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Drilling off the Petrosal Apex and Opening the Upper Wall 
of Meckel’s Cave Are the Key Elements of Good Outcomes 
in the Treatment of Trigeminal Neuralgia Secondary to 
Petrous Apex Meningioma
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Objective : The surgical management of trigeminal neuralgia (TN) caused by petrous apex meningioma (PAM) is still a challenge 
because of the lesion’s deep location and the surrounding complex structures. The authors describe the intradural anterior 
transpetrosal approach (ATPA) and its effect on the treatment of TN secondary to PAM.
Methods : A retrospective analysis of 15 patients with TN secondary to PAM who underwent surgery via the intradural ATPA was 
conducted. The key techniques, which included drilling off the petrosal apex (PA) and opening the upper wall of Meckel’s cave (MC), 
are described in detail.
Results : Total removal of the tumor and complete pain relief (Barrow Neurological Institute I) were achieved in all 15 patients 
without significant morbidity. Five patients developed new facial numbness postoperatively, which disappeared within three 
months after surgery. The postoperative magnetic resonance imaging showed temporal lobe swelling in three patients, but no 
clinical symptoms. One patient had cerebrospinal fluid leakage and was managed with bed rest and temporary lumbar drainage. 
One patient had an intracranial infection and was treated with antibiotics. By the last follow up, no patients had pain relapse or/
and tumor recurrence. It is worth noting that the vascular compression at the root of the trigeminal nerve was found in one patient 
during the operation.
Conclusion : Our experience suggests that drilling off the PA and opening the upper wall of the MC are key elements for a good 
outcome of the treatment of TN secondary to PAM. The intradural ATPA has the advantages for both tumor resection and pain relief.
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INTRODUCTION

Trigeminal neuralgia (TN) can result from structural 

compression from aberrant vessels and tumors, such as 

schwannomas, epidermoid cysts and meningiomas adjacent to 

the trigeminal ganglion, Meckel’s cave (MC) or brainstem30,39,40). 

There are many available methods to treat the TN caused by 

intracranial small tumor such as medical treatment, glycerol 

rhizotomy, percutaneous gasserian ganglion compression, 

radiofrequency trigeminal nerve ablation, alcohol injection 

and stereotactic radiosurgery (SRS). However, in the presence 

of persistent and recurrent TN, and growth of the tumor, 

microsurgery is an important management option for those 

patients2,6,17). Given the rarity of TN secondary to petrous apex 

meningioma (PAM), and the associated surgical challenges, 

there are few studies describing optimal management of this 

condition11,35). The aim of this study was to describe the key 

technique of the intradural anterior transpetrous approach 

(ATPA) in detail and its advantages for TN relief and tumor 

control.

MATERIALS AND METHODS

This research was approved by the Institutional Review 

Board of Xuanwu Hospital, Capital Medical University.

Patient population
Totally 15 patients diagnosed as PAM with secondary TN 

were included in this study from January 2015 to October 

2019. There were four male and 11 female patients, ranging in 

age between 42 and 67 years (mean, 51.4±6.6 years). The oc-

currences rate of the most common clinical symptoms and 

signs are listed in Table 1. Tumor size was measured as the 

greatest contrast-enhancing tumor diameter on magnetic res-

onance imaging (MRI) and graded according to the classifica-

tion of Natarajan et al.28) (Table 2).

The courses of TN ranged from 1 to 36 months (mean, 10.4± 

17.3 months). TN was graded according to the Barrow Neuro-

logical Institute (BNI) pain scale (Table 3). The usage of car-

bamazepine before the surgery was collected in Table 4. Four 

patients were not able to tolerate the side effects of carbamaze-

pine and did not take regular medication, while all the other 

11 patients took the drug 0.4 g/d or 0.6g/d for more than 6 

months.

The intradural ATPA was performed in all 15 patients. 

Simpson grade I or II was described as gross total resection. 

