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ABSTRACT

Background: Simultaneous sampling of the cingulate gyri through a single depth electrode inserted underneath
the falx cerebri is clinically useful in certain cases of drug-resistant epilepsy. However, the frequency at which
each region of the cingulate gyri — namely, anterior, middle, and posterior — can be simultaneously sampled with
a single electrode remains uncertain.
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Methods: We assessed the anatomical relationship between the falx cerebri and the cingulate gyrus in 50 adults
and children. Subsequently, we determined whether an arbitrary line, denoted as A (representing a 5 mm gap
between the falx cerebri and corpus callosum necessary for depth electrode insertion), fell within the anterior,
American University of middle, or posterior cingulate gyrus.
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across individuals, with a significant difference between children and adults (P = 0.02). The A line was located in
the middle cingulate gyrus in 18 children (72%), while 3 (12%) and 4 (16%) had it located in the posterior and
anterior cingulate gyrus, respectively. Among adults, 15 individuals (60%) had the A line in the middle cingulate
gyrus, 10 (40%) in the posterior cingulate gyrus, and none in the anterior cingulate gyrus.

Conclusion: This study demonstrates the feasibility of simultaneous sampling of both the anterior and middle
cingulate gyri in adults and children. Moreover, it represents the first investigation to document the wide
interindividual variability in the morphology of the falx cerebri and its association with the cingulate gyrus.
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Quick Response Code:
E E INTRODUCTION

The cingulate gyrus lies on the medial aspect of the brain, forming a belt above the corpus
callosum. Due to its vast connections with the frontal, temporal, parietal, occipital, and insular
cortices, the semiology of seizures originating from the cingulate gyrus is diverse and frequently
reflects ictal propagation to associated symptomatogenic areas.””! These diverse clinical
manifestations and poorly localized electroencephalography (EEG) findings make the diagnosis
of cingulate epilepsy challenging, particularly in patients with non-lesional refractory localization
related epilepsy. Invasive EEG (iEEG) recordings will be required in most of these cases to
lateralize and localize the epileptogenic network. While some patients with suspected refractory
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neocortical epilepsies still undergo iEEG recordings using
subdural grid/strip electrodes, stereoelectroencephalography
(SEEQ) is primarily used to sample deep epileptogenic zones
like the cingulate gyrus.©*>¢*!

When the lateralization of the seizure onset zone is
unknown, and both cingulate gyri need sampling, the
current technique involves placing SEEG depth electrodes in
each hemisphere with an orthogonal orientation in relation
to the sagittal plane, targeting the anterior, mid, and/or
posterior cingulate gyri based on the presurgical hypothesis
[Figure 1]. Alternatively, both cingulate gyri can be sampled
through a single depth electrode inserted underneath the falx
cerebri with an orientation orthogonal to the sagittal plane,
as demonstrated in a previous study.!'”!

However, there are knowledge gaps regarding the feasibility
of bilateral sampling of the cingulate gyri due to the unclear
anatomical relationship between the falx cerebri and the
cingulate gyrus. Anteriorly, where the falx only partially covers
the cingulate gyrus, electrode insertion beneath the falx allows
for targeted sampling of the exposed portions of the cingulate
gyrus. However, as the falx extends posteriorly and covers the
cingulate gyrus entirely, electrode insertion below the falx is no
longer feasible. In this study, we aim to address these knowledge
gaps by evaluating the anatomical relationship between the falx
cerebri and the cingulate gyrus in 50 adults and children to

Right and left middle
cingulate gyri

Right and left anterior
_ cingulate gyri

e

Figure 1: The current approach for the
sampling of both cingulate gyri with
stereoelectroencephalography.
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determine how frequently the anterior, middle, and posterior
cingulate gyri could be sampled with this technique.

MATERIALS AND METHODS

Anatomical relationship between the cingulate gyrus and
falx cerebri

We reviewed the epilepsy protocol brain magnetic resonance
images (MRIs) of 50 subjects (25 children and 25 adults)
with normal neuroimaging participating in an ongoing study
approved by the Institutional Review Board of the American
University of Beirut Medical Center evaluating patients
with suspected new onset seizure/epilepsy. The brain MRIs
were obtained from a 1.5 or 3T scanner (Ingenia; Phillips
Healthcare) using an imaging-acquisition protocol that
included 3D T1 (1 mm slice thickness) and 3D fast fluid-
attenuated inversion recovery (0.9 or 1 mm slice thickness)
of the whole brain with multiplanar reconstruction, axial
and coronal inversion recovery (2 mm slice thickness),
axial T2 turbo spin echo (TSE) and T2 fast field echo (FFE)
(4 mm slide thickness), and axial diffusion weighted images
(4-5 mm slice thickness). The 3D images were obtained
with no interslice gap. All subjects or their parents signed an
informed consent.

