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ABSTRACT

AIM: To evaluate the supraorbital and transorbital approaches as alternative entry sites and trajectories targeting the nucleus
accumbens (NAc), subcallosal cingulate gyrus (SCG), and lateral hypothalamic area (LHA), in cadavers and surgical planning station.

MATERIAL and METHODS: The three-dimensional relationship of the identified trajectories within the anterior and middle cranial
fossae as well as the stereotactically targeted NAc, SCG, and LHA, were demonstrated through dissection studies conducted in
cadavers. To validate the accuracy of the measurements from the cadaver, trajectory planning was replicated using radiological
imaging of patients without a space-occupying lesion who underwent gamma knife surgery. These measurements were compared
with those from cadavers.

RESULTS: The transorbital and supraorbital trajectories did not pass through the lateral ventricles and they can be used for
subventricular targets. Additionally, the NAc and LHA can be targeted simultaneously. These trajectories pass along a broader
anatomical area within the NAc due to the anatomical orientation of the nucleus.

CONCLUSION: These findings suggest that these entry points may offer new opportunities for stimulating different targets in the
prefrontal cortex and may serve as an approach for future clinical use.

KEYWORDS: Psychosurgery, Stereotactic surgery, Supraorbital, Transorbital, Deep brain stimulation

NAc: Nucleus accumbens, SCG: Subcallosal cingulate gyrus, LHA: Lateral hypothalamic area, TGN: Trigeminal neuralgia, CSF:
cerebrospinal fluid, AC: Anterior commissure, PC: Posterior commissure

H INTRODUCTION Although the supraorbital approach was originally defined for
. . . , . skull base lesions, recent advancements in microscopic and

ransorbital and supraorbital .mlnlmaly invasive aP' endoscopic techniques have enabled access to deep-seated
proaches. are usedl to access intracranial structu_res in lesions and neurovascular structures (2,5,12,17). Growing in-

- the anterior and middle fossa as well as lesions in the 4054 in minimally invasive approaches and advancements in
orbit and adjacent sinuses (17,19). neuroendoscopy popularized the transorbital route for certain
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intracranial pathologies because it is safer and less traumat-
ic than the traditional transcranial approaches. Furthermore,
these transorbital and supraorbital approaches reduce the
cosmetic and morbidity-related effects of brain retraction
caused by traditional approaches. Although these methods
are still being studied endoscopically, their stereotactic bene-
fits and limits have not been extensively discussed, yet (6,25).

Currently, the transfrontal lobar trajectory is commonly used
in deep brain stimulation (DBS) surgery for neuromodulation.
The available technology requires a convexity-entry stereotac-
tic intervention due to the cable-shaped electrodes and their
extensions as well as the subcutaneously implantable battery.
Although it is possible to access from different regions of the
convexity (frontal, parietal, temporal and occipital), the frontal
region located in front of the hairline is not preferred in ste-
reotactic procedures for cosmetic reasons. Furthermore, the
variable anatomy of frontal sinuses often makes planning ste-
reotactic interventions via the frontal region more challenging.
Thus, approaches such as the transorbital and supraorbital
approaches, with an incision within the eyebrow region, can
be considered due to its cosmetic and anatomical advantag-
es. Recent technological developments suggest that, in the
near future, stimulators that are independent of cables and
battery, smaller, and only the size of the anatomical target, will
be available. Thus, the absence of other system components
may enable more options in terms of stereotactic safety and
comfortable approaches.

The limitations of traditional stereotactic trajectories, especial-
ly those used in the treatment of psychosurgical targets (e.g.,
subgenual cingulate cortex [SCG] and nucleus accumbens
[NAc]) and hypothalamic targets (e.g., for the treatment of
obesity, aggression, and hamartomas) have been discussed
in literature (10,28,30,35).

In this study, we aimed to evaluate the minimally invasive tran-
sorbital and supraorbital approaches from a stereotactic per-
spective and identify new trajectories. The three-dimensional
relationship of the identified trajectories within the anterior
and middle cranial fossa as well as the stereotactically tar-
geted NAc, SCG, and lateral hypothalamic area (LHA) were
demonstrated via cadaveric dissection studies. Furthermore,
to demonstrate the applicability of these trajectories, anatom-
ical measurements obtained from cadavers were compared
with those obtained on stereotactic planning images of pa-
tients with primary trigeminal neuralgia (TGN) and without
intracranial space-occupying lesions who underwent gamma
knife radiosurgery. Herein, we aimed to present and discuss
novel transorbital and supraorbital stereotactic trajectories for
SCG, NAc and LHA anatomically and radiologically.

B MATERIAL and METHODS

The study was conducted in the Anatomy Laboratory of Istan-
bul Medipol University after obtaining approval from the local
ethics committee (No: 04.02.2021-156).

The study design was examined by the Non-Interventional
Clinical Research Ethics Committee of Istanbul Medipol Uni-
versity on 04.02.2021, and it was unanimously decided that
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the research is ethically and scientifically appropriate after the
rationale, purpose, approach and methods of the research
were considered.

