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Abstract The object of this retrospective study was
to describe a series of patients with petrous bone cho-
lesteatomas, paying particular attention to classiWca-
tion, diagnosis, surgical strategy, results, complications
and recurrences. Furthermore, the study was designed
to evaluate the impact of imaging techniques on an
early diagnosis. Topographically, the petrous bone
cholesteatomas of the present series were grouped
using Sanna’s classiWcation and diVerent surgical
approaches were used. High resolution CT and/or
MRI were used to follow-up the patients. The case
notes of 52 patients with petrous bone cholesteatomas
who were referred to our hospital for surgery between
1987 and 2003 were reviewed postoperatively. There
were 45 primary cases and 7 recurrences. The facial
nerve had been inWltrated and compressed by the cho-
lesteatoma in 18 patients. Fourteen were managed
with cable grafts using sural nerve or great auricular
nerves. About 26 patients with preoperative grade I
conWrmed their normal facial function in 23 cases. In
the other ten patients, the preoperative facial paralysis
was due to compression by the cholesteatoma and its
removal provided partial recovery of facial function in
four patients. Our study compared two observation

periods (1987–1996 and 1997–2003) when the diVusion
and the availability of imaging techniques in our
national health system had considerably increased.
Two important factors emerged: Wrstly, the number of
less extensive surgical approaches was higher in the
more recent observation period, proving that choleste-
atomas smaller in size had been diagnosed. Secondly,
preoperative facial paralysis was less frequent in the
same period—falling to 25% of cases of total facial
paralysis from the 45.8% of the earlier period—practi-
cally half as much. The partial paralyses instead
increased slightly, demonstrating that otologists have
become more sensitive to and pay more attention to
this symptom.

Keywords Petrous bone cholesteatoma · Facial 
paralysis · Hearing loss · Skull base

Introduction

Petrous bone cholesteatoma is not a common pathol-
ogy that may cause severe functional damage and
may negatively aVect the quality of life of the patients
[1–12]. It is known to frequently invade the labyrinth
and Falloppian canal causing facial nerve paralysis
and permanent hearing loss. It may also involve all
the anatomical structures within the temporal bone
with the risk of damaging structures vital for life
(internal carotid artery, jugular vein, sigmoid sinus,
dura).

The object of this study was to describe a series of
patients with petrous bone cholesteatomas, paying
particular attention to classiWcation, diagnosis, surgi-
cal strategy, results, complications and recurrences.
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Furthermore, the study was designed to evaluate the
impact of imaging techniques on an early diagnosis.

Materials and methods

The case notes of 52 patients with petrous bone cho-
lesteatomas who were referred to our hospital for sur-
gery between 1987 and 2003 were reviewed
postoperatively. There were 45 primary cases and 7
recurrences. The group consisted of 31 men and 21
women. Their mean age was 43.7 years ranging from 18
to 72 years. About 35 patients were referred to our
department from other hospitals.

Preoperatively, 35 patients had chronic discharge of
the ear. Otoscopic examination revealed 13 normal
tympanic membranes, 11 epitympanic perforations and
12 subtotal or total perforations. The other patients
had a history of previous otologic surgery (radical mas-
toidectomy, open tympanoplasty or closed tympanopl-
asty).

Hearing impairment was distributed among 18 cases
of dead ears, 21 of mixed hearing loss in diVerent
degrees, 5 of conductive hearing loss and 1 sensorineu-
ral hearing loss. Seven had normal hearing.

The major symptom was facial nerve paralysis in 28
patients, 18 of which had a preoperative grade V and
VI paralysis according to the House–Brackmann sys-
tem [13]. In the remaining patients facial function
showed the following distribution: 1 grade II, 5 grade
III and 4 grade IV paralysis.

Topographically, the petrous bone cholesteatomas
of the present series were grouped using Sanna’s classi-
Wcation [6] and diVerent surgical approaches were used
[14–18] (Table 1; Figs. 1, 2).

High resolution CT and/or MRI were used to fol-
low-up the patients [19]. Each patient had had regular
imaging (at least every year after surgery) to monitor
the risk of recurrence. The follow-up was on average
7.8 years ranging from 14 months to 16 years.

