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The human brainstem, roughly the size of the thumb, 
carries ascending and descending fiber tracts that 
are essential for motor and sensory control. The 

dense packing of these critical structures means that any 
manipulation of the brainstem is fraught with the risk of 
causing deficits, albeit temporary in many cases. The elo-
quence of the brainstem has resulted in most neurosur-
geons shying away from approaching lesions that do not 
abut a pial or an ependymal surface. For deep-seated le-
sions, several safe entry zones—areas where the brainstem 
may be traversed with minimal or acceptable morbidity—
have been described.7,9 Increasingly detailed anatomical 
knowledge gained from fiber dissections and neuroim-
aging techniques, such as MRI tractography, can now be 
used to supplement anatomical intuition to describe the 
relationship between the lesion and the eloquent white 
matter tracts and guide the approach12,13 to decrease the 
morbidity associated with resecting intrinsic brainstem le-
sions. For lesions deep to the floor of the fourth ventricle, 2 
safe entry zones have been described: the suprafacial and 
infrafacial safe entry zones.13 However, no safe entry zone 
has been described to safely reach deep lesions at the level 

of the facial colliculus. In this report, we describe the su-
perior fovea triangle approach, a novel safe entry zone on 
the floor of the fourth ventricle, for deep dorsal pontine 
lesions located at the level of the facial colliculus. We il-
lustrate the utility of this approach with the clinical case 
of a patient treated for a cavernous malformation, and we 
supplement this example with anatomical dissections to 
better define this new safe entry zone.

Methods
Six formalin-fixed adult human brainstems and 2 adult 

human cadaveric heads injected with colored silicone 
were examined. The human brainstems were dissected us-
ing fiber dissection techniques with microdissectors under 
magnifications of ×6 to ×40 with a Zeiss Surgical Micro-
scope (Carl Zeiss AG). The midline suboccipital telovelar 
approach was used on the heads to approach the superior 
fovea triangle.

The clinical and radiographic histories of a 68-year-old 
male patient were reviewed retrospectively to document 
neurological examination and radiographic parameters.
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The authors describe a safe entry zone, the superior fovea triangle, on the floor of the fourth ventricle for resection of 
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superior fovea triangle may be used as a safe entry zone for dorsally located lesions at the level of the facial colliculus.
https://thejns.org/doi/abs/10.3171/2016.8.JNS16947
KEY WORDS anatomy; brainstem surgery; floor of the fourth ventricle; safe entry zone; superior fovea; 
surgical technique

©AANS, 2017J Neurosurg Volume 127 • November 20171134

Unauthenticated | Downloaded 05/23/23 11:15 PM UTC



Superior fovea triangle for brainstem

J Neurosurg Volume 127 • November 2017 1135

Results
Surgical Anatomy of the Superior Fovea Triangle

The sulcus limitans deepens at 2 points to form dimples 
called fovea. The inferior fovea is located lateral to the hy-
poglossal triangle, and the superior fovea is located lateral 
to the facial colliculus, which is formed by the abducens 
nucleus and the intrapontine segment of the facial nerve 

(cranial nerve [CN] VII) (Figs. 1 and 2). The superior fo-
vea, which has a triangular shape, is located lateral to the 
facial colliculus.13 The superolateral edge of the superior 
fovea triangle is formed by the superior cerebellar pedun-
cle, the inferolateral edge is formed by the vestibular area, 
and the medial edge is formed by the sulcus limitans. The 
apex of the triangle is located at the same transverse level 
as the upper edge of the facial colliculus. The trigeminal 

FIG. 1. Superior fovea triangle. A: The sulcus limitans, a lateral sulcus, deepens at 2 points to form dimples called fovea. The 
superior fovea is located lateral to the facial colliculus, and the inferior fovea is located lateral to the hypoglossal triangle. B: The 
facial colliculus is formed by the abducens nucleus and the intrapontine segment of the facial nerve. The superior cerebellar pe-
duncle forms the superior half of the lateral wall of the fourth ventricle, and the inferior cerebellar peduncle forms the inferior half of 
the lateral wall of the fourth ventricle. C: The suprafacial approach, above the facial colliculus, and the infrafacial approach, below 
the facial colliculus, are used for dorsal pontine lesions. The trigeminal motor and main sensory nuclei (green circle) are located 
above the upper level of the facial colliculus and the most lateral point of the fourth ventricle. D: The sulcus limitans deepens 
lateral to the facial colliculus, which is called the superior fovea. The superior fovea has a triangular shape (green dashed triangle): 
its superolateral edge is formed by the superior cerebellar peduncle, its inferolateral edge is formed by the vestibular area, and its 
medial edge is formed by the sulcus limitans. The trigeminal motor nuclei (yellow circle) are located deep to the superolateral edge 
of the superior fovea triangle, and the apex of the triangle is located at the same transverse level as the upper edge of the facial 
colliculus (blue dashed line). Cer. Ped. = cerebellar peduncle; Coll. = colliculus; Hypo = hypoglossal; Inf. = inferior; Med. Sulc. = 
median sulcus; Nucl. = nucleus; Sulc. Lim. = sulcus limitans; Sup. = superior; Vest. = vestibular. Dissections prepared by Kaan 
Yagmurlu, MD. Reproduced with permission from the Rhoton Collection (http://rhoton.ineurodb.org), CC BY-NC-SA 4.0 
(http://creativecommons.org/licenses/by-nc-sa/4.0).
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motor and main sensory nuclei sit deep to the superolater-
al edge of the triangle. In the midline suboccipital telove-
lar approach (Fig. 3), a vertical incision is made, extending 
from the level of the apex of the superior fovea triangle to 
the vestibular area, which is the inferolateral edge of the 
superior fovea triangle.