MRI scans were performed within 3 days after operation to 

evaluate tumor resection degree (Fig. 1) and at 3 months,  

Table 1. Improvement of preoperative symptoms and signs

Symptom/sign
Preoperation 

(n=15)
At the end of 

follow-up (n=15)

Headache, dizziness 5 (33.3) 0 (0.0)

Facial numbness 6 (40.0) 2 (13.3)

Diplopia 5 (33.3) 1 (6.7)

Limb weakness 3 (20.0) 0 (0.0)

Visual deterioration 1 (6.7) 0 (0.0)

Values are presented as number (%)

Table 3. TN in preoperation and improvement in postoperation

BNI pain intensity scale
Number of patients (n=15)

Preoperation Postoperation

I 0 (0.0) 15 (100.0)

II 0 (0.0) 0 (0.0)

III 4 (26.7) 0 (0.0)

IV 10 (66.7) 0 (0.0)

V 1 (6.7) 0 (0.0)

Values are presented as number (%). TN : trigeminal neuralgia, BNI : 
Barrow Neurological Institute

Table 2. Size of tumor

Size category Number of patients (n=15)

Small 1 (6.7)

Medium 9 (60.0)

Large 5 (33.3)

Giant 0 (0.0)

Values are presented as number (%). Small (<1.0 cm), medium (1.0–2.4 
cm), large (2.5–4.4 cm), and giant (>4.5 cm)

Table 4. The usage of carbamazepine in preoperation

Usage of carbamazepine Number of patients (n=15)

Effective 8 (53.3)

Ineffective 3 (20.0)

Intolerable (dizziness, nausea and 
drowsiness)

4 (26.7)

Values are presented as number (%). Small (<1.0 cm), medium (1.0–2.4 
cm), large (2.5–4.4 cm), and giant (>4.5 cm)
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1 year and every year thereafter to assess tumor recurrence. 

None of the patients received radiosurgery or other treatments 

before the surgery.

The follow-up was performed from 12 months to 53 months 

(mean, 33.6±13.2 months). All the serial follow-up informa-

tion was obtained via direct contact with the patient. The im-

provements of clinical symptoms were recorded in Table 1.

Operative techniques
The intradural ATPA was performed in all 15 patients. All 

procedures were completed by the same senior neurosurgeon 

in four hospitals. The key techniques included drilling off the 

petrosal apex (PA) and opening the upper wall of MC were 

used in all patients regardless of tumor size and invasion into 

MC. Lumbar drainage was performed in patients with an ele-

vated risk of venous congestion and increased intracranial 

pressure, including those with large tumors, comorbidities, 

obesity, and the elderly. All patients underwent neurophysio-

logical monitoring during the surgery. The intradural ATPA 

was better described elsewhere43), the key technique was de-

tailed below.

Position, skin incision and craniotomy
The patient was placed in the lateral position, and a preau-

ricular curving skin incision was made (Fig. 2A). The skin in-

cision began at the lower edge of the zygomatic arch, about  

2 cm anterior to the tragal notch, and extended upward and 

then curving to about 4 cm above the top of the auricular  

(Fig. 2B). The temporalis muscle was incised along the red 

dashed line (Fig. 2C). A burr hole was made and a squamous 

Fig. 1. Magnetic resonance imaging (MRI) images of petrous apex meningioma. A and B : Preoperative contrast MRI images. There is a tumor significant 
enhancement (white arrow) located at right petrous apex extended to MC and upper clivus. C and D : Postoperative contrast MRI images. The tumor 
was gross totally removed (white arrow).

A B C D

Fig. 2. Position, skin incision and craniotomy of patient. A : The patient was placed in a lateral decubitus position. The head was fixed in a three-point 
Mayfield head holder. The curvilinear skin incision was used. B : Exposure of temporal bone. Burr hole (blue circle) was drilled above root of zygomatic 
arch (black thick arrow) and bone flap (black dashed line) was removed and the basement is at the level of the superior crest of the external auditory 
canal (black thin arrow). C : Sketch map showed burr hole (blue circle), bone flap (black dashed line) and incision of temporalis fascia and muscle (red 
dashed line).

