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Abstract
Objective  To refine a reliable and reproducible intraoperative visual evoked potentials (iVEPs) monitoring protocol during 
endoscopic transsphenoidal surgery. To assess the reliability of baseline iVEPs in predicting preoperative visual status and 
perioperative iVEP variation in predicting postoperative visual outcome.
Methods  Sixty-four patients harboring tumors of the pituitary region were included. All patients underwent endoscopic 
endonasal approach (EEA) with iVEPs monitoring, using a totally intravenous anesthetic protocol. Ophthalmological evalu-
ation included visual acuity and visual field studies.
Results  Preoperatively, visual acuity was reduced in 86% and visual field in 76.5% of cases. Baseline iVEPs amplitude was 
significantly correlated with preoperative visual acuity and visual field (p = 0.001 and p = 0.0004, respectively), confirming 
the reliability of the neurophysiological/anesthetic protocol implemented.
Importantly, perioperatively the variation in iVEPs amplitude was significantly correlated with the changes in visual acuity 
(p < 0.0001) and visual field (p = 0.0013). ROC analysis confirmed that iVEPs are an accurate predictor of perioperiative 
visual acuity improvement, with a 100% positive predictive value in patients with preoperative vision loss.
Conclusions  iVEPs during EEA is highly reliable in describing preoperative visual function and can accurately predict 
postoperative vision improvement.
Significance  iVEPs represent a promising resource for carrying out a more effective and safe endoscopic transsphenoidal surgery.

Keywords  Endoscopic endonasal surgery · Visual evoked potentials · Neuromonitoring · Pituitary adenoma · 
Transsphenoidal

Abbreviations
iVEPs	� Intraoperative visual evoked potentials
EEA	� Endonasal endoscopic approach
SSEP	� Somatosensory evoked potentials
MEP	� Motor evoked potentials
VEPs	� Visual evoked potentials
EEG	� Electroencephalogram
ENT	� Ear, nose, and throat

ERG	� Electroretinogram
TIVA	� Total IntraVenous Anesthesia
TCI	� Target Controlled Infusion
BIS	� Bispectral index
ABB	� Acid base balance
CSF	� Cerebro-spinal fluid
SD	� Standard deviation
AUC​	� Area under the curve

Introduction

Visual deterioration is the most common neurological sign 
of an enlarging mass in the pituitary region: during tumor 
removal, monitoring visual function to detect promptly 
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worsening or amelioration would help the surgeon in decid-
ing the most appropriate conduction.

Visual disturbances are caused by tumor compression on 
the different portions of the optic pathways but may also 
be the consequence of surgical tumor removal. In fact, a 
direct damage may follow the dissection of a stiff tumor 
from the optic structures while an indirect injury may occur 
by coagulating its vascular supply. The endonasal endo-
scopic approach (EEA) and its extended variant are the 
gold standard for the surgical treatment of pathologies of 
the hypothalamic-pituitary region: enhanced visualization 
and magnification of the anatomical structures facilitate 
a more complete tumor removal. Then, a more accurate 
neurophysiological monitoring is warranted for a safe sur-
gery [1, 6, 32].

To achieve this goal, the monitoring of intraoperative 
visual evoked potentials (iVEPs) is a possible resource: in 
the last few years, there have been reports on its clinical 
application, but more data are necessary to assess reliabil-
ity and predictive value. In fact, differently from SSEP and 
MEP, VEPs present a high intra-individual variability and 
relative instability/susceptibility of the acquisitions, limiting 
their wide clinical use [4, 8, 14, 15, 17, 19, 22, 28].

On this basis, a novel VEP acquisition protocol was estab-
lished and reproduced for all patients included in the study, 
performing TIVA anesthesia, using a short duration, high 
intensity white light LED flash stimulus to optimize visual 
response evocation, and monitoring with electroretinogram 
and electroencephalogram, respectively, the visual stimulus 
and the correct neuroanaesthesiological level. As far as is 
known, not similar VEP protocols are reported in the literature.

For these reasons, the aims of the present study are (1) to 
develop a reliable and reproducible protocol for iVEPs in EEA; 
(2) to verify the reliability of baseline iVEPs in describing the 
preoperative visual status; and (3) to verify the reliability of the 
iVEPs in predicting the postoperative visual outcome.