Data were statistically evaluated using multiple chi-
squared tests. A value of P < 0.05 was considered to be
signiWcant.

Results

In all patients the petrous bone cholesteatoma was
totally removed. Recurrences were identiWed in four
patients (two within 2 years, one after 5 years and the
last one after 8 years). One had been operated via a
middle fossa/transmastoid approach, two via a subtotal
petrosectomy without blind sac closure of the external
auditory canal and obliteration of the eustachian tube
and one via a transcochlear approach.

Postoperative hearing with pure-tone averages in
the frequency range of 250–800 Hz showed an increase
in the patients with total deafness and a marked reduc-
tion in the patients with normal hearing (Table 2).

The facial nerve had been inWltrated and com-
pressed by the cholesteatoma in 18 patients (ten
patients observed and treated in the Wrst decade; eight
patients managed during the observation period 1997–
2003). Fourteen were managed with cable grafts using
sural nerve or great auricolar nerves. Of these, two
patients were treated using a facial–hypoglossal anas-
tomosis due to failure of the previous graft or due to
the long-standing paralysis (Table 3).

In the remaining patients a so called “baby sitter”
[20], two-stage procedure was preferred: Wrst stage,
30% of the hypoglossal cranial nerve anastomized with
facial nerve at the stilomastoid foramen in order to
obtain adequate bulk of the facial muscles plus cross
facial interposition sural nerve grafts for coaption of the
selected branches of the normal facial nerve between
the normal and deteriorated sides; second stage, the
peripheral branches of the paralysed facial nerve usu-
ally coupled with the cross facial grafts (after 9 months).

In the other ten patients, the preoperative facial
paralysis was due to compression by the cholesteatoma
and its removal provided partial recovery of facial
function in four patients (one from grade II to I, two
from grade III to II and one from grade IV to III). The
others did not improve (Table 4).

Finally, the 26 patients with preoperative grade I
conWrmed their normal facial function in 23 cases. The
Wnal facial results of the remaining cases showed grade
III facial palsy in two cases and grade IV in one case
(Table 5).

Intraoperatively, nine patients had involvement of
the vertical and/or horizontal segment of the carotid
artery. Cholesteatoma was removed with no anatomic
or functional lesions.

Table 1 Petrous bone cholesteatoma classiWcation (sanna) and
surgical approaches

A Transtemporal supralabyrinthine approach, B subtotal petro-
sectomy, C transotic approach/translabyrinthine, D transcochlear
approach, E infratemporal type B or A/B

Petrous bone cholesteatomas A B C D E

Supralabyrinthine 5 11 3 – –
Infralabyrinthine – 12 3 – –
Massive labyrinthine – – 10 2 –
Infralabyrinthine–apical – 1 2 – 1
Apical – – – – 2
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The sigmoid sinus and jugular bulb were ligated and
removed to eradicate adherent and undetachable cho-
lesteatoma in four patients.

CSF leakage following removal of the cholestea-
toma from the dura with bipolar cautery occurred in
three patients and it was managed conservatively.

The clinical Wndings of the petrous cholesteatomas
regarding the site, the surgical approach and the pre- and

Fig. 1 CT scan. Preoperative 
(a) supralabyrinthine petrous 
bone cholesteatoma. Postop-
erative (b) translabyrinthine 
approach

Fig. 2 CT scan. Preoperative (a) massive petrous bone cholesteatoma. Postoperative (b) transcochlear approach

Table 2 Preoperative and postoperative hearing with pure
air-tone averages

Preoperative Postoperative

Normal 4 2
Conductive hearing loss 12 9
Mixed hearing loss 24 21
Sensorineural hearing loss 1 1
Dead ear 11 19

Table 3 Preoperative total facial paralysis (18 patients) and
postoperative facial function

House–Brackmann Sural nerve 
grafts

VII–XII 
anastomosis

Baby 
sitter

Grades I–II – – –
Grades III–IV 8 2 1
Grades V–VI 6 – 1
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postoperative hearing and facial function in the Wrst
and second decades were compared in order to evalu-
ate the eventual impact of the diVusion of imaging
techniques (CT or MRI) on an earlier diagnosis.

