N75 and P100 Neurophysiologic Properties and Visual Field Outcomes

Coefficient 95%CI p-Value
Baseline

N75 Latency −3.92 ± 0.5.67 [−15.68–7.84] 0.497

N75 Amplitude −5.65 ± 3.08 [−12.04–0.75] 0.081

P100 Latency −5.18 ± 6.63 [−18.92–8.56] 0.443

P100 Amplitude −6.49 ± 4.00 [−14.80–1.82] 0.120
Closure

N75 Latency −7.04 ± 5.09 [−17.60–3.51] 0.180

N75 Amplitude −5.75 ± 2.58 [−11.10–−0.41] 0.036

P100 Latency −8.33 ± 7.85 [−24.61–7.95] 0.300

P100 Amplitude −8.26 ± 3.37 [−15.26–−1.26] 0.023
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Figure 4. Correlation between N75 and P100 amplitudes at the end of the resection via direct cortical
recordings and postoperative visual field deficit.

Based on the above-mentioned results regarding the amplitudes of N75 and P100
waves obtained via direct cortical recordings, we assessed the minimal percentage decrease
of amplitude related to the VF outcome. Despite using a 50% amplitude drop intraop-
eratively as a warning, based on published literature [4], we performed a postoperative
retrospective ROC analysis. A threshold of 40% deterioration of N75 (p = 0.035) and P100
(p = 0.020) amplitude was statistically significantly related to a risk of VF deterioration after
surgery. For N75, a decrease of 40% in the amplitude has a sensitivity of 80%, a specificity
of 77.78%, a positive predictive value (PPV) of 50%, and a negative predictive value (NPV)
of 93.33%. For P100, a 40% decrease in the amplitude has the same sensitivity, specificity of
83.33%, PPV of 57.14% and NPV of 93.75%.

3.3. Bayesian Analysis

We performed Bayesian analysis on our data, both for the cortical and the transcranial
VEP recordings (Supplementary Material Table S2). Regarding the cortical VEPs, given
our prior probabilities, when patients did not have preoperative deficits, the following
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probabilities applied when permanent signal changes were seen: If patients woke up intact,
the probability of acting in surgery to revert the signal change was 0.41, whereas if the
patients woke up with quadrantanopia, it was 0.22; however, if patients woke up with
hemianopia, it was 0.31. The probability that no action was taken was as follows: 0.03,
0.01 and 0.02, respectively, for the postoperative outcomes. Therefore, action would be
attempted in the majority of cases, especially in cases when patients woke up intact. In
patients with preoperative quadrantanopia that worsened and woke up with hemianopia,
action upon the signal change was still more likely (0.31) than no action (0.02).

If we look at the reversible signal changes, in patients with no preop deficit who woke
up intact, the probability of acting to revert the signal change was 0.55; in those that woke
up with quadrantanopia, it was 0.2; and in those that woke up with hemianopia, it was
0.2. The probabilities of not acting were as follows: 0.03, 0.01 and 0.01, respectively. If a
patient presented with quadrantanopia, in cases where the postoperative outcome was
worse, developing hemianopia, the likelihood of acting to revert the signal change was
0.32 vs. 0.01 if not acting.

If no signal change was seen with cortical modalities, all patients who presented with
normal vision preoperatively woke up intact.

Regarding the transcranial VEP recordings, when patients did not have preoperative
deficits, the following probabilities applied when permanent signal changes were seen: If
patients woke up intact, the probability of acting in surgery to revert the signal change
was 0.37. If the patients woke up with quadrantanopia, it was 0.28. If patients woke up
with hemianopia, it was 0.2. The probability that no action was taken was as follows: 0.06,
0.05 and 0.04, respectively, for the postoperative outcomes. Therefore, action would be
attempted in the majority of cases, especially in cases when patients woke up intact. In
patients with preoperative quadrantanopia that worsened and woke up with hemianopia,
action upon the signal change was still more likely (0.28) than no action (0.05).

If we look at the reversible signal changes, in patients with no preop deficit who
woke up intact, the probability of acting to revert the signal change was 0.51; in those that
woke up with quadrantanopia, it was 0.18; in those that woke up with hemianopia, it was
0.18. The probabilities of not acting were as follows: 0.08, 0.03 and 0.03, respectively. If
a patient presented with quadrantanopia, in cases where the postoperative outcome was
worse, developing hemianopia, the likelihood of acting to revert the signal change was
0.29 vs. 0.03 if not acting.

