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High-resolution cortical mapping within and across the central sulcus using
1024-electrode micro-electrocorticography arrays: illustrative case
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BACKGROUND Central sulcus identification using phase reversal on electrocorticography (ECoG) is a critical tool for neurosurgical intervention
around the primary motor and somatosensory cortices. This mapping is typically performed using cortical arrays with a resolution of several

millimeters.

OBSERVATIONS A 30-year-old female underwent a right frontoparietal craniotomy for resection of a 4-cm contrast-enhancing lesion within the
central sulcus. Central sulcus localization was performed using a standard ECoG array. High-resolution micro-ECoG (UEC0G) arrays were then
placed over the pre- and postcentral gyri, giving 2048-electrode recordings across the central sulcus. Combining this high-resolution uECoG with an
augmented reality imaging overlay to identify the tumor, the central sulcus was split, revealing the underlying tumor. A safe, gross-total resection was
obtained with no postoperative complications. Through the use of uECoG arrays spanning into the central sulcus, a high-resolution phase-reversal
contour was identified across the central sulcus.

LESSONS The authors demonstrate the feasibility and utility of uECoG for sensorimotor mapping within the central sulcus, revealing a phase
reversal at a resolution of approximately 400 microns. Compared to standard mapping, which records gyral surface electrophysiology, they further
demonstrate phase-reversal electrophysiology within a dissected central sulcus. High-resolution cortical mapping from uECoG may foster several

neurosurgical advancements, from tumor resection to brain-computer interfaces.

https://thejns.org/doi/abs/10.3171/CASE25534
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A body of work has explored central sulcus morphology using
electrocorticography (EC0G)."? One common method to identify the
central sulcus is by identification of the phase reversal from somato-
sensory evoked potentials (SSEPs) from the precentral gyrus to the
postcentral gyrus. This mapping is typically performed using cortical
strip arrays with a resolution of several millimeters. A complex relation-
ship between the central sulcus and sensorimotor function has been
suggested, including an overlap between sensory and motor func-
tions across the central sulcus, and considerable across-subject vari-
ability."? Yet, these findings were limited by traditional low-resolution
ECoG arrays. Novel micro-ECoG (UEC0G) arrays, with a resolution
on the order of microns, have demonstrated significant promise for
improved cortical mapping. Thus far, experimental application of
MECoG has been largely limited to animal models.>* In this case, we
demonstrate the feasibility and utility of WECoG for sensorimotor map-
ping within the central sulcus using two 1024-electrode arrays.

lllustrative Case

Methods

A 30-year-old female with a history of breast cancer presented
with episodic left-hand weakness, numbness, and seizure. A contrast-
enhanced brain MRI study demonstrated a 4-cm contrast-enhancing
lesion within the right central sulcus (Fig. 1). The patient was neu-
rologically intact on preoperative examination. The patient was taken
to the operating room for a right frontoparietal craniotomy for tumor
resection. Informed consent was obtained separately for surgical inter-
vention and for research related to use of the high-resolution uECoG
array. Local IRB approval was obtained for prospective use of the
array and related studies. A nonsignificant risk study was approved
by the institutional IRB. Since the patient reported in this case report
was enrolled, the brain-contacting component of the research device
has received 510(k) clearance from the FDA. Following dural opening
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FIG. 1. T1-weighted postcontrast axial (A), coronal (B), and sagittal (C) MR images demonstrating the tumor within the right central sulcus.

and cortical exposure, the right central sulcus was identified using
a standard ECoG strip array by median nerve SSEPs. A clear site
of phase reversal was seen between electrode 3 (precentral gyrus)
and electrode 5 (postcentral gyrus) on the strip array, with electrode
4 (central sulcus) isoelectric. Two separate Precision 1024-electrode
MECoG arrays were then placed over the pre- and postcentral gyri,
giving 2048-electrode recordings across the central sulcus. Each
MECoG array was made of a thin (22 pum) polyimide substrate with
1024 platinum microcontacts (977 contacts of 50 pum in diameter,
42 of 380 um in diameter, and 5 of 500 um in diameter). The arrays
were bonded to printed circuit boards with Intan RHD2000 ampli-
fier chips (Intan Technologies), which amplified with a bandwidth of
0.1-7.5 kHz and digitized at a sampling rate of 20 kilosample/sec. The
recording reference was connected to a needle electrode in the scalp
at the Fz position, and ground was connected to a needle electrode in
the shoulder. Impedance was recorded once both arrays were placed
on the cortical surface, and only recording contacts with impedances
<4 MQ were included for analysis (90.9% of all channels). The mean
and standard deviation of impedance for included channels was
1.09 +£ 0.33 MQ.