A B C
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temporal bone flap was elevated (Fig. 2B and C). The craniot-

omy was above the external auditory meatus with one-third 

posterior and two-thirds anterior to the external auditory me-

atus (Fig. 2B and C). Bone window was removed to the floor 

of the middle cranial fossa with ronguers and drill.

Drilling off the petrous apex bone
After dura was opened, cerebrospinal f luid (CSF) was re-

leased either by elevated the temporal lobe or through the 

lumbar drainage. The arcuate eminence (AE), PA and superior 

petrosal sinus (SPS) were identified (Fig. 3B) and the dura on 

the PA was coagulated and incised along the SPS. The trigemi-

nal impression, the posterior edge of petrous ridge and AE 

were used as the land markers during the drilling off the pe-

trous apex bone (Fig. 3A). The drilling began internally from 

the trigeminal impression and extended about 1.5 cm laterally, 

forwardly not exceeding 6 mm from the posterior edge of the 

petrous ridge, and not exceeding 8 mm in depth from the sur-

face of the petrous bone (Fig. 3C and D).

Tumor removal after opening MC and removing 
tentorium

After the PA bone was removed, the upper wall of MC was 

opened along the lateral margin to loosen the trigeminal 

nerve, and a part of the upper wall of MC was removed  

(Fig. 4A) so that the tumor in MC can be removed easily in a 

straight view (Fig. 4B). The SPS was elevated from petrosal 

bone and then cauterized and divided closely to the medial 

petrous bone to avoid injury to lateral vessels draining into the 

SPS. The part of the tentorium covering the posterior fossa 

and between trochlear nerve and trigeminal nerve was 

removed (Fig. 4A), then the tumor base located in the 

petroclival area was dissected under direct view and the 

tumor was removed in a piecemeal fashion (Fig. 4C).

Fig. 4. Opening the upper wall of the Meckel’s cave (MC) and removing tumor totally. A : Illustration showing the removing extent of the up wall of MC 
and the tentorium. B : Opening the Meckel Cave and removing the tumor in it during the operation. C : After removing tumor totally, trigeminal nerve, 
abducens nerve and BA were exposed. IV : cranial nerve, V : cranial nerve V, T : tumor, BA : basilar artery.

A B C

IV
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T
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V

VI BA
MC

T

Fig. 3. Removing bone of PA. A : Illustration showing the drilling extent of petrous apex bone. The trigeminal impression, the posterior edge of petrous 
ridge and AE were used as landmarks. B : PA, SPS, and AE was exposed by retracting temporal lobe in operation. C : Bone of PA (Kawase triangle) was 
drilled out (white dashed line) in operation. D : The postoperative thin-slice computed tomography shows the drilling range of petrous apex bone 
(white arrow). V : cranial nerve V, GSPN : great superficial petrous nerve, TT : tegmen tympani, VII : cranial nerve VII, VIII : VIII cranial nerve, SPS : superior 
petrosal sinus, PA : petrous apex, AE : arcuate eminence.
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Protection of the cranial nerves
Cranial nerves should be protected carefully during the tu-

mor removal, especially when the tumor size was larger than 

2.5 cm because that the trochlear nerve, abductor nerve and 

oculomotor nerve would be probably encased by tumor. Our 

surgical strategies to protect cranial nerves are as follows : 1) a 

small part of the tentorium covering the posterior fossa and 

between trochlear nerve and trigeminal nerve was removed so 

that the tumor base medial to trigeminal nerve in clivus area 

could be dissected firstly under direct view. 2) The tumor was 

enucleated as much as possible so as to loosen the cranial 

nerve surrounding the tumor. 3) The oculomotor nerve was 

identified at the inside of the tumor, and then separated fol-

lowing its course to the entrance of cavernous sinus. And  

4) the abductor nerve was identified laterally near the brain-

stem, and separated from brain stem to the entrance of the 

Dorello's canal following its course.

