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Background : The purpose of this study was to evaluate the clinical utility of preoperative
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Materials and Methods : Prior to commencement of the translabyrinthine approach, critical

vestibular schwannoma.

anatomical structures were traced and three-dimensionally reconstructed using computed
tomography (CT) scans of the normal temporal bone. Two patients diagnosed with vestibular
schwannoma via magnetic resonance imaging were evaluated in this study.
Results : Anatomical reconstruction allowed sequential planning of the translabyrinthine
approach. The patient-tailored, preoperative image-guided approach prevented iatrogenic
damage by predicting a high jugular bulb or a narrow sinodural angle.
Conclusions : Three-dimensional reconstruction illuminates the translabyrinthine approach
and identifies difficulties that may be encountered at each step, thus preventing confusion.
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▒ INTRODUCTION

threshold for surface rendering was 450 Hounsfield units.
Soft vascular structures (e.g., sigmoid sinus, jugular

The translabyrinthine approach is used to remove

bulb, carotid artery, components of the IAC, and facial

tumours from patients whose hearing is compromised by

canal); and lymphatic structures (e.g., endolymphatic

the growth of vestibular schwannomas. The principal steps

duct, cochlear aqueduct, membranous labyrinth, and

are complete mastoidectomy, labyrinthectomy, internal

cochlea) were reconstructed and their 3D relationships

auditory canal (IAC) opening, and tumour removal.

were identified. Two patients who had been diagnosed

[1,2] However, the temporal bone is one of the most

with vestibular schwannomas via magnetic resonance

complicated anatomical structures in the human body,

imaging were evaluated. Both patients chose surgery

iatrogenic damage to critical structures may occur. High-

after consideration of the available treatment options.

resolution two-dimensional (2D) computed tomography

3D reconstruction was performed using preoperative CT

(CT) is helpful, but does not reveal the three-dimensional

images of temporal bone. Both normal critical structures

(3D) shape which should be understood prior to surgery.

and the tumours were reconstructed. 3D image quality

Here, we explored the utility of 3D reconstruction using

was analysed by fusing (superimposing) the images and

CT data regarding the normal temporal bone, prior to use

intraoperative micrographs. This study was conducted

of the translabyrinthine approach to remove vestibular

according to the guidelines of the Declaration of Helsinki

schwannomas.

(2013), and approved by the Institutional Review Board
of The Catholic University of Korea, Uijeongbu St. Mary’s

▒ METHODS

Hospital (approval No. UC08RISI0068).

This study was conducted in our hospital from January

▒ RESULTS

2018 to December 2020. We performed high-resolution
CT (Somatom Definition AS + 128; Siemens, München,

1. Features of the translabyrinthine approach

Germany) of the temporal bone (section thickness, 0.6

The 3D structure of the right temporal bone was

mm; length and width, 500 and 2,600 mm, respectively;

reconstructed. Lateral and superior views (after computer-

field of view, 512 × 512 pixels). 3D reconstructed

generated removal of mastoid air cells) are shown in (Fig.

images were obtained using V-works ver. 4.0 (Cybermed

1). As shown in (Fig. 2), the approach to the IAC through

Inc., Seoul, Korea) to analyse axial scans. The bone

the lateral temporal bone had been obscured by a labyrinth

Fig. 1
A

B

Three-dimensional structures of the right
temporal bone.
Lateral (A) and superior (B) views after
removal of some mastoid air cells. Blue:
sigmoid sinus and jugular bulb, Green:
labyrinth, Yellow: facial nerve, Violet:
endolymphatic sac, Sky-blue: cochlear
duct, Brown: ossicles.
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that was subsequently removed to expose the neural

This allowed adequate visualisation of the sinodural angle,

compartment of the IAC. The extent of bone work required

posterior fossa dura, and jugular bulb during drilling.

during the translabyrinthine approach was planned. Of

During mastoidectomy, the mastoid segments of the facial

note, the IAC porus lies farther below the mastoid surface,

nerve were identified and preserved (Fig. 3).

compared with the IAC fundus. Therefore, deep drilling of
the mastoid cortex was needed to expose the porus.

