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Object. Foramen ovale (FO) puncture allows for trigeminal neuralgia treatment, FO electrode placement, and
selected biopsy studies. The goals of this study were to demonstrate the anatomical basis of complications related
to FO puncture, and provide anatomical landmarks for improvement of safety, selective lesioning of the trigeminal
nerve (TN), and optimal placement of electrodes.

Methods. Both sides of 50 dry skulls were studied to obtain the distances from the FO to relevant cranial base
references. A total of 36 sides from 18 formalin-fixed specimens were dissected for Meckel cave and TN measure-
ments. The best radiographic projection for FO visualization was assessed in 40 skulls, and the optimal trajectory
angles, insertion depths, and topographies of the lesions were evaluated in 17 specimens. In addition, the differences
in postoperative pain relief after the radiofrequency procedure among different branches of the TN were statistically
assessed in 49 patients to determine if there was any TN branch less efficiently targeted.

Results. Most severe complications during FO puncture are related to incorrect needle placement intracranially
or extracranially. The needle should be inserted 25 mm lateral to the oral commissure, forming an approximately 45°
angle with the hard palate in the lateral radiographic view, directed 20° medially in the anteroposterior view. Once the
needle reaches the FO, it can be advanced by 20 mm, on average, up to the petrous ridge. If the needle/radiofrequency
electrode tip remains more than 18 mm away from the midline, injury to the cavernous carotid artery is minimized.
Anatomically there is less potential for complications when the needle/radiofrequency electrode is advanced no more
than 2 mm away from the clival line in the lateral view, when the needle pierces the medial part of the FO toward the
medial part of the trigeminal impression in the petrous ridge, and no more than 4 mm in the lateral part. The 40°/45°
inferior transfacial-20° oblique radiographic projection visualized 96.2% of the FOs in dry skulls, and the remainder
were not visualized in any other projection of the radiograph. Patients with V1 involvement experienced postopera-
tive pain more frequently than did patients with V2 or V3 involvement. Anatomical targeting of V1 in specimens was
more efficiently achieved by inserting the needle in the medial third of the FO; for V2 targeting, in the middle of the
FO; and for V3 targeting, in the lateral third of the FO.

Conclusions. Knowledge of the extracranial and intracranial anatomical relationships of the FO is essential to
understanding and avoiding complications during FO puncture. These data suggest that better radiographic visual-
ization of the FO can improve lesioning accuracy depending on the part of the FO to be punctured. The angles and
safety distances obtained may help the neurosurgeon minimize complications during FO puncture and TN lesioning.
(http://thejns.org/doi/abs/10.3171/2013.1 JNS12743)
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ovale puncture is followed by destruction of TN fibers
using radiofrequency ablation, microcompression with a
Fogarty catheter, or neurotoxic substances (glycerol). In
functional neurosurgery, FO electrodes are placed percu-
taneously to register mesial temporal activity in patients
with epilepsy*~°5!53 and some cases of biopsy sampling
have been also reported .2+

Although the FO puncture technique has been thor-
oughly reported with some variations, to our knowledge
there are no detailed anatomical reports on this topic that
explain the anatomical basis and safety distances to avoid
major complications. Several articles have focused on im-
proving the selectivity of the lesion based on functional
data from clinical experience.*#346 Complementary to this
knowledge, anatomical research provides direct measure-
ments and visualization as tools to improve the accuracy
and selectivity of the lesions. The FO visualization rate
with radiography and optimal angles of view remain with-
in a wide range as reported in the literature,>'"'2* and are
mostly subject to the experience of the neurosurgeon.

The objectives of this article are to anatomically
explain complications arising during FO puncture and
how to avoid them, and to provide reliable anatomical

landmarks to improve FO visualization and puncture
technique, improve the effectiveness of selective lesion-
ing of the TN, and determine optimal placement of FO
electrodes.

Methods
Dry Skull Measurements

Fifty dry skull bases were studied from the exocra-
nial surface to obtain measurements of the FO and dis-
tances to important osseous structures (Fig. 1, Table 1).

Dissection of Formalin-Fixed Specimens and Radiographic
References

Eighteen formalin-fixed specimens were dissected
for measurements of the Meckel cave (36 sides) and FO
puncture trajectory (17 specimens, unilaterally). All the
calvarias and brains were removed, as was the meningeal
layer of the middle fossa dura mater covering the Meckel
cave and cavernous sinus. The measurements performed
are summarized in Table 2 and Fig. 2.

To study the ideal FO puncture trajectory, 2 lumbar
puncture needles with stylets were inserted in each FO at

TABLE 1: Osseous relationships of the FO in the exocranial surface of the skull base*

Measurement No. of Dry Skull Sides Minimum Maximum Average Standard Deviation

diameters (mm)
A1 91 4.50 10.00 6.8187 112269
A2 9N 2.50 5.20 3.6527 0.73248
B1 88 4.00 11.50 7.2420 1.47045
B2 88 2.50 10.00 5.5568 1.61785
C1 9N 5.00 10.50 6.7451 115770
C2 9N 3.00 8.00 5.2253 0.73509
D1 91 5.00 19.00 13.1593 2.45049
D2 N 4.50 16.00 8.0220 2.07133

distances (mm)
1 7 7.50 17.00 11.4718 1.99622
2 90 0.50 6.00 2.8422 1.18568
3 9N 12.00 30.00 19.2692 2.74399
4 9 8.00 17.50 121736 1.85471
5 89 3.50 13.00 6.7382 1.60783
6 77 0.00 10.00 2.3545 2.68169
7 90 0.00 8.00 0.8667 1.76864
u 90 33.00 54.00 43.4056 4.73150

angles (°)
o 77 23.00 48.00 39.3117 5.60606
B 85 0.00 10.00 1.1059 2.65484

* A1 and A2 = major and minor diameters of FO; B1 and B2 = major and minor diameters of foramen lacerum; C1 and C2 = major
and minor diameters of carotid foramen; D1 and D2 = major and minor diameters of jugular foramen; 1 = distance from the FO to
the mandibular fossa; 2 = distance from the FO to the foramen spinosum; 3 = distance from the FO to the jugular foramen; 4 =
distance from the FO to the carotid foramen; 5 = distance from the FO to the foramen lacerum; 6 = distance from the base of the
pterygoid processes to the FO; 7 = distance from w to the FO. u = distance from the external prominence above the second or third
molar of the maxilla to the cranial base adjacent to the FO in a parallel to the midline; o = angle between a needle located over the
external prominence above the second or third molar of the maxilla to the FO, and a line traced over the inferior part of the maxilla
in the lateral view; = angle between the needle and a parallel to the midline in an inferior view.
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Fic. 1. Measurements of the osseous structures surrounding the FO from the exocranial surface of the skull base. ~ A: Pho-
tograph of a dry skull with labels indicating diameters (A-D) and distances (1-7, u). A = diameters of the FO; B = diameters of
the foramen lacerum; C = diameters of the carotid foramen; D = diameters of the jugular foramen. 1 = distance from the FO to
the mandibular fossa; 2 = distance from the FO to the foramen spinosum; 3 = distance from the FO to the jugular foramen; 4 =
distance from the FO to the carotid foramen; 5 = distance from the FO to the foramen lacerum; 6 = distance from the base of the
pterygoid processes to the foramen lacerum; 7 = distance from w to the FO. u = distance from the external prominence above the
second or third molar of the maxilla to the cranial base adjacent to the FO in a line parallel to the midline; CF = carotid foramen;
FL = foramen lacerum; FS = foramen spinosum; JF = jugular foramen; MF = mandibular fossa. B and C: Lateral (B) and inferior
(C) views of the angle measurements performed on the dry skull bases: o = angle between a needle located over the external
prominence above the second or third molar of the maxilla to the FO, and a line traced over the inferior part of the maxilla in the
lateral view; 3 = angle between the needle and a line parallel to the midline in an inferior view. The V3 and pars nervosa of the

jugular foramen are shown in yellow, carotid artery in red, and jugular vein in blue with molding material.