Frame-based stereotactic transorbital and supraorbital ap-
proaches were demonstrated on cadaveric heads following
fixation, stereotactic imaging, and stereotactic planning. All
three targets (SCG, NAc and LHA) were reached by insertion
of a stereotactic biopsy probe along the planned trajectory.
Subsequently, the anatomical layers from entry point to target
were dissected under the guidance of a surgical microscope.
The dissection procedure was meticulously documented us-
ing microscopic and endoscopic video as well as direct pho-
tographs. To augment the sample size and demonstrate the
applicability of the cadaveric measurements, radiological im-
ages of 20 patients (40 hemispheres) with primary TGN and
without an intracranial space-occupying pathology, who had
previously undergone gamma knife radiosurgery were includ-
ed in the study (TGN group). The transorbital and supraorbital
trajectories for the aforementioned targets were re-planned
using magnetic resonance imaging (MRI) obtained for radio-
surgery planning and surgical planning stations used for DBS
surgery. The stereotactic parameters of the approaches were
statistically analyzed.

Cadaveric Fixation Technique

Four, unfixed, fresh-frozen, cadaver heads were used for ste-
reotactic application and anatomical dissection. Two of the
specimens were females, and the other two were males. All
the cadavers were adults. The cadaver heads used in the
study had been decapitated at the C7-T1 level. To maintain
consistency in the specimens and minimize potential con-
founding factors that could impact the validity of the results,
only the heads of cadavers that did not exhibit any fractures,
which could impair bone integrity, or have a prior history of
cranial surgeries were included in the study.

To ensure vascular visualization during the dissection, the col-
ored silicone injection technique was used (31). Additionally,
using the right Kocher’s point, an external ventricular drainage
catheter was inserted into the lateral ventricles of each ca-
daver head, and possible pathologies within the ventricular
system were assessed. Approximately 20-30 cc of cerebro-
spinal fluid (CSF) was drained from the ventricular system and
replaced with an equal volume of the fixation solution.

Each specimen was stored at 10°C in containers filled with fix-
ation fluid for at least three weeks following complete fixation,
until they were dissected.

Stereotactic Planning & Surgical Procedure

Stereotactic coordinates were acquired using the Leksell ste-
reotactic system (Elekta Instruments, Stockholm, Sweden)
for a total of 18 bilateral interventions on three fixed cadav-
ers. One cadaver was used for the pilot study to assess the
fixation technique. A total of 18 stereotactic targets (bilateral
SCG, NAc and LHA) were studied using stereotactic supraor-
bital and superior transorbital approaches.

A Leksell G-frame was mounted on the cadaveric head, at a
rotation of 45° in the sagittal plane and 3 cm superior to the



glabella, to achieve access to both orbits. Furthermore, the
front part of the frame was replaced with a flat piece designed
to allow for a full lateral approach (Figure 1). Subsequently, T1-
and T2-weighted MRI and computerized tomography (CT),
with a slice thickness of 1 mm, were performed (Figure 2).

The TGN group comprised of 20 stereotactic MRIs of patients
with primary TGN. Stereotactic coordinates were calculated
using Elements (Brainlab, Munich, Germany), StealthStation
(Medtronic, Dublin, Ireland), and 3D slicer (9). Indirect stereo-
tactic coordinates for SCG, NAc and LHA were established
using the “Atlas of the Human Brain” (22). Stereotactic tra-
jectories were planned in line with accepted stereotactic
principles. Trajectories trespassing vascular structures, sulci,
ventricles, and frontal sinuses were avoided. The x, y, and z
coordinates and biplanar angles of the approach (arc and ring
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angles) for each individual target were recorded and applied
within the Leksell stereotactic arc system.

In the supraorbital approach, a 2-cm eyebrow incision was
made, and the supraorbital ridge and margin were exposed
subperiosteally. The medial and lateral boundaries of the
craniectomy, which would be used as the stereotactic entry
point, were the supraorbital notch and eyebrow tail, respec-
tively. Care was taken to stay lateral to the frontal sinus to
avoid passing through it during the craniectomy (Figure 3).

In the transorbital approach, an incision was made along the
inferior margin of the eyebrow. Subsequently, subperiosteal
dissection was performed to expose the supraorbital margin
and orbital roof. The medial and lateral limits of the craniotomy
were the supraorbital notch and lacrimal gland, respectively
(Figures 4,5).

Figure 1: Placement of
| the Leksell head frame.
A) Front view, and B) side

| view.

Figure 2: Radiological images of the cadaver heads. A) Computed tomography, B) T1-Weighted (W) axial magnetic resonance imaging
(MRI), and C) T2-W axial MRI.
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Figure 3: Supraorbital approach. A) 1) Supraorbital nerve and 2)

C) Stereotactic biopsy system inserted view.

Figure 4: Eyebrow incision and subperiosteal dissection. 1)
Supraorbital margin, 2) transorbital approach, 3) orbital roof, and
4) supraorbital nerve.

Stereotactic biopsy probes were inserted into the targets
through the burr hole. Once the targets on the right side were
marked, the arc system was repositioned in the anterior-pos-
terior orientation to enable a full lateral approach on the left
side. The x and y coordinates were adjusted as x =y1 and y
= x1, and the targets for the left side were marked based on
the x1 and y1 coordinates. After marking the targets, a frontal
craniotomy was performed, and 1-cm thick coronal sections
were collected using sharp dissection (Figure 6).
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Figure 5: Transorbital approach. 1) Frontal sinus, 2) periorbita,
and 3) supraorbital dura.

Stereotactic Targets

The stereotactic coordinates of the NAc were indirectly calcu-
lated using the “Atlas of the Human Brain” (22); the most dis-
tal anatomical target was aligned with the most distal contact
of the electrode. The indirect atlas coordinates were modified
using image processing programs and MRIs (Figure 7). The
NAc location was confirmed in coronal T1-weighted images
by visualizing its position inferior to the lateral ventricle and
inferomedial to the caudate nucleus, internal capsule, and
putamen. The vertical limb of Broca’s diagonal band and the
olfactory tubercle were identified as the medial and ventral tar-
get boundaries, respectively (Figure 8) (33,34).



