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Damage to visual function is a major complication of 
brain surgery. While it is possible to monitor vari-
ous functions intraoperatively, no effective method 

for visual monitoring has been developed to date. The rea-
son for these difficulties, however, is not clear. The earliest 
studies of visual evoked potentials (VEPs), performed in 

1964, showed that waves could be evoked using a light 
stimulus. Several stimulation methods for VEPs have 
been described,13,23 but only the most rudimentary stimuli 
(e.g., emission stimuli) can be applied during VEP record-
ing. Thus, functional monitoring to evaluate the use of 
this limited stimulation method is challenging. Although 
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obJective Effective monitoring and application of visual evoked potentials (VEPs) during neurosurgery is a major 
challenge. While many monitoring methods have been effectively used, the use of VEPs as an objective determination 
method has not been established. The purpose of this report was to present a method for overcoming this limitation ac-
cording to the use of a specific stimulus.
MethoDs Data analysis was performed in 26 cases of brain surgery. Observation was carried out for 2 groups of re-
sponses: the response derived from the start of light emission, described as the on response, and the response derived 
from the end of light emission, described as the off response. These reactions were separated by extending the light 
emission time. The waves from the visual cortex were selected from each reaction following the start and the end of light 
emission with consideration for the characteristics of the potential distribution. The waves were observed to characterize 
changes resulting from variations in duration and quantity of light emission. The results of the analysis were used to de-
termine the optimal emission time and amount of light for effective use of wave components during VEP monitoring.
resUlts Stable and recordable waves were observed by monitoring the off response, consisting of the P1-N1-P2 
component, with a wave latency of approximately 100 msec. Since the off response was correlated with the input, the 
stable wave derived from the off response could be adjusted by changing the light emission time and intensity. Individual 
differences in the latency of the off response were decreased by extending the light emission time and reducing the 
quantity of light. However, it was difficult to achieve stability by adjusting the light intensity and emission time using the 
on response. The off response was confirmed to be sufficiently stable for intraoperative monitoring. Moreover, during 1 
case in which manipulation of the optic nerve was necessary, reduction in the off response was found to occur when the 
nerve was manipulated and to reverse when the manipulation stopped.
conclUsions The off response was shown to have the capacity to function as a monitoring tool, providing more 
stable wave forms than the on response. Recording conditions could be adjusted to achieve a light-emitting time of 500 
msec and a light quantity of 8000 Lx. Stable monitoring of VEPs using light-emitting stimuli can contribute toward im-
proving surgical outcomes.
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the possibility of achieving intraoperative monitoring of 
VEPs has been investigated extensively,25 attempts have 
been unsuccessful in many studies.1–5,24 The reasons for 
these inconsistencies include difficulties reproducing re-
sults, unexpected wave changes, and individual differ-
ences.17,19 Indeed, no studies have reported typical wave 
patterns that can be repeatedly observed with VEP moni-
toring.6,7,9,12,14,15,18 In contrast, some have suggested that 
the effectiveness of VEP monitoring may be improved by 
altering the stimulation device and light quantity.8,10,11,21,22 
In order for VEPs to be used as a monitoring tool, a spe-
cific wave must be defined, preferably with little or no 
individual difference and sufficiently high reproducibil-
ity. Furthermore, the amplitude and peak latency of the 
wave must be related to the size of the stimulation input. 
To date, no methods for recording or monitoring of intra-
operative VEPs have met these requirements. However, 
no studies have reported the effects of variations in light 
stimulation on wave stability and reproducibility.

During anesthesia, accessible optical stimulation to the 
retina is quite limited. While conventional studies have 
only used flash stimulation as the input for VEP moni-
toring, researchers have hypothesized that changes in the 
stimulation may allow this problem to be effectively ad-
dressed because reliable factors may be difficult to dis-
cern or varied in the wave of flash VEPs. The factors that 
can be varied are also limited. The emission stimulation is 
established by 2 components—intensity and time of light 

emission. Thus, adjustment of these 2 elements may allow 
for removal of unstable elements and extraction of reliable 
waves. The resulting data would allow for division based 
on light stimulation into an on state (during which light is 
emitted) and an off state (during which no light is emit-
ted), with separations of the specific characteristics of the 
waves. 

In this study, analysis of 2 reaction waves allowed for 
analysis of the causes of VEP instability using convention-
al stimulation with a flash of light. Additionally, a stimula-
tion method in which VEPs could be used as a monitoring 
tool is also described.