The protection of temporal lobe and drainage 
vein and the prevention of CSF leakage

Brain tissue loose techniques, including preoperative lum-

bar drainage, use of mannitol, hyperventilation and head up 

tilt, have been used to reduce temporal lobe injury due to 

stretch. And covering gelatin sponge to the temporal lobe is 

also an effective protective measure. Sufficiently dissecting 

the drainage vein which passes through the dura matter of 

skull base can reduce the vein injury when the drainage vein is 

stretched (Fig. 5). The air cells may be opened after drilling off 

Fig. 5. The management of temporal drainage vein. A : The temporal drainage vein passed through the dura mater of skull base and drain posteriorly.  
B : The temporal drainage vein was dissected from dura mater of skull base and pull to temporal lobe. AE : arcuate eminence, Te : tentorium, TL : 
temporal lobe, V : vein.

A B

Fig. 6. The management of air cells of PA after removing the tumor totally. A : The air cells may be opened after drilling off PA. B : The PA was sealed by a 
piece of muscle with fibrin glue. AE : arcuate eminence, M : muscle, PA : petrous apex.

A B
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the PA, which was possible to result in CSF leakage. If the air 

cells were not explicitly open, a piece of muscle with fibrin 

glue would be used to seal the PA after the tumor was totally 

removed (Fig. 6). Otherwise, when the air cells were con-

firmed open, both the bone wax and the muscle were used to 

seal the air cells of PA to prevent the CSF leakage.

RESULTS

The gross total resection of the tumor was performed in all 

the 15 patients. According to BNI pain intensity scale there 

were four patients (26.7%) in grade III, 10 patients (66.7%) in 

grade IV, one patient (6.7%) in grade V and no patients in 

grade I or II before operation (Table 3). Carbamazepine had 

been used in all the patients to control pain before operation, 

and was effective for eight patients (53.3%) while ineffective 

for three patients (20.0%) (Table 4). Four patients (26.7%) were 

intolerable to carbamazepine because of its side effects such as 

dizziness, nausea and drowsiness (Table 4). After surgery all 

the 15 patients had complete pain relief to grade I and no 

recurrence was found during the follow up period (Table 3). 

The preoperative symptoms and signs were improved greatly 

(Table 1). Five patients developed new facial numbness 

postoperatively, which disappeared in 3 months in all the 

cases without special treatment. The postoperative MRI 

showed temporal lobe swelling in three patients, but no 

clinical symptoms. One patient experienced CSF leakage and 

was managed with bed rest and temporary lumbar drainage. 

One patient had an intracranial infection and was treated with 

antibiotics. It is worth noting that vascular compression at the 

root of the trigeminal nerve was found in one patient during 

the operation.

Discussion

Treatment of TN secondary to PAM
TN secondary to PAM is rarely reported, it represents up to 

6% of all cases of TN2). The deep location and surrounding 

complex structures make surgical removal of PAM challeng-

ing. SRS is regarded as an alternative approach for tumor-re-

lated TN and is getting increasingly popular, in part due to the 

lower risks and cost compared to surgery5,19,27,29). Tuleasca et 

al.42) performed a systematic review showing initial freedom 

from pain (FFP) (BIN I and II) without medication ranged 

from 28.6% to 75% (mean, 53.1%; median, 52.1%) for Gamma 

Knife. However, the symptoms of TN can persist because the 

tumor does not disappear immediately or relapse in a delayed 

fashion due to tumor regrowth after SRS. In these instances, 

as well as for patients with large tumors, SRS is less effective 

than microsurgery for pain relief3,18,35,44). Bir et al.4) thought 

microsurgical resection is superior to Gamma Knife radiosur-

gery in achieving and maintaining pain-free status in patients 

with recurrent trigeminal pain associated with PM through 

reviewing six patients experienced recurrent TN.

