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Management of Complex Cases of Petrous Bone Cholesteatoma

Yash Pandya, MS; Enrico Piccirillo, MD; Fernando Mancini, MD; Mario Sanna, MD
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Objectives: In a retrospective analysis of a quaternary referral neuro-otol
of petrous bone cholesteatoma (ie, cases with encasement of vital strugfur
bulb, and sigmoid sinus, with further extension to the clivus, sphenoid

es and techniques of management of vital structures, and propose the“idea

Methods: We performed a retrospective case study of 130 cases
tween 1979 and 2009 to identify the complex cases and their classi

Results: Of 130 cases, 13 were complex. Facial palsy was t

grade VI palsy. A long duration of facial palsy (more than 3 [years) Was seen in 5 cases. Clival inv
6 cases; 1 case extended to the sphenoid sinus, and 1 to the 1! nx. The internal carotidgart encased in 11
as involved in 7 cases. Modifie hlear approach-

cases in the vertical and the horizontal parts. The jugular bu

es or infratemporal fossa approaches were used in all gases. Thi
Conclusions: Classification is fundamental to choosi w

approaches hold the key to treating complex case
the clivus, sphenoid sinus, or rhinopharynx. Inte
be identified before operation.

Key Words: dura, facial nerve, internal caragi

ight surgical approach. Transotj
temporal fossa approach type
rotid artery, jugular bulb, and si

jugular bulb, lower crani m@trous bone cholesteatoma.

vate practice, we identify complex cases

clias the internal carotid artery, jugular

s, or rinopharynx), review surgical approach-
ical management.

bone cholesteatoma submitted to surgery be-
on, approach used, outcomes, and recurrences.
g feature in 11 cases, 7 of wNesented with
e

was seen in

€8¢

WEre no recurrences.

dified transcochlear
sed for extension into
nus involvement should

INTRODUCTION

One form of epidermoid inv@lving t
portion of the temporal bone is d a petrous bone
cholesteatoma (PBC). Slow-growin@and locally de-
structive lesions, PBCs oftg ain asymptomatic
until they involve the facid g or the labyrinth.
Cases with encasement w@r more vital struc-
tures (internal caroti Al], jugular bulb, or
sidered comple

ithout further extension to
divided into co %

r rhinopharynx are cof*
far as the mapage 1s considered, there is n
ference.

PBC is dif 1'

to manage. When the di -
tends beyond the classic situation (Sanng @ ifi8a-
d

petrous

tion), it becomes extremely difficu egllires a
meticulously planned surgical stratégy. It fequires an
extensive lateral skull base approachgwitl’complete

knowledge of all of the lateral skull base approaches
in order to remove disease from the vital structures
(ICA, facial nerve, dura, jugular bulb, and sigmoid
sinus) and to reach inaccessible areas (occipital con-
dyle, ICA, sphenoid sinus, rhinopharynx). The ap-
plication of various complex skull base procedures
has a consequent risk of injury to vital neurovascu-

lar structures § ‘

The S@mna classification! for PBC includes 5
classes: @ abyrinthine, infralabyrinthine, mas-
sive, i abyrinthine-apical, and apical. Each class
describés both the location and the extent of the le-
si e 1). The extension of PBCs from the pe-

ne into the clivus, sphenoid sinus, or rhi-

ernx is rare, but can be extremely difficult to
when present. These extensions require com-

N

ding to their cause, they a
and acquired forms, but

a

tion of an infratemporal fossa approach type B
(JFTB) with a transotic (TO) approach or modified
transcochlear approach type A (MTCA). The com-
bination of infratemporal fossa approach type A
(IFTA) and MTCA is called modified transcochlear
approach type B (MTCB).2 Therefore, a subclassifi-
cation has been added to the existing classification.
Accordingly, extensions are designated “C” (clivus),
“S” (sphenoid sinus), and “R” (rhinopharynx; Fig
1). This subclassification would help in planning the
surgical approach.

High-resolution computed tomography (CT) of
the temporal bone and cerebral magnetic resonance
imaging (MRI) with gadolinium enhancement are
the imaging techniques of choice for these lesions.
They are important not only in diagnosis, but also
in planning the surgical approach. Over time, cavity
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TABLE 1. SANNA’S CLASSIFICATION FOR PETROUS BONE CHOLESTEATOMA

Class Location

Extension

Class I: supralabyrinthine

Class II: infralabyrinthine
cells

Class III: infralabyrinthine-  Infralabyrinthine compartment,
apical ICA reaching to petrous apex