2 trajectories (lateral and medial; Fig. 3, Table 3). To ac-
curately control the needle position, the needles were in-
serted from inside the skull base under direct visualization
in the following manner. First, a needle forming the medial
trajectory was inserted intracranially through the medial
retrogasserian portion of the TN in the medial part of the
trigeminal impression in the petrous ridge, and was direct-
ed to the medial part of the FO; its exit was medial to the
mandible. Second, a needle forming the lateral trajectory
was inserted intracranially through the lateral retrogasse-
rian portion of the TN in the lateral part of the trigeminal
impression in the petrous ridge, and was directed to the lat-
eral part of the FO; its exit was also medial to the mandible.

After the initial insertion, the stylet was removed
and reinserted extracranially from the face inside the
previously inserted needle in a reverse manner. Then, the
needle was removed. This procedure ensured that the sty-
let was located in the desired position in the medial and
lateral trajectories. The tip end of both stylets was left in
the petrous ridge border, so that one was located in the
medial aspect of the trigeminal impression and the other
in the lateral aspect.

A shorter additional needle was placed between the
middle point of the FO and the posterior clinoid to esti-
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mate the angle of the Meckel cave in AP and lateral views.
Anteroposterior and lateral radiographs were obtained in
every specimen. The AP view was obtained with the ra-
diography beam centered over the glabella, parallel to the
orbitomeatal plane. This imaginary plane passes through
the external acoustic meatus and the outer canthus of the
eye. The lateral view, with superimposition of the superior
orbital plates of the sphenoid bone and greater sphenoid
wings, was obtained with the radiography beam directed
perpendicular to a point 5 cm (2 inches) superior to the
external acoustic meatus.

Radiographic Visualization of the FO

Forty dry skulls (79 sides) with mandibles were stud-
ied to obtain the best inferior transfacial/oblique projec-
tion to visualize the FO in both sides.

Clinical Review

It appears anatomically more difficult to access V1 in
comparison with V2 and V3 during TN puncture; there-
fore, the objective of the clinical review was to determine
if patients complaining of trigeminal neuralgia that in-
volved V1 had less successful pain relief than patients
with neuralgia involving V2 and V3. The outcomes of 57
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Fie. 2. Photographs showing dissection of the Meckel cave and cavernous sinus on the right side.  A-C: Lateral (A), oblique
(B), and posterior (C) views of the Meckel cave and cavernous sinus with the periosteal layer of the dura mater intact.  D: Dis-

section after removing the periosteal layer of the dura mater.

E: lllustration showing measurements in the middle fossa: 1 =

distance from the FO to the posterior clinoid process; 2 = distance from the FO to the exit of the internal carotid artery from the
petrous bone (not shown); 3 = distance from the FO to the middle part of V1 in the FO—posterior clinoid ling; 4 = distance from the
FO to the middle part of V2 in the FO-posterior clinoid ling; 5 = distance from the FO to the common root of the TN in the middle
fossa; 6 = distance from the middle part of the FO to the petrous ridge. Bas. A = basilar artery; CA = internal carotid artery; CN
= cranial nerve; GSPN = greater superficial petrosal nerve; Hyp. = hypophyseal gland; Midd. Men. A. = middle meningeal artery;
ON = optic nerve; PCA = posterior cerebral artery; Post. C. = posterior clinoid; SCA = superior cerebellar artery; Tent. = tentorium.

patients with trigeminal neuralgia treated by the senior
author (R.A.M.) using radiofrequency at Vanderbilt Uni-
versity Medical Center were assessed. Only those patients
with more than 6 weeks of follow-up were studied. The
data considered included age, sex, side of trigeminal neu-
ralgia pain, trigeminal neuralgia pain distribution (with
V1 involvement/without V1 involvement), and the pres-
ence or absence of multiple sclerosis or complications.
The degree of pain relief within the first 6 postoperative
weeks ranged from complete pain relief to facial pain or
the need to increase medications.

Patients were placed supine and general anesthesia
was induced using intravenous methohexital. After iden-
tifying the FO in the oblique-inferior view, a standard
radiofrequency needle was percutaneously advanced di-
rectly through the face, approximately 3 cm lateral to the
oral commissure, to reach the retrogasserian portion of

J Neurosurg / Volume 119 /| November 2013

the TN. The stylet was removed, and an electrode was in-
serted in its place. The patient was then allowed to waken,
and stimulation was performed to confirm that the elec-
trode was positioned in the desired TN division. The an-
esthesia was then deepened to begin the radiofrequency
lesioning (70° for 60 seconds). If the patient continued to
experience sharp pain, the procedure was repeated until
facial sensation was less than 50% of the untreated side.
Typically, when the branch involved was V1, the lesioning
was started at 60° and repeated until the sensation was
below the 50% criteria. After testing the facial sensation,
the stylet was removed and pressure was applied until ad-
equate hemostasis was achieved.

Differential FO Puncture

A temporal craniectomy, lobectomy, and Meckel
cave dissection were performed in 6 sides of 4 formalin-
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TABLE 2: Anatomy of the FO and surrounding areas*

M. Peris-Celda et al.

Measurement (mm)t No. of Specimen Sides Minimum Maximum Average Standard Deviation
FO-Pclin (1) 32 23.00 34.00 28.5781 2.99760
FO—carotid (2) 36 8.00 16.50 11.5833 2.20875
FO-V1 (3) 36 10.00 19.00 14.5694 1.87903
FO-V2 (4) 36 6.50 12.00 9.1667 1.31475
FO-common root V (5) 26 12.00 19.00 16.0192 1.74631
FO-petrous ridge (6) 34 15.00 24.00 19.5588 2.03293
Meckel cave depth 36 2.00 6.00 4.0278 1.04843
FO-int. cant. lig. 36 6.00 20.00 12.7778 3.14517
FO-post. trag. 26 15.00 35.00 27.9038 4.37269

* FO-Pclin = distance from the FO to the posterior clinoid process; FO-carotid = distance from the FO to the exit of the internal
carotid artery from the petrous bone; FO-V1 = distance from the middle portion of the FO to the middle portion of V1 in the FO-
Pclin line; FO-V2 = distance from the middle portion of the FO to the middle portion of V2 in the FO—Pclin line; FO—common root
V = distance from the FO to the common root of the fifth cranial nerve in the middle fossa; FO—petrous ridge = distance from the
FO to the petrous ridge; FO-int. cant. lig. = distance from the projection of the FO to the internal canthal ligament; FO—post. trag.
= distance from the posterior portion of the tragus to the projection of the FO in the lateral view.

1 Numbers in parentheses correspond to the measurements represented in Fig. 2E.

fixed, silicone-injected specimens. The 40°-45° inferior
transfacial-20° oblique projections allowed visualization
of the FO. Radiofrequency needles, with Tew electrodes
(straight and curved; Cosman), were inserted under fluo-
roscopic guidance at distances +5 mm, 0 mm, and -5 mm
from the clival line in the lateral radiographic view in
the medial, middle, and lateral third of the FO. The TN
branches covered with the electrode tip were confirmed
by direct visualization.

Statistical Analysis

Descriptive and analytical studies were performed
using SPSS software (version 18, IBM).