Methods
Multiple steps were required to effectively identify the 

waves in the target (Fig. 1). The light stimulation involved 
a combination of on and off characteristics. Continuous 
flashes allowed for separation of the response patterns, 
and each response was recordable as a light emission re-
sponse (termed the on response) or a no-emission response 
(termed the off response). Both the on response and the off 
response needed to be considered based on the change in 
the duration of light emission. 

The verification process was as follows. First, suffi-
cient separation of the on response and off response was 
achieved by lengthening the light emission time. Next, a 
typical waveform was established for each of the respons-

Fig. 1. Schematic showing the validation process for determining the wave to be monitored.
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es. The wave from the primary visual cortex was then es-
timated using the components of each waveform. During 
the peak latency of the waves, the effects of changes in the 
light emission time were monitored. Finally, the effects 
of the latency were analyzed by changing the amount of 
light emitted at a fixed emission time. The reproducible 
components of the wave were extracted, and their latency 
and amplitude were measured.

For initial examination, intraoperative VEPs were re-
corded in 26 patients (10 men and 16 women, mean age 
59.9 years, range 19–90 years) who underwent brain 
surgery under general anesthesia. All surgical proce-
dures were performed under propofol anesthesia. None 
of the patients had any preoperative visual disturbance. 
The preoperative diagnoses were as follows: 17 patients 
had unruptured aneurysms, 4 patients had brain tumors 
(1 left frontal glioma, 2 convexity meningiomas, and 1 
hemangiopericytoma in the left cerebellar hemisphere), 2 
patients had arterial stenosis, 2 patients had Chiari mal-
formation, and 1 patient had trigeminal neuralgia. All pa-
tients had conditions that were not expected to involve vi-
sual changes during surgery. All patients provided written, 
informed consent for participation in the study. The study 
protocol was approved by the institutional review board of 
Ina Central Hospital.

A silicon stimulation device with an embedded diode 
for the light stimulus (Unique Medical Co.) was patched 
on the eyelid with the eye closed, and the patients’ eyes 
were then covered with a light-shielding sheet (Fig. 2A). 
The maximum potential light emission of the stimulation 
device was 40,000 Lx. Therefore, the maximum amount 
of light was set as 20,000 Lx. A Bath Amplifier (Nihon 
Kohden Co.) was used to control the quantity of photic 
stimulation. The emission time was controlled by an elec-
tronic stimulator (Nihon Kohden Co.). Each evoked poten-
tial was the average of 100 responses, and each stimulation 
was recorded twice. The stimulus frequency was 1 Hz. 
The evoked potentials were triggered by switching on the 
light and were amplified using Neuropack (Nihon Kohden 
Co.). The analysis time was 1000 msec, and the bandwidth 
was set at 0.1–200 Hz. Evoked potentials were recorded 
from the electrodes at a total of 7 poles (R3, R2, R1, MO, 
L1, L2, and L3). The midline electrode was placed 1 cm 
above the inion, and the lateral electrodes were placed at 
the same level at intervals of 1.5 cm, as shown in Fig. 2. 
Lined bilateral earlobe electrodes were used for reference. 

First, the emission time was changed with a fixed light 
quantity of 20,000 Lx. Both eyes were stimulated, and 
each reaction waveform was recorded. Then, with a fixed 
light emission time, the amount of light was successively 
decreased from the maximum of 20,000 Lx to 15,000 Lx 
and finally to 10,000 Lx and the reactions to these changes 
were recorded (Fig. 1).

VEP recording can be highly influenced by the method 
of anesthesia.16,20,24 Therefore, all recordings were per-
formed under propofol anesthesia.16 The data show the 
responses recorded when the stimulus (light) reached the 
retina through the eyelid in the closed-eye state, similar to 
light stimulus by application of a red filter. The pupil di-
ameter and eye position were not controlled, but the meth-
od of anesthesia and recording site stimulation methods 

were consistent between individuals. Recording based on 
changes in the emission time or light quantity was com-
pleted before the beginning of intracranial manipulation. 
Light quantity was determined based on the light-emitting 
stimulator and was not necessarily the same as the quan-
tity of light reaching the retina. Thus, the conditions used 
herein were the same as those used during general neu-
rosurgery, and no special configuration was required for 
recording.