3. Semicircular canal accentuation and endolymphatic
sac considerations

2. Skin incision and complete mastoidectomy

Complete removal of mastoid cavity air cells revealed the

Complete mastoidectomy was necessary to fully expose

contour of the labyrinth. The lateral semicircular canal

the IAC, including the tumour. A retro-auricular incision

(SCC) was located at the bottom of the mastoid antrum.

was created 4 cm posteriorly from the auricular sulcus.

The endolymphatic sac was located 60° from this point,

Bone was removed from the middle and presigmoid

where the Donaldson line met the sigmoid sinus (Fig. 4).

posterior fossae durae; this increased exposure of the

The endolymphatic duct from the sac coursed inside the

sigmoid sinus, which was then decompressed (using a

SCC to connect with the vestibule.

bony island for protection) as drilling proceeded medially.
Fig. 2
A

B

C

(A) The approach to the internal auditory canal (IAC) (asterisk) through the lateral temporal area is obscured by labyrinths (arrow). (B) The porus (black arrowhead) of the
IAC lies more remote from the mastoid surface (deeper), compared with the fundus (white arrowhead) of the IAC. (C) The extent of bone work (dotted line) necessary when
using the translabyrinthine approach to locate the IAC is shown.

Fig. 3
A
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After complete mastoidectomy,
parts of the sigmoid sinus (arrows)
and the facial nerve (arrowheads)
are exposed (A). The critical
organs are three-dimensional
reconstructed on the same
microscopic axis (B).

4. Labyrinthectomy and troughing of the IAC

headaches caused by intracranial bone particles or

The ampulla of the superior SCC was preserved during

iatrogenic nerve damage. Therefore, the exposed IAC

labyrinthectomy because the ampullary branch of the

contour was approximately 270° prior to dural incision.

superior vestibular nerve served as the landmark for

It was considered ideal to expose the posterior fossa and

location of the IAC. Labyrinthectomy proceeded in the

incise the dura parallel to the IAC line (Fig. 6). To define

following order: lateral, posterior, and superior SCC. Of

the IAC contour, a drill was used to trough up and down

note, the subarcuate artery coursed through the centres of

neighbouring bony structures. The drilling boundaries

the concentric circles of the superior SCC (Fig. 5).

were the mastoid segment of the facial canal anteriorly,

If only the small outer surface of the IAC had been

the dura of the middle fossa superiorly, the posterior fossa

exposed, surgery might have been difficult. If tumour

and sigmoid sinus posteriorly, the jugular bulb inferiorly,

removal required additional drilling after IAC dural

and the cochlear duct medially. Drilling has not been

incision, the patients may have experienced postoperative

recommended anterior or inferior to the cochlear aqueduct

Fig. 4
A

The lateral semicircular canal (SCC)
(arrows) is located at the bottom of the
mastoid antrum. The endolymphatic
sac (white arrowheads) is at 60° from
this point, where the Donaldson line
(an imaginary line that represents an
extension of the lateral SCC) (dotted
lines) meets the sigmoid sinus (black
arrowheads). A patient with a wellpneumatised mastoid cavity and a
wide sinodural angle (asterisks) (A)
and a patient with a narrow sinodural
angle and an anteriorly placed
sigmoid sinus (B) are shown.

B

Fig. 5
A

D

B

C

An imaginary shadow (dotted line) of the internal auditory canal (IAC) within the labyrinth. The ampulla of the
superior semicircular canal (SCC) (asterisks) is preserved during labyrinthectomy because the ampullary branch
of the superior vestibular nerve serves as the landmark for IAC location in the superior view of the threedimensional temporal bone image (A). Bill’s bar (black arrows) divides the superior vestibular nerve laterally and
the facial nerve medially (at the fundus) (B). Labyrinthectomy proceeds in the following order: lateral SCC (black
arrowheads), posterior SCC (white arrows), and superior SCC (white arrowheads). The ampulla of the posterior
canal lies close to the second genu of the facial nerve (daggers) (C). Bleeding from the subarcuate artery in the
centre of the concentric circles of the superior SCC is shown (D).
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because this action may risk the integrity of cranial nerves

by the mass, which was therefore removed using the

IX, X, and XI.[2]

monitoring system.

