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Preface
Despite advances in diagnost ic techniques and im aging m odalit ies,
otoscopy  rem ains  the  cornerstone  in  the  diagnosis  of  otologic
diseases.  Every  otolaryngologist,  pediatrician,  or  even  general
pract it ioner dealing w ith  ear diseases should  have a good know l-
edge of otoscopy. This atlas is based  on  30 years of experience  in
Gruppo  Otologico  in  the  t reatm ent  of otologic and  neurotologic
disorders, w ith m ore than 32,000 surgical operations and 300,000
consultations. It  presents a vast  collect ion  of otoscopic views of a
variety of lesions that  can  affect  the ear and tem poral bone. Many
examples  are  given  for  each  disease  so  that  the  reader  becom es
acquain ted  w ith  the  variable  presentations  each  pathology  can
have.

While otoscopy alone can establish the diagnosis in som e cases,
param eters such  as history or  audiological and  neuroradiological
evaluation are required in others. An im portant aspect of th is atlas
is that  it  juxtaposes, w hen appropriate, the clin ical picture, radio-
logical diagnosis, and  in t raoperative   ndings  w ith  the  otoscopic
 ndings of the  patient. Needless  to  say, every patient  should  be
considered as a w hole, and in  som e part icular cases, the otoscopic
 ndings m ight  only be  the  “t ip  of the  iceberg.” Otalgia, otorrhea,
and granulations in the external auditory canal are m anifestations
of otit is externa, but  w hen they persist , part icularly in  the elderly,
they  should  arouse  suspicion  of  m alignancy. Ot it is  m edia  w ith
effusion  can  be  a  sim ple  disease  w hen  seen  in  children, w hereas
unilateral persistent otit is m edia w ith  effusion  in  an  adult  m ay be
the only sign  of a nasopharyngeal carcinom a. A sm all att ic perfo-
ration  in  the  presence  of facial nerve  paralysis and  sensorineural
hearing  loss  m ay  be  all  that  is  seen  in  a  gian t  petrous  bone
cholesteatom a. The m anifestat ion  of an  aural polyp can vary from
a m ucosal polyp associated w ith  chronic suppurative otit is m edia
to  the  m uch  less  com m on  but  m ore  dangerous  tem poral  bone
paragangliom a.  A sm all  retrotym panic  m ass  m ay  represent  an

anom alous  anatomy such  as  a  h igh  jugular  bulb  or  an  aberrant
carot id ar tery. It  m ay also represent frank pathology such  as facial
nerve  neurom a,  congenital  cholesteatom a,  or  even  en-plaque
m eningiom a.

In  each  chapter,  a  surgical  sum m ary  that  lists  the  different
approaches  for  the  m anagem ent  of the  pathology  dealt  w ith  is
provided. Throughout the book, em phasis is on  how  the otoscopic
view and the clin ical picture m ay affect the choice of treatm ent and
the surgical technique.

At  the end  of th is atlas, a chapter on  postsurgical conditions is
presented. The  presence  of previous  surgery  poses  special dif -
cult ies because  of the  distorted  anatomy. Moreover, the  otologist
should  be  able  to  dist inguish  between  w hat  is  considered  to  be
norm al postsurgical healing and  complicat ions that  need  further
in tervent ion.

Our  goal  is  to  offer  an  easy-to-consult  book  for  residents,
specialists, and  general pract it ioners. So, th is   rst-step  approach
to  patients  w ith  otologic  diseases  can  open  a  w ider  view  on
com plete knowledge of otology, neurotology, skull base pathology
and  surgery, and  neuroradiology.

Drs. Russo, Taibah, Caruso, and  Gianluca  Piras, a  new  young
colleague w ho has been working w ith us for the past year, helped to
accom plish  th is  work  w ith  their  act ive  and  enthusiast ic part ici-
pation .  A special  thank  goes  to  the  other  m em bers  of  Gruppo
Otologico, for  their  contribut ion  in  the  realization  of th is  book:
Drs. Piccirillo, Lauda, Giannuzzi, and  Prasad.

The authors would like to thank Mr. Stephan Konnry at Thiem e
Publishers for his excellent cooperat ion and help. Thanks also go to
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1  Methods of Otoscopy
Abst ract
This  chapter  explains  how  we  routinely perform  otoscopy. With
the  help  of a  m icroscope  and  endoscope, each  clin ical condit ion
can  be easily studied, recorded, and  prin ted  for a deeper analysis.
Perform ing  a  proper  otoscopy  is  the  first  step  for  the  correct
m anagem ent  of the  w hole  pathology of the  tem poral  bone  and
skull base.

Keywords: otoscopy, m icroscope, endoscope, instant  photography

A prelim inary exam ination  is perform ed using a head m irror or
an  otoscope.