Figure 6: Excision of the frontal bone. 1) Sagittal sinus, 2) wires
placed supraorbital to the target, and 3) wires placed transorbital
to the target.
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Coordinates for the ventral region of the subcallosal cingulate
gyrus were obtained using the Atlas of the Human Brain and
the targets studied in the treatment of treatment-resistant de-
pression (Figures 9,10) (14,22).

The LHA, which has been studied as a target in treatment-re-
sistant obesity, was chosen as the hypothalamic target. Ac-
cording to the planning images, the target would be approxi-
mately 6.5 mm lateral and 3 mm below the intercommissural
line as well as 4.5 mm posterior to the anterior commissure
(AC) (Figures 11,12) (35).

B RESULTS

Besides the three cadaveric specimens, eleven female and
nine male patients with a diagnosis of primary TGN and with-
out an intracranial space-occupying pathology, were includ-
ed. The mean age of the patients in the study group was 53.4
+ 18.7 years (range: 24-96 years).

We assessed the trajectories targeting NAc, SCG, and LHA
via different entry points in cadavers (Supplement 1). For NAc,
the mean trajectory length via the transorbital, supraorbital,
and Kocher’s approaches was 63.31 + 3.20 mm (range: 55.28—
71.17), 67.93 + 2.43 mm (range: 61.77-75.96), and 76.94 +
4.545 mm (range: 71.78-84.05), respectively. For SCG, the
mean trajectory length via the transorbital, supraorbital, and
Kocher’s approaches was 54.06 + 1.88 mm (range: 49.23-

Figure 7: T1-Weighted
magnetic resonance
imaging of planned
trajectories of the targets.
Trajectory to the nucleus
accumbens in the

A) axial plane, B) coronal
plane, and C) sagittal
planes. Trajectory to the
subgenual cingulate in the
D) axial plane, E) coronal
plane, and F) sagittal
planes. Trajectory to the
lateral hypothalamic area
in the G) axial plane,

H) coronal plane, and

1) sagittal planes.
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Figure 8: Dissection of the trajectory to the nucleus accumbens
via the supraorbital approach. 1. Putamen, 2. internal capsule,
3. caudate nucleus, 4. lateral nucleus accumbens, 5. Medial
Nucleus Accumbens, 6. stereotactic trace, 7. The diagonal band
of Broca, 8. Brodmann area 25 and 9. lateral ventricle.

Figure 10: Dissection of the trajectory to the subcollosal cingulate
gyrus via the transorbital approach. 1. Sagittal sinus, 2. falx cere-
bri, 3. pericollosal artery, 4. lateral ventricle, 5. basillary artery, 6.
frontal sinus, 7. orbit, 8. caudate nucleus, 9. internal capsule, 10.
Putamen, 12. nucleus Accumbens, 11. sylvian fissure, 13. subcal-
losal cingulate gyrus and 14. stereotactic trajectory (left transor-
bital entry).
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Figure 9: Dissection of the trajectory to the subcallosal cingulate
gyrus via the supraorbital approach. 1. Putamen, 2. internal cap-
sule, 3. caudate nucleus, 4. nucleus accumbens, 5. lateral ven-
tricle, 6. subcallosal cingulate gyrus and 7. stereotactic trajectory

(Right supraorbital entry).

Figure 11: Dissection of the trajectory to the lateral hypothalamic
area via the supraorbital approach. 1. Sylvian fissure, 2. putamen,
3. external globus pallidus, 4. internal globus pallidus, 5. amyg-
dala, 6. stereotactic trace (right suprorbital entrance), 7. falx, 8.
callosomarginal artery, 9. caudate nucleus, 10. lateral ventricle 11.
pericallosal artery, 12. thalamus, 13. posterior hypothalamic area,
and 14. basillary artery.



Figure 12: Dissection of the trajectory to the lateral hypothalamic
area via the transorbital approach. 1. Falx, 2. pericallosal artery,
3. callosomarginal artery, 4. lateral ventricle, 5. basillary artery, 6.
stereotactic trajectory (left transorbital entry), 7. caudate, 8. thala-
mus, 9. putamen, 10. external globus pallidus, 11. sylvian fissure,
12. internal globus pallidus, 13. Amygdala, and 14. posterior hy-
pothalamic area.

60.31), 57.87 =+ 1.75 mm (range: 50.35-63), and 74.83 + 3.12
mm (range: 69.35-79.09), respectively. For LHA, the mean tra-
jectory length via the transorbital, supraorbital, and Kocher’s
approaches was 77.46 + 2.43 mm (range: 69.70-82.54), 81.6
+ 2.65 mm (range: 71.18-89.48), and 77.46 + 7.30 mm (range:
69.87-84.54), respectively.

For targeting the NAc in patients with TGN, the mean trajec-
tory length via the transorbital and supraorbital approach-
es was 41.99 + 0.72 mm (range: 31.60-50.40) and 55.30 +
0.54 mm (range: 50.10-64.70), respectively. For targeting
the SCG in patients with TGN, the mean trajectory length via
the transorbital and supraorbital approaches was 35.20 +
4.44 mm (range: 24.90-43.60) and 46.79 + 0.52 mm (range:
41.60-57.60), respectively. For targeting the LHA in patients
with TGN, the mean trajectory length via the transorbital and
supraorbital approaches was 54.31 + 0.75 mm (range: 42.90-
65.20) and 67.57 = 0.64 mm (range: 59.00-75.80), respective-
ly (Supplement 2).