Class I'V: massive Entire otic capsule

Class V: apical Petrous apex

ICA — internal carotid artery; IAC — internal auditory,cal

Geniculate ganglion of facial nerve

Hypotympanic and infralabyrinthine

Anterior: horizontal part of ICA

Posterior: posterior bony labyrinth

Medial: IAC, petrous apex

Inferior: basal turn of cochlea

Anterior: ICA vertical part, petrous apex, clivus

Posterior: duga of posterior cranial fossa and sigmoid sinus
Medial: I
Inferior: j

Medial: petrolts apex, clivus, sphenoid sinus, rhinopharynx
lar bulb, lower cranial nerves
r: ICA vertical and/or horizontal parts
: posterior fossa dura and IA
Medijal: petrous apex, superior and ndfd
ior: infralabyrinthine comp®tmeni

nterior: Meckel’s cave area an involve nerve V

Posterior: IAC and posterior cra 0ssa

Medial: superior or midcliv noid sinus
Inferior: infralabyrinthingeo ent

S, sphenoid sinus

obliteration after complete disease era
superseded the age-old open techniqus e of
the advantages of protection of expa§
tures such as the ICA and the dura
and prevention of large draininggCavities. Although
obliteration of the cavity is a
it carries the disadvantage of a

lowing these patients with
hancement.

MATERIA

patients who re
ment for PBC o

steatoma fropaskicbrwaty 28, 1979, to May 20, 200
%l

at the Grup pgico, Piacenza, Italy. Cas
involvement ofte or more of the vital s S
(ICA, jugular bulb, or sigmoid sinus) wj ther

extension of the PBC to the clivus, s sinus,
or rhinopharynx were considered cgmplex.

All of these patients underwent @ythozough oto-
neurologic evaluation followed by a pure tone audi-
ometric evaluation. High-resolution CT of the tem-
poral bone (coronal and axial) with bone window
images with a width of 1 to 2 mm was indicated in
all patients with a history of chronic otorrhea, ana-
cusis, facial palsy, vertigo, or lower cranial nerve
paralysis. A history of previous ear surgery was an-
other indication for CT. Cerebral MRI (T1- or T2-
weighted with gadolinium enhancement) was per-
formed in cases suspected of extratemporal spread
on CT until 1999, after which MRI was performed

2 diagnosis of and had trea \
)0 cases of middle ear ch

in all cases of

All of t were classified by the Sanna
classificatio rding to topographic location
and extent on CY. Depending on the class of the
PBC, m ent was planned. The surgical ap-
proach a d was radical removal of the disease

li r abdominal fat with cul de sac closure
ternal auditory canal (EAC).

Fadial nerve function was graded before opera-
, immediately after operation, and 1 year after
ation, according to the House-Brackmann (HB)
ading system for facial nerves. The follow-up of
these patients ranged from 3 months to 11 years (av-
erage, 4 years). Subsequently, the patients under-
went an annual radiologic follow-up (CT and MRI)
for detection of any recurrence for at least 5 years.

follo obliteration of the cavity with tempora-
. b A

RESULTS

Of 130 cases of PBC, there were 13 complex
cases (10%; 4 right-sided and 9 left-sided). Ten pa-
tients were male and 3 female (31 to 81 years of age;
mean, 56 years).

Hearing loss was the commonest symptom; 7 pa-
tients had profound sensorineural hearing loss on
presentation. Eleven patients presented with facial
palsy (complete or grade VI in 7). The duration of
facial paralysis in 4 patients was more than 3 years.
Ear discharge, vertigo, tinnitus, and headache were
the other presenting complaints.

There were 9 cases of acquired PBC, 1 iatrogenic
PBC, and 3 congenital PBCs. Six cases were mas-
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(PBC) to A) clivusy oid sinus, and C)
rhinopharynx. Com ography (CT) scan
views (axial) are s n left, and correspond-
ing diagrams are n right.

Fig 1. Extension of pe@e cholesteatoma

%

rinthine-apical, 2 were infra-

sive, 3 were infralakb
labyrinthine, 1

volvements sphenoid sinus and rhinoph
were seen i @ each. Involvement of the 1
tal condyle waSgé€en in 2 cases, which also i d

the soft tissues of the neck (Table 2).

MTCA was used in 8 cases. B, Was per-
formed in 3 cases. IFTA plus IFTBywas performed
in 1 case with sphenoid sinus involve ,and 1 pa-
tient with infralabyrinthine PBC underwent a retro-

labyrinthine (RL) plus transmastoid (TM) approach
(Table 2).