For  proper  otoscopy,  the  external  auditory  canal  should  be
cleaned. Few  instrum ents  are  used  for  th is  step, nam ely, aural
speculi  of di erent  sizes, a  Billeau  ear  loop, Hartm an  auricular
forceps, and  suct ion  t ips  (� Fig. 1.1). In  cases  w ith  a  h istory  of
recurrent  otit is,  we  prefer  to  clean  the  ear  w ith  the  aid  of  a
m icroscope (� Fig. 1.2).

Fig. 1.1  Instruments used  for cleaning  the  ex-
ternal auditory canal.

Fig. 1.2  Microscope  used  as an  aid  in  cleaning  the  ear.
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The  use  of a  rigid  0-degree  6-cm  endoscope  (� Fig. 1.3)  con-
nected  to a video system  enables the  patient  to see  the  pthology
involving h is/her  ear  (� Fig. 1.4). The  rigid  30-degree  endoscope
allows  evaluation  of  attic  retract ion  pockets,  the  extent  of
w hich  cannot  always be  determ ined  using the  m icroscope  or  the
0-degree endoscope (� Fig. 1.5).

Instan t  photography has also been  used  in  the operating room .
A copy  of  the  im portant  steps  of  the  operation  is  given  to  the
patien t  w hile  another  copy  is  kept  in  the  patient’s  chart .  The
patien t  is also photographed  during the follow-up  visit . Thus, for
each  patient  pre-, in t ra-, and  postoperative  photographic docu-
m entation  is obtained.

During the past  years, a cam era m ounted to the endoscope was
used for obtaining photos (� Fig. 1.6); nowadays a digital custom -
ized  system  is  used  for  collect ing  pictures  on  a  laptop  storage,
w ith  the  possibility  of  collect  otoscopic  im ages  on  a  patient’s
chart . So, the  advent  of computerized  system s (� Fig. 1.7) allow s
vir tual storaging of all the  photos or  videos, w ith  the  advantage
of reducing t im es of acquisit ion , m odification , and  deletion . Fur-
therm ore, a deeper clin ical analysis could be assessed.

In  all  the  cases, the  exam iner  sits  to  the  side  of  the  patient
w hose  head  is  slightly  t ilted  toward  the  contralateral  side. The
exam iner  holds  the  cam era  attached  to  the  endoscope  w ith  his
right  hand. With  the  ring and  m iddle  finger  of the  left  hand, the

Fig. 1.3  A rigid  0-degree  6-cm  endoscope.

Fig. 1.4  The  endoscope  can be  connected  to a
video  system  such as this.
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Fig. 1.5  A series of rigid  endoscopes.

Fig. 1.6  A setup  used  in  past  years for photographing  patients.

Fig. 1.7  A modern setup of computerized systems for digital collection
of patients’ photos.
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exam iner  pulls  the  patient’s  auricle  backward  and  outwards
to  straighten  the  external  auditory  canal.  The  endoscope  is
advanced  over  the  index  finger  of the  exam iner’s  left  hand  in to
the  patien t’s  external auditory canal. In  th is  m anner, any undue
injury to the external auditory canal is prevented (� Fig. 1.8).

Fig. 1.8  Examination of a  patient  in  progress.

Methods of Otoscopy

5





2
Chapter 2

The Norm al Tym panic
Mem brane

2.1  Anatomy  8

2.2  Histology  11

2.3  Physiology  11



2  The Norm al Tym panic Mem brane
Abst ract
The  norm al  tym panic  m em brane  is  th in ,  sem i-t ransparent ,
pearly gray colored, and  consists of three layers from  the  outside
to  the  inside  (epithelial,  fibrous,  and  m ucosal).  The  tym panic
m em brane not only acts as a sound wave transducer  to the ossic-
ular  chain, but  also  has  a  protect ive  funct ion  to  the  m iddle  ear
and  serves as a  sound  am plifier. It  is  conventionally divided  into
four  quadrants  from  two  perpendicular  lines  passing  through
the  um bo  (anterosuperior,  an teroinferior,  posterosuperior,
posteroinferior).

Keywords: tym panic m em brane, tym panic layers, ossicular chain ,
tym panic quadrants

2.1  Anatomy
The tym panic m em brane form s the  m ajor  part  of the lateral wall
of the  m iddle  ear  (see  � Fig. 2.1, � Fig. 2.2, � Fig. 2.3). It  is  th in ,
resistant , sem i-t ransparent, has  a  pearly gray color, and  is  cone-
like. The  apex  of the  m em brane  lies  at  the  um bo, w hich  corre-
sponds  to  the  lowest  part  of the  handle  of the  m alleus. Most  of

the  m em brane  circum ference is th ickened  to form  a  fibrocart ila-
ginous ring, the  tym panic annulus, w hich  sits  in  a  groove  in  the
tym panic bone called  the tympanic sulcus. The fibrocartilaginous
ring is deficien t  superiorly. This deficiency is know n  as the  notch
of Rivinus. The anterior and posterior m alleolar folds extend from
the  short  process  of  the  m alleus  to  the  tym panic  sulcus,  thus
form ing  the  inferior  lim it  of  the  pars  flaccida  of  Shrapnell's
m em brane.