If no signal change was seen despite the patient having good baseline signals and no
preoperative deficit, the likelihood that the patient would have woken up intact was 0.8.
But the likelihood of developing quadrantanopia that was missed by the IOM team was
0.1, and the likelihood of developing hemianopia was 0.1.

4. Discussion

This study explores the utility of VEPs in the context of asleep surgery in patients with
visual-eloquent tumours. According to our findings, the invasion of the optic radiation, as
shown on the preoperative tractography, predicts a poorer visual outcome postoperatively
despite the nature of the tumour. From a VEP perspective, higher N75 and P100 amplitudes
measured with the subdural strip at closure were associated with better visual outcome
postoperatively, and a threshold of 40% deterioration of N75 and P100 amplitudes was
related to VF deterioration after surgery. Finally, transcranial VEP monitoring did not
correlate significantly with VF outcome.

The nature of the tumour seems not to have had an impact on the outcome. This might
indicate that the displacement of the optic radiation (e.g., via a metastatic deposit) might be
equally important to the invasion of the tract (e.g., via a glioma). However, our result might
not be related to the nature of the tumour, but to surgical manipulation of the tract. In more
detail, 11/39 patients in our cohort were operated on due to a metastatic deposit in the
parietal or occipital lobe. In these cases, DTI data were used to identify the best approach
to the lesion by keeping the OR as intact as possible. In 10/11 patients, the VF outcome
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remained stable, and the last one even improved postoperatively. This is in keeping with
the work of Tanaka et al. in 2021, who demonstrated that complete resection of metastasis
via a safe pathway is related to VF improvement [23]. This needs to be further assessed.

VEP monitoring in an asleep setting is reliable, at least in detecting new quadran-
tanopia [24]. We used two techniques for measuring VEPs in an asleep craniotomy: transcra-
nial recordings using cork screw electrodes and direct cortical recording via strip electrodes.
In both methods, an ERG channel is mandatory in order to confirm retinal stimulation. This
is supported by the literature that demonstrates that combining ERG with VEP monitoring
increases safety and minimises errors during surgery [25].

Direct cortical VEP recordings are not new in the literature. Back in 2010, Ota et al.
showed that direct cortical VEP recordings are feasible in epilepsy surgery [20]. Although
there were initial waveform variations among their patients, these waveforms remained
stable throughout the procedures and exhibited changes that aligned with postoperative
visual function, highlighting the potential utility of intraoperative cortical VEP monitoring
for assessing the functional integrity of the posterior visual pathway. In 2021, Boëx et al.
correlated the latency of the waveforms to the velocity of signal propagation along the
optic pathway [9]. They could not demonstrate, however, a rule of thumb to correlate the
stimulation intensity to the distance to the optic radiation (similarly to the motor map-
ping) [26,27]. Carrai et al. demonstrated better stability of the direct cortical recordings but
did not record any intraoperative amplitude drop or any postoperative VF worsening [10].

In our study, transcranial recordings were used in the majority of the patients, es-
pecially the ones with parietal and temporal tumours, where the positioning of a strip
electrode over or close to a calcarine fissure was impossible. Direct cortical recordings were
used mainly in occipital tumours that allowed access to the calcarine fissure. However, we
used direct cortical recordings even in tumours that were not located within the primary
visual cortex or the distal component of the optic radiations (seven patients with temporal
lesions and seven with parietal lesions, where direct cortical recording was used). Also,
direct cortical recordings were opted for in cases that only allowed suboptimal positioning
of transcranial corkscrews.

The invasion of the optic radiation by the tumour can predict the visual outcome of
the surgery. Further studies should examine the exact relationship between the distance to
the tract and the outcome, as well as the integrity of the tract microstructure as assessed by
diffusion imaging data. The location of the tumour, on the other hand, did not correlate
significantly with postoperative visual outcome.

Direct cortical recordings in our study had a better correlation with the VF outcome
in comparison to the transcranial recordings. An initial suboptimal position of O1/2
electrodes in order to avoid the craniotomy area or even posterior displacement due to
skin manipulation/scalp retraction intraoperatively might play a role. To the best of our
knowledge, this is the first study demonstrating this finding.