The facial nerve was involved in all but 1 case.
Five patients with facial palsy of more than 3 years’
duration did not undergo any treatment for facial
nerve lesions. Sural nerve grafting was performed in
4 cases. Facial-hypoglossal anastomosis was done
in 1 case primarily. One patient with apical PBC in
which the facial nerve was involved in the internal

@ pralabyrinthine, and 1 W&
apical. Clival invglventent was seen in 6 cases. Ig-
i- s

tory canal (IAC) underwent excision and sural
nerve grafting, and had grade VI facial nerve func-
tion at 1 year after operation. Facial-hypoglossal
nerve anastomosis was performed, after which the
facial nerve function improved to grade IV. Facial
nerve rerouting was done in 1 case, and decompres-
sion was done in 1 case (Table 3).

The ICA was involved in 11 of the 13 cases in the
vertical and horizontal parts. The jugular bulb and
sigmoid sinus were involved in 7 cases. The lower
cranial nerves were involved in 4 cases (Table 2).

The complications included an intraoperative ce-
rebrospinal fluid (CSF) leak in 2 cases. The patient
with extension of an infralabyrinthine-apical PBC to
the sphenoid sinus had a CSF leak with infection in
the postoperative period. The other patient present-
ed with hypoglossal nerve palsy, which persisted in
the postoperative period.

There were no deaths and no recurrences. Of the
13 patients, 11 had at least 1 year of follow-up. One
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TABLE 2. COMPLEX CASES OF PETROUS BONE CHOLESTEATOMA

Structures Involved

Case No. Class FN ICA JB-SS LCN Extension Approach
1 IL Y N Y Y Clivus, occipital condyle, and neck RL+TM
2 Apical Y Y N N Clivus MTCA
3 IL-apical Y Y Y Y Clivus and sphenoid sinus IFT-A/B*
4 Massive Y Y N N MTCA
5 Massive Y Y N N MTCA
6 IL Y Y Y Y Occipitalg€ondyle and neck MTCA
7 SL Y Y N N MTCA
8 Massive Y Y N N Lvus MTCB
9 Massive Y Y Y N MTCA
10 IL-apical Y Y N N Clivus MTCB
11 Massive Y Y Y N MTCA
12 IL-apical Y N Y MTCA
13 Massive Y Y Y ivus and rhinopharynx MTCB
FN — facial nerve; ICA — internal carotid artery (horizontal and vegtical); JB-SS — jugular bulb and sigmoid §in N — lower cranial
nerves; IL — infralabyrinthine; RL+TM — retrolabyrinthine and s MTCA — modified transcocear t IFT-A/B — infratem-
poral fossa approach types A and B; SL — supralabyrinthine; MTCB odified transcochlear type B. \

*Patient had complications of cerebrospinal fluid leak and infegtion. »

, gram showed hearin% ormal limits.
: \ High-resolution 2% d coronal CT revealed a
large osteolytig,leSi nderlying the left mastoid
cortex, eroding e over the sigmoid sinus and

CASE REPORTS posterior f tended via the infralabyrinthine
cells up to theYewer clivus and to the occipital con-

of the other 2 patients was operated on in Ma
and the other, with extension to the rhino
developed carcinoma of the colon 6 months a
surgery and hence was lost to follow-up:

sioijls eA ]5 J;’Zt;floalzy ’;irétr}g:rf’pwizlnte J Witth:C(t)emn- dyle. Th&wniddle ear, cochlea, vestibule, and semi-
: ) ) h ircul s 1 (Fig 2).
plaints of left-sided decreased fiedtng, tinnitus, and clrewiar @ were normal (Fig 2)

vertigo that had lasted for 3 paen
tory of ear discharge. The
On otoscopic examinatiQn,
was intact, but there was

s. She had no his- Ce RI was suggestive of a hypointense le-
erve was normal. Si -weighted images and a hyperintense le-
panic membrane si&TZ-weighted images on the left side, occu-
rosion of the posterior 1m@ythe infralabyrinthine region from the mastoid

canal wall in the infe t. A pure tone audio- x, extending medially up to the occipital con-
TABLE 3. FACIAR OLVEMENT
Postop
Site of Inv«e Treatment FN
Uncovered in mastoid 1 Decompression 1
IAC Sural nerve grafting and later facial IV
hypoglossal anastomosis
3 1 Mastoid portion Anterior rerouting I
4 15 I IAC, labyrinthi n, GG, tympanic portion, Sural nerve grafting VI
second g
5 8 v IAC, laby®inthine portion, GG, tympanic portion, End-to-end anastomosis 11
second gen
6 12 v Labyrinthine portion, GG, tympanic portion No treatment v
7 4 VI IAC, labyrinthine portion, GG Sural nerve grafting 1
8 60 VI IAC, labyrinthine portion, GG, tympanic portion, No treatment VI
second genu, mastoid portion
9 5 VI Labyrinthine portion, GG, tympanic portion Sural nerve grafting III
10 216 VI Tympanic portion No treatment VI
11 6 VI TAC, labyrinthine portion, GG, tympanic portion, Nerves VII-XII anastomosis VI
second genu, mastoid portion
12 36 VI IAC, labyrinthine portion, GG, tympanic portion No treatment VI
13 84 VI IAC, labyrinthine portion, GG, tympanic portion No treatment VI

FN — facial nerve function (House-Brackmann grading); GG — geniculate ganglion.
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Fig 2. (Case 1) A) Axial high-resolution CT of
temporal bone shows extent of PBC. Note intact
labyrinthine bone. Arrow — erosion of occipital
condyle. B) Diagram of infralabyrinthine PBC as
viewed from top. Arrows — possible extensions
of infralabyrinthine PBC (see Table 1).