analysis
Waves that were common to each patient were num-

bered such that the upward wave was negative and the 
downward wave was positive. The peak-to-peak ampli-
tude was measured for each wave component. The basic 
model for waveform evaluation assumes that there is a 
primary visual cortex in the back of the head at the mid-
line of the spherical cranium. The wave components from 
the generator in the visual cortex located in the occipi-
tal midline will have maximum amplitude in the midline 
electrode, with the amplitude decreasing along the outer 
parts of the recording point. The target wave derived from 
the visual cortex was selected based on this principle. The 
latency of the vertices of the waves that were extracted 

Fig. 2. a: Image showing the device settings. b: Image showing the 
location of 7 electrodes on the skin overlying the occiput.
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from the recording of the midline electrode was analyzed 
to determine how the wave changed with changes in emis-
sion time or quantity.

statistical analysis
The relationship between the distance from the mid-

line electrode and amplitude of the wave components re-
corded to each electrode was determined using regression 
analysis. Then, the amplitude of the wave component was 
reduced such that when the distance from the midline was 
greater, a clear negative coefficient could be confirmed. 
The amplitude of the peak-to-peak area was defined as the 
objective value, and the light emission time and measuring 
point (the distance from the midline) were defined as the 
explanation variables to execute multivariable analysis. 
At this time, while considering individual differences in 
amplitude, normalization of the measured amplitude was 
performed. The amplitudes for 7 points were normalized 
to the unit norm according to the formula below:

where x is the measured amplitude.

The normalized data were entered into a statistical 
program (R version 3.1.0, R Core Team) to calculate the 
multiple correlation coefficient. This calculation enabled 
the determination of the component of the waveform of 
the midline origin if there was a negative correlation with 
respect to the distance from the midline in the regression 
model. The statistical difference between emission time 
and peak latency was analyzed using Mann-Whitney tests. 
The significance level was set to less than 0.0083, based 
on the Bonferroni correction. Relationships between light 
emission quantity and latency were confirmed by Wilcox-
on signed-rank test. The significance level was set to less 
than 0.025, based on the Bonferroni correction.

results
Overlay waves recorded from the midline electrode in 

each case were used to clarify the features of the on and off 
responses. Separation of the on response and off response 
could be achieved when the light emission time was more 
than 300 msec (Fig. 3). The common features of the wave-
forms for each patient were determined. The on response 
was characterized by waveforms with 4 peaks around 100 
msec, while the off response was characterized by a simple 
wave with 3 peaks observed at around 100 msec. Typical 
waveforms are shown in the schematic diagram in Fig. 4.

Fig. 3. Overlay waveforms of recordings at the MO electrode in 10 randomly chosen cases. A moderate stimulating pattern is 
shown by the upper bar. The white area of the bar shows the light-emission time, and the black area of the bar shows the time 
without light emission. For each image, the arrow on the left indicates the start of light emission, and the dashed arrow indicates 
the end of emission. The black arrowheads indicate the “off response.”
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The peaks of each waveform were named N1, P1, N2, 
P2, N3, and P3, and the latency of each peak was mea-
sured. In addition, the peak-to-peak amplitudes of N1-P1, 
P1-N2, and N2-P2 (plus that of P2-N3 for the on response) 
were measured.

Multivariable analysis was carried out by normaliza-
tion of the amplitude as the objective value and by using 
the measuring point and light emission time as the expla-
nation values (Table 1). Because the coefficient for each 
amplitude was negative and the p values obtained from 
Wald tests were sufficiently small, the data showed that 
the amplitude tended to increase as the distance from the 
center decreased. The measuring point contributed signifi-
cantly as an explanation variable for the objective variable, 
while the light-emitting time did not. The contribution ra-
tio (R2) was highest in the model for N1-P2 for each off 
and on response. The N1-N2 amplitude was interpreted as 
susceptible to difference in the measured region. The site-
specific potential of the amplitude between the vertices 
was plotted as a component of the wave on the graph (see 
upper panel in Fig. 4). The percentage of waves for which 
the distribution of amplitude decreased from the highest 
center toward both ends with a 500-msec emission time is 
shown in Fig. 4.

The shape distribution of the amplitude had to meet 3 
conditions: the highest potential had to be achieved for the 
center electrode, the potential had to decrease as it went 
outward, and the potential difference between the sym-

metrical electrodes had to be less than 2 μV. When the 
potential difference between the center electrode and the 
outermost electrode was less than 2 μV, the distribution 
was assumed to be incomplete (Fig. 4). This shape dis-
tribution was most frequently observed in N1-P2 of the 
off response (96.4%) and was also commonly observed in 
P1-N1 of the off response (80.7%). In the on response, this 
distribution was also confirmed in P1-N1 (61.5%) and N1-
P2 (65.3%; Fig. 4). The percentage of the mound-shaped 
distribution on the subsequent wave was dramatically re-
duced.