Higher N75 and P100 amplitudes were associated with better visual outcomes post-
operatively in our cohort. A wide range in amplitude was noted, which can be explained
by the location of the strip in comparison to the calcarine fissure. Nevertheless, amplitude
changes have been previously described as a more reliable indicator of neural damage than
latency [18]. This could happen for many reasons. For example, latency is more susceptible
to changes due to anaesthesia. According to the literature, a significant change in amplitude
is defined as a 50% reduction in the N75 and P100 peak-to-peak amplitudes compared to
the baseline [11]. In our study, a threshold of 40% deterioration of N75 and P100 amplitude
was significantly related to a risk of VF deterioration after surgery. Further studies in larger
patient cohorts are needed in order to further clarify the cut-off threshold that should be
utilised as an intraoperative warning.

Utilising both continuous VEP monitoring and tractography of the optic radiation
proves to be a reliable method for monitoring visual function and assisting in the planning
of neurosurgical procedures near the visual pathway [28]. In our series, tractography was
performed in 19/39 patients. Even though the existence of tractography did not change the
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visual outcome in a statistically significant way, it helped us predict VF deterioration when
the tumour was invading the optic radiation. This was apparent through the deterioration
of the VEPs intraoperatively in these cases. This allows us to assume that by combining the
tractography with the intraoperative data of N75 and P100, we can make a better prediction
of long-term VF outcomes.

VEP recordings intraoperatively are prone to false warnings. As already demonstrated
in existing literature, noise (especially due to muscle artefacts) compromised the quality
of recordings. Muscle relaxants can be occasionally used during VEP monitoring, as they
do not affect the recordings [29]. In fact, in tumours located in the occipital lobe, where
monitoring of the motor-evoked potentials (MEPs) was not essential, our recordings were
more reliable due to the use of muscle relaxants. In these cases, we adjusted the use of
Rocuronium to a partial muscle blockade with TOF (train of four) at 50%. This concept
should be further evaluated with designated studies.

Strip movement during surgery was another factor that affected the recordings, espe-
cially in the cases where a tubular retractor was used close to the optic pathway; as part of
a minimally invasive parafascicular approach, the recordings were prone to false warnings.
Lastly, the level of sedation was related to the quality of the recordings. Total intravenous
anaesthesia is essential for reliable VEP monitoring [30].

The results of our Bayesian analysis show interesting outcomes. In most cases, we
acted upon signal changes that were seen during the monitoring. The actions taken more
frequently were a surgical pause, warm irrigation and increasing blood pressure. Because
we valued the oncological outcome of the patients more than the functional outcome, in
most cases, the resection was not stopped. Despite this, patients had better outcomes when
action was taken to revert the signal changes. This was true even in cases where, despite
taking action, the signal change was permanent, especially when using cortical modalities
for monitoring. As for the differences in both modalities, it is important to note that in 20%
of the cases monitored with transcranial modalities, postoperative deficits would have been
seen without a signal change intraoperatively. This raises an issue regarding the sensitivity
of transcranial modalities, and we suggest that cortical modalities are used when possible.

Limitations

The current feasibility study requires validation by external cohorts to enhance the
robustness of its findings. Nonetheless, this study enables initial conclusions to be drawn
regarding the asleep mapping of the optic radiation and the impact of single-wave analysis
(N75 and/or P100). The visual function can be assessed in an awake craniotomy setting
given the complexity of the visual assessment, which goes beyond VF determination.
However, the included patients were either considered not safe for awake craniotomy from
an anaesthetic perspective or decided not to proceed with awake surgery during informed
consent when the pros and cons were explained. According to the team’s opinion, this is
not unreasonable, as complex visual mapping is not frequently reported as an indication of
awake craniotomy in the literature.

It is important to note that our intention was not to compare the effectiveness of
intraoperative neuromonitoring in preserving VF but to understand the correlation between
intraoperative VEP changes and visual outcomes to improve functional prognostication.
Optic radiation tractography was utilised for surgical planning purposes in some cases, but
further studies employing advanced tractography algorithms and intraoperative strategies
to account for brain shift are needed to enhance the correlation between intraoperative
neuromonitoring and tractography. Therefore, we might be able to establish combined risk
stratification scores to preserve VF function.