&

dyle, and extending inferiorly into the neck (Fig gradeflNith no deficit of the lower cranial nerves.
3). Magnetic resonance angiography was done to The postoperative pure tone bone conduction results
check the contralateral venous cerebral circulation, sh igh-frequency hearing loss. On postop-
which was patent. The lesion was classified as infra- atiY€ neuroradiological follo , the patient was
labyrinthine, with extension to the lower clivus and free isease after 5 years an&ial nerve was
the occipital condyle. rad¢ I (Fig 4). .

An RL plus TM approach was chosen, as the pre- In this case, infralabyrint C with lower ex-
operative hearing was normal. Radical clearanceqof ension to the occipital con and the soft tissue of
the disease was the aim, even if the hearing had the neck posed difficult Servation of the jugu-
compromised. During operation, the mastoid lar bulb and lower rves. It was an excep-
was seen to be intact; the PBC had eroded - tional case in whic eumatization and extent
lopian canal, leaving the facial nerve exposcugo of the disease favo servation of hearing (bone
the second genu up to the stylomastoid foft th conduction), bif¥eyehuifl such cases, hearing preser-
preserved anatomic integrity of the n prore, vation should ne given preference over radical
the facial nerve was decompressed gne over disease clea .
the sigmoid sinus and the posterior {0 ra was o _ _ _
eroded, and the cholesteatoma mgitrix was overlying Case 2y[nfralabyrinthine and Apical, With Cli-
it. The disease extended mediz&ugh the infra- vus and id Sinus Involvement). A 46-year-old
labyrinthine region, up to the_lowertlivus and the man with a history of right ear discharge
occipital condyle. The cog e vestibule, and and te hearing loss. The facial nerve was
all of the semicircular canal g/intact. Inferiorly, nopgali*there was no history of vertigo or tinnitus.
the cholesteatoma was o9 8 the digastric mus- as a history of closed tympanoplasty per-

cle. The matrix was pres med 10 years earlier. On inspection, the patient

enisafdund the lower cranial ) : .
nerves, but could be diS8gcted off the nerves with- stenosis of the EAC with erosion of the poste-
out injuring the omplefe clearance of the PB& canal wall and discharge. Pure tone audiometry

was achieved. 'ty was obliterated with a\ suggestive of right-sided total deafness.
tologous abdomigal fagf and blind sac closure of fje High-resolution CT and MRI were suggestive of
y a large PBC involving the right middle ear and mas-

Fig 3. (Case 1) Coronal T1-weighted MRI. Note medial- Fig 4. (Case 1) Postoperative axial CT shows no evi-
to-lateral extent of lesion (arrow). dence of disease. Fat is seen obliterating cavity.
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Fig 5. (Case 2) A) Axial CT scan shows PBC in-
volving infralabyrinthine region, extending to
petrous apex, clivus, and sphenoid sinus. Arrow
— extension of PBC into sphenoid sinus. Note le-
sion medial to horizontal part of internal carotid
artery (ICA). B) T2-weighted MRI with contrast
enhancement shows extent of lesion (arrow).

toid, invading the petrous apex anteroinferior to the
cochlea, infiltrating the clivus, and reaching the sphe-
noid sinus. The PBC was seen around the vertical and
horizontal parts of the ICA (Fig 5). According to the
radiologic findings, the lesion was classified as an
infralabyrinthine apical type with extension to the
sphenoid sinus.