Because there were no differences in the time of peak 
latency at each electrode, the effects of the amount of light 
and the light-emitting time on the time of peak latency 
were measured by the midline electrode. Additionally, the 
effects of differences in light emission time on peak la-
tency were confirmed in the off response (see upper panel 
of Fig. 5). Analysis of the differences in light emission 
times revealed that variations in individual differences 
decreased as the light-emitting time was increased and 
was associated with longer latency in peaks P1 and N1. 
However, in the on response, the emission duration did not 
significantly affect peak latency. Shortening of peak la-
tency in the off response and reduced changes in latency 
were observed as the emission time increased (see upper 
panel in Fig. 5).

Results of different intensities with a fixed emission 
time of 500 msec showed varying effects on latency for 

Fig. 4. The upper panel shows an image of the amplitude of each electrode. The lower panel shows typical waveforms for the on 
response and off response. The pie charts show the percentage of mound-shaped distribution (blue), incomplete mound-shaped 
distribution (gray), and asymmetrical distribution (orange) for each component. 
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the on and off responses. The intensities were 20,000 
(100%), 15,000 (75%), and 10,000 Lx (50%). The latency 
and individual differences in peak latency were reduced 
with lower quantities of light for the off response at P1 and 
N1. Conversely, for the on response, there was a tendency 
of the latency stability in N1 and P2 to increase as the 
amount of light increased (see lower panel in Fig. 5).

In the following cases, the actual wave change of the off 
response was observed intraoperatively.

illustrative cases
case 1

This patient was a 61-year-old woman undergoing clip 
ligation of an unruptured left parasellar aneurysm via a 
left frontotemporal approach. In the surgical field, the an-
eurysm was hidden by the left optic nerve, and the surgeon 
had to elevate the optic nerve temporarily to confirm the 
aneurysm. VEP monitoring was stable with an emission 
time of 400 msec, emission quantity of 10000 Lx, and left 
single-eye stimulation. The waveform of the off response 

was changed by optic nerve manipulation. When the op-
tic nerve was elevated gently (Fig. 6B), the amplitude de-
creased, and the latency of the peaks was delayed. For the 
MO electrode, the amplitude of P1-N1 in the off response 
decreased from 6.5 to 3.1 μV, and that of N1-P2 decreased 
from 7.3 to 5.4 μV. The peak latencies for P1, N1, and P2 
were also delayed from 91 to 97.5 msec, from 97.5 to 110 
msec, and from 129 to 143 msec, respectively. This phe-
nomenon was reversed by stopping the manipulation (Fig. 
6C). Care was taken to avoid optic nerve manipulation for 
the rest of the surgical procedure, and the wave remained 
stable. At the end of the operation, after closure of the in-
cision, VEPs were recorded using the artificial limitation 
of the input. The amplitude of the off response decreased 
logarithmically with the decrease in emission quantity, 
and peak latency was prolonged logarithmically with the 
decrease in emission quantity (Fig. 6 right). The patient 
showed no evidence of visual deficit postoperatively.

case 2
This patient was a 76-year-old man who had an epi-

table 1. Multivariate analysis results for the amplitude*

Wave Component & Variable
Coefficient ANOVA

R2Estimate 95% CI Wald Test Contribution F Test

Off P1-N1 0.336
 Intercept 0.476 0.459–0.494 3.029E−312
 Points −0.068 −0.073 to −0.063 9.474E−108 33.6% 9.474E−108
 Lighting time 0.000 0.000–0.000 8.051E−01 0.0% 8.051E−01
Off N1-P2 0.479
 Intercept 0.504 0.487–0.521 0.000E+00
 Points −0.087 −0.092 to −0.082 2.589E−170 47.9% 2.589E−170
 Lighting time 0.000 0.000–0.000 9.654E−01 0.0% 9.654E−01
Off P2-N2 0.085
 Intercept 0.395 0.362–0.427 1.304E−91
 Points −0.036 −0.046 to −0.027 7.420E−14 8.1% 7.420E−14
 Lighting time 0.000 0.000–0.000 1.015E−01 0.4% 1.015E−01
On P1-N1 0.199
 Intercept 0.442 0.422–0.461 2.082E−255
 Points −0.052 −0.058 to −0.047 3.835E−60 19.9% 3.835E−60
 Lighting time 0.000 0.000–0.000 4.365E−01 0.0% 4.365E−01
On N1-P2 0.238
 Intercept 0.468 0.448–0.487 1.897E−265
 Points −0.057 −0.063 to −0.051 1.819E−68 23.7% 1.819E−68
 Lighting time 0.000 0.000–0.000 1.478E−01 0.1% 1.478E−01
On P2-N2 0.016
 Intercept 0.384 0.348–0.419 1.631E−85
 Points −0.022 −0.033 to −0.012 5.021E−05 1.5% 5.021E−05
 Lighting time 0.000 0.000–0.000 1.974E−01 0.1% 1.974E−01
On N2-P3 0.044
 Intercept 0.399 0.380–0.418 1.979E−231
 Points −0.021 −0.027 to −0.015 1.438E−12 4.4% 1.438E−12
 Lighting time 0.000 0.000–0.000 9.540E−01 0.0% 9.540E−01