Microsurgery was not only widely used as the primary 

treatment for intracranial tumors, but also was used to control 

tumor-related TN with a relatively low complication rate in 

the past decades13,32,34). Hegazy et al.15) selected microsurgery to 

treat 17 patients with small PAM and secondary refractory 

TN, and a complete FFP without medication was achieved in 

14 patients (82.4%), with very low morbidity, no mortality, 

and 100% tumor control.

Although taking carbamazepine is effective for controlling 

pain in early times for most patients, it would become ineffec-

tive and the pain would relapse as the tumor grows. Further-

more, some patients could not tolerate the side effects of the 

drug such as drowsiness, dizziness, etc. Other treatment op-

tions are also available including glycerol rhizotomy, percuta-

neous Gasserian ganglion compression, alcohol injection. 

However, the recurrence rate could reach up to 50% 24 months 

after treatment22). Therefore, even if the tumor is relatively 

small, we would advocate surgical treatment because of fewer 

difficulties and far lower risks of small tumor surgeries com-

pared to those of the large ones.

Surgical approaches for PAM
Many factors affect the choice of surgical approach for PAM 

including the location, extent of tumor involvement, and ex-

perience of the surgeon. Due to the sufficient tumor exposing 

and short work distance, the presigmoid transpetrosal ap-

proach once was used widely8,26,28,38). However, the long time 

and destructive craniotomy resulted in consequent increase 

complications including high risk of infection, hearing im-

pairment, and high CSF leak risk which limited greatly the 

application of the approach in recent years46). The Suboccipital 

retrosigmoid approach is widely used to remove PCM1,7,9,10,25,36). 
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It is a simple, effective approach for the PCM and familiar to 

most neurosurgeons. However, it could not provide adequate 

exposure for those extended into MC or middle cranial fossa. 

To overcome this pitfall, Samii et al.37) described a method, 

retrosigmoid suprameatal intradural approach, which could 

expand the surgical view into MC and posterior part of the 

cavernous sinus. However, the extended bone drilling in pos-

terior petrosectomy adds longer operative times and a worri-

some increase in morbidity when tumor extended to middle 

fossa33). Sub-temporal approach was also selected to remove 

PCM, but the exposure of the base of PCM is not adequate in 

this approach, and the exploration of the trigeminal root area 

could not be carried out because of the obstacle of PA 

bone14,23,45). Transzygomatic approach was selected as the only 

approach when tumor invade into the anterior loop of the in-

ternal carotid artery (ICA), cavernous sinus, and upper cli-

vus24), but it does not provide good exposure of the cerebello-

pontine angle area.

Intradural ATPA
The ATPA was initially described by Kawase et al.21). The 

key step is to remove the PA bone. The removal of PA bone 

could be done either by extradurally or by intadurally. The PA 

bone was drilled off extradurally in typical ATPA. The 

advantages of typical ATPA include less concerns about brain 

tissue contusion and clearer land markers such as greater 

superficial petrosal nerve (GSPN; lateral), SPS (medial), and 

AE. The disadvantages of typical ATPA include blood oozing 

when elevating the dura, relatively higher the risk of CSF 

leakage because of extensive dura dissection in the skull base, 

and facial paralysis caused by the retraction of GSPN during 

dissection16,41,43).

An intradural ATPA as described elsewhere was selected in 

our cases and the PA bone was drilled off intradurally43). The 

main concern of intradural ATPA is that the GSPN, AE and 

PA cannot be seen due to the dura mater coverage. In order to 

overcome the drawback of intradural ATPA as described 

above, the trigeminal impression and the posterior ridge of 

petrosal bone were used as the land markers during the PA 

bone removal. Diaz Day11) also found that bone removal at the 

petrous ridge, lateral to the trigeminal impression, is the most 

reliable starting point. The navigation can also be used to 

locate the PA accurately. The advantage of intradural bone 

drilling is that the range of drilling can be individualized. A 

limited PA bone removal could decrease the risk of injury to 

critical local structures such as ICA9,12). Intradural ATPA also 

avoided excessive dissection of the dura at the base of the 

middle cranial fossa, which reduced both the incidence of 

facial paralysis result from the stretch of the GSPN and 

epidural bleeding compared to typical ATPA.