Because of the anterior extension of the di§
IFTA plus IFTB was chosen. The facial nerye
vertical part and horizontal part was dissecte
was rerouted anteriorly. The PBC was
dial to the vertical part of the ICA,
the mid-clivus and sphenoid sinus. If
tended toward the region of the jug )
internal jugular vein was ligated in the neck, and
the sigmoid sinus was packed. &irnal walls of
the jugular bulb and sigmoid_sinus Were removed.
Bleeding from the inferior g | sinus was man-
aged with Surgicel packin
medial to the jugular bu d the lower cranial

removed complete-

nerves. The choleste
iterated with a vascular-

s
€

ized temporalis
fat obliteration @

W,
hefPatient developed a cavi

eak that were treated wit

Fig 6. (Case 2) Postoperative MRI shows no evidence of

residual disease. Arrow — temporalis muscle obliterat-
ing opening into sphenoid sinus.
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Vnd control over the ICA4
tal portions along with

, as it was infected anﬁ\

-up (Fig 6). @
cases with massive antegio ension, IFTB is
excellent approach that pfovides very good access
ertical and horizon-
s§ to the sphenoid sinus.
ed over MTCB, as the
¢ function was grade 1.

ag acial nerve function was grade II (HB) at 1
yea radiologic follow-up, apd there was no evi-

@ f any residual cholesteaNtt 15 years of
foll

In this case, IFTB w
preoperative facial

lival Extension). A 43-year-
ith a history of left-sided pro-
s and vertigo that had persisted

for 1 year. Ther@was a history of facial palsy that re-
covered 1 to 15 days. On examination, the facial
nerve w grade 1. Pure tone audiometry sug-

=sided high-frequency hearing loss.

geste
molution CT (Fig 7) and MRI revealed a
ined, smooth osteolytic lesion at the left pe-
pex, invading the IAC. The lesion was erod-
he mid-clival region and was situated medial to
orizontal part of the ICA. It was hypointense on
eighted and hyperintense on T2-weighted im-
ages. The lesion was classified as an apical PBC of
congenital origin with clival extension, as the mid-
dle ear and mastoid were normal.

MTCA was chosen to remove the disease. On ex-
ploration, a PBC was present medial to the vertical
and the horizontal parts of the carotid artery, and the
matrix of the cholesteatoma was adherent to the ad-
ventitia of the artery. The PBC was occupying the
region of the petrous apex and the mid-clivus and

Fig 7. (Case 3) CT shows PBC occupying petrous apex,
lying medial to horizontal part of ICA (arrow).
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Fig 8. (Case 3) Postoperative T2-weighted MRI with con-
trast enhancement shows no evidence of disease. Fat is
seen obliterating cavity (arrow).

was adherent to the acousticofacial bundle i
IAC. The matrix adherent to the carotid arte
dissected off the artery. The facial nerve w
order to gain access, the JAC was opened,

mn
t

disease adherent to the acousticofacial dle was
removed. The PBC was completely ze #and
sural nerve grafting was performed. tachian
tube was closed, and the cavity was o ed with

temporalis muscle and abdominaffat.

After 1 year, the facial nervé’s

recovery, and remained gradg
poglossal anastomosis we @ med. The facial
nerve function 11 months a pe hypoglossal-fa-
cial anastomosis was gra here was no radio-
steatoma 2 years af-

logic evidence of resi
. . ’
oma is a rare pathologic eK\

ter surgery (Fig 8).
porigin. The diagnosis is u
of a lack of symptoms. He
should not be given impoxta

e disease. Bone conduct @ n
be preserved with use of IFTB.

Case 4 (Massive, With Clival @1). A
58-year-old man presented with a fistor facial
palsy on the left side that had lasted fop 6 years,
along with gradually progressive hea 0ss, tinni-

ed no signs of
Herice, a faciohy-

tus, and vertigo. He had developed a left gaze diplo-
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pia over the past few months. He underwent facial
reanimation surgery 2 years earlier at another center,
without any recovery. There was a history of open
cavity mastoidectomy performed 20 years earlier.

On examination, the patient had a radical cavity;
the facial nerve was grade VI (HB) along with left
cranial nerve VI palsy. Pure tone audiometry indi-
cated a prgfound sensorineural hearing loss on the
left side.

n CT of the temporal bone with
axial images revealed a large osteolyt-
ic lesion involving the cochlea, vestibule, and IAC,
wi on of the middle and posterior fossa dural

xtending up to the mid nd lower clivus.
The4%esion was seen medial to theshotrizontal portion
ICA (Fig 9A). °

Cerebral MRI with gad%&m enhancement re-

fossa and extending
of the ICA. Posteri
cerebelloponti
stem. The dura

y to the cavernous part

lesion extended into the

ing adjacent to the brain

iddle fossa could be seen to

ion. The lesion was classified
ith clival extension.

ealed a hypointense lesi 1-weighted images,
occupying the petrous %and the infratemporal
e

al

MTCBwwas chosen, as the preoperative facial
nerve fi n was grade VI. During operation,
there assive cholesteatoma sac in the otic

@S, which were removed. The facial nerve
rrupted from the IAC to the second genu.