Results

Figure 2 demonstrates a comparison between the 1024-electrode
Precision array with standard 4-8 electrode ECoG strip arrays used
for neurosurgical mapping. Once the Precision JECoG arrays were
placed, the standard ECoG array was removed. The central sulcus
was then opened, and one HECoG array was positioned from the
precentral gyrus onto the anterior central sulcus, while the second
MECoG array was positioned from the posterior central sulcus onto
the postcentral gyrus.

While standard mapping approaches with ECoG record only the
superficial cortical surface of the precentral gyrus and postcentral
gyrus (Fig. 3A), this case with central sulcus dissection and flexible
MECOoG arrays allowed recordings from four different surfaces: 1) pre-
central gyrus cortical surface, 2) anterior central sulcus, 3) posterior
central sulcus, and 4) postcentral gyrus cortical surface (Fig. 3B).
Figure 4 demonstrates standard ECoG and uECoG recordings prior
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to central sulcus dissection. A clear phase reversal at approximately
20 msec from median nerve stimulation is seen between ECoG
contact 5 (Fig. 4C, postcentral gyrus) and ECoG contact 3 (Fig. 4F,
precentral gyrus). Micro-ECoG contacts corresponding to the same
regions of cortex matched the same waveform morphology as seen
with standard ECoG. Figure 4| demonstrates the spatial and temporal
evolution of JECoG SSEPs across the central sulcus. With a bound-
ary of the central sulcus defined by standard ECoG recordings (dot-
ted line), a high-resolution SSEP phase-reversal boundary is reflected
by the dynamic heatmap from 16 to 30 msec following median nerve
stimulation. Figure 5 demonstrates JEC0G activity after central sulcus
dissection, with each uECoG array folded into the central sulcus to
enable recordings within the central sulcus. With each array spanning
the dissected central sulcus, again a spatiotemporal evolution of the
phase reversal from 16 to 30 msec after median nerve stimulation is
seen.

Tumor resection was aided by use of an intraoperative augmented
reality imaging overlay (heads-up display, previously described).> Use
of the heads-up display and high-resolution JECoG mapping to enter
the central sulcus for resection enabled a safe, gross-total resection
with no immediate postoperative complications. At long-term follow-up
after 6 months, the patient remained at neurological baseline with no
tumor recurrence. Video 1 includes a comprehensive presentation of
this case.

VIDEO 1. Video demonstration of the operative case and use of
Precision uECoG arrays for mapping within the central sulcus.
Click here to view.

Informed Consent
The necessary informed consent was obtained in this study.

Discussion

Observations

The primary motor cortex and primary somatosensory cortex are
two of the most critical functional regions of the brain. Preservation
of these regions using cortical mapping is essential in neurosurgical
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FIG. 2. The Precision Layer 7 WECoG array (right) contains 1024
electrodes ranging in diameter from 50 to 380 pm. In contrast,
standard ECoG arrays (leff) contain 4-8 electrodes with spacing of
several millimeters. The Precision array covers a surface area of
approximately 1.5 cm? The 1024 surface microelectrodes include
977 electrodes at 50 pm in diameter, 42 electrodes at 380 pm, and
5 electrodes at 500 ym. Each electrode is spaced 400 um apart.

intervention, such as in this case of tumor resection around the cen-
tral sulcus. We demonstrate a high-resolution phase reversal span-
ning into the central sulcus, which varies in both space and time.
Using traditional millimeter-resolution ECoG grids for mapping, we
can see patient-specific unique morphologies of reversal in polarity
between the precentral and postcentral gyri.5” Our demonstration of
high-resolution phase-reversal mapping reflects two unique elements
of this case: 1) implementation of flexible yECoG arrays, yielding
2048 total electrodes over the precentral and postcentral gyri with
400-micron resolution, and 2) placement of electrodes spanning the
deeper portions of the central sulcus. While standard strip electrode
monitoring of phase reversal provides only an isoelectric point, the
high-resolution grid phase reversal demonstrated in this case pro-
vides a phase-reversal “contour line,” which can also demonstrate
high-resolution temporal changes. Wang et al. demonstrated a case
of MECoG recordings over the precentral gyrus in a human patient (all
electrodes placed anterior to the central sulcus). This case appeared
to demonstrate a reversal in polarity over the precentral gyrus with
individual finger movement.® However, this case was limited by a

©2025 M yinai
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FIG. 3. Standard phase-reversal mapping versus JECoG mapping into
the central sulcus. Upper Panel: The standard SSEP strip array
captures only the cortical surface of the precentral and postcentral
gyri. With use of this technique, the surfaces of the central sulcus are
not in contact with the electrode array, leaving the function and
electrophysiology of the cortex within the central sulcus itself
uncaptured. Lower Panel: The presented case differed from
standard mapping in two ways: 1) use of a flexible Precision
1024-electrode HECoG array, and 2) dissection of the central sulcus,
which allowed the electrode arrays to be placed on the sulcal cortex.
These two factors enabled high-resolution recordings spanning the
precentral gyrus (1), anterior (2) and posterior (3) surface of the
central sulcus, and postcentral gyrus (4).