Methods

A prospective study was conducted to evaluate the feasibility 
and reliability of iVEPs monitoring on patients undergoing 
EEA for the treatment of sellar-suprasellar lesions, in a single 
tertiary institution. This study was approved by the Institu-
tional Ethics Committee (Prot. 17814/19, ID: 2557). Enrolled 
patients signed an informed consent form; consent for publica-
tion of protected health information was obtained.

Enrollment and inclusion criteria

We included in the study all consecutive patients operated 
upon for sellar-suprasellar lesions with clinical and radio-
logical evidence of optic pathways impairment in the period 

October 2019–July 2021. Patients < 18  years of age and 
patients with primary or secondary blindness were excluded.

Baseline preoperative evaluation

All patients underwent to preoperative ophthalmological 
evaluation (visual acuity with Snellen chart and visual field 
test with computerized perimetry).

Intraoperative visual evoked potentials (iVEPs)

iVEPs monitoring was carried out with white light LED 
flash stimulation delivered by 3 LEDs with a power of 
5500 lx each (total power 16,500 lx). The hardware used 
was the Medtronic NIM-ECLIPSE® E4 and the stimula-
tion was performed with Inomed LED flash goggles in a 
mono and binocular manner, fixed on the closed eyelids 
with adhesive plastic and plaster (Fig. 1). iVEPs were 
acquired at regular intervals as described in this para-
graph. The duration of the stimulus was 1 ms and the stim-
ulation frequency 1.1 Hz. The recording was performed 
by using corkscrew electrodes, positioned in O1, O2, and 
Oz position according to the 10–20 international system 
with a biauricular reference (A1 + A2). The acquisition 
time was 300 ms with an average of at least 100 traces 
to reduce the artefactual component. iVEPs component 
studied is the N2-P2 [20]. N2-P2 is the second negative 
and positive peak, respectively. The latency of this wave 
is near 100 ms and is considered as the P100 of the pattern 
visual evoked potentials. Bilateral ERG was performed 
to be sure of retinal activation and to avoid false positive 
responses since a consensual reduction or loss of ERG 
and iVEPs suggests a technical problem [16]. Stimulation 
parameters of ERG were the same of iVEPs while record-
ing electrodes were positioned on the ipsilateral, lateral 
cantus oculi (referred to nasion).

iVEPs recording was performed at different steps as 
follows:

1)	 Baseline iVEPs: acquired under anesthesia, after disin-
fection and surgical dressing, before entering the endo-
scope into the nostrils.

2)	 Perioperative iVEPs: during the surgical procedure, 
from the opening of the sellar dura iVEPs were 
acquired regularly at 5′ intervals, marking down the 
most significant steps as “dura opening,” “tumor 
debulking,” “tumor capsule dissection,” “sellar recon-
struction,” and any other surgical maneuver regarded 
as relevant.

3)	 Final iVEPs: acquired at the end of surgery with the 
patient still under anesthesia, before removing the surgi-
cal dressing.
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Variations in the iVEP amplitude > 10% compared to 
baseline were considered significant. The changes in the 
iVEP amplitude occured during surgery and remained until 
the last acquisition made at the end of the procedure were 
defined as “stable.”

iVEP latency variations were also considered in the pre-
liminary analysis. However, its changes were minimal, were 
not statistically significant and therefore were not further 
considered.

Neuro‑anesthetic protocol

The anesthetic technique used was TIVA (Total Intra-
Venous Anesthesia) with propofol and remifentanil both 
TCI (Target Controlled Infusion) [25, 29, 30]. Details are 
provided in Supplementary Methods. Bispectral index 
(BIS) was kept stable at values 45–50 throughout the VEP 
recording phase.

Endoscopic endonasal approach (EEA)

Patients were operated on by a multidisciplinary team 
consisting of Otolaryngologist and Neurosurgeon with 
extensive experience in EEA. The technique used was the 
binostril transsphenoidal approach with posterior septos-
tomy, as previously described [5, 12]. Details are provided 
in Supplementary Methods.

Postoperative evaluation and follow‑up

The first postoperative evaluation was performed 72 h after 
surgery: visual acuity and visual field testing were per-
formed with the same modalities of baseline. The tests were 
then repeated at 3 months follow-up, establishing the final 
result of visual acuity and visual field for each patient, used 
for the statistical analysis.