The  m em brane  form s an  obtuse  angle  w ith  the  posterior  wall
of the  external auditory canal. It  also  form s an  acute  angle  w ith
the an terior  wall of the canal. It  is im portant  to respect  th is acute
angulat ion  in  the  myringoplasty operation  to  m aintain  as  m uch
as possible  the  vibratory m echanism  of the  tym panic m em brane
and  hence  ensure  m axim um  hearing  im provem ent  (see
� Fig. 2.4, � Fig. 2.5, � Fig. 2.6, � Fig. 2.7, � Fig. 2.8).

The  external surface  of the  tym panic m em brane  is  innervated
by  the  auriculotem poral  nerve  and  the  auricular  branch  of the
vagus nerve, w hereas the  inner  surface  is supplied  by Jacobson 's
nerve, a branch  of the glossopharyngeal nerve.

The  blood  supply is derived  from  the  deep  auricular  and  ante-
rior tym panic ar teries. Both are branches of the m axillary ar tery.
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Fig. 2.1  Right  ear. Normal tympanic membrane.
1, pars flaccida; 2, short  process of the  malleus;
3, handle of the malleus; 4, umbo; 5, supratubal
recess; 6, tubal orifice; 7, hypotympanic air cells;
8, stapedius tendon; c, chorda tympani; I, incus;
P, promontory; o, oval window; R, round  win-
dow; T, tensor tympani; A, annulus.
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Fig. 2.2  Right  ear. Structures of the  middle  ear
seen after removal of the  tympanic membrane.
9, pyramidal eminence; co, cochleariform  proc-
ess; f, facial nerve; j, incudostapedial joint. See
legend  to  � Fig. 2.1  for other numbers and
abbreviations.
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Fig. 2.3  Right  ear. Division  of the  tympanic membrane  into  four
quadrants: AS, anterosuperior; AI, anteroinferior; PS, posterosuperior;
PI, posteroinferior. This division facilitates the  description of different
pathologic affections of the  tympanic membrane.

Fig. 2.4  Left  ear. Normal tympanic membrane. Note  the  acute  angle
formed between the tympanic membrane and the anterior wall of the
external auditory canal. The  pars tensa with  the  short  process of the
handle  of the  malleus, the  umbo, the  cone  of light, the  annulus, and
the  pars flaccida are  seen. Note also the presence of early exostosis in
the  superior wall of the  external auditory canal.
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Fig. 2.5  Right ear. Normal tympanic membrane. In this case, the drum
is very thin  and  transparent. The  handle  and  short  process of the
malleus as well as the  umbo and  cone  of light  are  well visualized.
Through the  transparent  tympanic membrane, the  region of the  oval
window, the long process of the incus, the posterior arc of the stapes,
the incudostapedial joint, the round window, and the promontory can
be distinguished. Anteriorly, at  the  region of the  Eustachian tube, the
tensor tympani canal and  the  supratubaric recess can  be  observed.

Fig. 2.6  Left  ear. Normal tympanic membrane. The  handle  of the
malleus and  cone  of light  are  well visualized  through the  tympanic
membrane; the  promontory, the  area of the  round  window, and  the
air cells in the hypotympanum can be appreciated. The pars flaccida is
visualized  superior to  the  short  process of the  malleus.

Fig. 2.8  Left ear. A normal tympanic membrane that is slightly thinned
in  the  anterior quadrant  and  moderately thickened  posteriorly.

Fig. 2.7  Right  ear. Normal tympanic membrane. The  drum, however,
is slightly thickened  with  an  accentuated  capillary network along  the
handle  of the  malleus. The  increased  thickness of the  tympanic
membrane  obscures all the  structures in  the  middle  ear.

The Norm al Tympanic Mem brane
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2.2  Histology
The  tym panic m em brane  consists  of three  layers:  an  outer  epi-
thelial  layer  continuous  w ith  the  skin  of  the  external  auditory
canal,  a  m iddle  fibrous  layer  or  lam ina  propria,  and  an  inner
m ucosal layer continuous w ith  the lin ing of the tym panic cavity.

The  epiderm is  or  outer  layer  is  divided  in to  the  stratum  cor-
neum , the  stratum  granulosum , the  stratum  spinosum , and  the
stratum  basale, w hich  is the deepest  layer  that  rests on  the base-
m ent m em brane.

The lam ina propria is characterized  by the presence of collagen
fibers. In  the  pars  tensa, these  fibers  are  arranged  in  two  basic
layers:  an  outer  radial layer  that  originates from  the  inferior  part
of the  handle  of the  m alleus  and  inserts  in  the  annulus, and  an
inner circular layer  that  originates prim arily from  the shor t  proc-
ess  of  the  m alleus.  Such  a  dist inct  arrangem ent ,  however,  is
absent  in  the pars flaccida.

The m ucosal layer is form ed m ain ly of a sim ple cuboidal or col-
um nar  epithelium . The free  surface  of the  cells possesses num er-
ous m icrovilli.

