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A B S T R A C T

We report the case of a patient undergoing two surgeries in the right and left occipital lobes for resection of primary central nervous system tumor at diﬀerent times.
The ﬁrst approach was performed in the left hemisphere, with the patient awake and, ﬁve months later, the second approach was performed in the right hemisphere,
with the use of VEP for the study of the visual pathways. Both procedures were performed by the same surgical team, anesthesiologist and intraoperative monitoring
neurophysiologist. Nevertheless, the outcomes were diﬀerent, and the patient evolved with a left inferior temporal quadrantanopia after the second surgery, a deﬁcit
not detected by VEP.

1. Introduction
In 1874 Roberts Bartholow ﬁrst described an experiment with the
use of direct cortical electrical stimulation in human brain [13]. And in
1937, Penﬁeld described the ﬁrst schematic representation of the sensorial and motor homunculus, obtained through the cortical electrical
stimulation in 126 patients [10,24].
A new generation of neurosurgeons adopted the direct electrical
stimulation (DES) approach, and gradually the study of language and
sensory motor eloquent areas widely expanded. It resulted in acquaintance of new knowledge about the anatomic and functional relationships and its subcortical interconnections [22,23].
In the mid-80s, the Ojemann 50–60 Hz bipolar mapping method was
described. With the advancement of stimulation techniques and anesthetic protocols [3,5], DES in awake patients acquired increased reproducibility and spread to the study of non-motor eloquent areas.
Reports of direct stimulus for mapping visual pathways are still few.
Classically, visual function is studied through visual evoked potential
(VEP) with ﬂash luminous stimulus during asleep surgery.
We report the case of a patient undergoing two surgeries in the right
and left occipital lobes for resection of primary central nervous system
tumor at diﬀerent times. The ﬁrst approach was performed in the left
hemisphere, with the patient awake and, ﬁve months later, the second
approach was performed in the right hemisphere, with the use of VEP
for the study of the visual pathways. Both procedures were performed

⁎

by the same surgical team, anesthesiologist and intraoperative monitoring neurophysiologist. Nevertheless, the outcomes were diﬀerent,
and the patient evolved with a left inferior temporal quadrantanopia
after the second surgery, a deﬁcit not detected by VEP.
2. Case report
RLB, female, 54 years old, submitted to two surgeries for resection
of primary central nervous system tumor in occipital lobes in a ﬁvemonth interval. Free and informed consent for further use of the patient’s data in classes and publications was obtained.
The ﬁrst lesion, located in the left occipital lobe, was approached in
April 2018 using asleep-awake anaesthesia and multimodal intraoperative neurophysiological monitoring with the patient awake. In
the preoperative phase, the patient presented only a right inferior
temporal quadrantanopia in the confrontation campimetry. The cranial
tomography showed an expansive lesion of 3.2 × 2.6 × 2.8 cm (laterolateral × cranio-caudal × antero-posterior) in the left parieto-occipital
region, heterogeneous, of irregular contours and discretely thickened
walls, with peripheral enhancement to the contrast medium (Fig. 1).
The patient was previously evaluated with normal laboratory tests
and without diﬃcult-airway predictors. Patient and family members
received detailed explanation on the technique to be performed [30]
and the informed consent term was obtained. Preanaesthetic medication was not administered and in the surgery room all procedures that
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occipital fasciculus (IFOF) in the occipital lobe. Visual ﬁeld tests conﬁrmed the previous right inferior temporal quadrantanopia. Object
naming (Fig. 2), semantics with ﬁgure association (Figs. 3 and 4) and
reading tests did not show alterations. Cadence of movement remained
preserved. In the absence of electric stimuli, the patient performed
drawings without diﬃculty (Fig. 5C), while the stimulation in areas of
projection of visual pathways evinced inversion for the representation
of a face and a house (Fig. 5A and B). Such positive areas were spared in
resection. After surgery, the patient showed no new deﬁcits. The
postoperative magnetic resonance imaging (MRI) evidenced complete
resection of the lesion (Fig. 6) and the histopathological study was
suggestive of glioblastoma with areas of grade IV gemistiocytic pattern.
The patient was submitted to adjuvant postoperative chemo-radiotherapy with Temodal.
In September 2018, the patient underwent a second surgery for
tumor resection in the right occipital lobe (Fig. 7). This time, the evaluation of the visual pathways was accomplished through VEP with the
patient under TIVA with remifentanil and propofol. The histopathological study revealed glioblastoma IDH-wild type, preserved ATRX, with
probable mutation of TP53.
VEP was obtained with interval luminous visual stimuli (ﬂash)
through goggles, at 10 ms of duration and 2 Hz, with recordings
through corkscrew electrodes positioned in Oz-Fz and Oz-Cz’ according
to EEG International System 10–20. P100 was obtained with normal
and symmetrical latencies, at 104 ms on the right and 105 ms on the left
sides. They remained stable and unchanged during the resection.
Transcranial motor evoked potential was performed with anodal
stimulation of right (C4-Cz) and left (C3-Cz) hemispheres. Responses
were recorded in the contralateral abductor pollicis brevis and abductor
hallucis muscles. After opening the dura mater, motor evoked potential
of the right hemisphere was changed to direct cortical stimulation with
a grid electrode and potentials were obtained at the left hand. Anodal
cortical monopolar mapping was performed to identify the point of
entrance, using train-of-5 pulses, of 500 μS duration, ISI of 3 ms, frequency of 2 Hz and intensity of 12 mA.
Somatosensory evoked potential of ulnar and tibial nerves was
performed, recorded at C3’-Fz, C4’-Fz and Cz’-Fz respectively. N20 and
P40 potentials presented normal and symmetrical latencies, though a
baseline decrease of 75% in the amplitude of the N20 of the left ulnar
nerve was observed. They remained unchanged until the end of the
records. Electroencephalogram was also performed to control anaesthetic depth and to evaluate epileptic seizures.
Despite the stable and unchanged latency and amplitude of P100
throughout the surgery, left inferior temporal quadrantanopia was observed in the immediate postoperative. Macroscopically, the postoperative magnetic resonance imaging displayed a complete resection
of the lesion (Fig. 8). The patient was submitted to adjuvant chemoradiotherapy.