arge area of the middle and posterior fossa dura
uncovered. The adherent matrix was dissected,
suspected dural portions were bipolarized. The
on was present medial to the vertical part, the
genu, and the horizontal part of the ICA, extending
to the cavernous part. The carotid artery was mo-
bilized in its entire petrous part up to the anterior
foramen lacerum, and the cholesteatoma medial to
it was dissected. After clearance of the disease, the
cavity was inspected with a 30° rigid endoscope to
look for any residual disease. Facial nerve recon-
struction was not possible because of long-standing
facial palsy. An intraoperative dural tear with a CSF
leak was repaired by inserting a free muscle plug

Fig 9. (Case 4) A) High-resolution CT axial cut
demonstrates extent of massive PBC extending
to clivus. Note previous open cavity mastoidecto-
my that was free of disease. B) Diagram of extent
of disease. Note relation of trigeminal nerve and
sixth nerve at petrous apex.
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Fig 10. (Case 4) Postoperative high-resolution CT
shows no evidence of residual PBC. A) Axial cut
at level of horizontal portion of ICA shows fat me-
dial to artery. B) Axial cut at level of cavernous
portion of ICA shows no evidence of disease.

into the defect. The cavity was obliterated with au-
tologous abdominal fat, and blind sac closure of the
EAC was performed.

After operation, the patient had grade VI facial
nerve paralysis. The nerve VI palsy had almost com-
pletely recovered at 1 month after operation. The
neuroradiologic follow-up performed 3 months af-
ter the surgery did not reveal any residual lesion (g
10). This patient’s operation was 5 months eagli
so long-term follow-up is not available at pre

A delay in diagnosis in this case was

hearing loss should be evaluated ra
rule out PBC.

Case 5 (Massive, With Clivus

A 74-year-old man presented Wit istory of left-
sided gradually progressive f@ paralysis that had
lasted for 7 years with ve sensorineural
hearing loss, tinnitus, and Veitigd. The patient had
had loss of consciousness 3gtimes in the 6 months
ad otitis media during

before presentation.
adolescence; it subsided after medical therapy.

Otoscopic exg
ration with a PB
in the anteriQish
grade VI.

d Rhinopharynx).

behind an intact pars te

whereas nerv
sal endoscopic eXamination suggested a
omedial to the left eustachian tube o
Pure tone audiometry showed profgfind
the left side.

1 .

ness on
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High#esolution CT revealed a large osteolytic
lesion occupying the left middle ear, mastoid, otic

ca d petrous apex. The lesion extended to-

ardithe occipital condyle and the lower clivus pos-
teri ; anteriorly, it extended i ior to the sphe-
noidjsinus, into the rhinophary cerebral MRI,

as hypointense on T1-

se on T2-weighting. It
he rhinopharynx and
condyle (Fig 12).

MTCB was perfo
facial nerve was difr
by the disease:
in the vertical a

teffded anteriorly into
rly to the occipital

uring the operation, the

. The cochlea was eroded
was engulfed by the lesion
rizontal portions. The matrix
ICA, and the lesion, which was
rhinopharynx, was removed from

the retrop ngeal space. The jugular bulb and the
lower ¢ erves, completely engulfed by the
matri r¢ cleaned. The suspected portions of the
d ipolarized. There was an intraoperative
C . A muscle plug was inserted into the du-

ect and stabilized with fibrin glue. The cav-
as obliterated with abdominal fat, and blind sac
re of the EAC was performed.

grade VI, hypoglossal nerve palsy persisted, and CT
showed no evidence of residual cholesteatoma. (We
were unable to publish the image, as it was of poor
quality.) The patient developed carcinoma of the co-
lon 6 months after the surgery for PBC and was lost
to follow-up.

u
Non revealed a dry attic pe rf&\%ne month after the surgery, the facial nerve was

Because of the long duration of the facial nerve
paralysis, facial nerve reconstruction was not per-

Fig 11. (Case 5) A) Dry attic perforation. Arrow
— PBC mass behind intact pars tensa. B) Nasal
endoscopic examination shows bulge (arrow) infe-
romedial to left eustachian tube opening.
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formed in this case. It shows that MTCB can be used

to remove a lesion extending to the rhinopharynx
anteriorly and to the occipital condyle medially.

DISCUSSION

Cases of PBC with involvement of one or more
vital structures (ICA, jugular bulb, or sigmoid gi-
nus) with or without further extension of the
to the clivus, sphenoid sinus, and rhinophary
considered complex cases, not only becau e
extent of surgical resection required to achie

plete removal, but also because of the magbidit
sociated with the involvement of vita

U
rhinopharynx are tricky becausegof the special ap-
proaches required for their re .

