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When resecting lesions near the optic nerve, there is a risk of 
postoperative neurological deficit. The major concern is the loss of 
vision. A multimodality intra-operative neurophysiological moni-
toring (IONM) with Electroretinography (ERG) and Visual Evoked 
Potentials (VEP) is a well-recognized method to identify any inju-
ries to the optic nerve during the tumor resection. IONM provides 
real-time feedback to the surgeon during the resection. This imme-
diate feedback decreases the risk of neurological injury. 

Electroretinography (ERG) is a test that is used to detect any 
abnormality of the retina. Specifically, in this test, the examination 
of the light-sensitive cells of the eye, the rods and cones, and their 
connecting ganglion cells in the retina are performed. During this 
test, a contact electrode is placed on the cornea to measure the elec-
trical responses to light of the cells that sense light in the retina of 
the eye. The ERG consists of a cornea-negative a-wave followed by 
a cornea-positive b-wave (Figure 1). An ERG test is performed for 
the evaluation of ophthalmologic diseases of the retina. An absent 

Introduction

This case report illustrates the benefit of utilizing Intraoperative Neurophysiological Monitoring (IONM) during the resection of 
an optic nerve lesion. A multimodality IONM utilized Electroretinogram (ERG), Visual Evoked Potentials (VEP) and Electroencepha-
lography (EEG).

A 47-year-old female presented with left intracranial meningioma and decreased vision in the right eye. An MRI showed tumor 
attached to the left optic nerve and posteriorly displacing optic nerve and chiasm to the right. After induction and patient positioning, 
LED goggles were placed and secured on both eyes for performing VEP. The VEP responses were absent at baseline due to the inhala-
tional agent. After switching to Total Intravenous Anesthesia (TIVA), ERG responses were recorded bilaterally. Baseline VEP and EEG 
recordings were obtained with good left VEP and absent right VEP responses. During tumor resection there was sudden decrease in 
left VEP responses. Retractors were removed immediately and the responses came back to baseline within few minutes. The tumor 
was resected without any loss of vision intraoperatively. 

The patient noticed an improvement in her right eye four days post-operatively. One month post-operatively she continued to feel 
improvement. In this patient, the VEP was used effectively for the prevention of any loss of vision intra-operatively. The neurophysi-
ological monitoring utilizing ERG and VEP helped prevent any further loss of vision and directing the surgeon intra-operatively.
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ERG suggests a widespread retinal disease. Intact VEP with absent 
ERG may be seen if the macular vision is spared. The various factors 
that may influence the ERG values include state of adaptation, light 
intensity, light stimulus color, and stimulation frequency [1].

Figure 1: Schematic diagram of a biphasic Electroretinogram 
(ERG) waveform. A cornea-negative a-wave (N35) followed by a 

cornea-positive b-wave (P50).
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Visual Evoked Potentials (VEP), also known and VER (visual 
evoked response) is a type of electrophysiological testing done to 
measure the electrical potential resulting from a visual stimulus 
[2,3]. Specifically, in this test, the visual pathways are examined 
(Figure 2). Light omitting goggles are placed on the eyes bilaterally, 
and responses are recorded from visual pathways including cor-
nea, optic chiasm and the occipital lobe (visual cortex) (Figure 3). 

This case report was designed to determine if multimodal-
ity IONM utilizing the ERG and VEP could effectively identify any 
changes the visual evoked potentials intraoperatively and help in 
preventing any neurological/visual deficits. This case report illus-
trates the benefit of utilizing The multimodality IONM including 
ERG, VEP, and EEG during the resection of an optic nerve lesion. 

Figure 4: Pre-op MRI Axial and Sagital View:  A large 
2x2.5x3 cm T1 isointense lesion homogenously enhancing with 

contrast seen over the planum sphenoidale extending posteriorly 
to the suprasellar cistern causing mass effect on the adjacent 

posterior frontal gyri and posteriorly displacing the optic nerves 
and chiasm and stalk of the pituitary gland.

Figure 2: Schematic diagram of the visual pathways [reprinted 
with permission from Faisal R. Jahangiri (2012), Surgical  
Neurophysiology: Second Edition. A Reference Guide to  
Intraoperative Neurophysiological Monitoring (IONM),  

CreateSpace, Columbia, SC.