In Tables 6 and 7, the distributions of the site and the
surgical approaches in the Wrst decade and in the fol-
lowing years are summarized. It is interesting to note
that in the Wrst decade the cholesteatomas were more
extensive requiring wider approaches. Chi-squared test
was statistically signiWcant compared with the second
decade (P < 0.1). In the following years the number of
subtotal petrosectomies increased. It should be stressed
that Wve of these were combined with partial labyrinth-
ectomy (three patients had hearing preservation).

Clinically, this is conWrmed by the preoperative
symptoms with a reduction of the incidence of facial
paralysis in the period 1997–2003 (Table 8) (P < 0.5).

In contrast, the incidence of hearing impairments
(Table 9) remained stable and no diVerence (P < 0.4)
was seen.

Discussion

Cholesteatoma of the petrous bone represents a com-
plex challenge for the otologist both from a diagnostic
and a therapeutic angle [1–12]. Its slow silent growth,
in particular in the congenital form, may cause in many
cases a delay in its diagnosis, which is only clear when
the damage is considerable and clinically involves
structures important for quality of life (facial nerve,
acoustic nerve).

The advent of CT and MRI has strongly inXuenced
the diagnostic procedure of this pathology, ensuring
the information essential for its proper identiWcation,
evaluating its spread and to what extent the various
anatomical structures in the temporal bone are
involved and also allowing the surgical strategy to be
planned [19]. From a careful review of the literature,
however, it is not clear whether imaging techniques
actually do allow for an early diagnosis that would
reduce substantially the frequency of complications
and at the same time ensure less complicated, less
extensive and therefore less risky surgical approaches
to be made. To evaluate this particular aspect, our
study compared two observation periods (1987–1996
and 1997–2003) when the diVusion and the availability
of imaging techniques in our national health system
considerably increased.

Two important factors emerged: Wrstly, the number
of less extensive surgical approaches was higher in the
more recent observation period, proving that choleste-
atomas smaller in size had been diagnosed. Secondly,
preoperative facial paralysis was less frequent in the

Table 4 Preoperative partial paralysis (ten patients)

House–Brackmann Preoperative Postoperative

Grade I – 1
Grade II 1 2
Grade III 5 4
Grade IV 4 3
Grade V – –
Grade VI – –

Table 5 Preoperative normal facial function (26 patients)

House–Brackmann Preoperative Postoperative

Grade I 26 23
Grade II – –
Grade III – 2
Grade IV – 1
Grade V – –
Grade VI – –

Table 6 ClassiWcation and type of surgical approach (decade
1987–1996)

A Transtemporal supralabyrinthine approach, B subtotal petro-
sectomy, C transotic approach/translabyrinthine, D transcochlear
approach, E infratemporal type B or A/B

Petrous bone cholesteatomas A B C D E

Supralabyrinthine 2 3 2 – –
Infralabyrinthine – 4 2 – –
Massive labyrinthine – – 5 1 –
Infralabyrinthine–apical – – 1 – 1
Apical – – – – 2

Table 7 ClassiWcation and type of surgical approaches (decade
1997–2003)

A Transtemporal supralabyrinthine approach, B subtotal petro-
sectomy, C transotic approach/translabyrinthine, D transcochlear
approach, E infratemporal type B or A/B

Petrous bone cholesteatomas A B C D E

Supralabyrinthine 3 8 1 – –
Infralabyrinthine – 8 1 – –
Massive labyrinthine – – 5 1 –
Infralabyrinthine–apical – 1 1 – –
Apical – – – – –

Table 8 Preoperative facial paralysis

Total paralysis 
(grades V–VI)

Partial paralysis 
(grades II–IV)

1987–1996 11 (45.8%) 4 (16.7%)
1997–2003 7 (25%) 6 (21.4%)
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same period falling to 25% of cases of total facial paral-
ysis from the 45.8% of the earlier period, practically
half as much. The partial paralyses instead slightly
increased.