We used the T1 midsagittal plane to calculate how frequently
the anterior, middle, and posterior cingulate cortices could
be simultaneously sampled through depth electrodes
inserted beneath the falx cerebri. Based on the Talairach
and Tournoux coordinates,"!! we determined the horizontal
plane as a line passing through the anterior and posterior
commissures (AC-PC line), as well as the vertical anterior
commissure (VAC) and vertical posterior commissure (VPC)
lines [Figure 2]. Based on these coordinates, the cingulate
gyrus was divided into three regions which were labeled
anterior, middle, and posterior cingulate gyri. Of note,
what we labeled as the middle cingulate gyrus corresponds
histologically to the posterior middle cingulate gyrus.'! To
determine the relationship of the falx cerebri to the cingulate
gyrus, one point (arbitrarily labeled as I point) and one
additional line (arbitrarily labeled A line) were defined as
follows:

e I point: Represents the point of intersection of the falx
cerebri with the corpus callosum [Figure 2]

e A line represents the line with a 5 mm opening between
the inferior border of the falx cerebri and the superior
border of the corpus callosum. This line was drawn
perpendicular to a tangent line to the surface of the
corpus callosum [Figure 2]. The value of 5 mm was
chosen as the neurosurgeon considered this to be the
minimum open gap that would safely allow for the
insertion of a depth electrode into the opposite cingulate
gyrus. Therefore, all areas anterior to the A line can be
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Figure 2: Anatomical relationship between
the falx cerebri and the corpus callosum.
The anterior cingulate gyri, middle cingulate
gyri, and posterior cingulate gyri were
divided according to their location anterior
to the vertical anterior commissure line

(VAC), in between the VAC and vertical
posterior commissure (VPC) lines and
posterior to the VPC, respectively. The I
point represents the intersection between
the falx cerebri and the corpus callosum,
while the A line represents the location with
a gap of 5 mm between the inferior border
of the falx cerebri and the superior edge of
the corpus callosum. The free edge of the falx
cerebri points to the inferior sagittal sinus.
AC: Anterior commissure, PC: Posterior
commissure, ACG: anterior cingulate
gyrus, MCG: middle cingulate gyrus, PCG:
posterior cingulate gyrus.

sampled bilaterally with a single depth electrode. For
each subject, we identified whether the A line was located
in the anterior, middle, or posterior cingulate gyri.

RESULTS

There were substantial variabilities in the shape of the falx
cerebri and the point where it abutted with the corpus
callosum. For some subjects [Figure 3a], the falx remained
arching above the corpus callosum and abutted with it at
the level of the splenium. This anatomy would allow a depth
electrode to be inserted below the falx cerebri and to bilaterally
sample the anterior, middle, and posterior cingulate gyri. For
others, the falx reached the level of the corpus callosum at the
level of the VPC line [Figure 3b], which would allow bilateral
sampling of the anterior and middle cingulate gyri only.
Finally, in some subjects, the falx abutted with the corpus
callosum at the level of the VAC line [Figure 3c], which would
only permit bilateral sampling of the anterior cingulate gyri.

Figure 3: Sagittal magnetic resonance imaging cuts showing the
variable anatomy of the falx cerebri in relation to the corpus callosum.
In some subjects (a), the A line was located in the posterior cingulate
gyrus (PCG), allowing bilateral sampling of the anterior cingulate
gyri (ACG), middle cingulate gyri (MCG) and PCG. In most
subjects (b), the A line was located in the MCG, allowing sampling
of the ACG and MCG. In a small percentage of children (c), the A
line was located in the ACG, therefore only allowing for both ACG
to be simultaneously sampled with this technique, VAC: Vertical
anterior commissure line, VPC: Vertical posterior commissure line,
AC: Anterior commissure, PC: Posterior commissure.

Surgical Neurology International 2024 « 15(242) | 3



Farhat, et al.: Bilateral sampling of cingulate gyri through one depth electrode

Table 1: Demographic characteristics of the subjects and locations
of the A line with respect to the anterior, middle, and posterior
cingulate gyri in the whole cohort, in children, and adults.