Improved or worsened changes of at least 1/10 in visual 
acuity were considered significant. For visual field, varia-
tions of at least one campimetric quadrant were considered 
significant.

Statistical analysis

We analyzed separately visual acuity, visual field, and 
iVEPs of each eye (n = 128). Continuous values were 
described using mean ± standard deviation (SD), categori-
cal variables using absolute and relative frequencies. Cor-
relation between continuous variables was performed by 
plotting regression lines and calculating the Spearman cor-
relation coefficient. Comparison of continuous variables 
between groups was performed using the Mann–Whitney 
U test, and comparison of categorical variables was per-
formed using the chi-square statistics adopting the Fisher 
exact test when appropriate. To assess the reliability of 
perioperative VEP variation in predicting visual change, 

Fig. 1   Setting of the iVEPs monitoring including ERG and EEG (A, C); iVEP acquisition. Two columns represent left and right eyes; from 
above ERG, iVEPs in O1, Oz, and O2: in grey the basal traces, in green with a wave highlighted in blue the variations during surgery (B)
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we plotted ROC curves, calculated the area under the curve 
(AUC) and assessed the best cutoff. The latter was defined 
as the threshold value at which the Youden index (i.e., the 
difference between sensitivity and 1-specificity), has its 
maximum value. Analyses were performed using StatView 
ver 5.0 (SAS Institute, Cary, NC, USA) and MedCalc ver 
20.015 (MedCalc Software Ltd, Osted, Belgium).

Results

Study population

Sixty-four patients were included (Table 1). The mean age 
at diagnosis was 57.7 years (range 18–84); the male/female 
ratio was 31/33. The most frequent histological diagnoses 
were pituitary adenoma (29 cases, 45.3%), meningioma (12 
cases, 18.7%), and craniopharyngioma (10 cases, 15.6%) 
(Fig. 2).

The preoperative visual function assessment revealed 
a reduction in vision in at least one of the two eyes in 55 
patients (85.9%) and a reduction in the visual field in at least 
one of the two eyes in 49 patients (76.5%).

Postoperative visual outcome

Out of 128 eyes of the study, visual acuity improved in 54 
(42.2%), remained stable in 71 (55.5%) and worsened in 3 
eyes (2.3%), with a maximum increase of 9/10 and a maxi-
mum decrease of 8/10.

Visual field improved in 65 eyes (53.3%) and remained 
stable in 57. In 6 eyes the visual field evaluation could not 
be carried out.

Baseline iVEPs reliability: accordance 
to the preoperative vision

Mean BIS value during the recording phase was 47.9 ± 3.2. 
The baseline iVEPs amplitude strictly correlated with the 
preoperative visual assessment. In detail, we found a sig-
nificant correlation between preoperative visual acuity and 
iVEPs amplitude (p = 0.0010, Spearman correlation coef-
ficient). Mean baseline iVEPs amplitude was significantly 
higher in patients with preoperative visual acuity > 2/10 than 
in patients with preoperative visual acuity ≤ 2/10 (2.1 ± 1.8 
vs 0.7 ± 0.9, p < 0.0001, Mann–Whitney U test) (Fig. 3, left). 
Moreover, mean preoperative iVEPs amplitude was signifi-
cantly higher in patients with normal preoperative visual 
field than in patient with altered preoperative visual field 
(2.6 ± 1.4 vs 1.6 ± 1.8, p = 0.0004, Mann–Whitney U test) 
(Fig. 3, right).

iVEPs and postoperative visual function

iVEPs variations were strongly correlated with the post-
operative visual changes. In detail, we found a linear cor-
relation between the changes of visual acuity and changes 
of VEP amplitude (p < 0.0001, Spearman correlation 
coefficient). Moreover, mean percent iVEPs variation 
was significantly higher in patients with improved visual 
acuity than in patients with stable or worsened visual acu-
ity after surgery, and in patients with improved visual 
field than in those with stable or worsened visual field 
after surgery (p < 0.0001 and p = 0.0013, respectively; 
Mann–Whitney U test; Fig. 4).