5. Opening the IAC

6. Fusion of 3D images with micrographs

When possible, the bony component was removed to

Two patients with vestibular schwannoma were treated

expose the dura prior to incision. For safety, a nerve

with the aid of 3D temporal bone images, which were

stimulator was used to identify the facial nerve at both

fused with intraoperative micrographs. The first patient

the fundus and porus of the canal. Bill’s bar was found to

exhibited a well-pneumatised mastoid cavity (Fig. 7)

divide the superior vestibular nerve laterally and the facial

and the second exhibited a hypo-pneumatised cavity

nerve medially (at the fundus) (Fig. 5). The facial nerve in

with a high jugular bulb (Fig. 8). All major reconstructed

the middle of the IAC canal could be moved or disturbed

structures were evident microscopically (Fig. 9, 10).

Fig. 6
A

B

C

After labyrinthectomy, parts of the tumour (asterisks) in the internal auditory canal (IAC) are exposed (A). To define the IAC contour, troughing is performed (arrows) up and
down the bony structures neighbouring the IAC to delineate the IAC with the tumour mass (B). Incision of the dura of the canal is shown parallel to the canal axis (C).

Fig. 7
A

B

C

D
Preoperative computed tomography (A) and magnetic resonance imaging (B) of the patient with a right-sided
vestibular schwannoma and a well-pneumatised mastoid cavity. Preoperative three-dimensional reconstruction
of the temporal bone. Right superior view (C); lateral view (D). Blue: sigmoid sinus and jugular bulb, Green:
labyrinth, Yellow: facial nerve, Orange: tumour, Violet: endolymphatic sac and duct, Sky-blue: cochlear duct.
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▒ DISCUSSION

bone structures must be identified and managed. In
particular, the facial nerve pathway must be identified

The popular translabyrinthine approach requires a

from the IAC to the fallopian canal of the mastoid;

wide field of view of the temporal bone; most critical

this identifies any traumatic facial nerve paralysis or

Fig. 8
A

B

C

D

Preoperative computed tomography (A) and magnetic
resonance imaging (B) of the patient with a rightsided vestibular schwannoma, a sclerotic mastoid, and
a high jugular bulb. Preoperative three-dimensional
reconstruction of the temporal bone. Right superior view
(C); lateral view (D). Blue: sigmoid sinus and jugular
bulb, Green: labyrinth, Yellow: facial nerve, Orange:
tumour, Violet: endolymphatic sac and duct.

Fig. 9
A

B

C

D

E

F

Operative findings in the patient with a well-pneumatised mastoid cavity.
(A) Microscope image during labyrinthectomy; (B) preoperative three-dimensional (3D) image; (C) fused image of (A) and (B). The 3D image shows the location of the labyrinth
and facial nerve. (D) Microscopic image after labyrinthectomy; (E) preoperative 3D image; (F) fused image of (D) and (E). The tumour mass (asterisks) is exposed following
drilling and delineation of the internal auditory canal. The soft tissue (arrows) in the fused image is the cochlear duct. Blue: sigmoid sinus and jugular bulb, Green: labyrinth,
Yellow: facial nerve, Orange: tumour, Violet: endolymphatic sac and duct, Sky-blue: cochlear duct.
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nerve schwannoma. Translabyrinthine, retrosigmoid,

sinus, superior petrosal sinus, or jugular bulb.[5,6]

or middle fossa craniotomies may be used to remove

Anatomical structures should be checked preoperatively; it

vestibular schwannomas, depending on patient age and

is possible to evaluate venous drainage using conventional

residual hearing, as well as tumour size and location.

CT. However, confusion during surgery can be avoided by

[3,4] The translabyrinthine approach requires a wider

preoperative preparation of 3D stereoscopic images.

microscopic view than the other approaches, and cannot

If the mastoid cavity is sclerotic (as in our second

preserve hearing because of the leakage of inner ear

patient), the sinodural angle may be narrowed and the

fluid. Therefore, the translabyrinthine approach is

jugular bulb may be more prominent. Bone removal

recommended only when the tumour size is medium-to-

between the floor of the IAC and the jugular bulb is

large and hearing has been completely non serviceable.