Results
Trajectory to the FO

To reach the FO, a needle is inserted between the
buccinator and masseter muscles in the fat-filled space
located 2.5-3 cm lateral to the oral commissure. Care
should be taken not to perforate the oral mucosa by plac-
ing the index finger inside the mouth, thereby protecting
the needle from medial misplacement. The facial vein,
and less frequently facial artery (anterior to the vein), may
be encountered, which can result in postoperative facial
hematomas. The Stensen duct is in the path of the needle,
so it is possible to damage it; we did not find a constant
reference to avoid its damage (Fig. 4).

With deeper penetration of the needle, the internal
maxillary artery and pterygoid venous plexus lie in the
path of the needle at the level of the pterygoid muscles
and can be a source of postoperative hematomas. The V3
branches are encountered in this area: the buccal nerve,
located between the 2 fascicles of the lateral pterygoid
muscle; the lingual and inferior alveolar nerves, located
between the lateral and medial pterygoid muscles; and
the auriculotemporal nerve, which is located behind the
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mandible and in front of the tragus. Some of the motor
branches in this area lie over the bone: the masseteric
nerve over the mandible behind the masseter muscle, and
the deep temporal nerves over the temporal bone behind
the temporalis muscle. All of these branches converge
onto the FO (Fig. 5). To reach the FO, the lateral ptery-
goid muscle has to be pierced. The TN in the middle fossa
is located in the Meckel cave over the anterior portion of
the petrous part of the temporal bone.

Anatomical Relationships of the FO: Measurements in Dry
Skulls and Formalin-Fixed Specimens

The FO is an elliptical-shaped (Fig. 1), short, osseous
canal in the middle fossa of the skull base, with a 7-mm
major diameter and a 4-mm minor diameter (Table 1), lo-
cated approximately 2 mm behind the pterygoid base. It
is located in a sagittal plane that passes through the mid-
pupillary line (13 mm lateral to the internal canthal liga-
ment). The FO is 28 mm anterior to the posterior limit of
the tragus. The FO is situated approximately at the level
of the posterior root of the zygomatic arch. Its orientation
is oblique, with its major axis anteromedial to postero-
lateral. Distances from the FO to important structures in
the exocranial surface of the skull base are represented in
Fig. 1 and Table 1.

The Meckel cave, a 4-mm deep osseous depression
in the petrous bone that contains the gasserian gangli-
on, is located in the middle fossa of the skull base. To
measure distances in the middle fossa of formalin-fixed
specimens, a line between the middle point of the FO
and the posterior clinoid process was considered (Fig. 2,
Table 2). The posterior clinoid process is located poste-
rior to the FO in 77.4% of cases, anterior in 19.4%, and at
the same plane in 3.2%. The cavernous carotid artery is
located 11.6 mm from the FO on this line. In our speci-
mens, the average distance from the FO to the petrous
ridge was approximately 20 mm (range 15-24 mm). Only
3.55 mm of the common root of the TN was located in
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Fic. 3. Anteroposterior (A) and lateral (B) radiographic views of the different angles and trajectories of the FO puncture in
specimens. The trajectories were studied after insertion of lumbar puncture needles and have been highlighted with different
colors. Two extradural trajectories were measured: 1) the medial trajectory, represented by a green line passing through the
retrogasserian portion in the medial part of the common root of the TN in the trigeminal impression of the petrous ridge, and the
medial part of the FO; and 2) the lateral trajectory, represented by a purple line passing through the lateral part of the common
root of the TN in the trigeminal impression of the petrous ridge, and the lateral part of the FO. A shorter needle was placed be-

tween the FO and posterior clinoid process for additional measurements (blue lines).

C: Photograph showing dissection of the

cavernous sinus and Meckel cave, in which the medial and lateral trajectories have been represented. CA = carotid artery; CN
= cranial nerve; GSPN = greater superficial petrosal nerve; Hyp = hypophyseal gland; Midd. Men. A. = middle meningeal artery;
ON = optic nerve; PCA = posterior cerebral artery; Post. C. = posterior clinoid.

the middle fossa over the petrous bone. With the aim to
define the safety distance for avoiding cavernous carotid
artery puncture, the distance from the theoretical position
of the petrolingual ligament (lingual process of the sphe-
noid bone) to the midline was measured in 40 dry skulls.
This distance ranged from 13 mm to 18 mm (mean 15.22
mm; Fig. 6). It was possible to puncture the carotid ar-
tery in the cavernous sinus in 29 (36.7%) of 79 skull sides
using a more lateral-to-medial and posterior-to-anterior
puncture. It was also possible to puncture the carotid ar-
tery in the horizontal petrous segment in 24 (30.4%) of 79
skull sides. The entry point to puncture the artery at this
level would be located far superior to the ideal entry point
in the cheek, almost touching the zygomatic bone. This
makes damage to the carotid artery at this point unlikely
(Fig. 6D and E). The portion of the horizontal petrous
segment of the carotid artery not covered by bone was lat-
eral to the Meckel cave in 72.5% of skulls, in the middle
portion of the Meckel cave in 17.5%, and was completely
covered up to the petrolingual ligament in 10%.
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Visualizing the FO on Radiography

In 96.2% of the skull sides, the FO was visualized in a
40°/45° inferior transfacial-20° oblique projection. In 3.8%
of cases (3 sides, 2 skulls), the FO was not visualized in any
position of the radiograph. Regarding the transfacial angle,
in 70 (88.6%) of 79 skull sides the FO was visualized in the
40° projection, in 13 skull sides the transfacial angle was
increased up to 45° to visualize or improve visualization
of the FO, and in only 2 sides was the visualization better
with a 35° projection. Regarding the oblique angle, in 76
(96.2%) of 79 skull sides the FO was visualized in the 20°
oblique projection, although in some of them (6 sides) visu-
alization improved with 30°-35° projection (Fig. 7).

Medial and Lateral Trajectories of the FO Puncture

The ideal trajectory of the needle puncture was calcu-
lated after the study of the medial and lateral trajectories
as described in the Methods (Fig. 3, Table 3). The medial
trajectory from the medial aspect of the FO to the medial

1181



M. Peris-Celda et al.

TABLE 3: Measurements of distances and angles of the specimens in the lateral and medial trajectories to reach the retrogasserian
portion of the TN*

Measurement No. of Specimens Minimum Maximum Average Standard Deviation
angles (°)
angle AP lat. traj.-vert. 17 13.50 28.00 21.0294 3.31884
angle lat. traj.-palate (lat) 17 34.00 58.00 447647 6.60047
angle AP med. traj.-vert. 17 16.00 28.00 21.2941 3.42353
angle med. traj.-palate (lat) 17 32.00 62.00 48.1176 7.30481
angle AP vert.-FO Pclin. 31 20.00 47.00 33.1290 6.63698
angle vert.-FO Pclin. (lat) 31 0.00 21.00 9.4516 5.50054
distances (mm)
lat. traj. X 17 10.00 35.00 26.0000 5.87367
lat. traj. Y 17 -5.00 10.00 1.0588 4.56167
med. traj. X 17 15.00 35.00 24.4118 5.59083
med. traj. Y 17 -15.00 7.00 -3.6471 5.94707
AP lat.-med. 16 1.71 6.46 3.06 110
lat.-med. (lat) 17 0.86 5.14 278 1.10
med. traj.-inf. shadow 15 19.2 28.61 22.34 2.52
lat. traj.-inf. shadow 16 20 28.61 23.72 2.37
med. traj.-midline 15 15.4 2215 18.88 2.28
lat. traj.-midline 15 18 25 22.03 2.3
med. traj.-clival 10 1.78 9.23 4.47 2.22
lat. traj.-clival " 4 10.15 6.33 1.88
med. traj. tip-inf. sella 16 0 3.69 1.33 1.32