In the cadavers, the angles formed by trajectories targeting
the NAc, LHA, and SCG, using the anterior commissure, pos-
terior commissure (AC-PC) points and the midline, were mea-
sured in the sagittal and axial planes (Supplement 3). In the
cadavers, the mean angle formed by the trajectories target-
ing the NAc, SCG, and LHA via the transorbital approach in
the sagittal plane was 115.40 + 4.23° (range: 103.20-129.30),
113.70 + 4.86° (range: 101.70-130.30), and 118.21 + 3.71°
(range: 104.90-128.60), respectively. The mean angle formed
by the trajectories targeting the NAc, SCG, and LHA via the
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supraorbital approach in the sagittal plain was 94.25 + 5.66°
(range: 75.60-110.00), 91.76 + 7.59° (range: 77.50-120.70),
and 107.03 + 9.19° (range: 90.00-150.50), respectively.

In the cadavers, the mean angle formed by the trajectories
targeting the NAc, SCG, and LHA via the transorbital ap-
proach in the axial plane was 8.10 + 1.46° (range: 2.60-11.50),
9.76 + 2.20° (range: 0.70-14.70), and 10.93 + 2.29° (range:
2.80-17.00), respectively. The mean angle formed by the
trajectories targeting the NAc, SCG, and LHA via the supra-
orbital approach in the axial plane was 6.11 + 1.68° (range:
1.40-11.60), 8.46 + 1.40° (range: 3.90-12.40), and 5.7833 =
2.10245° (range: 0.10-13.10), respectively.

The angles formed by the trajectories in the sagittal and axial
planes in patients with TGN were measured using the AC-PC
points and midline (Supplement 4). In patients with TGN, the
mean angle formed by the trajectories targeting the NAc, SCG,
and LHA via the transorbital approach in the sagittal plane was
110.88 + 2.00° (range: 103.20-129.30), 102.72 + 2.90° (range:
11.60-133.20), and 116.89 + 2.23° (range: 89.30-149.20), re-
spectively. The mean angle formed by the trajectories target-
ing the NAc, SCG, and LHA via the supraorbital approach in
the sagittal plane was 88.07 + 2.82° (range: 49.60-129.80),
82.44 +2.10° (range: 11.60-133.20), and 94.03 + 2.65° (range:
64.60-133.50), respectively.

In patients with TGN, the mean angle formed by the trajectories
targeting NAc, SCG, and LHA via the transorbital approach in
the axial plane was 13.31 + 1.26° (range: 0.3-37.40), 16.92 +
1.57° (range: 1.30-49.9), and 14.00 = 1.29° (range: 0.3-39.9),
respectively. The mean angle formed by the trajectories tar-
geting the NAc SCG, and LHA via the supraorbital approach
in the axial plan was 7.40 + 1.05° (range: 0.50-24.80), 8.68
+ 1.24° (range: 0.00-38.70), and 6.51 + 0.89° (range: 0.00-
24.10), respectively.

When planning trajectories via the supraorbital approach, the
trajectory passed through the right frontal sinus in only one
cadaver. In the cases used for radiological measurements, out
of a total of 20 cases, the trajectory passed through the frontal
sinus in one patient for a right-sided entry, in two patients for
a left-sided entry, and in two patients for right- and left-sided
entries, resulting in a total of 5 trajectories passing through the
frontal sinus (Figure 13). The trajectories used in the transor-
bital approach do not pass through the frontal sinus. Addition-
ally, using the transorbital approach, the LHA and NAc can be
targeted simultaneously (Figure 14).

There was no significant difference in the angles formed by
the transorbital and supraorbital trajectories targeting the
NAc, SCG, and LHA in the sagittal and axial planes between
the cadaveric and TGN groups (p>0.05) (Supplement 5 and 6).

All trajectory lengths were measured from the dura to target.
The lengths of the transorbital and supraorbital trajectories to
the NAc, SCG, and LHA (right and left side) were significantly
longer in the cadaver group than in the TGN group (p<0.05)
(Table ).

Furthermore, the transorbital trajectories to the NAc, SCG,
and LHA (right and left side) were significantly shorter than the
supraorbital trajectories (p<0.05) (Table II).
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Figure 13: Planned supraorbital trajectory passing through the frontal sinus *. Frontal Sinus, Blue line. Supraorbital Nucleus accumbens
trajectory, Yellow line. Supraorbital Subcallosal Cingulate gyrus trajectory, Orange line. supraorbital trajectory to the lateral hypotha-
lamic area, Pink line. Transorbital trajectory to the hypothalamic area.

Figure 14: Transorbital trajectories to the A) nucleus accumbens
and B) lateral hypothalamic area (Prob’s eye view).

There was no significant difference in the lengths of the tran-
sorbital and supraorbital trajectories to the NAc, SCG, and
LHA between the right and left approaches (Table llI).