essential for visualisation of the IAC and management

[3] Otological surgeons are familiar with the operative

of the lower portion of the tumour; however, efforts to

position and nearby anatomical structure. This approach

decompress a thin-walled, high jugular bulb may cause

has extended the use of mastoidectomy to treatment of

considerable bleeding. Therefore, preoperative planning of

chronic otitis media. The IAC can be accessed by removal

safe mastoid drilling is recommended.[7]

of the labyrinth with stepwise identification of the major

Facial nerve injury may occur during identification

temporal bone structures. The spatial relationships

of the mastoid fallopian canal; during removal of the

of these structures must be defined preoperatively;

labyrinth post-canal ampulla (Fig. 5C); or via mechanical

inexperienced surgeons should be trained in temporal

damage induced by cutting, drilling, or traction imparted

bone dissection. Massive bleeding during surgery must be

when removing the tumour mass. The facial nerve may be

avoided; this can be triggered by damage to the sigmoid

pushed back by the tumour; the facial nerve route must be

Fig. 10
A

B

C

D

E

F

Operative findings in the patient with a sclerotic mastoid and a high jugular bulb.
(A) Microscope image during labyrinthectomy; (B) preoperative three-dimensional (3D) image; (C) fused image of (A) and (B). The 3D image shows the location of the
critical structures. (D) Microscopic image after labyrinthectomy; (E) preoperative 3D image; (F) fused image of (D) and (E). The tumour mass (asterisks) is exposed following
drilling and delineation of the internal auditory canal.
The soft tissue (arrows) is the jugular bulb. Blue: sigmoid sinus and jugular bulb, Green: labyrinth, Yellow: facial nerve, Orange: tumour, Red: cochlear.

24

JOURNAL OF KOREAN SKULL BASE SOCIETY

MAY | Vol. 17 | No. 1

defined using a monitoring system.[8] The IAC landmarks

been used for vestibular schwannoma removal from the

during labyrinthectomy are the superior canal ampulla and

IAC via middle fossa craniotomy in the absence of surgical

the post-canal ampulla; their floors mark the ends of the

landmarks.[14] However, in real-world microsurgery,

superior and inferior vestibular nerves, respectively. To

probe positioning is not entirely accurate.[15,16] The

adequately expose the IAC, the porus must be drilled more

type of CT platform used, the slice thickness, and the

deeply than the fundus. Drill troughing at approximately

field of view affect 3D image accuracy; the quality of 3D

270° along the outline of the IAC adequately exposes the

reconstruction is ultimately determined by CT quality.

canal. When drilling, it is essential to avoid injury of the

3D reconstructions afford many advantages. It is possible

superior petrosal sinus of the upper mastoid bony and

to view the complex 3D structure of the temporal bone.

any prominent jugular bulb in the lower mastoid. If the

In addition, images may be readily customised pre- or

mastoid cavity is sclerotic, troughing may not create the

postoperatively, and can then be used to explain the

necessary space to adequately accentuate the IAC. When

treatment to the patient or to educate residents.[17] A 3D

approaching the IAC porus, the endolymphatic sac and the

virtual surgical program can aid in our understanding of

bony plate covering the posterior fossa must be removed,

complex structures.[18]

thereby exposing both the dura of the posterior fossa and

In conclusion, 3D virtual stereoscopic images allow

the IAC. Incision of the canal dura parallel to axis prevents

surgeons to understand the positional relationships

injury to neurovascular structures.[3] If the IAC is not

between adjacent major structures. A patient-tailored

adequately exposed, additional drilling of bone remnants

approach guided by preoperative images allows surgeons

covering the inner ear may cause iatrogenic nerve injury.

to manage a high jugular bulb or narrow sinodural angle,

Bill’s bar serves as a landmark for facial nerve localisation

thus minimising drilling risks.

at the IAC fundus. The facial nerve courses medially to
Bill’s bar, while the superior vestibular nerve courses
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facial nerve. In the middle or porus IAC regions, the facial
REFERENCES

nerve may be moved or agitated by the tumour mass;
care must be taken when removing the mass, and nerve
stimulation must be monitored.
3D temporal bone images reveal the complex internal

1.

lander C, Gudjonsson O, Kinnefors A, Laurell G, Edfeldt L. Complications
in translabyrinthine surgery of vestibular schwannoma. Acta Otolaryngol
2018;138:639-45.

structure. Various rendering techniques can be used to

2. Roche PH, Pellet W, Moriyama T, Thomassin JM. Translabyrinthine approach

highlight stereoscopic images; multiplanar techniques

for vestibular schwannomas: Operative technique. Prog Neurol Surg

enable viewing at angles that are not available in
conventional images.[9,10] By adjusting the Hounsfield