Cohort Children Adults

Number 50 25 25
Male (%) 48.0 52.0 44.0
Mean age (years) 22.9 7.3 38.4
Median (years) 18.1 6.3 323
Range (years) 0.7-66 0.7-16.8 19.4-66
Distance VAC-VPC (mm)

Mean (mm) 22.9 21.8 24.0

Median (mm) 22.6 21.9 23.8

Standard deviation (mm) 1.9 1.9 1.6
Location of A-line

Anterior cingulate 4(8) 4(16) 0(0)

gyrus 11 (%)

Middle cingulate gyrus 33 (66) 18 (72) 15 (60)

n (%)

Posterior cingulate 13 (26) 3(12) 10 (40)

gyrus 11 (%)

VAC: Vertical anterior commissure line; VPC: Vertical posterior
commissure line

The demographics and locations of the A line for the 50
subjects are shown in Table 1. The VAC-VPC distance was
significantly shorter in children (mean: 21.8 mm) compared
to adults (mean: 24 mm) (P < 0.01).

For the whole cohort, 33 subjects (66%) had the A line
located in the middle cingulate gyrus, 13 (26%) had it located
in the posterior cingulate gyrus, and only 4 (8%) had it
located in the anterior cingulate gyrus [Table 1]. There was,
however a significant difference in the location of the A line
between children and adults (P = 0.02). A total of 18 children
(72%) had the A line located in the middle cingulate gyrus,
while 3 (12%) and 4 (16%) had it located in the posterior and
anterior cingulate gyrus, respectively. Conversely, 15 adults
(60%) had the A line located in the middle cingulate gyrus,
10 (40%) had it located in the posterior cingulate gyrus, and
none had it located in the anterior cingulate gyrus [Table 1].

DISCUSSION

In this study, we evaluated the anatomical relationship
between the falx cerebri and the cingulate gyrus in 50 adults
and children to determine how frequently the anterior,
middle, and posterior cingulate gyri could be bilaterally
sampled using a single interhemispheric depth electrode
inserted from one hemisphere, directed toward the ipsilateral
cingulate gyrus and advanced underneath the falx cerebri to
reach the contralateral gyrus.

This is the first study to analyze the relationship of the falx
cerebri to the cingulate gyrus. We showed that despite the wide
interindividual variability in the location of the A point, this
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approach can be used to simultaneously monitor the anterior
and middle cingulate gyri in most adults and children. Of
particular interest were the age-related anatomical differences
identified in our study, highlighting the importance of
considering developmental factors when planning depth
electrode placements. We observed significant variations in
the VAC-VPC distance and the anatomical location of the A
line between adult and pediatric populations, underscoring
the need for age-specific approaches to electrode insertion.
In the adult population, our data showed that this technique
enables sampling of the anterior and middle cingulate gyri in
all patients and that all three divisions of the cingulate gyrus
can be assessed in 40% of patients. Conversely, the anterior
and middle cingulate gyri can be sampled in 72% of children,
while all three divisions can be evaluated in 12% of children.
In 16% of children, only the anterior cingulate gyrus can be
sampled bilaterally.

In patients with medically refractory epilepsy, bilateral
sampling of the cingulate gyri may be necessary, particularly
when a presurgical evaluation suggests an ictal onset in the
mesial frontal lobe without evident epileptogenic lesions
on brain MRIs.®¥! For example, in a recent study, bilateral
exploration of the cingulate gyri was needed in 15% of
patients suspected of frontal epilepsy.” In these cases, the
traditional SEEG approach involves sampling the various
parts of each cingulate gyrus through depth electrodes
inserted with an orthogonal orientation in relation to the
sagittal plane into each hemisphere.*>*!

A recent study investigated the safety and utility of
bihemispheric sampling through transmidline SEEG
in 53 patients who had 83 electrodes implanted in the
anterior and middle divisions of the cingulate gyri.'""! They
determined that this approach was effective in lateralizing
the ictal onset zone and was safe, with no hemorrhagic or
infectious complications noted.™ In addition to its clinical
usefulness, another benefit of this transmidline approach
is the mitigation of complications linked to an escalating
number of implanted electrodes.'” Despite the generally
low morbidity rate of SEEG, there is a growing concern
among surgeons about the elevated risk of hemorrhage
tied to electrode count, often termed a “per-electrode”
risk."” Hence, adhering to such a strategy aligns with the core
principle guiding SEEG planning, consisting of optimizing
coverage of the epileptogenic network while minimizing
overall electrode count. Furthermore, this approach offers
cost-saving advantages since the cost of depth electrodes
accounts for a substantial portion of the total cost of invasive
monitoring.

CONCLUSION

Depth electrodes inserted into the cingulate gyrus, oriented
orthogonally relative to the sagittal plane, and directed
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toward the contralateral gyrus by insertion beneath the falx
cerebri allow for the exploration of homologous cingulate
regions in both hemispheres with a single rather than a pair
of electrodes. This technique is safe and enables sampling of
the anterior and middle cingulate gyri in all adult patients
and nearly three quarters of pediatric patients, thus reducing
the required number of electrodes and lowering both the
procedural risks and costs.
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