* Angle AP lat. traj.-vert. = angle between the lateral trajectory and a vertical line in the AP radiographic view; angle lat. traj.-palate (lat) = angle between
the lateral trajectory and the palatine line in lateral radiographic view; angle AP med. traj.-vert. = angle between the medial trajectory and a vertical line
in the AP radiographic view; angle med. traj.-palate (lat) = angle between the medial trajectory and the palatine line in lateral radiographic view; angle
AP vert.-FO Pclin. = angle in the AP radiographic view between a vertical line and the FO-to-posterior clinoid line; angle vert.-FO Pclin. (lat) = angle in
the lateral radiographic view between a vertical line and the FO-to-posterior clinoid line; lat. traj. X = lateral distance from the needle to the oral commis-
sure in the lateral trajectory; lat. traj. Y = superior-inferior distance from the needle to the oral commissure in the lateral trajectory; med. traj. X = lateral
distance from the needle to the oral commissure in the medial trajectory; med. traj. Y = superior-inferior distance from the needle to the oral commissure
in the medial trajectory; AP lat.-med. = distance between both trajectories in the AP radiographic view at the level of the petrous ridge; lat.-med. (lat) =
distance between both trajectories in the lateral radiographic view at the level of the petrous ridge; med. traj.-inf. shadow = distance from the tip of the
medial trajectory to the inferior shadow of the middle fossa in the lateral view; lat. traj.-inf. shadow = distance from the tip of the lateral trajectory to the
inferior shadow of the middle fossa in the lateral view; med. traj.-midline = distance from the tip of the medial trajectory in the petrous ridge to the midline;
lat. traj.-midline = distance from the tip of the lateral trajectory in the petrous ridge to the midline; med. traj.-clival = distance from the tip of the medial
trajectory to the clival line in the lateral view; lat. traj.-clival = distance from the tip of the lateral trajectory to the clival line in the lateral view; med. traj.
tip-inf. sella = distance from the tip of the medial trajectory to a line parallel to the palatine line that passes inferiorly to the sella.

aspect of the common root of the TN projects through
the retrogasserian portion of V2 and V1. This trajectory
has an entry point 24.4 mm lateral and 3.6 mm inferior to
the oral commissure and, in the lateral view, has an angle
of 48.11° superior to the hard palate. This angle is 21.29°
medial in the AP radiograph.

The lateral trajectory, from the lateral third of the
FO to the lateral portion of the common root of the TN,
projects through the retrogasserian portion of V3. This
trajectory has an entry point 26 mm lateral and 1.06 mm
superior to the oral commissure, and in the lateral view
has an angle of 44.76° superior to the hard palate. This
angle is 21.02° medial in the AP radiograph.

None of these measurements were significantly dif-
ferent between the 2 trajectories, which are almost paral-
lel. This parallelism depends on the size of the FO and the
width of the common root of the TN over the trigeminal
impression. The approximate angles for the needle inser-
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tion would be 45° with the hard palate in the lateral radio-
graph and 20° medially in the AP radiograph.

As the needles were inserted through the FO up to
the posterior limit of the petrous ridge, the distance be-
tween the clival line and the tip of the needle was mea-
sured for the lateral and medial needle trajectories. The
clival line was defined as the major radiopaque line that
runs posteriorly and follows the line surrounding the
anterior, inferior, and posterior margins of the sella. Be-
cause the petrous ridge has a posterior angulation, the
distance from the petrous ridge to the clival line was
always greater in the lateral puncture, therefore the safe
distance from the needle tip to the clival line increases
from medial to lateral. The distance from the clival line
(n = 10) to the tip of the needle in the medial trajectory
ranged from 1.78 mm to 9.23 mm, with an average of 4.47
mm. This distance in the lateral trajectory ranged from
4 mm to 10.15 mm, with an average of 6.33 mm, and the
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Fic. 4. Photographs showing FO puncture and anatomical dissection of the percutaneous route. ~ A: Oblique view. To reach
the FO (black oval), the needle should be placed from the entry point, 2.5-3 cm lateral to the oral commissure to the intersec-
tion of a coronal plane 3 cm anterior to the tragus, a sagittal plane in the medial pupillary line, and an axial plane parallel to the
skull base (Harthel technique).  B: Trajectory of the needle to reach the FO (black oval) in the lateral view. In this specimen,
the zygomatic arch, the squamous part of the temporal bone, and the lateral wall of the orbit have been removed. Bucc. M. =
buccinator muscle; Facial A. = facial artery; Infraorb. N. = infraorbital nerve; Mass. M. = masseter muscle; Ment. N. = mentonian
nerve; Orb. Oris M. = orbicularis oris muscle; Parotid G. = parotid gland; Sten. D. = Stensen duct; Temp. M. = temporalis muscle;

Temp. L. = temporal lobe.

average between the medial and lateral distance, repre-
senting a puncture in the midportion of the FO, was 5.37
mm. Based on these measurements, a safe distance of the
needle tip to the clival line on a direct lateral radiographic
projection would be approximately 2 mm when entering
the FO medially and 4 mm when entering the most lat-
eral portion. For a midpoint entry, the safe distance cal-
culated is approximately 3 mm. When placing electrodes
to register the mesial temporal activity through the FO,
the trajectory is the same, but the dura mater has to be
pierced (the anterior part of the tentorium attached to the
petrous ridge) to enable the electrode to reach the ambient
cistern and contact the mesial part of the temporal lobe.
A more vertical trajectory that goes through the middle
fossa dura mater could easily damage the temporal lobe.
A deeper and more medial trajectory can injure the third,
fourth, and sixth cranial nerves, the brainstem, and vas-
cular structures, including the cavernous carotid artery
and posterior cerebral artery among others.

Clinical Outcomes

The data recorded in 57 patients were age (mean
68.29 =+ 11.10 years, range 44—86 years), sex (17 men, 40
women), side (right 34, left 23), and presence of multiple
sclerosis (10 patients). In the 49 patients who had more
than 6 weeks of recorded follow-up, acute pain relief was
found in 97.95%; almost all patients felt less pain after
the surgery. Strict criteria were used to distinguish among
different outcomes. Neuralgia in V1 was significantly
correlated with the presence of facial pain or the need to
increase medication in the first 6 weeks postoperatively
compared with patients who suffered from V2 and/or V3
neuralgia (p = 0.001, Fisher exact test). Age, sex, side, and
multiple sclerosis were not significantly correlated with
worse outcome in this series. Four of 57 patients experi-
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enced complications: meningitis (n = 1), painful anesthe-
sia (n = 1), postoperative hematoma without clinical sig-
nificance (n = 1), and corneal anesthesia associated with
a V2 procedure (n = 1). In 3 patients, the visualization of
the FO was difficult in transfacial-oblique radiographic
fluoroscopy, and 1 patient required CT neuronavigation.

Foramen Ovale Puncture in Different Parts of the FO in
Anatomical Specimens

The 40°/45° inferior transfacial-20° oblique position
allowed us to visualize and select the part of the FO to be
punctured and was confirmed with direct intracranial visu-
alization. After correct needle insertion, approximately 45°
superior and 20° medial directed to the petrous ridge, the
needle was advanced from the medial, middle, and lateral
parts of the FO, situating the electrode tip at +5, 0, and -5
mm from the clival line. There were 3 tip positions in each
puncture: a Tew electrode curved up and medial, a Tew
electrode curved inferior and lateral, and a straight Tew
electrode. Each position of the electrode was counted as a
puncture. The complete length of the electrode tip was con-
sidered to confirm anatomical location. The success rate
was higher for V1 if the needle was inserted in the medial
part of the FO beyond the clival line, for V2 in the middle
part beyond the clival line, and for V3 in the lateral part
beyond the clival line (Table 4, Fig. 8). At =5 mm, most of
the punctures were located in the gasserian ganglion of the
TN. Few punctures were anatomically exclusive for V1 and
this situation was more frequent for V3.