2008;21:73-8.
3. Arriaga MA, Lin J. Translabyrinthine approach: Indications, techniques, and
results. Otolaryngol Clin North Am 2012;45:399-415.

unit threshold, structures of particular densities can be

4. Chamoun R, MacDonald J, Shelton C, Couldwell WT. Surgical approaches

highlighted. When the air density threshold is chosen,

for resection of vestibular schwannomas: Translabyrinthine, retrosigmoid, and

temporal bone pneumatisation is revealed.[11] The use of
other thresholds reveals fractures in patients with trauma.

middle fossa approaches. Neurosurg Focus 2012;33:E9.
5. Roche PH, Moriyama T, Thomassin JM, Pellet W. High jugular bulb in
the translabyrinthine approach to the cerebellopontine angle: Anatomical

[12,13] Surgical navigation systems using 3D images

considerations and surgical management. Acta Neurochir (Wien)

identify the probe position in the surgical field, and have

2006;148:415-20.

경미로접근법에서 3차원영상합성의 유용성

25

6. Saleh EA, Aristegui M, Taibah AK, Mazzoni A, Sanna M. Management of the

12. Fatterpekar GM, Doshi AH, Dugar M, Delman BN, Naidich TP, Som PM. Role of

high jugular bulb in the translabyrinthine approach. Otolaryngol Head Neck

3D CT in the evaluation of the temporal bone. Radiographics 2006;26 Suppl

Surg 1994;110:397-9.

1:S117-32.

7. Friedman RA, Brackmann DE, van Loveren HR, Hitselberger WE. Management
of the contracted mastoid in the translabyrinthine removal of acoustic neuroma.
Arch Otolaryngol Head Neck Surg 1997;123:342-4.
8. Acioly MA, Liebsch M, de Aguiar PH, Tatagiba M. Facial nerve monitoring
during cerebellopontine angle and skull base tumor surgery: A systematic
review from description to current success on function prediction. World
Neurosurg 2013;80:e271-300.

13. Song SW, Jun BC, Kim H. Clinical features and radiological evaluation of otic
capsule sparing temporal bone fractures. J Laryngol Otol 2017;131:209-14.
14. Miller RS, Hashisaki GT, Kesser BW. Image-guided localization of the internal
auditory canal via the middle cranial fossa approach. Otolaryngol Head Neck
Surg 2006;134:778-82.
15. Pillai P, Sammet S, Ammirati M. Application accuracy of computed
tomography-based, image-guided navigation of temporal bone. Neurosurgery

9. Jun BC, Song SW, Cho JE, Park CS, Lee DH, Chang KH, et al. Three-

2008;63(4 Suppl 2):326-32; discussion 332-3.

dimensional reconstruction based on images from spiral high-resolution

16. Schwam ZG, Kaul VZ, Cosetti MK, Wanna GB. Accuracy of a modern

computed tomography of the temporal bone: Anatomy and clinical application.

intraoperative navigation system for temporal bone surgery in a cadaveric

J Laryngol Otol 2005;119:693-8.

model. Otolaryngol Head Neck Surg 2019;161:842-5.

10. Lane JI, Lindell EP, Witte RJ, DeLone DR, Driscoll CL. Middle and inner ear:

17. Rose AS, Kimbell JS, Webster CE, Harrysson OL, Formeister EJ, Buchman

Improved depiction with multiplanar reconstruction of volumetric CT data.

CA. Multi-material 3D models for temporal bone surgical simulation. Ann Otol

Radiographics 2006;26:115-24.

Rhinol Laryngol 2015;124:528-36.

11. Song SW, Jun BC, Kim H, Cho Y. Evaluation of temporal bone pneumatization

18. Arora A, Swords C, Khemani S, Awad Z, Darzi A, Singh A, et al. Virtual reality

with growth using 3D reconstructed image of computed tomography. Auris

case-specific rehearsal in temporal bone surgery: A preliminary evaluation. Int

Nasus Larynx 2017;44:522-7.

J Surg 2014;12:141-5.

26

JOURNAL OF KOREAN SKULL BASE SOCIETY

MAY | Vol. 17 | No. 1