2.3  Physiology
The external ear  has a protect ive funct ion  against  the  m iddle  ear
and  serves  as  a  sound  am plifier.  The  external  ear  not  only
changes  the  perception  of  sound  am plifying  som e  frequencies,
but  also  increases the  direct ionality, due  to the  di ract ion  of the
sound  waves  on  the  ent ire  head  and  external  ear, in  part icular
the  ear  pavilion . The  m axim um  am plification  is  ~20 dB for  fre-
quencies between  2 and 3 kHz. The tym panic m em brane acts as a
sound wave transducer to the ossicular chain .
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3  Diseases A ect ing the External Auditory Canal
Abst ract
Pathologies a ect ing the external auditory canal (EAC) are a w ide
spectrum  of  diseases  that  include:  bony  neoform ations  of  the
EAC (exostosis  and  osteom as), inflam m atory  diseases  (external
otit is, otomycosis, and  inflam m atory stenosis of the EAC), choles-
teatom a  of  the  EAC,  benign  tum ors  of  the  ear  and  skull  base
extending to the EAC (carcinoid tum or, m eningiom as, facial nerve
tum ors, etc.), tem poral bone fractures, and  carcinom a of the EAC.
Otoscopy is fundam ental for  the  recognit ion  of each  clin ical con-
dit ion. Analysis of patient  clin ical h istory and  sym ptom s are  also
of utm ost  im portance  to decide  the  proper  therapeut ic m anage-
m ent, w hich  is  di erent  depending on  the  pathology. For  exam -
ple,  in  case  of  exostosis  and  osteom as  occluding  the  EAC a
canalplasty  is  indicated,  as  well  as  a  surgical  t reatm ent  is  the
m ainstay for m ost  of the benign  and  m align  tum ors involving the
EAC. Further  radiological  exam inations  (CT and  MRI scans)  are
indicated in  the suspect of a tum or.

Keywords:  external  auditory  canal,  exostosis,  osteom as,  otit is
externa,  otomycosis,  cholesteatom a,  m eningiom a,  facial  nerve
tum or, tem poral bone fractures, squam ous cell carcinom a

3.1  Exostosis and Osteom as
Exostosis  are  defined  as  new  bony  grow ths  in  the  osseous
por t ion  of the  external  auditory  canal  (EAC). They  are  usually
m ult ip le,  bilateral,  an d  are  com m only  sessile.  They  vary  in

shape,  being  either  round,  ovoid ,  or  oblong.  The  condit ion  is
caused  by periost it is  secondary to  exposure  to  cold  water. Th is
explain s  the  h igh  incidence  of  exostoses  am ong  d ivers  and
cold-w ater  bathers. Histologically, they are  form ed  from  paral-
lel layers  of new ly  form ed  bone. It  is  postu lated  that  the  peri-
osteum  st im ulates  an  osteogen ic  react ion  w ith  each  exposure
to  cold  water,  causing  th is  st rat ificat ion .  When  exostoses  are
sm all,  they  are  asym ptom at ic.  Large  lesions,  however,  can
occlude  the  EAC and  lead  to  con duct ive  hearing  loss  or  reten -
t ion  of w ax  and  debris  w ith  subsequen t  ot it is  externa. In  such
cases, and  in  cases  in  w hich  a  hearing  aid  is  to  be  fit ted , sur-
gical  rem oval  of exostoses  is  indicated. In  som e  cases, surger y
is  techn ically  d i cu lt  and  special care  is  taken  to  preserve  the
skin  of  the  EAC.  Other  st ructures  at  r isk  are  the  tym pan ic
m em brane  and  ossicular  chain  m edially, the  tem porom andib-
u lar  join t  an ter iorly, and  the  th ird  segm ent  of the  facial  nerve
posteroin feriorly.

Osteom a is a true benign  neoplasm  of the bone of the EAC, usu-
ally  unilateral and  pedunculated. Histologically, it  can  be  di er-
ent iated  from  exostosis  by the  absence  of the  lam inated  grow th
pattern .

According to the extent of both  diseases, we developed a classi-
fication  for EAC stenosis, w hich  is based  m ainly on  the am ount of
tym panic m em brane otoscopically visible  (� Table  3.1; � Fig. 3.1,
� Fig.  3.2,  � Fig.  3.3,  � Fig.  3.4,  � Fig.  3.5,  � Fig.  3.6,  � Fig.  3.7,
� Fig. 3.8, � Fig. 3.9, � Fig. 3.10, � Fig. 3.11, � Fig. 3.12, � Fig. 3.13,
� Fig.  3.14,  � Fig.  3.15,  � Fig.  3.16,  � Fig.  3.17,  � Fig.  3.18,
� Fig. 3.19, � Fig. 3.20).