In the cadavers, there was a significant difference in the
lengths of the trajectories to the NAc and SCG between the
transorbital/supraorbital approach and the Kocher’s approach
(p<0.05). However, there was no significant difference in the
length of the trajectory to the LHA between the supraorbital/
transorbital approach and the Kocher’s approach (p>0.05). Al-
though the trajectory lengths to the NAc and SCG via the su-
praorbital and transorbital approach was significantly shorter
than that via the Kocher’s approach, the difference in trajecto-
ry length to the LHA via the two approaches was not statisti-
cally significant (Table IV).
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B DISCUSSION

Psychosurgical approaches introduced by Amaro Fiamber-
ti, Walter Freeman, and James Watts in 1936-37 remained
unused for approximately 30 years due to its severe side
effects and high risk of complications. However, with the
technological developments in the last 15 years, studies on
this subject have gained attention because the procedures
are more selective and lower-risk. DBS has demonstrated
promising results in the treatment of substance addiction,
obsessive-compulsive disorder, depression, and aggression
(3,4,35). However, the positive outcomes in movement disor-
der studies and advancements in technology have resulted
in stereotactic surgical approaches away from the skull base,
with surgical trajectories originating from the coronal suture
and its surroundings. Surgical access sites at the level of the
coronal suture, which are routinely used in current neurosur-
gery practice, require long tracts that pass through functional
anatomical structures, such as the lateral ventricle, thalamic
nuclei, and internal capsule, to achieve psychosurgical ste-
reotactic goals in the anterior and middle fossa. Thus, infarcts
and intraventricular hemorrhages can occur in extrapyramidal
system structures (8,10). Furthermore, trajectories that pass
through the ventricles negatively affect the targeting accuracy
(37).

The shell region of the NAc, particularly its caudo-medial
and subventricular portions, functions as a limbic-motor in-
terface and plays a role in variable cognitive, emotional, and
psychomotor functions in psychopathologies such as ob-
sessive-compulsive disorder and addiction (33,34). Follow-
ing the reports of successful alcohol deaddiction using DBS
therapies targeting the NAc, DBS has demonstrated promis-
ing results for the treatment of cocaine and heroin addiction
(13,21,27,33,36).

Anatomical studies have demonstrated that the anteropos-
terior axis of NAc is longer than the dorsal-ventral axis (23).
When examining the supraorbital and transorbital trajectories,
we found that the entry angles of the electrodes were more
parallel to the axial plane of the AC-PC, allowing for a lon-
ger path within the NAc and placement of more electrodes



Table I: Comparison of Trajectory Lengths Measured from Dura in Cadavers and TGN Cases with Independent t-test and Mann-

Whitney-U Test
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. Avg = SD Median (min - max)

Trajectory Lengths (mm) (mm) p-value
Transorbital NAc

Cadaver 63.31 + 3.20 59.96 (55.28 - 74.98) 0.001*

TGN Cases 41.99 £ 0.72 42.25 (31.60 - 50.40) :
Transorbital SCG

Cadaver 54.06 + 1.88 53.58 (49.23 - 60.31) <0.001**

TGN Cases 42.86 +7.85 35.45 (24.90 - 48.00) :
Transorbital LHA

Cadaver 77.46 +2.43 79.15 (69.70 - 83.70) <0.001*

TGN Cases 54.31 + 0.75 54.40 (42.90 - 65.20) )
Supraorbital NAc

Cadaver 67.93 + 2.43 66.80 (61.77 - 75.96) <0.001*

TGN Cases 55.30 + 0.54 55.15 (50.10 - 64.70) '
s“p’aggg:\?e'rsce 5787 5175 58.49 (50.35 - 63.00)

87 £1. ) .

TGN Cases 46.79 + 0.52 49.95 (41.60 - 57.60) <0.001
Supraorbital LHA

Cadaver 81.60 + 2.65 83.43 (71.18 - 89.48) <0.001*

TGN Cases 67.57 + 0.64 67.75 (59.00 - 75.80) :

* Independent t test ** Mann-Whitney-U test, Avg: Average, SD: Standard deviation, Min: Minimum, Max: Maximum.

Table Il: Comparison of Lengths Between Transorbital and Supraorbital Measurements in All Measurements with

Independent t-Test And Mann-Whitney-U Test

Mean + SD Median (min - maks)
p-value
(mm) (mm)
NAc
Transorbital 44.77 £ 1.30 42.85 (31.60-74.98) <0.001*
Supraorbital 56.95 + 0.84 55.80 (50.10-75.96) )
SCG
Transorbital 37.66 +7.79 36.00 (24.90-60.31) <0.001**
Supraorbital 48.23 + 0.75 47.35 (41.60-63.00) ’
LHA
Transorbital 57.33 + 1.36 55.10 (42.90-83.70) <0.001*
Supraorbital 69.40 + 0.95 68.65 (59.00-89.48) )

* Independent t test ** Mann-Whitney-U test, Avg: Average, SD: Standard deviation, Min: Minimum, Max: Maximum.

in the area to be stimulated. SCG has critical projections to
the ventral striatum, NAc, and limbic cortical circuitry via diffu-
sion tractography, and it is associated with visceromotor and
autonomic physiology. Positron emission tomography studies
in patients with depression have demonstrated an increased
blood flow to this region compared to the normal population,
which decreased after treatment with SSRIs (7). Following
following the publication of these studies, several patients
have benefited from SCG-specific DBS applications for the
treatment of treatment-resistant depression (14,30). Despite
study findings suggesting that SCG is a promising target for

depression treatment and that its stimulation can affect a
wide network involved in depression pathology, a multi-cen-
ter randomized study examining its six-months outcome did
not yield the desired therapeutic antidepressant effect (16).
Although studies with longer follow-up periods or those tar-
geting the superolateral branch of the medial forebrain bundle
using diffusion tensor imaging, rather than indirect SCG co-
ordinates, have reported positive results for depression treat-
ment, a clear treatment protocol has not yet been established
(1,4,24). In studies targeting the SCG via the Kocher’s ap-
proach, the placement of the electrodes have been debated.
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Table lll: Comparison of Right and Left Length Measurements with Mann-Whitney-U Test