Patient history

The intraoperative neuromonitoring was performed by a CNIM 
certified technologist [4] and a D.ABNM board-certified neuro-
physiologist [5]. A board-certified neurologist with a specialty in 
IONM was also present online for remote monitoring during the 
entire surgical procedure [6].

Material and Methods

Figure 3: Schematic diagram of Visual Evoked Potentials (VEP) 
to flash stimulation showing the occipital responses N75, P100, 
and N145. The amplitude of the responses is maximal at the MO 
electrode recordings and lower amplitude responses at the LO 

and RO recording channels. A bandpass filter of 1-250 Hz. 

A 47-year-old female known of hypothyroidism with decreased 
vision in her right eye was referred to ophthalmology from the 
family physician. She was seen by an ophthalmologist after one 
year, and was diagnosed with right optic disc atrophy and was 

found to have pale disc in the temporal area. Brain CT showed pla-
num sphenoidale and tuberculum meningioma. The patient was re-
ferred to neurosurgery where she was admitted and brain MRI was 
done which showed the same findings and posteriorly displaced 
the optic nerve and the chiasm to the right side (Figure 4).

Anesthesia
The patient was intubated with sevoflurane and propofol. The 

inhalational agent was stopped due to the suppressive effect of 
VEPs. Anesthesia was switched to total intravenous anesthesia 
(TIVA) with propofol and fentanyl infusion [7]. After induction and 
patient positioning, eyes were closed using transparent tape. Con-
tact electrodes (Fabrinal, Switzerland) were placed at cornea with 
transparent antibiotic gel to avoid corneal abrasions (Figure 5). 
Goggles were placed and secured on eyes bilaterally for perform-
ing visual evoked potentials (VEP). Subdermal needle electrodes 
were placed on the occipital lobe for VEP recordings per queen 
square system (Figure 6). Subdermal needle electrodes were also 
placed on the scalp for EEG recordings. 

Figure 5: Placement and labeling of the Electroretinogram 
(ERG) recording electrodes. L: 1.0 cm away from left  

eye outer margin; R: 1.0 cm away from right eye outer margin;  
A1: Left ear; A2: Right ear.
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Figure 6: Placement and labeling of the recording electrodes 
for Visual Evoked Potentials (VEP). The electrodes should be 

placed and labeled according to queen square system. MO:  
Mid-occipital; LO: Left lateral occipital; RO: Right lateral occipital; 

MF: Mid-frontal, in midline; A1: Left ear; A2: Right ear.

Surgical procedure

The patient was then positioned in the supine position with 
his head affixed to the three-pin Mayfield frame. The stereotactic 
navigational system was then registered and used to make an ap-
propriate skin incision. The head was prepped using betadine and 
alcohol solutions. Local anesthetic was injected into the dermis. A 
skin incision was made. The skull surface overlying the tumor was 
exposed and the stereotactic system was used to identify the tu-
mor margins. A standard craniotomy was performed. 

Intraoperative visual evoked potentials (VEP)

At the baseline the VEP responses were absent. The anesthesi-
ologist was consulted and was requested to stop the inhalational 
agent (sevoflurane) and switch to TIVA. ERG and VEP baseline re-
sponses were recorded with left eye stimulation with good mor-
phology and repeatability. Responses were absent on the right side, 
where the patient was blind (Figure 7). The tumor was attached to 
the left optic nerve and during the tumor resection, there was a sig-
nificant change in the left VEP responses (Figure 8). The surgeon 
was immediately informed. The surgeon decided to remove the re-
tractor and pause the freeing of the optic nerve. Soon after signals 
returned to the baseline and stayed stable until closing (Figure 9).

Figure 7: Baseline Electroretinogram (ERG), Visual Evoked  
Potentials (VEP) responses showing present ERG and VEP  

responses to left eye stimulation (Left), and present ERG and 
absent VEP responses to right eye stimulation (Right).

Figure 8: Visual Evoked Potentials (VEP) responses during 
tumor resection showing present ERG and loss of VEP responses 

to left eye stimulation (Left), and present ERG and absent VEP 
responses to right eye stimulation (Right). Green arrow: baseline 

P100 responses, Red arrows: loss of P100 responses.

Figure 9: Closing Electroretinogram (ERG), Visual Evoked 
Potentials (VEP) responses showing bilaterally present responses. 
Improvement in left P100 responses can be seen to left eye stimu-
lation (Left), with absent VEP responses to right eye stimulation 
(Right). Green arrow: baseline P100 responses, Yellow arrows: 

return of P100 responses.