* The objective variable is amplitude. The explanation variables are the measuring point (points) and the light emission time (lighting time).
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sode of transient cerebral ischemia. MR angiography re-
vealed poor anterior circulation on the right side. Reduc-
tion of circulation reserve was observed in preoperative 
radioisotope studies. Angiography showed severe stenosis 
of the internal carotid artery and hypoplasia of A1. There 
was retrograde blood flow from the external carotid artery 
to the retina (Fig. 7, right). When carotid endarterectomy 
was performed, intermittent occlusion of the common ca-
rotid artery was carried out in order to establish the shunt 
tube. VEP monitoring with an emission quantity of 8000 
Lx and an emission time of 500 msec was continuously 
performed throughout the procedure; the amplitude was 
clearly decreased, and peak latency was delayed. In the 
results from the MO electrode, the amplitude of P1-N1 in 
the off response decreased from 1.35 to 0.99 μV and that 
of N1-P2 decreased from 4.06 to 3.06 μV. The peak laten-
cies for P1, N1, and P2 were also delayed from 76.5 to 84.5 
msec, from 88.5 to 94.5 msec, and from 108.0 to 114 msec, 
respectively (Fig. 7B). Normal amplitude was recovered 
after recanalization of blood flow following shunt setting. 
Peak latency was not delayed (Fig. 7C). This intermittent 
reduction was observed again when the common carotid 
artery was occluded during removal of the shunt tube. The 
patient did not experience any neurological deficits after 
surgery.

Discussion
This study focused on identification of valid factors 

retrieved from multiple uncertainties in VEPs using flash 
stimulation and application of these data during intraop-
erative monitoring. Therefore, it was necessary to separate 
the flash stimulus into the response to the start of light 
emission (on response) and the response to the cessation of 
light emission (off response). 

In order to use a wave for VEP monitoring, the wave 
must be derived from the primary visual cortex. No prior 
studies have described such a method for intraoperative 
monitoring. In the present study, components that are con-
sidered to be from the primary visual cortex were estimat-
ed by statistical methods and were rather limited. Thus, 
although waves consisting of P1-N1-P2 in the on response 
and off response were considered to be derived from the 
primary visual cortex, both were inferred to be generated 
from different factors because they showed variations in 
the potential distribution.

It is also necessary to adjust the conditions for this 
wave to function as a monitoring tool. Reduction of in-
dividual differences is required in order for a parameter 
such as a wave to function as a monitoring tool. Two ele-
ments that can be adjusted for an emission stimulus are the 
light emission time and the quantity of light. This study 
showed that changing the emission time did not contribute 
to the reduction in individual differences in peak latency 
in the on response (Fig. 5). However, lengthening the light 
emission time reduced the individual differences in peak 
latency in the off response (Fig. 5). Based on these data, 

Fig. 5. The upper graphs show correlations between the peak latency during the light emission time and each peak latency. The 
left 3 graphs are data for the off response, and the right 3 graphs are data for the on response. The off response was analyzed 
by Mann-Whitney tests relative to 800 msec. The on response was analyzed by Mann-Whitney tests relative to 200 msec. The 
lower graphs show correlations between the peak latency and the emission quantity. The off response was analyzed by Wilcoxon 
signed-rank test relative to 50%. The on response was analyzed by Wilcoxon signed-rank test relative to 100%. ms = msec. *p < 
0.0083. **p < 0.025.
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300-msec emission time was required to ensure separation 
of the on response and off response (Fig. 3). Moreover, an 
emission time of more than 500 msec was required to re-
duce individual differences in the peak latency in the off 
response (Fig. 5).