Discussion
How to Reach the FO

When performing the classic transovale approach for
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Fic. 5. Dissection of the infratemporal fossa after removal of the ascending ramus of the mandible, masseter, and temporalis
muscles. The middle cranial fossa and orbit have been dissected. ~ A: The internal maxillary artery and pterygoid venous plexus
are seen in depth, as well as V3 branches (buccal, lingual, inferior alveolar, masseteric, deep temporal, and auriculotemporal
nerves). The lateral and superior walls of the orbit have been removed to show the relationship of the middle fossa with the orbit
through the superior orbital fissure, and the infratemporal fossa with the orbit through the inferior orbital fissure. After removing
the temporal lobe and dura mater of the middle fossa and cavernous sinus, the TN is shown as well as its relationships with the
third and fourth cranial nerves and the carotid artery. ~ B: Closer view of the infratemporal fossa, in which the pterygoid venous
plexus has been removed to show the internal maxillary artery and its branches.  C: Oblique view of the same dissection with
the needle inserted pointing toward the retrogasserian part of the TN.  D: Closer view of the TN in the Meckel cave, cavern-
ous sinus, and their relationship with the orbit and infratemporal fossa. The triangular area shows the triangular plexus (TP), the
retrogasserian portion of the TN in the Meckel cave.  E: Dissection of the middle fossa and deep infratemporal fossa. View
after drilling the middle fossa floor up to the FO and the anterolateral triangle of the middle fossa. The sphenoid sinus has been
opened.  F: After the resection of the lateral pterygoid muscle, V3 branches from the FO can be visualized. The Stensen duct,
internal maxillary artery, and pterygoid venous plexus might be in the path of the needle. A = artery; Auric. Temp. N. = auriculo-
temporal nerve; Buccal A. N. = buccal artery and nerve; CA = carotid artery; CN = cranial nerve; Inf. Alv. A. N. = inferior alveolar
artery and nerve; Infraorb. N. = infraorbital nerve; Int. Max. A. = internal maxillary artery; Lat. Rectus M. = lateral rectus muscle;
Lat. Pter. M. = lateral pterygoid muscle; Lingual N. = lingual nerve; Mand. Cond. = mandibular condyle; Mass. A. N. = masseteric
artery and nerve; Med. Pter. M. = medial pterygoid muscle; N. = nerve; Orb. Oculi = orbicularis oculi muscle; Orb. Oris = orbicu-
laris oris muscle; Post. Sup. Alv. A. N. = posterior superior alveolar artery and nerves; Pter. Plex. = pterygoid venous plexus; Sph.
Sin. = sphenoid sinus; Sten. D. = Stensen duct; Temp. A. N. = deep temporal artery and nerve.

percutaneous trigeminal rhizotomy, the needle is inserted In the submental modified view, inferior transfacial and

2.5-3 cm lateral to the labial commissure. The needle is
then advanced toward the point of intersection between a
coronal plane positioned 3 cm anterior to the tragus and
a sagittal plane through the medial ipsilateral pupil. At
the skull base in the greater wing of the sphenoid bone,
the needle is inserted through the FO. The location of
the FO cannot be visualized using uniplanar fluoroscopy.
Additionally, detecting the FO in the purely submental
view can be difficult.!"'*!8 Multiple groups have previ-
ously studied the optimal angles for FO visualization.
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oblique angulations vary from 15°-70° transfacial and
15°-25° oblique.'!1124449 The FO was optimally visual-
ized in most of the skulls with a radiographic angulation
of 40°/45° inferior transfacial projection and 20° oblique
projection. An interesting radiographic sign, called “the
setting sun sign,” was observed in most of the skulls by
centering the inferior transfacial angle at 40° or slightly
changing it under radiographic magnification. The set-
ting sun sign is the petrous ridge line in the middle of the
FO and is used as a landmark to guide the needle to the
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Fic. 6. Photographs showing FO puncture and the internal carotid artery. ~ A: Oblique lateral view of a representation with
molding material of the carotid artery (CA), V1, V2, and V3 in a dry skull. The retrogasserian portion of the TN lies over the
trigeminal impression (Trig. Impress.).  B: Skull with molding material representing the previous structures and the optic nerve
(ON). D = distance from midline to the theoretical location of the petrolingual ligament (PLL) between the petrous bone and the
lingual process of the sphenoid bone. Midd. Men. A. = middle meningeal artery. C: According to our data, it is possible to
puncture the CA in the cavernous sinus in 29 (36.7%) of 79 sides of skulls with an excessive medially directed puncture (shown),
which can lead to a carotid-cavernous fistula. D and E: Itis also possible to puncture the CA in the horizontal petrous segment
in 24 (30.4%) of 79 sides of skulls (D), but with an extremely superior entry point in the facial region (shown) almost touching the

zygoma (E).

porus trigeminus, which is located in the petrous ridge.!
In 96.2% of the skulls in our study we could visualize
the FO with these angles, and in some cases a change to
35° in any or both angles improved visualization. In cases
in which fluoroscopy is not an aid for FO puncture, the
anatomical relationships of the FO in the lateral and AP
radiographs are essential. Neuronavigation systems may
also be required in these patients.!420-

Numerous causes, such as osteoporosis or dura mater
calcifications, have been reported for difficulty with visu-
alization of the FO during fluoroscopy.’ In addition, our
results show that in dry skulls the orientation and length
of the FO canal, which is related to the width of the ptery-
goid base, might add difficulty. A thicker pterygoid base,
forming the anterior portion of the FO canal, makes visu-
alization with radiography challenging (Fig. 7). Numer-
ous other causes that are not present in dry skulls may al-
ter these results, making the FO invisible for radiography
in a higher percentage than shown in this study.

We confirmed anatomically that the needle has to be
inserted approximately 25 mm (range 10-35 mm) lateral
to the oral commissure, and directed almost 30 mm (range
15-35 mm) anterior to the tragus and 13 mm (range 620
mm) lateral to the internal canthal ligament, just medial to
the midpupillary line. These data are consistent with the
classic technique for the FO puncture.’® However, these
ranges are too large to establish a concrete external refer-
ence that depends on the facial structure of the soft tissue.
Moreover the needle, once inserted, can be moved widely
within the soft tissue, changing its orientation so the bone
structures can be more reliable reference points. In cases in
which the FO is not visualized, osseous structures can be
used as reference points to avoid multiple needle punctures.
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The FO is located slightly lateral to the posterior base of
the pterygoid process of the sphenoid bone (2.3 mm), and
can be reached through a puncture strictly parallel to mid-
line with the needle as close as possible to the maxilla. The
pterygoids are posterior and medial to the most prominent
aspect of the maxilla laterally. Hence, after the insertion,
the needle can be directed as close as possible to the max-
illa, parallel to the midline, toward the posterior base of the
pterygoid process. If the FO has not been entered at this
time, the needle can be safely advanced over the extracra-
nial skull base up to 8 mm posteriorly (the inferior limit of
the distance from the FO to the carotid foramen) and 3.5
mm medially (the inferior limit of the distance from the
FO to the foramen lacerum) to avoid complications due to
the carotid artery extracranial puncture. In only 1 of 77
skull sides, the FO was positioned more than 8 mm poste-
rior to the pterygoid base, and in 10 of 90 skull sides, the
FO was located more than 3.5-mm medial to the pterygoid
base (Fig. 1, Table 1). Immediately after reaching the FO,
the angles can be adjusted to accomplish a correct trajec-
tory. A correct puncture is parallel to the Meckel cave in
the direction toward the porus trigeminus, approximately
45° superior to the hard palate in the lateral view and 20°
medial in the AP view. These measurements are coinci-
dent with the results obtained for optimal visualization of
the FO in radiographs in dry skulls. Our angles are differ-
ent than those published by Tatli and Sindou,* most likely
due to the use of the orbitomeatal line as a reference in
their study instead of the hard palate that we considered an
easier reference.