Results
In this patient, the intraoperative neurophysiological monitor-

ing (IONM) helped in guiding the surgeon during the high-risk pro-
cedure. Due to a sudden decrease in left VEP responses surgeon 
was alerted and this resulted in no postoperative neurological defi-
cit. Tumor attached to the left optic nerve was resected without any 
loss of vision intraoperatively.

Post-operative

The patient noticed an improvement in her right eye four days 
post-operatively. At the one-month postoperative follow-up, she 
continued to feel improvement (Figure 10).
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Discussion
The generator site for VEPs is believed to be the peristriate and 

striate occipital cortex. Prolongation of P100 latency is the most 
common abnormality and usually represents an optic nerve dys-
function. VEP is an objective and reproducible test for optic nerve 
function. A normal VEP virtually excludes an optic nerve or ante-
rior chiasmatic lesion. 

Intraoperative use of VEP during the surgical procedures in-
volving the optic nerve can be highly beneficial to the patient and 
as well as the surgeon by providing real-time physiological data 
of the nervous system [8,9]. Utilizing the ERG and VEP during ma-
nipulation and tumor resection helps in identifying any pressure 
or stretch on the optic nerve. However, it is important to remem-
ber that intraoperative visual testing is only reliable for surgeries 
involving areas around optic chiasm and optic nerves. Real-Time 
feedback to the surgeon about the visual pathways can minimize 
any post-operative visual deficits [10]. Accurate real-time feedback 
to the surgeon about the integrity of the visual pathways can re-
duce any post-operative visual deficits. 

Data set ERG P100 Anesthetic Effect Surgical changes
Pre-inclination baseline Present Absent Yes No
Post draping baseline Present Present No No
Tumor resection Present Decreased No Yes
Closing Present Present No No

Table 1: Intraoperative Electroretinogram (ERG), Visual Evoked Potentials (VEP) Data.

Figure 10: Post-op MRI: Surgical Cavity is demonstrated along 
the posterior aspect of the gyrus with no residual disease identi-

fied. Postoperatively the compression on the chiasm has been 
significantly resolved secondary to the complete resection of the 

meningioma.

VEP during brain aneurysm surgery

Intraoperative VEPs were sensitive enough to detect vascular 
damage during aneurysm clipping and mechanical manipulation 
of the anterior visual pathway in an early reversible stage. Intra-
operative VEP monitoring influenced surgical decisions in selected 
patients and proved to be a useful modality of IONM.

VEPs as a marker for visual function during orbital surgery

In graves disease, the increase in fat tissue and muscles leads to 
optic neuropathy in severe cases. In the study performed by Clause., 

et al. VEP amplitude and latency improved after orbital decompres-
sion. VEP was proven to be reliable indicator for the detection of 
optic neuropathy caused by stretching of the optic nerve [11]. In 
study done by Harding., et al. transient abolition of VEP was seen 
under surgeries and did not correlate with the outcome of surgery, 
but they concluded that absence of previously normal VEP for more 
than four minutes during surgical manipulation within the orbit 
did show correlation. Hence, they concluded that the technique 
provides early warning to threat to integrity of the optic nerve.

VEPs as a marker for visual function during trans-sphenoidal 
surgery

Intraoperative monitoring of VEP with scalp electrodes under 
TIVA had a reproducibility of 89.6% during transsphenoidal sur-
gery for sellar or perisellar lesions. However, the intraoperative 
VEP waveforms showed no association with postoperative visual 
outcomes. The transient abolition of the VEP was seen under many 
circumstances and did not correlate with the outcome of surgery, 
but the absence of a previously normal VEP for more than four min-
utes during surgical manipulation within the orbit did show a cor-
relation with post-operative impairment of vision. The technique 
provides early warning to the surgeon of threats to the integrity of 
the optic nerve [11].