Case Report
A 68-year-old right-handed man presented to our clini-

cal service for evaluation. He had previously experienced 
sudden-onset left facial weakness and had persistent mild 
facial weakness (House-Brackmann Grade II). MRI re-
vealed a small, deep, dorsal pontine lesion at the level of 
the left facial colliculus (Fig. 4A–C).

The patient underwent resection of the lesion using a 
midline suboccipital telovelar approach. Because of the 
location of the lesion and the existing mild deficit, and 
the need to avoid the midline fourth ventricle, a lateral 
transsuperior fovea opening was made in the brainstem 
and expanded in a craniocaudal fashion. Although we 
monitor somatosensory evoked potentials, motor evoked 
potentials, and specific cranial nerves, we did not perform 
direct stimulation of the facial colliculus. The lesion was 
resected in a gross-total fashion (Fig. 4D and E). Postop-
eratively, the patient experienced worsening of his facial 
weakness (House-Brackmann Grade IV) but improved 

over the following 2 months (House-Brackmann Grade 
II). He was otherwise neurologically unchanged.

Discussion
Various safe entry zones to the floor of the fourth ven-

tricle have been proposed for removal of intrinsic dorsal 
pontine lesions. When the lesion reaches the surface of 
the floor of the fourth ventricle, it creates a natural cor-
ridor to the lesion. In the case of an intraaxial lesion that 
does not reach the surface, the safe entry zones are used 
to avoid damage to important structures. On the floor of 
the fourth ventricle, the proposed safe entry zones above 
the facial colliculus are the suprafacial median sulcus ap-
proaches; below the facial colliculus, the infrafacial ap-
proach is used for dorsal pontine lesions.2–4,6,8,10,13 In addi-
tion to these safe entry zones, the superior fovea triangle 
approach can be used for deep lesions located at the level 
of the facial colliculus.

Bertalanffy et al.1 electrophysiologically stimulated 
the facial nerve on the surface of the floor of the fourth 
ventricle to identify the precise location of the distorted 
facial colliculus intraoperatively in a patient with brain-
stem lesions. They noted that facial nerve responses have 
a remarkable variability, even in patients with considerable 
distance between the facial colliculus and the lesion. For 40 
response areas that were mapped, most of the facial nerve 

FIG. 2. Possibilities of displacement (arrow) of the facial colliculus according to different lesion locations (starburst). A: A lesion 
located rostral to the axial level of the facial colliculus pushes the facial colliculus caudally. B: A lesion located caudal to the axial 
level of the facial colliculus displaces the facial colliculus rostrally. C: A lesion located at the same axial level as the facial collicu-
lus and close to the midline displaces the facial colliculus laterally toward the superior fovea. D: A lesion located at the same axial 
level as the facial colliculus and laterally displaces the facial colliculus medially. Coll. = colliculus. Dissections prepared by Kaan 
Yagmurlu, MD. Reproduced with permission from the Rhoton Collection (http://rhoton.ineurodb.org), CC BY-NC-SA 4.0 (http://
creativecommons.org/licenses/by-nc-sa/4.0).
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FIG. 3. Midline suboccipital telovelar approach. A and B: The suboccipital midline craniotomy and dural opening (A) expose the 
dorsal medulla and the cerebellar tonsils (B). C: The telovelar junction is exposed by opening the sulcus between the uvula and 
the cerebellar tonsil. The telovelar junction is incised (green dashed line) to expose the floor of the fourth ventricle. D: The facial 
colliculus is a prominence on the fourth ventricle, and the inferior half of the superior fovea triangle is incised (red dotted line). 
Coll. = colliculus; Junct. = junction. Panel A: Copyright Barrow Neurological Institute, Phoenix, Arizona. Published with permission. 
Panels B–D: Dissections prepared by Kaan Yagmurlu, MD. Reproduced with permission from the Rhoton Collection (http://rhoton.
ineurodb.org), CC BY-NC-SA 4.0 (http://creativecommons.org/licenses/by-nc-sa/4.0).

FIG. 4. A 68-year-old male patient presented with acute-onset facial paralysis. A–C: Preoperative axial T1-weighted (A), sagittal 
T1-weighted (B), and axial T2-weighted (C) MRI studies demonstrating a dorsal pontine cavernous malformation at the level of the 
facial colliculus. The lesion was approached using a midline suboccipital telovelar approach. The opening in the brainstem was 
placed laterally at the superior fovea. D and E: Postoperative axial T1-weighted (D) and sagittal T2-weighted (E) MRI studies 
demonstrating complete resection of the lesion.
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responses were displaced medially and rostrally or cau-
dally, and were less likely to be displaced laterally toward 
the superior fovea. To avoid complications, Bertalanffy et 
al. pointed out the importance of using electrical mapping 
of motor cranial nerves on the floor of the fourth ventricle 
as well as of using intraoperative monitoring of somato-
sensory evoked potentials and motor evoked potentials for 
assessment of the safe entry zones to the brainstem.

The 2-point method is used to determine the safest 
and shortest route from the pial-ependymal surface of the 
brainstem to deep lesions.5 Whenever possible, the safe 
entry zones should be combined with the 2-point method 
to identify the ideal surgical route for deep-seated lesions. 
In the case presented in this report, the ideal approach was 
a midline suboccipital telovelar approach11 to the floor of 
the fourth ventricle.

Conclusions
The superior fovea triangle is an important landmark 

for the motor nucleus of the trigeminal (CN V), abducens 
(CN VI), and facial nerves, and it may be used as a safe 
entry zone for dorsal lesions located at the level of the fa-
cial colliculus. In addition, the use of intraoperative stim-
ulation of motor cranial nerves on the floor of the fourth 
ventricle is helpful in providing safer and more accurate 
brainstem surgery.
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