Sensitivity, specificity, and predictive value of iVEPs 
for visual function

By ROC analysis, we found that the percent iVEPs vari-
ation was a good predictor of visual acuity improvement 
after surgery (AUC 0.896), with a best cutoff set at zero 
(Fig. 5, left). Conversely, ROC analysis showed that the 
percent iVEPs variation was a suboptimal predictor of 
visual field improvement after surgery (AUC 0.654): 
also, in the latter, the best cutoff was set at zero (Fig. 5, 
right).

We dichotomized the percent iVEPs variation using the 
identified best cutoff to establish the predictive positive 
and negative values of iVEPs variation for vision improve-
ment after surgery. As concerns visual acuity improve-
ment, predictive positive value was 91.3% and a predictive 
negative value was 85% (p < 0.0001, Fisher Exact test; 
Table 2). By limiting analysis to those patients with pre-
operative visual acuity < 10/10, we found a positive pre-
dictive value of VEP variation for visual improvement of 
100%, whereas the negative predictive value dropped at 
78.2% (p < 0.0001, Fisher exact test). In other words, an 
improvement of iVEPs predicts a visual acuity recovery 
in all cases.

Table 1   Summary of patients’ characteristics

Patients (n) 64
Age (median) 57.7
Istology n (%) Pituitary adenoma 29 (45.3%)

Meningioma 12 (18.7%)
Craniopharyngioma 10 (15.6%)
Sellar/suprasellar cysts 5 (7.8%)
Clival cordoma 3 (4.7%)
Clival/sellar metastasis 2 (3.1%)
Other 3 (4.7%)

Visual acuity impairment n (%) 55 (85.9%)
Visual field impairment n (%) 49 (76.5%)
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As expected, the positive and negative predictive val-
ues of iVEPs variation for visual field improvement were 
lower (74.4% and 58.2%, respectively, with p = 0.0006; 
Fisher exact test; Table 2). By limiting the analysis at those 
patients with preoperative reduced visual field, the positive 
predictive value raised to 86.5%, while the negative predic-
tive value remained low (42.1%) (p = 0.0055, Fisher Exact 
Test). In other words, an iVEPs augmentation was associ-
ated to a postoperative visual field restitution, and patients 
with stable or reduce iVEPs could also have the chance of 
a postoperative visual field improvement.

Discussion

State of the art of techniques and reliability 
of intraoperative monitoring of VEPs

The VEPs, as widely described, allow an objective com-
prehensive evaluation of the function of the optic nerve, 
chiasm, and the whole visual pathway, without the needs 
of patient’s cooperation [10, 21, 31]. Furthermore, it has 
been proven that compression of visual pathway, as well 
as intrinsic lesions of the optic-chiasmatic apparatus, can 

Fig. 2   Diaphragm meningioma 
with optic chiasm compres-
sion and visual impairment (A, 
C); surgical phases of tumor 
removal (B); and final optic 
chiasm decompression (D)

Fig. 3   Baseline iVEPs and preoperative vision. Left. Box plot comparing baseline iVEPs in patients with preoperative visual acuity > 2/10 
vs ≤ 2/10. Right. Box plot comparing baseline iVEPs in patients with any visual field impairment vs those with no impairment
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influence VEPs, resulting in an increase in latency, as well 
as in a reduction of the amplitude of the wave potential [7, 
26, 27, 31].

Nevertheless, conflicting data are reported on the intraop-
erative reliability of VEPs as predictors of visual outcome. 
Inconclusive results are probably affected by the inconsist-
ency of anesthetic and monitoring techniques, particularly 
in older studies. The introduction of total intravenous anes-
thesia (TIVA) [27, 29, 30] and the simultaneous use of EEG 
monitoring during iVEPs acquisition [13] allowed more sta-
ble and reliable acquisitions during surgery. In Table 3, we 

resumed the findings of the most numerous clinical series: 
incompleteness of reported data and the consequent incon-
clusive results are evident [3, 4, 8, 13, 15, 17–19, 22, 23, 28].