5. Conclusions

This study presents findings on the feasibility and reliability of direct cortical monitor-
ing of the primary visual cortex in asleep patients with visual eloquent intra-axial tumours.
Direct cortical VEP recordings via strip electrodes demonstrated a strong correlation with
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visual outcomes and can be a valid alternative to the conventional technique of transcra-
nial recordings in challenging situations. The invasion of the optic radiation is related to
worse visual field outcomes. According to Bayesian analysis, taking action upon warning
signals was related to a better postoperative outcome, even if the signal changes would not
revert intraoperatively.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers15153943/s1, Table S1: N75 and P100 amplitudes and
latencies and Visual Field Outcomes with transcranial VEP recording; Table S2: Results of the Bayesian
analysis performed in patients with no preoperative deficits.

Author Contributions: Conceptualization, C.S., J.P.L. and A.M.P.; methodology, C.S., J.P.L. and
A.M.P.; data curation, C.S., A.D.-B., P.G., A.B.M., J.J. and M.B.; writing—original draft preparation,
C.S.; writing—review and editing, A.D.-B., R.G., K.A., R.B., F.V., J.P.L. and A.M.P.; supervision, J.P.L.
and A.M.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study.
This study was conducted as an audit. All procedures were part of the standard care of the patients.

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: All relevant data are included in the paper. The rest of the data are not
available due to privacy reasons.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Costa e Silva, I.; Wang, A.D.; Symon, L. The application of flash visual evoked potentials during operations on the anterior visual

pathways. Neurol Res. 1985, 7, 11–16. [CrossRef] [PubMed]
2. Zhang, X.; Kedar, S.; Lynn, M.J.; Newman, N.J.; Biousse, V. Homonymous hemianopia in stroke. J. Neuroophthalmol. 2006, 26,

180–183. [CrossRef] [PubMed]
3. Faust, K.; Vajkoczy, P. Distinct displacements of the optic radiation based on tumor location revealed using preoperative diffusion

tensor imaging. J. Neurosurg. 2016, 124, 1343–1352. [CrossRef] [PubMed]
4. Gras-Combe, G.; Moritz-Gasser, S.; Herbet, G.; Duffau, H. Intraoperative subcortical electrical mapping of optic radiations in

awake surgery for glioma involving visual pathways. J. Neurosurg. 2012, 117, 466–473. [CrossRef]
5. Wolfson, R.; Soni, N.; Shah, A.H.; Hosein, K.; Sastry, A.; Bregy, A.; Komotar, R.J. The role of awake craniotomy in reducing

intraoperative visual field deficits during tumor surgery. Asian J. Neurosurg. 2015, 10, 139–144. [CrossRef] [PubMed]
6. Duffau, H. Intraoperative monitoring of visual function. Acta Neurochir. 2011, 153, 1929–1930. [CrossRef]
7. Mazerand, E.; Le Renard, M.; Hue, S.; Lemée, J.M.; Klinger, E.; Menei, P. Intraoperative Subcortical Electrical Mapping of the

Optic Tract in Awake Surgery Using a Virtual Reality Headset. World Neurosurg. 2017, 97, 424–430. [CrossRef]
8. Luo, Y.; Regli, L.; Bozinov, O.; Sarnthein, J. Clinical utility and limitations of intraoperative monitoring of visual evoked potentials.

PLoS ONE 2015, 10, e0120525.
9. Boëx, C.; Goga, C.; Bérard, N.; Al Awadhi, A.; Bartoli, A.; Meling, T.; Bijlenga, P.; Schaller, K. Intraoperative subcortico-cortical

evoked potentials of the visual pathway under general anesthesia. Clin. Neurophysiol. 2021, 132, 1381–1388. [CrossRef]
10. Carrai, R.; Martinelli, C.; Baldanzi, F.; Gabbanini, S.; Gori, B.; Masi, G.; Troiano, S.; Bonaudo, C.; Esposito, A.; Muscas, G.; et al.