Mean = SD Median (min - max)
p-value
(mm) (mm)
Transorbital NAc
Left 44.46 +1.79 42.30(31.60 - 71.17) 0.878"
Right 45.09 + 1.92 43.10 (33.70 - 74.98) '
Transorbital SCG
Left 37.34 + 7.41 36.10 (24.90 - 56.12) 0,733
Right 37.68 + 1.76 35.90 (28.10 - 60.31) ’
Transorbital LHA
Left 57.47 +1.84 55.00 (46.20 - 79.24) 0.921*
Right 57.19 £ 2.05 55.20 (42.90 - 83.70) '
Supraorbital NAc
Left 56.72 + 1.16 55.20 (50.50 - 74.19) 0.709™
Right 57.18 £+ 1.24 56.10 (50.10 - 75.96) ’
Supraorbital SCG
Left 47.75 + 1.06 47.20 (41.90 - 63.00) 0.489*
Right 48.71 +1.07 47.40 (41.60 - 60-42) '
Supraorbital LHA
Left 68.75 + 1.39 67.80 (59.00 - 89.48) 0.356™
Right 70.04 £ 1.32 69.40 (60.70 - 84.95) ’

** Mann-Whitney-U test, Avg: Average, SD: Standard deviation, Min: Minimum, Max: Maximum.

Table IV: Comparison of Trajectory Lengths from Kocher’s Point, Supraorbital, and Transorbital to NAc, SCG, and LHA
Targets in Cadavers with Independent t-test

Avg = SD Median (min - max) —value
(mm) (mm) P
NAc
Kocher 76.94 +1.85 76.00 (71.78 - 84.05) 0.004*
Transorbital 63.31 +3.20 59.96 (55.28 - 74.98) ’
SCG
Kocher 74.83 +1.27 75.17 (69.35 - 79.09) <0.001*
Transorbital 54.06 + 1.88 53.58 (49.23 - 60.31) )
LHA
Kocher 77.46 +2.98 75.65 (69.87 - 87.94) 0.999%
Transorbital 77.46 +2.43 79.15 (69.70 - 83.70) ’
NAc
Kocher 76.94 £ 1.85 76.00 (71.78 - 84.05) 0.015*
Supraorbital 67.93 £2.43 66.80 (61.77 - 75.96) )
SCG
Kocher 74.83 +1.27 75.17 (69.35 - 79.09) <0.001*
Supraorbital 57.87 +1.75 58.49 (50.35 - 63.00) :
LHA
Kocher 77.46 +2.98 75.65 (69.87 - 87.94) 0.325*
Supraorbital 81.60 + 2.65 83.43 (71.18 - 89.48) ’

* Independent t test, Avg: Average, SD: Standard deviation, Min: Minimum, Max: Maximum.
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Placing the electrodes more anteriorly may affect more fibers
of the cingulate bundle. However, placing the electrodes more
posteriorly may theoretically affect the projection set that orig-
inates and separates from the SCG. This projection set reach-
es the uncinate fascicle, thalamus, hypothalamus, and brain-
stem, potentially leading to a stronger antidepressant effect
(14,18). However, the greatest challenge in targeting the pos-
terior boundaries of the SCG is surgical safety because the
anterior cerebral arteries lie close to that region (14). Reaching
this target via a supraorbital or transorbital trajectory enables
the use of a safer trajectory that does not target the anterior
cerebral arteries and the modulation of this area from anterior
to posterior.

Studies targeting hypothalamic regions have reported tar-
geting the posteromedial hypothalamus for the treatment of
medication-resistant pain and aggression and targeting the
LHA for the treatment of obesity. Although DBS targeting the
posteromedial hypothalamus has yielded positive results in
the treatment of medication-resistant pain and aggression,
and DBS targeting the LHA has demonstrated an increase in
metabolism rates in the treatment of intractable obesity, it has
not been highly successful in achieving weight loss (11,35).

Additionally, the benefit of projections extending from the or-
bital frontal cortex to the hypothalamus has been reported in
hypothalamic-targeted DBS for the prevention of uncontrolla-
ble treatment-resistant aggressive behavior such as intermit-
tent explosive disorder (11). By selecting either the transorbital
or supraorbital approach during electrode placement, trajec-
tories within and parallel to these projections can be created,
allowing for more targeted stimulation. Stimulation of both the
projections extending from the orbital frontal cortex and the
hypothalamus by DBS may lead to a more effective response.

The number of stereotactic procedures targeting the hypotha-
lamic region has increased in conjunction with radiofrequency
ablation treatments for hypothalamic hamartomas. A system-
atic review comprising of 388 patients reported a seizure-free
rate of 69.2%, despite some patients requiring up to three
reoperations (20). Conventional stereotactic approaches are
used in radiofrequency thermocoagulation for hypothalam-
ic hamartomas, necessitating the passage of several tracts
through the internal capsule and thalamic structures. With
each additional tract created during reoperations, the risk of
complications also increases (32). This indicates that the use
of trajectories passing through non-eloquent areas may re-
duce the risk of complications.