Findings of the present study

Realization of a robust and reliable set‑up for iVEP 
monitoring

We obtained a reliable and reproducible iVEP moni-
toring in all 64 included patients, regardless of clinical 

Fig. 4   Postoperative iVEPs variation and postoperative vision. Left. 
Box plot comparing iVEPs variation in patients with improved vs not 
improved postoperative visual acuity. Postoperative iVEPs amplitude 
significantly increased in the former vs the latter patients (28.7% ± 22.9% 
vs − 4.9% ± 16.5%, p < 0.0001, Mann–Whitney U test). Right. Box plot 

comparing postoperative iVEPs variation in patients with improved vs 
not improved postoperative visual field. Postoperative iVEPs signifi-
cantly increased in the former vs the latter patients (16.9% ± 26.6% vs 
0.7% ± 21.8%, p = 0.0013, Mann–Whitney U test)

Fig. 5   Left. ROC curve assess-
ing the reliability of iVEPs vari-
ation in predicting visual acuity 
improvement. Right. ROC 
curve assessing the reliability 
of iVEPs variation in predicting 
visual field improvement

Table 2   Positive and negative 
predictive value of iVEP for 
postoperative vision outcome

Visual acuity Visual field

Improved Stable/worsened Improved Stable/worsened

iVEPs Improved 42 (91.3%) 4 (8.7%) 32 (74.4%) 11 (25.6%)
Stable/worsened 12 (15%) 68 (85%) 33 (41.8%) 46 (58.2%)
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characteristics and type of pathology. Our clinical series 
is homogeneous in terms of neuro-anesthetic (all patients 
performed TIVA) and neurophysiological protocols 
(iVEPs, ERG, and EEG), approach (EEA) and surgical 
team (Neurosurgeon and ENT surgeon).

Notably, our study differs in the stimulation and record-
ing techniques respect to the previous literature. In fact, the 
light power of the stimulus used in most of the published 
studies is 2000 lx with a stimulus duration of 20 ms and a 
stimulation frequency of 1 Hz, while in our study 3 white 
light LEDs were used with a power of 5500 lx each (total 
16,500 lx for each eye) with a stimulus duration of 5 ms 
and a stimulation frequency of 1 Hz. In our experience, 
the high brightness and the shortness of the stimulus are 
important to obtain a recordable response from suffering 
optical pathways such as those examined; on the other 
hand, a stimulus of low and prolonged intensity is unlike 
to evoke recordable responses. Furthermore, most of the 
published series reported on the use of goggle glasses with 
red LEDs, which are less effective in retinal stimulation 
than the white light LEDs used in this study [3, 15, 17, 19, 
23, 28]. Finally, in many papers simultaneous ERG moni-
toring was not carried out [4, 8, 13, 18, 22], which instead 
is an important parameter for verifying the effectiveness of 
the VEP visual stimulation performed [2, 9, 11, 15, 23, 24].

Baseline iVEPs values strongly correlate with preoperative 
visual function

Our results confirm that the basal iVEPs, and in particular 
the wave amplitude, significantly correlate with the preop-
erative visual status, both as regards visual acuity and visual 
field (Fig. 3). Such data confirm the reliability and robust-
ness of the neuroanesthetic/neurophysiological protocols 
adopted.

Modifications of iVEPs strongly correlate to changes 
in visual function

Our results testify that stable variations of the iVEPs were 
strongly correlated to changes in postoperative vision, par-
ticularly concerning visual acuity (Fig. 4). Specificity and 
positive predictive value were remarkable high (94.4% and 
91.3%, respectively) (Fig. 5 and Table 3).

An important point is to establish the ideal threshold 
to consider a stable modification of iVEP amplitude “sig-
nificant.” In most studies, an iVEP with > 50% increase in 
amplitude from baseline is generally considered “improved” 
and an iVEP with > 50% decreased amplitude from baseline 
is worsened [4, 8, 17, 28]. This relatively high threshold of 
variation can be justified by the relative instability of the 
visual potentials or by the difficulty in interpreting more sub-
tle modifications. Few studies used lower thresholds, with 
unclear results [22]. In the present study, we planned to con-
sider significant any variation of VEP amplitude regardless 
of its extent (with a threshold set at 10% to account for back-
ground noise) but in relation to its stability over time. Our 
analysis demonstrates that an amplitude augmented of ≥ 10% 
was able to predict postoperative visual improvement with 
100% reliability. On the other hand, we were not able to 
establish a statistical correlation between the worsening of 
iVEPs and visual worsening because of the small number of 
worsening observed: but what we can say is that a reduction 
of final iVEPs amplitude has been observed only in the 2 
patients (3 eyes) that experienced a worsening of the vision 
post-surgery. One of the patients was harboring a giant and 
harsh relapsed nonfunctioning pituitary adenoma invading 
the posterior fossa: in this case removal was complete and 
worsening was probably due to injury of the vascular supply 
of the branches of the superior hypophyseal arteries sup-
plying the chiasma; this patient accounted for 2 out of the 