It is interesting to note that in one of our previous
studies on a group of petrous bone cholesteatoma
patients treated by 1995, the frequency of preoperative
total paralyses was 62.5% of the whole survey, whereas
currently this percentage has dropped to 33%, just
below the 37% reported by Bartels [5] and the 42.5%
by Sanna et al. [6].

An early diagnosis with preservation of the facial
nerve is the best way to maintain optimal facial func-
tion. Once damage to the nerve has developed, the
recovery, even with grafting techniques, hypoglossal
facial anastomosis or the “baby sitter” procedure (in
spite of the latter ensuring better synchronism of the
facial movements with less synkinesis and more natural
smile), can never provide a normal or a near-normal
facial function [20]. It is important to emphasize that in
the Wrst decade 43% of the patients underwent facial
nerve grafting with various techniques. In contrast,
only 27% of the patients of the second decade need
facial nerve reconstruction. This statistically signiWcant
datum (P > 0.1) should be interpreted as a further
favourable impact of the early diagnosis with a less
incidence of severe injury of the facial nerve.

The analysis of the preoperative hearing damage
did not conWrm this trend, since there was no signiW-
cant diVerence between the two observation periods.
This could be accounted for by the characteristics of
this type of cholesteatoma’s growth that may give
signs of its presence only when the damage to hearing
is irreversible. About 40% of our cases had preopera-
tive dead ears. To further conWrm this, it should be
pointed out that preserving postoperative hearing
capacity is even more diYcult. The cholesteatoma may
already have widely invaded the membranous laby-
rinth, thus requiring a surgical approach that sacriWces
the hearing to reduce the risk of recurrence. There is
general agreement favouring radical removal of the
petrous bone cholesteatoma using surgical techniques
with sacriWce of the otic capsule and obliteration of
the cavity.

The introduction of techniques that partially destroy
the labyrinth but preserve the hearing capacity has
only slightly modiWed this trend [21, 22]. Selective abla-
tion of the labyrinth is only indicated when the vesti-
bule is not involved but is ideal when the otic capsule
Wstula aVects the superior and posterior semicircular
canals, sparing or only partially damaging the lateral
semicircular canal. This technique was adopted in Wve
patients operated on during the second decade with
encouraging, even if not deWnitive, outcomes.

When the cholesteatoma aVects the only hearing
ear, no alternative to exteriorization of the temporal
bone cavity proposed by Glasscock et al. [4], Fisch [23]
and Sanna et al. [6] has yet been found.

Conclusion

From the comparison of our personal experiences in
treating petrous bone cholesteatomas in two diVerent
periods (1987–1996 and 1997–2003) the following con-
clusions have been drawn: 

1. The number of less extensive surgical approaches
was higher in the more recent observation period,
proving that cholesteatomas smaller in size had
been diagnosed.

2. Preoperative facial paralysis was less frequent in
the same period—falling to 25% of cases of total
facial paralysis from the 45.8% of the earlier
period.

3. In the Wrst decade, 43% of the patients underwent
facial nerve grafting with various techniques.

4. In contrast, only 27% of the patients of the second
decade need facial nerve reconstruction. This can
be explained as a further factor of the importance
of the early diagnosis aVorded by the diVusion of
the imaging techniques.

There was no signiWcant diVerence between the two
observation periods analysing the preoperative and
postoperative hearing loss. About 40% of our cases
had preoperative dead ears. However, it should be
stressed that in three patients operated on through a
subtotal petrosectomy approach combined with partial

Table 9 Preoperative and 
postoperative hearing with 
pure air-tone averages

Petrous bone cholesteatomas Preoperative Postoperative

1987–1996 1997–2003 1987–1996 1997–2003

Normal 2 2 1 1
Conductive hearing loss 5 7 4 5
Mixed hearing loss 11 13 9 12
Sensorineural hearing loss – 1 – 1
Dead ear 6 5 10 9
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labyrinthectomy hearing was preserved. This is an
encouraging Wnding that, if conWrmed in larger series,
may have an interesting impact on the strategy of hear-
ing preservation in petrous bone cholesteatomas.