Fig. 1. Preoperative image of the tumor in the left occipital lobe.

would require collaboration such as positioning, awakening, forms of
communication with the team and possible sources of discomfort (visual discomfort due to the surgical drape, thermal discomfort due to
low room temperature, pain or eventual seizure) were reviewed with
the patient. Monitoring was carried out by means of electrocardiogram,
pulse oximetry, arterial pressure by invasive method, capnography,
respiratory rate and urinary output. Peripheral venous access (18 G)
was punctured in the left upper limb and prophylactic antibiotic according to the institutional protocol was administered; antiemetic
prophylaxis was performed with ondansetron (8 mg) and dexamethasone (10 mg).
Anaesthetic induction was performed with propofol (80–100
mcg.kg−1.min−1), remifentanyl (0.4–0.5 mcg.kg−1.min−1) in continuous infusion and neuromuscular blockade with rocuronium
(0.3 mg.Kg−1). A laryngeal mask was used and local inﬁltration and
“scalp block” [31] were performed as an auxiliary technique to control
the pain stimulus. The anaesthetic infusion was interrupted after the
dura mater anchorage and the awakening and the removal of the supraglottic device occurred without discomfort. The patient collaborated
during the whole surgery and there was no need to maintain sedation
for the closure of surgical plans. Adjuvant analgesia with dipyrone (2 g)
and ketoprofen (100 mg) was used.
For anodal cortical and cathodal subcortical mapping, we used a
monopolar probe referred to Fz (International System 10–20). The stimuli were delivered at 250–500 Hz, with trains of 5 pulses of 500 μs of
duration, interstimulus interval (ISI) of 3 ms, frequency of 2 Hz and
intensity of 8 mA. During the stimuli and resection, tasks were carried
out, like word reading, object naming, visual and nominative semantics, spelling, drawing, visual ﬁeld evaluation (Fig. 2), and motion cadence. Electrocorticography was performed for the identiﬁcation of
after-discharges and of epileptogenic activity.
Alterations in the semantic tests, which are tests that associate ﬁgures and words, and drawing tests, translating change in the visuospatial areas, were observed during stimulation of the inferior fronto-

3. Discussion
Performing DES in the awake patient allows better evaluation of
neuronal plasticity and of individual cortical-subcortical interconnections [2]. The left hemisphere, being most times dominant, took

Fig. 2. Models of the Verst-Maldaun naming test images individually used.
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Fig. 3. Models 1 and 2 of semantic tests with ﬁgures association.

Fig. 4. Models 1 and 2 of semantic test with ﬁgures and words association.

Fig. 5. (A) and (B) Drawings performed intraoperatively during the electrical stimulus in areas of the visual pathways’ projection. Inversion is observed in the
representation of a face and a house. (C) – Drawing performed intraoperatively without DES.

the optical radiation and the eloquent areas of language, specially the
IFOF and ILF. We decided for awake approach of the left hemisphere,
willing for better cognitive and visual assessment, target with speciﬁc
and appropriate tasks [14,15,20]. The patient was submitted to visual
ﬁelds, object nomination and semantic tasks and was asked to draw
ﬁgures. The use of appropriate and speciﬁc tests directly related to
adjacent tracts functions has optimized our results. We were guided by
anatomical information provided by neuronavigator and neurosurgeon
to switch between the tasks.
The IFOF, in addition to its widely reported role in language semantics, is related to the comprehension of written word, reading and
recognition of colors and letters [11]. Diversely, in the right hemisphere, IFOF seems to be related to alterations in the recognition of
facial emotions, especially for feelings of sadness, anger and fear [7].
Optic radiation is related to visual ﬁelds and visuospatial perception.
The proximity to the optic radiation and IFOF was demonstrated by DES
by evoking alterations in the drawing (visuospatial perception) and
nominative semantic tests, respectively. The identiﬁcation of positive
areas during DES allowed maximal resection without functional worsening.
For the second surgery, the patient referred to be unable to repeat
the awake procedure due to the emotional lability and weakness