S_

ndiagnosed until they
y, vertigo, or sensorineur
ises of congenital PBC p
set facial palsy are label

should be made'
agnoses. One of our patients (case 4) pre
facial palsy and a history of radicalfmastof@€ctomy
performed 20 years earlier. He ufiderwent plastic
surgery for facial reanimation withotitsit§"being no-
ticed that he had a massive PBC. He remained with-
out a diagnosis for 5 years before he presented to
our clinic.

wh

High-resolution CT with a bone window of 1- to
2-mm thickness (coronal and axial images) is the ba-
sic investigation for diagnosing PBC and planning
management. Cerebral MRI (coronal and axial) with
T1- and T2-weighted images with gadolinium en-
hancement should be performed in all cases of sus-
pected or diagnosed PBC. It is imperative to inter-
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Fig 12. (Case 5) A) Coronal CT shows lesion ex-
tending to occipital condyle. Arrow — erosion of
occipital condyle. B) Coronal T1-weighted MRI
shows lesion extending to rhinopharynx. Arrow
— lesion bulging in rhinopharynx.

pret these Thaages before embarking upon surgery, to
k xtent of disease and plan the right surgi-

cal approach. The most important factors to be tak-
consideration while trfNomplex PBC
e

i
@ in order of precedence, mplete eradi-
\ ion of facial nerve

of the disease; 2) pré&
nction, when present; 3 tion of CSF leak

I
(%%on of the cavity.

The choice of sungi roach is the most im-
portant step in surgic anagement of complex
cases. It is based ¢n classification, which per-

mits adoption rrect approach, and on the
preoperative fac rve function. The two main
approaches complex cases are the TO ap-
proach

dM .

Invol% of the horizontal part of the carot-
id arte anterior extensions of the PBC (cli-
vus, id sinus, rhinopharynx) should be man-
a inclusion of IFTB in the TO approach or

nd meningitis; and 4)

anna et al? modified the original transcochlear
roach of House and Hitselberger* into types A,
, @, and D for various skull base lesions. MTCA is
the basic approach, whereas MTCB incorporates the
IFTB of Fisch’ into the MTCA. Posterior rerouting
of the facial nerve is associated with the morbidity
of facial paresis because of disruption of the deep
petrosal artery,® whereas the TO approach described
by Fisch® maintains the facial nerve in its anatom-
ic position, preserving its blood supply. These ap-
proaches should be chosen according to the preoper-
ative facial nerve status. When the preoperative fa-
cial nerve function is grade I, we use a TO approach,
whereas a modified transcochlear approach is cho-
sen when a patient presents with facial paresis.

When a PBC extends to the sphenoid sinus or
the rhinopharynx, there is a theoretical possibility
of combining an endoscopic rhinological approach
with a lateral skull base approach, but there are
higher risks of CSF rhinorrhea and meningitis, and
hence, we do not advocate this combination.

Once removal of the disease has been achieved,
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Fig 13. Diagrams of site and degree of involve-
ment of facial nerve. A) Supralabyrinthine PBC
(arrow) involving facial nerve in second genu,
tympanic portion, first genu, and labyrinthine por-
tion. B) Similar lesion (arrow) extending into IAC.
C) Cut section of facial nerve at level of second
genu shows PBC engulfing two thirds of circum-
ference of nerve. V. — vestibule. D) Cross sec-
tion across IAC shows PBC engulfing two thirds
of circumference of facial nerve (FN). CN — co-
chlear nerve; IV — inferior vestibular nerve; Hc
— horizontal crest.

the microscope. Sometimes,
conventional techniques ca

ngefound on endoscop-

ic examination. In our e @ e, this is seldom
found, if the correct appuigad ghosen.

ve. In any petrous

ve has an intricate prox-

Management of Fi
bone lesions, the facial
imity to the lesio
monly, and oftex
depends on 1) t
of facial nery

in these cases. Manageme&
pregperative status; 2) the degfee

olvement; and 3) the site a

tent of the 4g

The preoperative status of the facial n ne
of the most important aspects in plann ap-
proach (ie, TO approach or MTCAY. facial
nerve function does not rule out posSibility of
involvement of the nerve. When t operative

function is good (grades I and II), the surgeon can
be optimistic of achieving a good outcome. In cases
with preoperative facial nerve paralysis, the dura-
tion since the onset holds the key to the outcome.” A
duration of less than 12 months would indicate good
recovery.®

A second important determinant is the degree of
involvement, which has to be assessed during opera-
tion. The vertical part of the facial nerve has a thick-
er covering (epineurium and perineurium) that is
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He

protective to erve as compared to the geniculate
and the horizontal part. The facial nerve is

genicu % glion. Axon et al® observed a 100%
incid f facial paresis when the nerve was in-

e geniculate ganglion.

ircumferential involvement of the nerve. An un-
red nerve has better results than a nerve envel-
or engulfed by the cholesteatoma.