Our study results indicate that the use of the transorbital ap-
proach allows for shorter trajectories compared to the supra-
orbital approach, despite the transorbital approach requiring
more technical knowledge and a multidisciplinary approach.

The transorbital approach may be preferred in individuals with
drug or alcohol addictions in addition to eating disorders and
treatment-resistant obesity, because the trajectory can target
NAc and LHA simultaneously (Figure 14).

Given the interconnecting projections between the SCG, pre-
frontal cortex, and NAc, transorbital and supraorbital trajec-
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tories extending from the prefrontal area, where these projec-
tions can also be stimulated, may be preferred (26). This may
be particularly relevant for patients with concurrent depres-
sion and eating disorders, addiction, or all three conditions.
Ultimately, transorbital and supraorbital approaches offers a
spectrum of trajectories, with which the underlying neuroanat-
omy and the specific clinical needs of each patient can be
better met.

In our study, the transorbital and supraorbital trajectories to
the NAc and SCG were shorter than the trajectory to the LHA
via the Kocher’s approach (Table IV). Therefore, the supraor-
bital and transorbital approaches may reduce the risk of com-
plications if the targets are the SCG and NAc. However, the
depth of the sulcal structures of the frontal orbital gyrus, which
is used as the parenchymal entry point in transorbital ap-
proaches, may vary. In some patients, a trans-sulcal approach
may be required, which can increase the risk of the trajectory
passing through vascular structures and causing an intracra-
nial bleeding. Thus, the anatomy of each patient should be
carefully evaluated and the potential risks and benefits of the
different DBS trajectories should be considered. Furthermore,
because the structure of the frontal sinus varies, the frontal
sinus may not be avoidable via the supraorbital approach in
every patient, as seen in our study.

Currently, there is no system that can fix the electrodes in
place transorbitally or supraorbitally. However, ongoing stud-
ies into wireless DBS technology may pave the way for the
development of novel surgical procedures that eliminate the
need for device fixation (15).

There are some disadvantages of conducting the study in
cadavers. Radiological examinations have revealed that the
frontal region can undergo significant displacement, espe-
cially due to brain shrinkage and loss of CSF. This can be
misleading when measuring the trajectory length in the brain
parenchyma of cadavers. However, because electrode tar-
geting error due to CSF loss has little effect on the midline
structures, we decided to measure the trajectories from the
dura (29). The difference in the trajectories lengths (Table I)
between the patients with TGN and the cadavers revealed that
these lengths are affected by loss of CSF and brain shrinkage.
The absence of a significant difference between the angles
formed by the trajectories on the right and left side (Table IlI)
suggests that the cadaver brains are symmetrical and that
the midline structures do not shift too much in the sagittal
and axial planes. Examination of the radiological images ob-
tained after staining and fixing the cadaver brain reveals that
the vascular structures of the stained sections were similar to
those obtained with CT angiography, enabling planning of the
procedure while avoiding vascular structures. This makes the
experimental setup more realistic and usable in studies focus-
ing on vascular structures. In future studies, different fixation
methods could be planned to establish setups that are more
similar to physiological structures. Additionally, increasing the
sample size will ensure that statistically significant data can
be obtained.
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B CONCLUSION

Targeting hypothalamic structures using the proposed entry
angles allowed for simultaneous targeting of the NAc. Further-
more, the electrodes should be positioned more accurately
in accordance with the anatomical structure of the NAc, and
the electrodes should be placed along the projections con-
taining the subcollosal singulate gyrus and LHA that require
stimulation. The use of transorbital/supraorbital approaches
enables the creation of shorter and safer trajectories to NAc
and SCG targets that trajectories via the Kocher’s point and
its surroundings. Our study findings suggest that transorbital/
supraorbital approaches may offer alternate techniques for
stimulating different targets in the prefrontal cortex and may
serve as an approach for future clinical use.
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Supplement 1: Lengths of Trajectories Measured from Dura to Targets in Cadavers

Trajectory lenght Cadaver 1 Cadaver 2 Cadaver 3
Right Left Right Left Right Left
Transorbital - NAc (mm) 58.53 60.56 59.37 55.28 74.98 7117
Transorbital - SCG (mm) 49.95 49.23 57.73 51.05 60.31 56.12
Transorbital - LHA (mm) 69.70 70.55 82.54 79.24 83.70 79.07
Supraorbital - NAc (mm) 67.02 62.10 61.77 66.59 75.96 74.19
Supraorbital - SCG (mm) 56.47 50.35 59 63 60.42 57.99
Supraorbital - LHA (mm) 7713 71.18 84.60 89.48 84.95 82.26
Kocher - NAc (mm) 73.55 76.93 71.78 75.07 84.05 80.28
Kocher - SCG (mm) 69.35 75.05 75.45 79.09 75.29 74.75
Kocher - LHA (mm) 71.14 69.87 74.48 76.83 87.94 84.54