Complications and Anatomy

Numerous complications have been reported as a re-
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Fic. 7. Visualization of the FO using radiography.  A: Radiographic view of the 40°/45° inferior transfacial-20° oblique pro-

2 b Ry 7

jection. The FO (dashed elliptic shape, yellow arrow) can be identified between the line formed by the inferior line of the zygoma-
maxilla and the anterior line of the mandible. Adjusting the transfacial angle, the setting sun sign might be observed (line of the
petrous ridge in the middle of the FO, not shown).  B: Graphic illustration of these angles. C-E: Anatomical correlation of the
radiograph visualizing the FO (arrows) in the 40°/45° inferior transfacial-20° oblique view in different anatomical types. In the
most common view of the FO (C), note that the petrous ridge can be observed in the middle of the FO (correlation of setting sun
sign). The nextimage (D) shows a specimen in which the FO was visualized with difficulties in the radiograph corresponding to a
narrow, thick osseous canal. In the last image (E), the FO was not observed in any projection of the radiograph in this specimen
due to the thickness of the pterygoid base and orientation of the FO canal.

sult of percutaneous access to the FO with both incorrect
(Table 5) and correct (Table 6) needle placement.

Injury to Extracranial Structures Due to Incorrect
Needle Placement. Blindness has been reported due to
needle insertion in the inferior orbital fissure.>® The in-
ferior transfacial-oblique view can give misleading infor-
mation, as shown in Fig. 9A—C. This incorrect orientation
can be avoided with a lateral view that clearly shows the
misplaced tip.

It is possible to puncture the internal carotid artery at
its entrance in the carotid canal in the temporal bone (at a
safe distance of 8 mm posterior to the FO; Fig. 9G-I) as
well as the internal jugular vein (at a minimum of 12 mm
posterior to the FO; Fig. 9J-L). Injury to the eustachian
tube is possible and may lead to transient rhinorrhea. A
lateral radiograph and transfacial-oblique view help in
detecting the displacement.

Injury to the internal carotid artery is also possible
in the exocranial surface of the skull base in the foramen
lacerum, which is located on average 6.73 mm medial to
the FO and has a minimum distance of 3.5 mm medial to
the FO (Fig. 9D-F).
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No major complications are due to a pure laterally
displaced needle. All surrounding anatomical structures
susceptible to be injured by a misplaced tip are visualized
in Fig. 10.

Injury to Intracranial Structures Due to Incorrect
Needle Placement. Once the needle pierces the FO, nu-
merous complications can arise from the medial or lateral
displacement of the needle as well as deeper insertion.
A carotid-cavernous fistula is an uncommon but severe
complication of the procedure!®?!24263 and can be relat-
ed to a tip displaced medial to the petrolingual ligament.
In our study, the safe region would be more than 18 mm
from midline in the AP view, and was 18 mm in only 1
(1.26%) of 79 skull sides, but the average distance from
the petrolingual ligament to midline was 15.55 mm. The
average distance from the midline to the medial trajectory
was 18.88 mm and to the lateral trajectory was 22.03 mm.
Moreover, the cavernous carotid artery puncture was not
possible in 62.4% of specimens, in which the mandible
was an obstacle to directing the needle more medially.
Although the petrous portion of the internal carotid ar-
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percentage of the punctures with the electrode located in V1, V2, or V3 out of the total punctures; V1 Only, V2

with the electrode anatomically situated in V1, V2, or V3; V1/Total, V2/Total, V3/Total

Only, V3 Only

= percentage of the exclusive locations in V1, V2, or V3 out of the V1, V2, or V3 locations

number of punctures situated exclusively in V1, V2, or V3; V1 Only/V1, V2 Only/V2, V3 Only/V3

of the electrode. If the electrode tip was located in the gasserian ganglion, the puncture was counted in the total but as 0 regarding anatomical location in a TN branch. The best results are highlighted
in boldface: V1 is better lesioned with a puncture in the medial portion of the FO, V2 in the middle, and V3 in the lateral portion, all of them away (+5 mm) from the clival line. Note that in most punctures,

middle.

medial; MID =

lateral; MED

gasserian ganglion; LAT =

there is more than 1 TN branch involved in contact with the electrode. Abbreviations: GASS

tery is unroofed in most patients and could be a location
of internal carotid artery puncture, the needle trajectory
needed to access this region is unlikely using the trans-
facial puncture of the FO. The most injured cranial nerve
during rhizotomy is the abducens nerve, with an occur-
rence of 0.75% in one series.”' Its anatomical location is
adjacent to the petrolingual ligament, lateral to the carotid
artery, and behind V1 (Fig. 2). Overall, 13.5% of abducens
nerves show a duplicate pattern with different relation-
ships to the petrosphenoidal ligament, thereby making it
easier to damage.??3!343 In addition, there are vascular
anastomoses between the TN and abducens nerve that
can impair vascular supply to the abducens nerve when
the TN is lesioned.* Oculomotor paresis occurs infre-
quently?! because it is difficult for the needle to reach the
oculomotor nerve from the FO. The oculomotor nerve en-
ters the cavernous sinus lateral and anterior to the dorsum
sellae and courses along the lower margin of the anterior
clinoid process and the carotid oculomotor membrane.
The oculomotor nerve crosses the profile of the clivus on
average 7 mm from the tip of the dorsum sellae.!* A punc-
ture that is too posterior, superior, and medial from the
clival line can damage it. The trochlear nerve enters the
roof of the cavernous sinus posterolateral to the oculomo-
tor nerve and courses below the oculomotor nerve in the
posterior part of the lateral wall, immediately above the
ophthalmic nerve. Therefore, the trochlear nerve is more
frequently injured after V1 lesioning than after V2 or V3
lesioning.?> The trochlear nerve crosses the clivus 12
mm from the tip of the dorsum."” Deeper and more medial
punctures can contribute to this palsy.

Brainstem lesioning can only be explained by a deep
puncture further than the porus trigeminus. A dolichoec-
tasic basilar artery can also be injured during the punc-
ture if trespassing past this anatomical point. Meningitis,
most commonly caused by Streptococcus pneumoniae,
has been reported with an incidence of 0.15% and can
be caused by inadvertent penetration of the needle in the
buccal mucosa. Temporal lobe hematoma is directly re-
lated to dura mater penetration with the needle and sub-
sequently performing the procedure intradurally. The TN
is surrounded by the superior petrosal sinus, and some
superior petrosal veins are located in the medial portion
of the porus.'® Injuries to neural structures can be avoided
with a less deep puncture, so we consider the safe dis-
tance from the needle/electrode tip to the clival line to
be almost 2 mm when puncturing in the medial portion
of the FO, and 4 mm in the lateral portion. This was the
minimum distance found in our specimens from the clival
line to the petrous ridge. This suggestion is restrictive as
the average is 4.46 mm in the medial part and 6.33 mm in
the lateral part. These measurements are consistent with
the Tew technique that proceeds 5 mm further from the
clival line in the middle portion of the FO to reach V1,%
although in some patients, the tip might be away from the
petrous ridge.