vaige
@perative removal depends upon the degree
c

he site of involvement (Fig 13) is important. The
labyrinthine region is thin and has a poor blood sup-
ply and is therefore prone to earlier fibrous degen-
eration than are other sites. In addition, the labyrin-
thine portion of the facial nerve is delicate. In pro-
cedures in which the nerve is replaced by fibrous
tissue, excision with a tension-free end-to-end anas-
tomosis or grafting would be desired. The extent of
the lesion is important when a larger segment is in-
volved; tension-free end-to-end anastomosis cannot
be performed, and hence, grafting would have to be
performed after resection. Complete interruption of
the nerve by the disease is a frequent finding, espe-
cially in massive PBC, which would require nerve
grafting. From the treatment point of view, when the
nerve is involved in the IAC or proximally, grafting
is difficult. In patients with a long duration of facial
palsy (more than 12 months), faciohypoglossal anas-
tomosis is indicated.”-8 When the lesion is medial to
a facial nerve, anterior and/or posterior rerouting of
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pected. A TO or modified transcochlear approach
would enable control over the vertical portion and
part of the horizontal portion. When the lesion in-
volves the horizontal portion, IFTB and MTCB are
the approaches of choice. Involvement of the carotid
artery is more common in massive and infralabyrin-
thine-apical PBCs with anterior extension. Axon et
al® observeg that carotid artery involvement is more
common gh rg€urgent lesions. A PBC is a nonvascu-

lar lesign, Whicl'is less aggressive in terms of in-
volvegent of the artery. Moreover, the ICA has a
thick adventitia that resists dissection of the matrix.

M jion of the ICA is mandatory if the disease

s the artery for 360° (Fig 14). Dissection of
ix of the vessel does noN difficulty,0-10
ion.

e
but if}should be performed Wit@
\ anagement of Sigmoi% d Jugular Bulb.

e sigmoid sinus and thequgular bulb are difficult
Fig 14. Diagram of mobilization of ICA and exposu Vegions from which to re
achieved by infratemporal fossa approach type B. their thin, fragile walls
are at risk of injury.
years, one has to

e matrix because of
e lower cranial nerves
aticnts above the age of 65
careful, as lower cranial
nerve palsy in ents could have grave con-
sequences due r compensation. Therefore, in
elderly pati prefer to leave matrix over the
jugular bulb to%ayoid the risk of lower cranial nerve

Management of Dura. The magix is of¥€n dense- palsy. Inthese cases, follow-up is more rigorous. In
ly adherent to the dura of the dle and posterior cases in clearance has to be achieved, it is
fossae, and it might be a challéhginggask to achieve imperati control the internal jugular vein in the
a radical removal. This is Qff€ Ofjthe major reasons neck befofe dissection of the matrix. Ligation of the
for recurrences. Use of bip @ i gular vein in the neck and sigmoid sinus
talize the epithelium is the casie

gulation to devi- intégna
st’and safest way to ing (extraluminal and intraluminal) enable re-
ensure complete clear: v

the nerve can be performed. For infralabysi e
lesions around the jugular foramen, a short retgut-
ing as popularized by Glasscock or a lon@antefior
rerouting as described by Hawthorne i
be used, depending upon the disorde

ipolarizing large areas al of the lateral wall of the dome of the jugular
of dura does not lead t ral necrosis if it is careful- to clear the matrix. In these cases, it is always
ly performed.®® There is a%isk of opening the dusa sable before operation to ensure the contralater-
while removing @herent matrix and causing a \a erebral venous patency with magnetic resonance

intraoperative gl These openings are usu angiography.
gec‘l by use of muscle glu Management of CSF Leaks. CSF leaks resulting
the cavity.

ICA. Involvement of

from dural tears do not need special repair, but can
Q be swiftly resolved by inserting free muscle plugs
could be in its vertical and/or horizonta .
lection of the surgical approach is the

into the subarachnoid space through the defect if the

technique of cavity obliteration with abdominal fat
and the cul de sac closure of the EAC is performed.

Fig 15. Comparison between A) coronal CT scan
of temporal bone and B) T2-weighted MRI in
demonstrating recurrence (arrows). MRI better
detects recurrence.
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Obliteration of these cavities with autologous ab-
dominal fat is important, as this would protect the
exposed area of dura from infection and prevent the
problem of a postoperative draining cavity.!? It also
reduces the incidence of postoperative CSF leaks.

The major disadvantage of obliteration of the cav-
ity is that a recurrence may not be detected, and it
is mandatory to follow these patients radiologically.
Residual lesions are better defined on MRI (Fig 15).
We perform high-resolution CT and cerebral MRI
(T1- and T2-weighted images with fat suppression)
with gadolinium enhancement in suspected cases
every year for at least 5 years.

CONCLUSIONS

1. The choice of surgical approach is fundamen-
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