Table 3.1  Grading of external auditory canal stenosis

Grade  Severity  Otoendoscopic finding  Radiological finding*  Descript ive  figures

0  No stenosis  All four quadrants of the  pars tensa are
perfectly visible.
100% of the  pars tensa area is visible.

No narrowing  of EAC

I  Mild  stenosis  One  or more  quadrants is/are  partially
visible.
≥ 75% of the  pars tensa area is visible.

10–25% narrowing  of EAC
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Table  3.1  Grading  of external auditory canal stenosis (continued)

Grade  Severity  Otoendoscopic finding  Radiological finding*  Descript ive  figures

II  Moderate
stenosis

One  of the  quadrants is completely
obscured.
50–75% of the  pars tensa area is visible.

25–50% narrowing  of EAC

III  Severe  stenosis  Two of the  quadrants are  completely
obscured.
25–50% of the  pars tensa area is visible.

50–75% narrowing  of EAC

IV  Near total
stenosis

Three  of the  quadrants are  completely
obscured.
10–25% of the  pars tensa area is visible.

75–90% narrowing  of EAC

V  Total stenosis  None  of the  quadrants are  visible.
0% of the  pars tensa area is visible.

90–100% narrowing  of EAC

*The degree of stenosis is calculated as a percentage of the maximum measurement available of the lesion against  the maximum diameter of the EAC
in axial and  coronal cuts.

Abbreviation: EAC, external auditory canal.
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Fig. 3.3  Right  ear. Exostosis originating  from  the  inferior and
posteriors wall of the  external auditory canal. According  to our
classification, this is a  Grade  I stenosis. This case  should  be  simply
followed up.

Fig. 3.4  Left  ear. Bilateral Grade  II stenosis of the  external auditory
canal for exostosis of the  anterior wall. The  tympanic membrane  is
viewable  on its posterior quadrants. In this type  of case, it  is useful to
photograph both ears for further follow-up  within  1  to 2  years.

Fig. 3.2  Left  ear. Small asymptomatic exostosis originating  from  the
anterior wall of the  external auditory canal.

Fig. 3.1  Right ear. Small exostosis originating from the superior wall of
the  external auditory canal. A hump on the  anterior wall precludes
visualization  of the  anterior–inferior quadrant  of the  tympanic
membrane.
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Fig. 3.5  Right  ear. Same  patient  as in  � Fig. 3.4. Bilateral Grade  II
stenosis of the  external auditory canal for exostosis of the  anterior
wall. The  tympanic membrane  is viewable  on its posterior quadrants.
In  this type  of case, it  is useful to  photograph both  ears for further
follow-up  within  1  to  2  years.

Fig. 3.6  Right  ear. Grade III stenosis for exostosis originating from the
anterior and posterior walls of the external auditory canal. Less than 50%
of the tympanic membrane is viewable. The patient complains of hearing
loss and frequent  episodes of otitis externa secondary to retention of
water and debris inside the canal. A canalplasty under local anesthesia is
indicated to restore the size of the external auditory canal.

Fig. 3.7  Right  ear. Grade  IV stenosis. Less than 20% of the  tympanic
membrane is visible. The occurrence of conductive hearing loss is high
in  this type  of stenosis, so  surgery is recommended.

Fig. 3.8  This figure  and  � Fig. 3.9  correspond  to computed  tomog-
raphy (CT) scans (axial and  coronal cuts), which  show exostosis from
each wall of the external auditory canal of the patient in � Fig. 3.6 and
� Fig. 3.7. These  bony lesions show radiopacity. A preoperative  CT
scan is not  fundamental but  could  be  useful to  check the  amount  of
bone  removal anteriorly (avoiding  the  opening  of the  temporoman-
dibular joint: green arrow), posteriorly (avoiding  the  opening  of the
mastoid  air cells or an  injury of the  third  portion of the  facial nerve:
yellow arrows), and  medially (avoiding  an injury of the  tympanic
membrane  and  of the  ossicles).

Diseases A ect ing the External Auditory Canal
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Fig. 3.9  Same  patient  as in  � Fig. 3.8. Computed  tomography (CT)
scans (axial and coronal cuts), which show exostosis from  each wall of
the  external auditory canal. These  bony lesions show radiopacity. A
preoperative  CT scan is not  fundamental but  could  be  useful to check
the  amount  of bone  removal anteriorly (avoiding  the  opening  of the
temporomandibular joint), posteriorly (avoiding  the  opening  of the
mastoid  air cells or an  injury of the  third  portion of the  facial nerve),
and medially (avoiding an injury of the tympanic membrane and of the
ossicles: blue arrows).

Fig. 3.10  Right  ear. Complete  stenosis of the  external auditory canal.
The  tympanic membrane  is not  visible. As a  first  evaluation  of
complete  stenosis is important  to  ensure  the  bony consistency of
these  lesions through a  gentle  pressure  with  a  hook. The  patient
usually does not  refer pain after the  maneuver. A CT scan is indicated
in  this case  to  check the  condition of the  middle  ear.