Removal of PA bone could increase the mobility of 

trigeminal nerve which facilitate the tumor removal and 

functional preservation of trigeminal nerve. It could provide 

adequate exposure of the PCM base in clivus area and pons, 

and also provided exposure of the whole intracranial segment 

of trigeminal nerve, so that the exploration and the treatment 

of the vascular compression on trigeminal nerve could be 

performed.

CSF leakage is a complication that many neurosurgeons 

worry about. The main cause of CSF leakage is opening of air 

cells after the removal of petrous apex. Both bone wax and 

muscle with fibrin glue were used to seal the air cells. Among 

the patients we reported, one case developed CSF and cured 

after 2 weeks of bed rest and temporary lumbar drainage. 

There are two main causes of temporal lobe injury in ATPA, 

one is the mechanical stretch of the temporal lobe, the other is 

the damage of the temporal drainage vein. Temporal lobe 

injury can be reduced by loosening brain tissue and dissecting 

the vein from the dura mater of the skull base. In this group of 

cases, three developed temporal lobe mild swelling on MRI, 

but none of them showed clinical symptoms.

The location of tumor and removing upper wall 
of MC

PAM is a subtype of petroclival meningioma which is clas-

sified into four subtypes by Kawase et al.20) according to the 

location of the major tumor attachment and displacement of 

the trigeminal nerve. The PA meningioma is where the tumor 

is attached to the petrous apex and lies lateral to the trigemi-

nal nerve and medial to the internal auditory canal, with su-

peromedial shift of the trigeminal nerve20). However, in our 

cases, 10 (66.7%) had tumors with a diameter of less than  

2.5 cm, which strictly meet the definition of PAM. The other 

five (33.3%) had tumors with a diameter more than 2.5 cm, 

and part of the tumor exceeded the area described above. 

However, we still classify these tumors as PAM because the 

main body of them were still located on the petrous apex.

There is agreement that the best treatment for tumor in-
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duced TN includes removal of the tumor and obtaining relief 

from neuralgic pain31). In some cases we studied, the tumor 

grows into the MC, and the upper wall of the MC was also a 

part of the tumor base. Therefore, the removal of a part of the 

upper wall of MC could reduce the tumor recurrence. Open-

ing the MC could also provide a better exposure to the tumor 

in MC, so that a complete tumor resection and a better func-

tional preservation of the trigeminal nerve could be achieved 

at the same time.

After the tumor was removed, the trigeminal nerve was ex-

plored starting from the trigeminal root entry zone at the 

brainstem to the MC as described by others12). If there are vas-

cular compression and arachnoid adhesions, they should be 

isolated and released. In our cases, vascular compression at 

the root of the trigeminal nerve was found only in one case 

and was isolated from the nerve root with Teflon during the 

operation.

The limitations of this study are as follow : the number of 

retrospective cases is small, and the follow up period is rela-

tively short. This conclusion still needs to be confirmed by re-

cruitment of more patients and longer follow-up.

CONCLUSION

Intradural ATPA could provide adequate exposure of PA 

area from the trigeminal root entry zone at the brainstem to 

the MC, thus facilitate tumor removal, trigeminal nerve de-

compression and protection. Drilling off PA bone and open-

ing the upper wall of the MC is helpful to remove the tumor 

in MC, decompress the branches of trigeminal nerve and pre-

serve trigeminal nerve, thus are crucial for a good outcome af-

ter the surgical treatment of TN secondary to PAM. Both the 

use of brain tissue loose techniques and protection of drainage 

vein reduce the risk of temporal injury. Intradural ATPA is a 

safe and effective method for treatment of TN secondary to 

PAM.
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