References

1. Yanagihara N, Matsumoto Y (1981) Cholesteatoma in the pe-
trous apex. Laringoscope 91:272–278

2. Charachon R (1985) Temporal bone cholesteatoma. Am J
Otol 6:233–236

3. Glasscock ME, Woods CI, Poe DS et al (1989) Petros apex
cholesteatoma. Otolaryngol Clin North Am 22:981–1002

4. Glasscock ME III, Johnson GD, Poe DS (1990) Management
of cholesteatoma in an only hearing ear. Otolaryngol Head
Neck Surg 102:246–250

5. Bartels LJ (1991) Facial nerve and medially invasive petrous
bone cholesteatoma. Ann Otol Rhinol Laryngol 100:308–316

6. Sanna M, Zini C, Gamoletti R et al (1992) Petrous bone cho-
lesteatoma. Skull Base Surg 3:201–213

7. Martin CH, Prades JM (1992) Removal of selected infralaby-
rinthine lesion, without facial nerve mobilization. Skull Base
Surg 2:220–226

8. Magliulo G, Terranova G, Sepe C, Cordeschi S, Cristofari P
(1998) Petrous bone cholesteatoma and facial paralysis. Clin
Otolaryngol 23:253–258

9. Magliulo G, Varacalli S, D’Amico R (1999) Facial palsy and
other complication in petrous bone cholesteatoma. Skull
Base Surg 9(suppl 2):25–26

10. Horn KL (2000) Intracranial extension of acquired aural cho-
lesteatoma. Laringoscope 110(5):761–772

11. Profant M, Steno J (2000) Petrous apex cholesteatoma. Acta
Otolaryngol 120:164–167

12. Portmann D, Moraes CL, Ribeiro S, Portmann M (2003)
Invasive cholesteatoma in the old radical mastoidectomy.
Rev Laryngol Otol Rhinol 124:99–104

13. Yoshida T, Ito K, Adachi N, Yamasoba T, Kondo K, Kaga K
(2004) Cholesteatoma of the petrous bone: the crucial role
of diVusion-weighted MRI. Eur Arch Otolaryngol
262(1):440–441

14. Gantz BJ, Fisch U (1982) ModiWed transotic approach to the
cerebellopontine angle. Arch Otolaryngol 105:252–256

15. House WF, Hitslberger WE (1982) The transcochlear ap-
proach to the skull base. Arch Otolaryngol 102:334–342

16. Cocker NJ, Jenkins HA, Fisch U (1986) Obliteration of the
middle ear and mastoid cleft in subtotal petrosectomy: indi-
cations, technique and results. Ann Otol Rhinol Laryngol
95:5–11

17. Sanna M, Mazzoni A, Saleh EA et al (1994) Lateral ap-
proaches to the medial skull base through the petrous bone:
the system of the modiWed transcochlear approach. J Laryn-
gol Otol 108:1036–1044

18. Sheahan P, Walsh RM (2003) Supralabyrinthine approach to
petrosal cholesteatoma. J Laryngol Otol 117:558–560

19. House JW, Brackmann DE (1989) Facial nerve grading sys-
tem. Otolaryngol Head Neck Surg 93:146–147

20. Terzis J K. Babysitters: an exciting new concept in facial rean-
imation. In: Castro D (ed) The facial nerve: proceedings of
the sixth international symposium on the facial nerve 1990.
Kugler and Ghedini Publ., Rio de Janeiro, p 525

21. Kobayashi T, Sato T, Toshima M et al (1995) Treatment of
labyrinthine Wstula with interruption of the semicircular ca-
nals. Arch Otolaryngol Head Neck Surg 121:469–475

22. Magliulo G, Parrotto D, Stasolla A, Marini M (2004) Modi-
Wed translabyrinthine approach and hearing preservation.
Laryngoscope 114(6):1134–1138

23. Fisch U (1994) Tympanoplasty, mastoidectomy and stapes
surgery. Georg Thieme Verlag, Stuttgart, pp 212–271
123


	Petrous bone cholesteatoma: clinical longitudinal study
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