Nishimura., et al. performed VEP on 160 eyes to determine the 
relationships between VEP waveform changes in endoscopic trans-
sphenoidal surgery and postoperative visual function. In the un-
changed VEP amplitude group, 62 (50%) eyes showed improved 
postoperative visual function and 62 (50%) eyes had an unchanged 
visual function in the postoperative state. When the VEP amplitude 
decreased significantly, the surgeon paused the tumor removal pro-
cedure for several minutes. They concluded that VEP can be steadi-
ly monitored in patients with corrected visual acuity greater than 
0.1. Permanent VEP loss may indicate severe visual dysfunctions 
postoperatively. Transient VEP changes do not indicate postopera-
tive visual disturbance. Visual field defects without decreases in vi-
sual acuity may not be predicted by VEP monitoring [12].

VEPs as a marker for visual function during parasellar surgery

Gutzwiller., et al. performed Intraoperative VEPs with simulta-
neous recording of ERG, with protection from lights of the operat-
ing room and with white light-emitting diodes. Intraoperative VEPs 
were shown to be reliable in predicting postoperative visual field 
changes. In this series of intraaxial brain procedures, reliable intra-
operative VEP monitoring was achieved, allowing at minimum the 
detection of new quadrantanopia. The standardization of this tech-
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nique appears to be a valuable effort in regard to the functional 
risks of homonymous hemianopia [13]. 

VEPs as a marker for visual function during endoscopic sur-
geries in the brain

Chung., et al. performed endoscopic endonasal transsphenoidal 
surgery for sellar or perisellar lesions in 65 consecutive patients 
with intraoperative VEP monitoring using scalp electrodes un-
der TIVA. The aim of this study was to elucidate the relationship 
between changes in the intraoperative VEP waveform and post-
operative visual functional outcomes. Among the 65 patients, 53 
patients were followed-up with postoperative visual function eval-
uation. VEP waveforms measured at baseline were compared with 
those obtained toward the end of surgery and the association be-
tween changes in VEP waveforms and visual outcomes measured 
preoperatively and postoperatively were assessed. Intraoperative 
monitoring of VEP under TIVA had a reproducibility of 89.6% dur-
ing transsphenoidal surgery for sellar or perisellar lesions [14].

Intraoperative use of visual evoked potentials (VEP) during the 
surgical procedures involving the optic nerve can be highly benefi-
cial to the patient and as well as the surgeon. Utilizing the ERG and 
VEP during manipulation and tumor resection helps in identifying 
any pressure or stretch on the optic nerve. However, it is important 
to remember that intraoperative visual testing is only reliable for 
surgeries involving areas around optic chiasm and optic nerves. 
Real-Time feedback to the surgeon about the visual pathways can 
prevent any post-operative neurological deficits.

False positives/negatives

Any abnormality or sudden change to the visual pathway may 
have direct effects on VEP recordings. Pressure on the optic path-
ways such as from hydrocephalus or tumor compression reduces 
the amplitude of wave peaks [15]. The temperature has a signifi-
cant effect on the latency and reproducibility of flash VEP signals, 
with a drop in temperature of 1oC reduces central conduction by 
15%, potentially causing inaccurate results. VEP amplitude is de-
creased and latency is extended under conditions of extreme hy-
poxia and hypotension. Other complications such as preoperative 
visual impairments, hypocapnia, and hemodilution have the ability 
to produce VEP false negatives during surgery [7].

Intraoperative VEPs provide valuable data to aid in preserv-
ing the visual capacity of patients due to being highly sensitive 
enough to detect vascular damage during aneurysm clipping and 
mechanical manipulation of the anterior visual pathway in an early 
reversible stage. Monitoring the visual pathway throughout sur-
gery significantly decreases the possibility of postoperative vision 
complications in the patient [15]. Intraoperative VEP monitoring is 
often reproducible and influences surgical decisions, proving to be 
a valuable supplement to intraoperative neurophysiological moni-
toring [16]. 

In this patient, the utilized visual evoked potentials (VEP) were 
effectively used for the prevention of any loss of vision intra-oper-
atively. The neurophysiological monitoring utilizing ERG and visual 
evoked potentials (VEP) were helpful in preventing any further loss 
of vision and directing the surgeon intra-operatively. VEP can be 
abnormal in brain injuries, optic neuritis, and neuropathy, tumors 
compressing the optic nerve, retrobulbar neuritis surgery. Postop-
erative visual loss is a devastating complication of brain surgery. 
During surgeries that put the visual pathway at risk of injury, con-
tinuous monitoring of the visual function is desirable. However, the 
intraoperative monitoring of the visual evoked potential (VEP) is 
not yet widely used [17-20].
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