MECOG array consisting of 16 electrodes, and by recordings only over
the precentral gyrus, rather than both the precentral and postcentral
gyri.8 Kaiju et al. demonstrated in nonhuman primate experiments
that there are clear differences in the morphology of SSEPs between
128-channel and 1152-channel yECoG arrays. In particular, their work
revealed high-resolution complex contours of phase reversal using
1152-channel arrays that were not revealed with 128-channel arrays.?

In addition to use of a 1024-electrode WEC0G array, this case is
also distinguished by placement of electrodes within the central sul-
cus, as opposed to standard SSEP mapping, usually limited to the
surface of the precentral and postcentral gyri (Fig. 3). Other work in
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FIG. 4. Micro-ECoG arrays map the phase reversal of median nerve SSEPs across the central sulcus. Dashed lines indicate the estimated anatomical
central sulcus in each image. Micro-uECoG SSEP waveforms were averaged across 75 stimulus trials and bandpass filtered at 10-300 Hz.
The arrows indicate anatomical directions—anterior (A), posterior (P), superior (S), and inferior (I)—in each image. A: A macro-ECoG strip
placed across the central sulcus (dashed line) during clinical intraoperative monitoring. B: Precision uECoG arrays placed across the central
sulcus, with the prior position of the clinical macro-ECoG strip contacts indicated with dashed circles. Array | is over the postcentral gyrus, and
array Il is over the precentral gyrus. C: An SSEP from macro-ECoG contact 5 (upper) and an SSEP recorded by a microcontact (lower)
positioned on the same area of the cortex as macro-ECoG contact 5. The vertical line indicates the 20-msec poststimulus time point. D: SSEPs
recorded from each microcontact on WECoG array I. E: A total of 120 SSEPs were recorded by uECoG array I. F: An SSEP from macro-ECoG
contact 3 (upper) and an SSEP recorded by a microcontact (lower) positioned on the same area of cortex as macro-ECoG contact 3. The
vertical line indicates the 20-msec poststimulus time point. G: SSEPs recorded from each microcontact on uECoG array 1. H: A total of

120 SSEPs were recorded by pECoG array II. I: Heatmaps of mean voltage from 75 stimulus trials recorded by the yECoG arrays through
time. Each dot represents the mean voltage recorded by each microcontact at the poststimulus time point labeled above.

nonhuman primates mapping SSEPs with uECoG has shown propa-
gation of SSEP activity from regions within the central sulcus to the
postcentral gyrus.® Given the propagation of sensory information from
within the central sulcus to the postcentral gyrus surface, inclusion of
electrodes within the central sulcus may lead to more accurate and
faster sensory decoding.® Matsuo et al."® previously described a neu-
rosurgical protocol for central sulcus dissection in macaques, which
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reflects the general surgical technique used in this unique case requir-
ing central sulcus dissection for tumor resection.” Such electrodes
traversing the central sulcus in nonhuman primates have shown both
higher somatosensory accuracy® and lower thresholds of activation for
motor evoked potentials.”® Notably, the availability of flexible JECoG
arrays that can conform to the sulcus, such as the Precision array
used in this case, is necessary for such intrasulcal recordings. The
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FIG. 5. Micro-ECoG arrays map the phase reversal of median nerve SSEPs across and within the opened central sulcus. Dashed lines indicate
the estimated anatomical sulcus in each image. Micro-ECoG SSEP waveforms were averaged across 137 stimulus trials and bandpass filtered
at 10-300 Hz. The arrows indicate anatomical directions: anterior (A), posterior (P), superior (S), and inferior (I). A: Precision uECoG arrays
placed on the opened central sulcus, with edges of the array folded into the sulcus. Array | is over the postcentral gyrus and into the posterior
central sulcus, and array Il is over the precentral gyrus and into the anterior central sulcus. B: SSEPs recorded from each microcontact on
MECoG array I. C: A total of 120 SSEPs were recorded by uECoG array I. D: SSEPs recorded from each microcontact on uECoG array |I.

E: Atotal of 120 SSEPs were recorded by pECoG array Il. F: Heatmaps of mean voltage from 137 stimulus trials recorded by the uECoG

arrays through time. Each dot represents the mean voltage recorded by each microcontact at the poststimulus time point labeled above.

mechanical flexibility of the yECoG arrays enables very close con-
formability of the high-density electrodes to the cortical surface without
causing damage to the cortical tissue. Additionally, the amplification
and digitization circuitry is very near to the recording sites (< 15 cm),
reducing opportunities for coupling of environmental noise in the oper-
ating room. These design features enable high-fidelity recordings of
cortical evoked potentials, comparable in signal quality to those cap-
tured by traditional Ad-Tech cortical strip electrodes (Fig. 3) but with
much greater spatial resolution.