Supplement 2: Lengths of Trajectories Measured from Dura to Targets in TGN Cases

TGN Transorbital -NAc Trans orbital- Transorbital -LHA Suprasorbital-NAc Supraorbital - Supraorbital -
Cases (mm) SCG (mm) (mm) (mm) SCG (mm) LHA (mm)
Right Left Right Left Right Left Right Left Right Left Right Left
1 38.3 42.9 35 36.8 53 54.9 52 55 47.3 50 74.7 68.8
2 42.2 39.5 34.3 32.5 52.8 50.4 59.6 56.2 49.4 47.5 70.1 67.4
3 45.7 42.3 36.4 33.3 55.2 53.9 57.3 57.3 51 46.7 71 68.5
4 36.4 42 28.1 28.1 48.8 48.8 50.5 50.5 41.6 41.9 63.6 62.2
5 36.3 31.6 28.8 24.9 50.7 46.2 58.9 58.4 49.6 453 711 71.4
6 33.7 34.6 28.6 28 50.6 56.6 50.1 50.5 42.5 43.6 60.8 64.1
7 50.4 46.6 41.7 42.2 56.4 65.2 64.7 64.7 57.6 541 75.8 75.8
8 42.8 40.2 35.9 36.1 55.9 54.4 52 55.1 45.7 49.3 65.4 69.6
9 40.8 38 37.1 314 42.9 49.3 51.5 50.8 45.2 45.3 60.7 59
10 43.6 40.8 39.7 36.2 57.7 52.8 55.5 55.5 46.2 47.4 66 66
11 43.1 41.5 35.9 35.9 56.6 55.5 53.2 55.2 441 48.3 68.3 69.1
12 44 34.6 34.2 34.2 51.9 55.5 57.6 53.8 47.7 42.3 70.9 67.8
13 48.6 45.8 40 348 62.1 55 57.8 58 43.9 43.9 64.5 64.5
14 47.8 47.8 39.7 39.7 60.7 60.7 58.8 53.5 48.8 42.3 72.2 63.3
15 41.7 42.3 34.4 39.9 54.4 56.3 56.1 56.1 46.2 46.2 69.4 66.9
16 36.7 41 29.9 34.4 49.6 49.6 54.5 53.7 48.7 47.9 67.7 67.7
17 37.8 45.9 29.3 36.3 57.4 64.5 54.1 54.1 44.2 44.2 721 721
18 45.6 45.6 34.2 34.2 53.5 53.5 56.1 53.2 47.4 43.4 67 61.1
19 49 49 42.5 43.6 61 58 57.7 57.7 50.3 50.3 68.9 68.9
20 39.7 43.6 33.1 40.1 48.4 51.9 52.5 52.5 47.2 47.2 64.1 64.3

Comparison of the angles made by the trajectories with the axial plane using independent t-test and Mann-Whitney U-test
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Genc B. et al: Approaches for Stereotactic Surgery

Supplement 5: Comparison of Angles Made by Trajectories with the Axial Plane Using Independent t-test and Mann-Whitney U Test

Angles of trajectories with

axial plane Avg = SD Median (Min - Max) p-value
Transorbital NAc

Cadaver 8.10 + 1.46 8.85 (2.60 - 11.50) 0.125*

TGN Cases 13.31 £ 1.26 12.50 (0.3 - 37.40) '
Transorbital SCG

Cadaver 9.76 + 2.20 11.80 (0.70 - 14.70) 0,087

TGN Cases 16.92 +1.57 14.75 (1.30 - 49.9) )
Transorbital LHA

Cadaver 10.93 £ 2.29 12.35 (2.80 - 17.00) 0,397

TGN Cases 14.00 £1.29 14.30 (0.3 - 39.9) )
Supraorbital NAc

Cadaver 6.11 + 1.68 4.95 (1.40 - 11.60) 0.937*

TGN Cases 7.40 +£1.05 5.40 (0.50 - 24.80) )
Supraorbital SCG

Cadaver 8.46 + 1.40 9.30 (3.90 - 12.40) 0,667

TGN Cases 8.68 + 1.24 8.10 (0.00 - 38.70) '
Supraorbital LHA

Cadaver 5.78 +2.10 3.90 (0.10 - 13.10) 0.812%

TGN Cases 6.51 + 0.89 5.45 (0.00 - 24.10) )

*Independent t test ** Mann-Whitney-U test, Avg: Average, SD: Standard deviation, Min: Minimum, Max: Maximum.

Supplement 6: Comparison of Angles Made by Trajectories with the Sagittal Plane Using Independent t-test and Mann-Whitney U Test

Angles of trajectories with

the sagittal plane Avg = SD Median (Min - Max) p-value
Transorbital NAc

Cadaver 115.40 £ 4.23 113.75 (103.20 - 129.30) 0.412*

TGN Cases 110.88 £ 2.00 109.65 (84.80 - 139.40) ’
Transorbital SCG

Cadaver 113.70+4.86 107.85 (101.70-130.30) 0170

TGN Cases 102.72+2.90 104.55 (11.60-133.20) ’
Transorbital LHA

Cadaver 118.21 £ 3.71 119.60 (104.90 - 128.60) 0.825*

TGN Cases 116.89 + 2.23 199.498 (89.30 - 149.20) ’
Supraorbital NAc

Cadaver 94.25 + 5.66 92.75 (75.60 - 110.00) 0.423*

TGN Cases 88.07 + 2.82 86.43 (49.60 - 129.80) ’
Supraorbital SCG

Cadaver 91.76 + 7.59 81.80 (77.50 - 120.70) 0397

TGN Cases 82.44 +2.10 82.40 (46.70 - 110.80) ’
Supraorbital LHA

Cadaver 107.03 £ 9.19 99.50 (90.00 - 150.50) 0045

TGN Cases 94.083 + 2.65 93.60 (64.60 - 133.50) ’

*Independent t test ** Mann-Whitney-U test, Avg: Average, SD: Standard deviation, Min: Minimum, Max: Maximum.
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