Table 3   Report of sensitivity, 
specificity positive, and 
negative predictive values in 
studies on iVEPs in EEA

Author Number 
of patients

Sensitivity Specificity Positive predic-
tive value

Negative predic-
tive value

Our results 64 77.8% 94.4% 91.3% 85%
Feng et al. (2019) [8] 42 25% 97% 50% 93%
Qiao et al. (2019) [22] 76 – – – –
Toyama et al. (2018) 20 n/a 85% n/a 100%
Nishimura et al. (2018) [19] 82 n/a 95% n/a 100%
Kurozumi et al. (2017) [17] 19 – – – –
Luo et al. (2015) [18] 46 n/a 96% n/a 90%
Kamio et al.a (2014) [14] 33 100% 100% 100% 100%
Houlden et al.a (2014) [13] 10 – – – –
Chung et al. (2012) [4] 53 – – – –
Sasaki et al. (2010) [23] 28 88% 96% 64% 99%
Chacko et al. (1996) [3] 36 n/a 100% n/a 100%
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3 postoperative visual worsening in this series; the other 
patient had a stiff tuberculum sellae meningioma that was 
very strictly adherent to the left optic nerve; in this patient, 
because of iVEPs deterioration in the left eye during tumor 
removal, we decided to interrupt surgery since a satisfied 
decompression had been already obtained.

Strengths and limitations of the present study

We homogeneously and prospectively collected and ana-
lyzed data from a single tertiary skull base reference center; 
moreover, we obtained statistically robust evidence on the 
positive predictive role of iVEP in predicting patients’ vis-
ual status. These considerations build up the strong points 
of the study.

As limitations, the neurophysiologic and anesthesiolo-
gist setting can be somewhat demanding and needs to be 
validated in multicenter studies to assess generalizability. 
Moreover, the predictive value of transient iVEPs worsen-
ing could not be rigorously assessed (explaining the absence 
of correlation between mean percent iVEPs variation and 
visual function in patients with worsened visual acuity after 
surgery), nor was a correlation between a precise surgical 
step (dural opening, tumor debulking, and so on) and cor-
responding iVEPs variation.

It is worth to note that our results were obtained in a 
particular setting with an EEA and cannot be translated 
in other surgical approaches. It is in fact our experience 
that by using the same intraoperative protocol during 
intervention performed with a transcranial approach 
the methods can be less reliable due to displacement of 
stimulating ipsilateral goggle induced by the surgical 
maneuvers as frontal skin detachment necessary for the 
flap and craniotomy.

Conclusion

The present study demonstrates that iVEPs can be reliably 
recorded during EEA. We set up a reproducible method and 
identified the cutoff values of significance for the variations 
in amplitude that occur during surgery. Further studies are 
necessary to demonstrate and confirm the sensitivity of this 
neurophysiological tool in guiding live surgery.
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Comments 

In this study, Mattogno et  al. presented a series of 64 patients who 
underwent endoscopic transphenoidal surgery for pituitary adenomas 
with intraoperative visual evoked potentials (iVEPs).The authors have 
refined the iVEP acquisition by using a novel stimulation technique, 
obtaining good correlations with the clinical outcome. This is an 
additional step forward in the evolution of iVEPs over the past fifteen 
years. iVEPs were largely abandoned for many decades due to technical 
limitations, the lack of electroretinogram recording and the fact that, 
being a polysynaptic pathway, it is very sensitive to general anesthesia. 
Most of these limitations have been overcome and nowadays iVEPs 
are increasingly used in Neurosurgery. Additional series, like this from 
Mattogno et al., will contribute to understand the real value of iVEPs 
in predicting and, foremost, preventing injury to visual pathways 
during various neurosurgical procedures.
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