Fig. 3.11  Right  ear. Osseous neoformation of the  external auditory
canal. In this case, given the pedunculated narrow base, an osteoma is
a more  probable  diagnosis. This was confirmed  by pathological
examination of the  removed  specimen. Ample  bone  removal is
performed  in  such cases to avoid  recurrence.

Fig. 3.12  Same patient. CTscan (axial cut) shows a pedunculated bony
lesion  of the  anterosuperior wall of the  external auditory canal.
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Fig. 3.13  Left  ear. Exostoses of the  posterior and anterior walls of the
external auditory canal and  osteoma of anterosuperior wall. The
lesions allow only a limited view of the tympanic membrane (Grade III
stenosis). In  this case, regular follow-up  is necessary because  further
growth  of the  lesions could  lead  to accumulation of debris and
cerumen, necessitating  surgical intervention.

Fig. 3.14  Left  ear. Osteomas of the  superior wall of the  external
auditory canal. The  pars flaccida of the  tympanic membrane  is not
visible.

Fig. 3.15  Right  ear. Same  patient  as in  � Fig. 3.14. Osteomas and
exostoses allow visualization  of the  tympanic membrane  only in  the
central part.

Fig. 3.16  Right  ear. Osteoma occluding  the  external auditory canal
with  accumulation of wax and  hearing  loss. The  pedicle  of the  lesion
(anterior wall of the  external auditory canal) is not  well recognizable.
Surgery is indicated  in  such case.
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Fig. 3.17  Left  ear. Exostoses with  Grade  III stenosis of the  external
auditory canal. A small perforation  of the  anteroinferior quadrant  of
the  tympanic membrane  is present. In  this case, surgery includes a
canalplasty combined  with  a  myringoplasty.

Fig. 3.18  Left  ear. Obstructing exostosis of the external auditory canal
resulting  in  otitis externa due  to  accumulation  of squamous debris
inside  the  canal. Surgery is essential both  to  avoid  the  formation of
cholesteatoma and  to improve  hearing.

Fig. 3.19  Left  ear. Exostosis of the external auditory canal with a polyp
that  occludes the  meatus. Local therapy is indicated. In  case  of no
response, a  CT scan  is mandatory to  exclude  pathology affecting  the
middle  ear and/or the  mastoid.

Fig. 3.20  Left  ear. Exostoses of the external auditory canal with severe
stenosis (Grade III). This condition facilitates retention of ear wax with
the  onset  of conductive  hearing  loss.
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3.1.1  Surgery for Exostosis and
Osteom a: Canalplast y
Even  if usually asym ptom atic, exostosis  and  osteom a  m ay grow
occluding  the  EAC. Surgery  is  indicated  in  case  of  obstruct ing
stenosis (w ith  or  w ithout  hearing loss), or  in  case of frequent oti-
t is  externa  w here  it  is  necessary  to  fit  a  hearing  aid.  In  cases
w here  sym ptom s are  m inim al, it  is  useful to  photograph  the  ear
for  further  follow -up.  In  surgery,  preservation  and  proper
replacem ent  of the  m eatal skin  is im portant  to prevent  postope-
rative scarring and stenosis. Osteom a can  be rem oved w ith  a cur-
ette. However, if osteom a recurs, w ide drilling of the bone around
its base is indicated.

In  lim ited  cases  in  w hich  w ide  exposure  is  not  required  (i.e.,
sm all osteom a), a t ranscanal approach  could  be used. The m eatal
skin  is  incised  through  an  ear  speculum  and  the  skin  over  the
osteom a is  elevated. The  osteom a is  then  rem oved  w ith  either  a
curette or a burr.

Surgical Steps
1.  Retroauricular incision  is used in  m ost of the cases since th is

approach is w ider and safer than  the t ranscanal approach. The
init ial steps of surgery including skin  incision , harvesting the
tem poralis fascia, and soft  t issue incision .

2.  In  case of severe exostosis, there is no consistent  landmark in
the EAC since the tympanic mem brane is obscured (� Fig. 3.21).
If there is any space m edially, the skin  is detached from  the
bone and to push  medially toward the tympanic membrane.
The skin  may be protected with  an  alum inum  sheet  with/with-
out a small piece of cottonoid  beneath  the sheet.

3.  If the space m edial to bony protrusions is insu cien t to con-
tain  the detached skin , the skin  covering the bony overhang is
detached and folded toward the contralateral wall. Protect ing
the skin  w ith  an  alum inum  sheet , a part of the protrusion  is
drilled  m edially (� Fig. 3.22).

4.  The m eatal skin  covering another protrusion  is detached, and
the flap is then  folded toward the space created by the drill-
ing. The alum inum  sheeting is reposit ioned between  the bony
wall and the m eatal skin  flap, and the bony protrusion  is par-
t ially drilled  m edially.

5.  After partly drilling the second bony protrusion, the m eatal
skin  is reposit ioned, and the first  protrusion  is drilled further.
In  th is way, the canal is gradually drilled from  lateral to
m edial.