Limitations
As a preliminary report, the demonstrated findings require replica-
tion across further patients with varying neurosurgical interventions

around the central sulcus. One limitation of the uECoG arrays is that
they are limited to recording at the cortical surface. This precludes
characterization of neuronal firing rates directly from pyramidal neu-
rons at layers V and VI. Future work should investigate the relative
contributions of each cortical layer to the summed local field poten-
tial captured by high-density surface microelectrodes by simultane-
ously recording from laminar depth electrodes and high-density ECoG
arrays. Within the scope of the present work, we have not directly veri-
fied which layers contributed to the local field potential captured by our
high-density ECoG array at the cortical surface. Signal-to-noise ratio
was optimized in the operative environment through minimization of
known potential electrical sources of noise in the operating room, and
through prior experimentation to obtain optimal ground and reference
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schemes (including a ground maintained on the forehead. However,
the longer-term stability of signals recorded from the device was not
explored and is an important area for further research.

We demonstrate the feasibility and utility of WECoG for sensorimo-
tor mapping within the central sulcus, revealing a phase reversal at
a resolution of approximately 400 microns. Compared to standard
mapping, which records gyral surface electrophysiology, we further
demonstrate phase-reversal electrophysiology within a dissected cen-
tral sulcus. High-resolution cortical mapping from WECoG may foster
several neurosurgical advancements, from tumor resection to brain-
computer interfaces (BCls). This case demonstrates the possibility of
further temporospatial mapping with uECoG electrodes. However, fur-
ther work is needed to assess the value of these electrodes for stan-
dard neurosurgical interventions across a larger number of patients,
and for potential applications such as sensorimotor BCI.

Lessons

Mapping around the central sulcus is relevant to several neuro-
surgical conditions, many of which may benefit from high-density
electrophysiological recordings. Standard ECoG strip arrays for tumor
resection require several repeated SSEP measurements with varying
array placements to identify the 2D morphology of the central sulcus.
Use of JECoG arrays can provide a clear mapping of the central sul-
cus in two spatial dimensions. Furthermore, as shown in Figs. 4 and 5,
temporal evolution in the phase reversal can be assessed, which has
been historically ignored with typical SSEP mapping. In addition to
tumor resection, epileptic resections around the precentral gyrus
require accurate delineation of the seizure onset zone while sparing
functional regions of motor cortex. Such resections have relied on cor-
tical grids with several millimeters of resolution between electrodes.
Micro-ECoG, as we exhibit in this case, may provide even higher-
resolution discrimination between functional regions of cortex and
abnormal regions safe for resection, such as epileptogenic lesions.

There may be significant interindividual variation in electrophysi-
ological morphology of the central sulcus, which cannot be captured
in granular detail using standard millimeter-resolution cortical arrays.
For instance, using motor evoked potentials, cases of motor function
within the postcentral gyrus have been identified.” Intraoperative
knowledge of such individual variation is crucial for safe neurosurgical
intervention and may be aided by high-density yECoG. Mapping using
MECoG may limit the need for direct cortical stimulation for motor
evoked potentials, thus facilitating more efficient mapping around the
central sulcus and decreasing the likelihood of stimulation-induced
seizures.™ Central sulcus mapping with standard ECoG electrodes
has long been established as a safe and effective tool for tumors
around the central sulcus, with an efficacy of > 90%.' However, sev-
eral neurosurgical indications may benefit from increased precision of
functional mapping around the central sulcus with uECoG compared
with standard ECoG arrays. These include mapping precise epileptic
versus functional cortical regions around the central sulcus (where the
target of ablation or neuromodulation is paramount) and increased
ability to map the functional boundaries around high-grade gliomas
(in which maximizing the extent of resection up to functional cortex
is critical).

In addition to neurosurgical interventions for traditional indica-
tions such as epilepsy and tumor resection, high-resolution map-
ping of cortical electrophysiology between the precentral gyrus and
postcentral gyrus may advance BCI technologies. To date, several
successful applications of sensorimotor-based BCls have been imple-
mented. These applications have generally used electrical arrays with
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millimeter-level spatial resolution.’®"® Higher spatial resolution pro-
vided by yECoG arrays may offer further accuracy and usability of
sensorimotor BCls. Prospective exploration of uECoG across the pre-
central and postcentral gyri, both intraoperatively during neurosurgical
intervention and longitudinally for BCI applications, will help advance
our understanding of human brain mapping.
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