Feasibility of Intraoperative Visual Evoked Potential Monitoring by Cortical Strip Electrodes in Patients During Brain Surgery: A
Preliminary Study. World Neurosurg. 2023, 171, 175–180.e0. [CrossRef]

11. Kodama, K.; Goto, T.; Sato, A.; Sakai, K.; Tanaka, Y.; Hongo, K. Standard and limitation of intraoperative monitoring of the visual
evoked potential. Acta Neurochir. 2010, 152, 643–648. [CrossRef]

12. Creel, D.J. Visually evoked potentials. Handb. Clin. Neurol. 2019, 160, 501–522. [PubMed]
13. Dotto, P.F.; Berezovsky, A.; Sacai, P.Y.; Rocha, D.M.; Fernandes, A.G.; Salomão, S.R. Visual function assessed by visually evoked

potentials in adults with orbital and other primary intracranial tumors. Eur. J. Ophthalmol. 2021, 31, 1351–1360. [CrossRef]
14. Patel, A.J.; Suki, D.; Hatiboglu, M.A.; Abouassi, H.; Shi, W.; Wildrick, D.M.; Lang, F.F.; Sawaya, R. Factors influencing the risk of

local recurrence after resection of a single brain metastasis. J. Neurosurg. 2010, 113, 181–189. [CrossRef] [PubMed]
15. Rahman, M.; Abbatematteo, J.; De Leo, E.K.; Kubilis, P.S.; Vaziri, S.; Bova, F.; Sayour, E.; Mitchell, D.; Quinones-Hinojosa, A. The

effects of new or worsened postoperative neurological deficits on survival of patients with glioblastoma. J. Neurosurg. 2017, 127,
123–131. [PubMed]

https://www.mdpi.com/article/10.3390/cancers15153943/s1
https://www.mdpi.com/article/10.3390/cancers15153943/s1
https://doi.org/10.1080/01616412.1985.11739693
https://www.ncbi.nlm.nih.gov/pubmed/2860581
https://doi.org/10.1097/01.wno.0000235587.41040.39
https://www.ncbi.nlm.nih.gov/pubmed/16966935
https://doi.org/10.3171/2015.3.JNS141584
https://www.ncbi.nlm.nih.gov/pubmed/26430843
https://doi.org/10.3171/2012.6.JNS111981
https://doi.org/10.4103/1793-5482.161189
https://www.ncbi.nlm.nih.gov/pubmed/26396597
https://doi.org/10.1007/s00701-011-1100-8
https://doi.org/10.1016/j.wneu.2016.10.031
https://doi.org/10.1016/j.clinph.2021.02.399
https://doi.org/10.1016/j.wneu.2022.12.032
https://doi.org/10.1007/s00701-010-0600-2
https://www.ncbi.nlm.nih.gov/pubmed/31277872
https://doi.org/10.1177/1120672120925643
https://doi.org/10.3171/2009.11.JNS09659
https://www.ncbi.nlm.nih.gov/pubmed/20035574
https://www.ncbi.nlm.nih.gov/pubmed/27689459


Cancers 2023, 15, 3943 12 of 12

16. Sarubbo, S.; De Benedictis, A.; Milani, P.; Paradiso, B.; Barbareschi, M.; Rozzanigo, U.; Colarusso, E.; Tugnoli, V.; Farneti,
M.; Granieri, E.; et al. The course and the anatomo-functional relationships of the optic radiation: A combined study with
‘post-mortem’ dissections and ‘in vivo’ direct electrical mapping. J. Anat. 2015, 226, 43–59. [CrossRef]

17. Vergani, F.; Mahmood, S.; Morris, C.M.; Mitchell, P.; Forkel, S.J. Intralobar fibres of the occipital lobe: A post mortem dissection
study. Cortex 2014, 56, 145–156.

18. Gomes, D.; Fonseca, M.; Garrotes, M.; Lima, M.R.; Mendonça, M.; Pereira, M.; Lourenço, M.; Oliveira, E.; Lavrador, J.P. Corpus
Callosum and Neglect Syndrome: Clinical Findings After Meningioma Removal and Anatomical Review. J. Neurosci. Rural Pract.
2017, 8, 101–106. [CrossRef]

19. Cedzich, C.; Schramm, J.; Fahlbusch, R. Are flash-evoked visual potentials useful for intraoperative monitoring of visual pathway
function? Neurosurgery 1987, 21, 709–715. [CrossRef]

20. Ota, T.; Kawai, K.; Kamada, K.; Kin, T.; Saito, N. Intraoperative monitoring of cortically recorded visual response for posterior
visual pathway. J. Neurosurg. 2010, 112, 285–294. [CrossRef]