Injury to Extracranial Structures With Correct Nee-
dle Placement. Alterations of salivation or bloody saliva
result from puncturing the Stensen duct. We did not find
an anatomical basis to avoid this potential complication.
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Fic. 8. Puncture in the medial, middle, and lateral thirds of the
FO. A:Puncture in the middle part of the FO with the electrode curved
up at +5 mm from the clival line. Note that the electrode anatomically
misses most V1 fibers. Further advancement of the needle would prob-
ably not allow the complete lesioning of V1 fibers, whereas a more me-
dial puncture within the FO would probably be more efficient in targeting
V1. B: Graphic representation in a photograph of the TN of all the
punctures performed in different anatomical specimens. Three parts of
the FO were studied (medial, middle, and lateral) with the electrode tip
located at +5, 0, and =5 mm from the clival line visualized on radiogra-
phy, with curved Tew electrode up and down (quarter moon shape) and
the straight electrode (long oval shape). The punctures performed in the
medial portion are represented in blue, punctures in the middle portion
in green, and in the lateral portion of the FO in red. Dots represent when
the electrode was anatomically located in the gasserian ganglion (GG,
shaded) of the TN. At -5 mm from the clival line, most electrodes were
anatomically located in the gasserian ganglion. Note that the medial
puncture reached V1 more efficiently than middle and lateral punctures.

With a puncture 2.5 cm lateral to the oral commissure,
the duct may be in the needle path as it passes between
the buccinator and masseter muscles, located immediate-
ly anterior to the Bichat fat pad. Stepwise dissection has
shown that the internal maxillary artery and pterygoid
plexus might be encountered en route to the FO in the
infratemporal fossa. Therefore, the puncture can cause
perioperative facial hematomas and, rarely, internal max-
illary artery arteriovenous fistulas.?> The internal maxil-

M. Peris-Celda et al.

lary artery has numerous variations in which it can be
superficial or deep to the lateral pterygoid muscle, indi-
cating that there are not reliable landmarks to avoid these
structures.

Injury to Intracranial Structures With Correct Needle
Placement. Impaired hearing can result from tensor tym-
pani nerve injury (a motor branch of the TN) occurring
during the coagulation procedure and can be as high as
26.7%.% The tensor tympani muscle is located in the floor
of the middle fossa parallel to the greater superficial pe-
trosal nerve and can also be uncovered and damaged. Le-
sioning of the greater superficial petrosal nerve because of
compression, thermal injury, or chemical lesioning could
explain alterations in lacrimation and nasal secretion de-
scribed in large patient series.””” The greater superficial
petrosal nerve crosses V3 close to the gasserian ganglion
and can be easily damaged (Fig. 2). Neuroparalytic kera-
titis, secondary to the V1 deficit that impairs corneal sen-
sation with abolition of the corneal reflex, is present in
0%—4% of cases®* and can result in blindness.

Masseter muscle weakness due to injury of the motor
branch of the TN is not usually perceived by the patient.
The motor root exits the brainstem medial to the sensitive
part of the TN and crosses the gasserian ganglion from
the medial side of the porus to the medial portion of the
FO, posterior to the sensitive portion of the TN. Injury to
the motor branch of the TN can lead to temporomandibu-
lar joint pain due to the force imbalance. Cardiovascular
abnormalities have been reported during procedures re-
garding FO puncture. The posterior fossa dura mater and
the arachnoid membrane can extend to the FO instead
of ending at the gasserian ganglion. Cerebrospinal fluid
fistulas have been reported in 0.13% of cases.?!-23:3

TABLE 5: Complications caused by incorrect placement of the needle and how to avoid them

Complications

Anatomical Cause

How to Avoid the Complication

extracranial complications

blindness
ital fissure

injury to extracranial carotid, jugular vein posterior displacement of the needle, medial dis-
placement for injury of the internal carotid artery

in the foramen lacerum
injury to eustachian tube

intracranial complications
carotid-cavernous fistula

injury to cranial nerves I, IV, & VI

brainstem lesioning

medial & anterior displacement to the inferior orb-

posterior displacement of the needle

carotid artery injury in the cavernous sinus

deep & medial displacement of the needle

needle tip far from the petrous ridge

lateral radiographic view after the insertion of the
needle

lateral radiographic view, & correct visualization of
the FO in the 40°/45°-20° projection

more lateral & anterior trajectory, correct visualiza-
tion of the FO in the 40°/45°-20° projection

the tip of the needle/radiofrequency electrode no
less than 18 mm away from midline, AP radio-
graphic view

tip of the needle/radiofrequency electrode no more
than 4 mm away from clival line, & control w/ AP
radiographic view

tip of the needle/radiofrequency electrode no more
than 4 mm away beyond the clival line

hematoma intradural puncture & temporal lobe injury avoid piercing the middle fossa dura mater follow-
ing the petrous bone angle (45° w/ the hard pal-
ate) in the lateral radiographic view
meningitis mostly by oral mucosa puncture avoidance of buccal mucosa; placing the surgeon’s
index finger inside the oral cavity
1188 J Neurosurg / Volume 119 | November 2013
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TABLE 6: Possible complications of the FO puncture with a correct anatomical placement of the needle and

anatomical cause

Complications

Anatomical Cause

extracranial complications

alterations in salivation

facial hematomas, facial arteriovenous fistula
intracranial complications

reduced hearing

alterations in lacrimation, nasal secretion

neuroparalytic keratitis

masseter weakness

CSF fistula

Stensen duct puncture
puncture of internal maxillary artery & pterygoid venous plexus

injury to the tensor tympani muscle/nerve (TN motor root)
greater superficial petrosal nerve injury

TN V1 damage to corneal fibers

injury to motor root of TN

bradycardia & hypotension reflex

depending on anatomical variations of posterior fossa cisterns

Anatomical Basis of Efficacy and Different Techniques

Three treatments can be performed with FO punc-
ture for trigeminal neuralgia,?’*7#? and selectivity can be
achieved using these 3 techniques. For radiofrequency
ablation, the electrode tip location is the key part. For bal-
loon compression, the needle has to reach the FO, and
the balloon inflates in the Meckel cave, selective lesions
can be performed depending on the localization of the
Fogarty catheter. For glycerol rhizotomy, the needle has
to be located in the trigeminal cistern, and by varying the
volume of metrizamide and glycerol and the head posi-
tion, selectivity can be achieved.'®

Radiofrequency Ablation. In our study, V1 lesion-
ing with radiofrequency ablation was less successful with
more frequent postoperative facial pain in the first weeks
than V2 and/or V3 lesioning. One explanation could be
the reduced lesion time and temperature used to prevent
corneal complications as reported by Sweet and Wepsic.*!
However, in our patient series, the same end point of 50%
reduction in sensation compared with the contralateral
TN division was used for all 3 divisions. The senior au-
thor (R.A.M.) repeats the lesions more frequently at lower
temperatures to achieve V1 anesthesia.