Alternatively, the light emission intensity can be adjust-
ed. In this study, changing the emission intensity caused 
opposite changes in the on response and off response. Spe-
cifically, the on response showed potential for reducing 
the individual differences in peak latency when the emis-
sion intensity was high, and the off response reduced the 
individual differences in peak latency when the emission 
intensity was lower. These results suggested that the flash 
stimulus did not exhibit stability, even after adjustment for 
the amount of light, because the flash stimulation included 
both the on and off responses simultaneously. Indeed, the 
on and off responses had conflicting stabilizing elements 
based on the quantity of light. Therefore, when a short 
flash was used, it was not possible to remove all instability.

In view of the above, stable monitoring could only 
be achieved when the off response was monitored using 
less light. In an actual surgical situation, allowing a small 
amount of light to continually reach the retina is much 
easier than allowing a large amount of light to continually 
reach the retina because of the interference of the thick-
ness of the eyelid, the pupil diameter, the eye position, and 

the opacity of the cornea and vitreous humor. Moreover, 
maintaining a high light intensity may induce ocular dam-
age due to heat. On the other hand, if there are many ob-
stacles blocking light from reaching the retina, the off re-
sponse will be more stable because individual differences 
are decreased as the quantity of light is reduced. Thus, the 
conditions present during surgery are not necessarily dis-
advantageous for the off response.

Finally, it is necessary to determine whether changes 
in visual function can be used as a monitoring tool. As 
shown in Case 1, the reaction decreased during surgical 
manipulation of the optic nerve. These changes could be 
reproduced by adjusting the amount of light, providing di-
rect evidence that changes in the off response can be used 
as a monitoring tool. Moreover, the wave relationship of 
amplitude and latency during changes in emission intensi-
ty showed logarithmic changes rather than linear changes. 
Therefore, a decrease in the amplitude was observed as the 
input was reduced to a certain level or lower. Importantly, 
the wave changes introduced by manipulation of the optic 
nerve resolved when the manipulation was stopped. The 
reduction in amplitude caused by operative manipulation 
was comparable to a reduction in input by about one-third. 
Reduction of such a sensitive reaction will provide suffi-
cient warning to the surgeon. Further studies are needed 
to determine whether this reduction is irreversible. Spe-

Fig. 6. Case 1. The left upper panel shows the surgical view in a 3D CT angiogram; the red arrow indicates the aneurysm. The 
intraoperative images show a surgical view of the optic nerve (ON) and internal carotid artery (a), with the red arrow indicating the 
aneurysm hidden by the optic nerve; confirmation of the proximal neck of the aneurysm by elevating the optic nerve (b); and the 
surgical field when the treatment was stopped (c) based on the warning by the VEP monitor. The middle panel shows the VEP 
monitoring wave; the solid black arrow indicates a wave change after manipulation of the optic nerve. The graph in the right upper 
panel shows the change in peak latency with the artificial decrease in luminance quantity. The graph in the lower right panel shows 
changes in the amplitude with the artificial decrease in luminance quantity.
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cifically, a drop in the amplitude of the off response was 
apparent when the light quantity was less than 4000 Lx. 
Therefore, 8000 Lx should be used as an optimal param-
eter for effective monitoring.

The reduction in amplitude observed in Case 2 was 
thought to reflect a decrease in blood flow to the retina. 
In this case, prolongation of the peak latency was also ob-
served. However, because this was not a direct invasion, as 
in Case 1, these data showed that it was possible to monitor 
the effects of circulation affecting visual function. Thus, 
further studies are required to determine whether there 
are differences in how the wave changes between patients 
with blood circulation disorders of the retina and direct 
damage to the optic nerve.

conclusions
This study demonstrated favorable stimulation during 

VEP monitoring using the off response, which did not 
require high levels of light stimulation. Moreover, it was 
possible to estimate the optimal stimulation level from this 
series of data. Specifically, a drop in the amplitude of the 
off response was apparent when the light quantity was less 
than 4000 Lx. These data suggest that 8000 Lx should be 
used as an optimal parameter for effective monitoring. 
The method and interpretation of the results are simple 
and should be easily reproducible. Moreover, these results 
may explain why stable intraoperative VEP recording has 

not been possible until now. Suitable observation of the 
waveform generated during the off response is needed for 
intraoperative monitoring. Most importantly, for suitable 
monitoring, waves around 100 msec were constructed in 
P1-N1-P2, and settings were adjusted to achieve a light 
emission quantity of 8000 Lx and emission time of ap-
proximately 500 msec. This method may be applicable as 
a new method for VEP recording.
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