21. Kedar, S.; Ghate, D.; Corbett, J.J. Visual fields in neuro-ophthalmology. Indian J. Ophthalmol. 2011, 59, 103–109. [CrossRef]
22. Louis, D.N.; Perry, A.; Wesseling, P.; Brat, D.J.; Cree, I.A.; Figarella-Branger, D.; Hawkins, C.; Ng, H.K.; Pfister, S.M.; Reifenberger,

G.; et al. The 2021 WHO Classification of Tumors of the Central Nervous System: A summary. Neuro Oncol. 2021, 23, 1231–1251.
[CrossRef] [PubMed]

23. Tanaka, T.; Takei, J.; Teshigawara, A.; Yamamoto, Y.; Akasaki, Y.; Hasegawa, Y.; Murayama, Y. Avoidance and Improvement in
Visual Field Defect After Surgery for Metastatic Brain Tumors in the Parietal and the Occipital Lobe. World Neurosurg. 2021, 155,
e847–e857. [CrossRef] [PubMed]

24. Gutzwiller, E.M.; Cabrilo, I.; Radovanovic, I.; Schaller, K.; Boëx, C. Intraoperative monitoring with visual evoked potentials for
brain surgeries. J. Neurosurg. 2018, 130, 654–660. [CrossRef]

25. Olmsted, Z.T.; Silverstein, J.W.; Einstein, E.H.; Sowulewski, J.; Nelson, P.; Boockvar, J.A.; D’Amico, R.S. Evolution of flash visual
evoked potentials to monitor visual pathway integrity during tumor resection: Illustrative cases and literature review. Neurosurg.
Rev. 2023, 46, 46. [CrossRef]

26. Sala, F.; Lanteri, P. Brain surgery in motor areas: The invaluable assistance of intraoperative neurophysiological monitoring. J.
Neurosurg. Sci. 2003, 47, 79–88.

27. Raabe, A.; Beck, J.; Schucht, P.; Seidel, K. Continuous dynamic mapping of the corticospinal tract during surgery of motor
eloquent brain tumors: Evaluation of a new method. J. Neurosurg. 2014, 120, 1015–1024. [CrossRef]

28. Kamada, K.; Todo, T.; Morita, A.; Masutani, Y.; Aoki, S.; Ino, K.; Kawai, K.; Kirino, T. Functional monitoring for visual pathway
using real-time visual evoked potentials and optic-radiation tractography. Neurosurgery 2005, 57 (Suppl. S1), 121–127; discussion
121–127. [CrossRef] [PubMed]

29. Hayashi, H.; Kawaguchi, M. Intraoperative monitoring of flash visual evoked potential under general anesthesia. Korean J.
Anesthesiol. 2017, 70, 127–135. [CrossRef]

30. Uribe, A.A.; Mendel, E.; Peters, Z.A.; Shneker, B.F.; Abdel-Rasoul, M.; Bergese, S.D. Comparison of visual evoked potential
monitoring during spine surgeries under total intravenous anesthesia versus balanced general anesthesia. Clin. Neurophysiol.
2017, 128, 2006–2013. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/joa.12254
https://doi.org/10.4103/0976-3147.193549
https://doi.org/10.1227/00006123-198711000-00018
https://doi.org/10.3171/2009.6.JNS081272
https://doi.org/10.4103/0301-4738.77013
https://doi.org/10.1093/neuonc/noab106
https://www.ncbi.nlm.nih.gov/pubmed/34185076
https://doi.org/10.1016/j.wneu.2021.09.029
https://www.ncbi.nlm.nih.gov/pubmed/34530147
https://doi.org/10.3171/2017.8.JNS171168
https://doi.org/10.1007/s10143-023-01955-z
https://doi.org/10.3171/2014.1.JNS13909
https://doi.org/10.1227/01.NEU.0000163526.60240.B6
https://www.ncbi.nlm.nih.gov/pubmed/15987578
https://doi.org/10.4097/kjae.2017.70.2.127
https://doi.org/10.1016/j.clinph.2017.07.420

	Introduction 
	Materials and Methods 
	Results 
	Preoperative Mapping 
	Intraoperative Monitoring 
	Bayesian Analysis 

	Discussion 
	Conclusions 
	References