This difference in outcome could also be due to the
more difficult anatomical location of V1 for the FO punc-
ture. Anatomical references are important for improving
selective lesioning of the TN. Some authors' have advo-
cated that for V2 or V3 lesioning, the needle has to pierce
one-third of the medial end of the FO, whereas for V1, a
more lateral skin insertion of the needle with a more me-
dial insertion into the FO, directed to the medial region of
the porus trigeminus, is more efficient. However, most au-
thors*” do not differentiate the region of the FO. Because
V1 retrogasserian fibers are rostromedial in the porus tri-
geminus, V2 in the middle, and V3 in the caudolateral
part®7133% according to our anatomical study, we believe
that a more lateral-to-medial puncture for V1 is less safe
for vascular structures and sometimes is difficult due to
the position of the mandible that makes it difficult to di-
rect the puncture medially. With the selective puncture of
the medial portion of the FO and advancing the electrode
tip 5 mm away from the clivus, we were able to reach V1
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in 73.3% of cases, in contrast to 38.46% when punctur-
ing the middle region of the FO. Two almost parallel tra-
jectories were studied with no significant differences in
angulation between them through the medial and lateral
portions of the FO to define the ideal trajectories for the
puncture. An insertion 45° up in relation to the hard pal-
ate and 20° medial would be the safest and most efficient
in reaching the retrogasserian part of the TN. Our results
in specimens show that a medial-third puncture of the FO
is more successful for reaching V1, while a midportion
puncture is best for V2, and a lateral-third puncture for
reaching V3.

Similar to our results, V1 and V2 puncture in the me-
dial part of the FO and V3 in the midportion have been
advocated by Onofrio.*®* These authors stated that the in-
sertion of the needle in the lateral part of the FO could
be more dangerous because of the risk of temporal lobe
injury.** However, with correct orientation of the needle,
this risk is mitigated. A posterolateral entry point in the
FO is not advised by some authors because of the pos-
sibility of the electrode lying outside the dural sheath.*!
If, after the removal of the stylet, CSF is obtained and the
radiographic landmarks show a correct orientation and
trajectory of the needle, according to our study, travers-
ing the external third of the FO could be a very efficient
way to lesion V3. Tew et al.¥’ reported that V1 is more
readily accessed with the electrode tip advanced 5 mm
distal to the clival line on lateral radiographs, but in the
medial portion of the FO as stated before. As the common
root of the TN in the petrous ridge turns down to enter
the posterior fossa, a deeper insertion is not useful and
increases the potential morbidity significantly. For V2, we
found that the efficacy would be better with the electrode
tip 5 mm away from the clivus piercing the midportion of
the FO instead of leaving it at the level of the clival line
as with the standard technique:*4¢ in 84.61% of the cases
the electrode was located in V2 with the tip 5 mm away
from the clival line, compared with 46.15% at the level
of the clival line in the midportion of the FO. Regarding
V3, the position of the electrode 5 mm beyond the clivus
piercing the lateral portion of the FO targeted the V3 ret-
rogasserian fibers in 100% of cases, compared with 0% if
the tip was positioned 5 mm anterior to the clival line in
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Fic. 9. Examples of incorrect placement of the needle in a 40°/45° inferior transfacial-20° oblique radiographic view (left
column), with corresponding anatomical (center column) and lateral views (right column). The white dashed ellipse and arrow in-
dicate the FO on the radiograph, and the yellow molding material indicates V3 in the FO in dry skulls.  A-C: Needle in the orbit;
note that on the radiograph, the FO, although posterior, is superimposed to this trajectory.  D-F: Needle in the foramen lacerum;
a lateral view (F) would not identify this misplacement.  G-I: Needle injuring the carotid artery in the carotid foramen. J-L:
Needle injuring the internal jugular vein, close to the jugular foramen.

the lateral view. In the last case, the electrode was located
in the gasserian ganglion. Even with optimal trajectories,
V1 continues to be the least selectively targeted (73.3%),
followed by V2 (84.6%), and V3 (100%).

There is an angulation of the petrous bone in relation
to the clivus and its projection in the lateral radiographic
view (the clival line). The medial point of the trigeminal
impression is closer to the clival line than the lateral point.
With a correct trajectory, the more lateral the puncture is
in the FO, the deeper the electrode can be inserted in re-
lation to the clival line without passing the petrous ridge.
Surprisingly, at a distance 5 mm anterior to the clival line
in a lateral radiographic view, the electrode tip was most
often found in the gasserian ganglion, so the lesion could
be performed selectively in some cases, although it could
be suboptimal.

An important limitation of the study is the absence of
functional information as it is based on purely anatomical
data that must be clinically confirmed in the future. As
stated before, the position of the electrode tip that most ef-
ficiently reached the retrogasserian portion of the FO was
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5 mm beyond the clival line for V1, V2, and V3. However,
proceeding more than 2 mm away from the clival line
when puncturing the medial portion of the FO or more
than 4 mm when piercing the lateral portion could place
the electrode tip beyond the petrous ridge in certain pa-
tients. These are the inferior safe limits that we found,
but the average distance to the petrous ridge obtained in
the specimens was greater (4.46 and 6.33 mm medially
and laterally, respectively). Being aware of this anatomy,
and with the functional information provided during the
procedure, the surgeon must decide and individualize the
depth of the insertion in each case.

Glycerol Rhizotomy. With glycerol rhizotomy, the in-
sertion of the needle has to reach the trigeminal cistern.
The safest and most efficient puncture is in the center
of the middle third of the FO. The needle is advanced
1-2 mm incrementally until CSF is obtained, and then
the procedure is stopped and glycerol is injected.”® The
needle should not advance away from the clival line, but
rather remain in the trigeminal cistern in the Meckel
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Fic. 10. Inferior view of the skull base and anatomical structures sur-
rounding the third division of the TN that can be potentially injured with
an incorrect puncture. Auric. Temp. N. = auriculotemporal nerve; CA
= carotid artery; Chor. Tym. N. = chorda tympani nerve; CN = cranial
nerve; Eust. T. = eustachian tube; Great. Pal. A. N. = greater palatine
artery and nerve; Inf. Alv. N. = inferior alveolar nerve; Int. Max. A. =
internal maxillary artery; Jug. V. = jugular vein; Lesser Pal. N. = lesser
palatine nerve; Midd. Men. A. = middle meningeal artery; Pter. M. =
pterygoid muscle; T.M.J. = temporomandibular joint.

cave. The distance from the FO to the common root of
the TN over the petrous bone is 16 mm. Variations in the
quantity of glycerol and head position of the patient have
been used to obtain selective lesions of the TN. Because
metrizamide is heavier than glycerol, if a small amount
of it is left in the bottom of the cistern, it may protect V3
fibers in cases of V2 or V1 neuralgias.'®

Percutaneous Balloon Microcompression. For per-
cutaneous balloon microcompression, the needle is in-
serted in the FO, and the catheter is advanced.?® The same
anatomical principles as in radiofrequency ablation for
selective puncture of the FO can be applied to the cath-
eter position.

Foramen Ovale Electrode in Epilepsy. The trajec-
tory to insert an FO electrode in epilepsy is not differ-
ent from the FO puncture for trigeminal neuralgia,*0-0->4
apart from the need to pierce the dura mater to allow the
electrode to be inserted adjacent to the mesial part of the
temporal lobe in the ambient cistern. This insertion can
be achieved by advancing the needle far enough to go
through the dura mater (Fig. 11).

Conclusions

Knowledge of the anatomical and radiological land-
marks of the percutaneous route to the FO is of essential
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/ [y fYLK -
Fie. 11. Relationships of the temporal lobe and mesial structures
with the TN, carotid artery (CA), and third and fourth cranial nerves
(CN). After piercing the dura mater with the needle, the FO electrodes
are positioned in the ambient cistern in contact with the mesial tem-
poral structures. Hyp. = hypophyseal gland; ON = optic nerve; PCA =
posterior cerebral artery; SCA = superior cerebellar artery; Temp. L. =
temporal lobe.

importance to improve the technique and selectivity of
the lesion, and to avoid complications. Our data suggest
that better radiographic visualization of the FO can im-
prove lesioning accuracy depending on the part of the FO
to be punctured. The angles and safety distances obtained
may help the neurosurgeon to minimize complications
during FO puncture and TN lesioning. These results must
be confirmed clinically in the future.
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