6.  The m astoid segm ent of the facial nerve runs in  the vicin ity of
the posterior m eatal wall, 2 to 3 m m  posterior to the annulus.
The reported incidence of iatrogenic injury to the facial nerve
during surgery for exostosis is very high. To avoid injury, it  is
im portant  to restrict  the area of drilling around the m eatal

Fig. 3.21  The  tympanic membrane  is obscured
in  severe  stenosis (no landmarks).

Reflected skin

Aluminium

Fig. 3.22  Skin  flap  folded  on the  opposite  wall
and  protected  with  an aluminum  sheet.
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skin  unt il the tym panic m em brane is su ciently visualized.
Posit ion  of the tym panic m em brane should be verified  from
tim e to t im e by replacing the m eatal skin .

7.  If protrusion  st ill lim its view of the tym panic m em brane, the
anterior canal wall m ay be drilled to help visualize the m em -
brane, taking care not  to dam age the temporom andibular
join t  anteriorly (� Fig. 3.23). However, accidental exposure of
the temporom andibular join t  is better than  dam age of the
facial nerve. Posterior canal should  not be drilled too m edially
before verifying the area of drilling.

8.  Using the m eatal skin  elevator (# 2), quant ity of bone to be
drilled and distance from  the annulus are est im ated from  t im e
to t im e.

9.  Rem oval of the final bony overhang m ay be conducted w ith  a
sm all curette (� Fig. 3.24). If the drill is used, care should be
taken  not to touch  the short  process of the m alleus w ith  a
burr.

10.The exposed canal bone should be covered w ith  the tem pora-
lis fascia. Longitudinal plast ic cuts m ay be m ade in  the m eatal
flap to assure in t im ate lin ing on  the bone. Lateral m eatal skin
m ay also be cut longitudinally.

11.The external ear canal is packed w ith  Gelfoam  (see � Fig. 3.25,
� Fig. 3.26, � Fig. 3.27, � Fig. 3.28, � Fig. 3.29, � Fig. 3.30).

TMJ

Fig. 3.23  Drilling  of the  anterior wall. TMJ, temporomandibular joint.  Fig. 3.24  Removal of the  final bone  overhang.

Fig. 3.25  Example  of canalplasty. Right  side.
Exostoses of the  anterior and  posteroinferior
walls of the  external auditory canal and  osteo-
mas of the  superior and  posterior walls. A
retroauricular approach  has been  performed
and  the  meatal skin  has been incised.
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Fig. 3.26  The  skin  covering  the  exostoses has
been  detached  and  reflected  anteriorly and
medially. Osteomas are  removed with a curet te.

Fig. 3.27  The  skin  is pushed  medially to  the
protrusions to make  some  room  for drilling. To
save  time, most  of the  bone  work is performed
with  cut ting  burrs.

Fig. 3.28  The  canalplasty has reached  the  area
of the  tympanic membrane. Some bone  over-
hang  remains near the  tympanic membrane.
The final bony overhang can be  removed with a
small diamond  burr and  a curet te. Great  care
should be taken not  to touch the lateral process
of the malleus during drilling the anterosuperior
wall.
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Sum m ary

Surgery in cases of exostosis is indicated only in case with
obstructing stenosis with or without hearing loss but  with fre-
quent otitis externa due to retention of debris. Surgery can be
performed under local anesthesia, preferably using a postauricu-
lar incision. This approach allows excellent exposure of the whole
meatus, thus minimizing the risk of injury to the tympanic mem-
brane. In addition, it  enables the surgeon to preserve the canal
skin, thereby avoiding postoperative cicatricial stenosis. After dis-
secting the posterior limb, the flap is retained by the prongs of
the self-retaining retractor. The skin of the anterior wall is incised
medial to the tragus and is dissected in a lateral-to-medial direc-
tion. While drilling the exostosis, the skin of the canal is pro-
tected using an aluminum sheet (the cover of surgical sutures).
Osteoma can be removed by using a curette. In case of recur-
rence, wide drilling of the bone around its base is also indicated.

Fig. 3.29  The  meatal skin  is replaced  over the
bony wall. Note  that  the  skin  is well preserved,
and  the  tympanic membrane  remains intact.

Fig. 3.30  Postoperative  otoscopy (6  months). The  external auditory
canal has been  perfectly calibrated. All the  tympanic membrane  is
visible.
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3.2  External Auditory Canal
Inflam m atory Diseases
3.2.1  Eczem a
Eczem a is a derm o-epiderm al process of react ive nature result ing
from  local or  general factors. Local factors include allergy, topical
m edical  preparations,  or  cosm et ics,  w hereas  general  factors
include  hepatic  or  gast rointest inal  dysfunct ion.  It  m anifests  by
itching, a  burning  sensat ion,  vesicat ion,  and  som etim es  serous
otorrhea. Treatm ent consists of discontinuing the suspected caus-
ative  irritant , correct ion  of the  system ic disturbances, as  well as
lavage  w ith  boric  acid  w ith  alcohol  and  steroid  lot ion  (see
� Fig. 3.31, � Fig. 3.32).