advantage in mapping studies and had its language network described
[4,1]. Right hemisphere was neglected for a long time. In 1972, Penﬁeld described the results of a cortical resection in the right hemisphere
that led to visual-spatial disorientation [30]. In 1977, Rasmussen and
Milner [6] employed the Wada test in a group of patients and demonstrated that 50% of non-right-handed patients presented language
dominance in the right hemisphere and 20% of them bilaterally.
Lesions of the posterior aﬀerent visual pathway during tumor resection in temporal lobe and temporo-occipital junction range from
52% to 100% [8,26–28]. Meantime, reports of direct stimulus for
mapping visual pathways are still few. In 2004, Duﬀau reported the
ﬁrst case of DES employed for visual pathways mapping [8]. According
to his report, he used a limited methodology, since it relied solely on the
patient’s description of appearance of a shadow in her visual ﬁeld,
highlighted by DES use. Though he concluded that subcortical visual
pathways are susceptible to DES mapping.
In this case description, both lesions occurred in occipital lobes, in
topography close to the optical radiation, IFOF and inferior longitudinal
fasciculus (ILF). The ﬁrst lesion comprised the cortico-subcortical region of the left temporo-occipital transition and was approached using
DES with the patient awake. The technique with a monopolar probe
was previously described by the authors [12]. We aimed to map both
3
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Fig. 8. Postoperative image of surgery in the right occipital lobe.

registered VEP reﬂects the activation of ﬁbers from the central area of
the retinal macular region, especially due to its greater cortical representation [18]. However, it is still unclear whether macular and
peripheral vision are both evaluated by ﬂash VEP, as well as the extent
of axonal loss that is necessary to alter the potential.
Described in 1973 by Wright et al. [25], the ﬁrst attempts to its
intraoperative use was limited because of P100 instability and low reproducibility under general anaesthesia. The administration of propofol
and opioids for total intravenous anaesthesia (TIVA) and the development of devices with greater luminescence led to improvement of the
technique, resulting in better correlation between P100 alterations and
postoperative visual function [9]. Besides these, other technical diﬃculties may occur, such as poor positioning of the glasses or their displacement during the surgery, resulting in a luminescence that does not
allow the passage of light through the eyelids, hindering the recording
of well-deﬁned P100 [19,21]. Factors such as body temperature drop,
low mean arterial pressure, hypoxemia, hypovolemia, hematocrit
below 15% should be considered while interpreting N75-P100 complex
amplitude drop [9,33].
In the set of intraoperative VEP, it seems that a sudden, consistent
and repeatedly decrease in P100 amplitude greater than 50% could be
considered as a positive predictive value [9,33]. In the outpatient diagnosis scenario, the potential amplitude reduction has a lower clinical
signiﬁcance than the latency alterations [32].
Changes in VEP represent more sensitively changes in visual acuity,
but not necessarily visual ﬁeld defects [21,29]. Thus, lesions in small
portions of the optical radiation could be masked by normal conduction
of the luminous stimulus through the preserved ﬁbers, keeping the VEP
unchanged despite the possible visual ﬁeld deﬁcit [16,26,27]. The LED
ﬂash VEP does not allow the identiﬁcation of quadrantanopia. This is
the most probable explanation for the outcome of our second surgical
approach, despite preserved P100.
The high prevalence of visual pathways lesions in surgeries for resection of posterior temporal-occipital tumors, leads us to believe that
awaken approaches must be taken more often into account. It combines
the goal of maximal tumor resection with reduction in postoperative
deﬁcits.

Fig. 6. Postoperative image of the surgery in the left occipital lobe.

Fig. 7. Preoperative image of the lesion in the right occipital lobe.

resulting from chemo-radiotherapy. Awake surgery needs patient’s
agreement and collaboration. The procedure was performed under
general anaesthesia, VEP for visual assessment and IOM as previously
described. VEP recordings remained unchanged all through the procedure, but the patient developed a new deﬁcit.
Recognized as a valuable tool in the analysis of visual processing at
outpatient level, VEP is performed by positioning glasses that trigger
luminous stimuli on the retina, producing action potentials that are
conducted to the visual cortex and captured by scalp positioned electrodes. In normal people, this action potential evokes a wave with positive polarity and latency of approximately 100 ms (P100). Scalp4
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4. Conclusion
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DES in the awake patient may be an important tool in the evaluation
of the optical pathways, especially in the resection of lesions close to
the optic radiation and posterior temporo-occipital cortex. Analysis of
semantic comprehension of words and objects, reading, identiﬁcation
of colors, letters, visuo-spatial organization and facial emotions are of
great functional importance and go far beyond the objective evaluation
of the visual acuity obtained with VEP. Further studies are necessary to
elucidate the subcortical interconnections of the visual areas with other
eloquent areas, as well as to establish protocols for evaluating these
pathways.
Minor visual ﬁeld deﬁcits may not be predicted by ﬂash VEP, suggesting that it may not be indicated for intraoperative evaluation of
posterior visual pathways. Accurate intraoperative alert parameters
related to real prognostic value still need to be established for ﬂash
VEP.
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