3.2.2  Ot it is Externa
Otit is  externa  is  an  inflam m ation  of  the  skin  of  the  EAC.  The
inflam m ation  can  be secondary to derm atit is (eczem a) only, w ith
no  m icrobial infect ion, or  it  can  be  caused  by act ive  bacterial or
fungal infect ion . In  either case, but  m ore often  w ith  infect ion, the
ear canal skin  swells and  m ay becom e painful or  tender  to touch .
Acute  otit is  externa  is  predom inantly  a  m icrobial  infect ion  (i.e.,
Pseudomona s aeruginosa). Wax in  the  ear  can  com bine  w ith  the
swelling  of  the  canal  skin  and  any  associated  pus  to  block  the
canal and  dam pen  hearing to varying degrees, creating a tem po-
rary conductive  hearing loss. In  m ore  severe  or  untreated  cases,
the  infect ion  can  spread  to  the  soft  t issues  of  the  face  that

surround  the  adjacent  parotid  gland  and  the  jaw  join t, m aking
chew ing  painful. The  two  factors  that  are  required  for  external
otit is  to  develop  are:  the  presence  of germ s  that  can  infect  the
skin  and  im pairm ents in  the  in tegrity of the  skin  of the  ear  canal
that  allow  infect ion  to  occur. However, if there  are  chronic skin
condit ions that a ect  the ear canal skin , such as atopic derm atit is,
seborrheic derm atit is, psoriasis, or  abnorm alit ies  of kerat in  pro-
duction, or  if  there  has  been  a  break  in  the  skin  from  traum a,
even  the  norm al bacteria  found  in  the  ear  canal m ay cause  infec-
t ion  and  full-blow n  sym ptom s of external otit is. At  the  otoscopic
exam ination,  the  canal  appears  red  and  swollen.  Touching  or
m oving  the  outer  ear  increases  the  pain , and  th is  m aneuver  on
physical exam  is im portant  in  establish ing the  clin ical diagnosis.
Therapy consist  of cleaning the ear  w ith  2% alcohol boric, inst illa-
t ion  of local ant ibiotic, oral an t ibiotic, and  analgesic in  advanced
cases. Necrot izing externa l ot it is  (m alignant  otit is  externa)  is  an
uncom m on  form  of external otit is  that  occurs  m ain ly  in  elderly
diabetics, being som ew hat m ore likely and m ore severe w hen  the
diabetes is poorly controlled. Even  less com m only, it  can  develop
due  to  a  severely  com prom ised  im m une  system . Beginning  as
infect ion  of the  external ear  canal, there  is extension  of infect ion
into the bony ear canal and the soft  t issues deep to the bony canal
w ith  further  extension  to the skull base. Necrotizing external oti-
t is  requires oral or  in travenous ant ibiotics for  cure  (fluoroquino-
lones plus cephalosporins), even  for  m ore than  2 weeks. Diabetes
control is  also an  essential part  of the  treatm ent  (see  � Fig. 3.33,
� Fig. 3.34, � Fig. 3.35, � Fig. 3.36, � Fig. 3.37).

Fig. 3.31  Right  ear. Chronic eczema of the  external auditory canal.
Squamous debris covering  the  skin of the  external auditory canal can
be  observed. Successfully treated  by the  use  of local steroid  lotion.

Fig. 3.32  Chronic eczema of the  external auditory canal skin.
Exostoses and  osteoma are  also  evident. The  accumulation of skin
debris and  wax could  lead  to  external otitis.
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Fig. 3.33  Acute  otit is externa. The  external auditory canal appears
swollen  with  skin  debris and  some  otorrhea. The  tympanic
membrane  is not  visible.  In  case  of no  response  after appropriate
and  prolonged  therapy, it’s important  to  exclude  malignant  disease
that  could  get  into  differential diagnosis (i.e.,  carcinoma of the
external auditory canal).

Fig. 3.34  A polyp-like  mass is present  in  the  external auditory canal.
The  patient, who had  already undergone  two tympanoplasties,
complained  of pain  in  the  ear. He  has suffered  from  diabetes for
15 years. A biopsy performed  under local anesthesia excluded
neoplastic disease. A scintigraphic examination  confirmed  the
diagnosis of malignant  external otitis. The  patient  was treated  with  a
long  course  of antibiotic therapy, with  final resolution  of the
pathology.

Fig. 3.35  Right  ear. Malignant otitis externa in a 60-year-old patient
affected by type I diabetes. The otoscopy is similar to that in � Fig. 3.33.
The patient  had no remission with standard antibiotic therapies and
developed skull base osteomyelitis (confirmed by CTscan, MRI, and
scintigraphy). She further developed facial nerve and lower cranial nerves
paralysis, which recovered after hospitalization and intravenous antibiotic
therapy. The patient is still under antibiotic therapy (duration 4 months)
with slight  improvement of the clinical condition.

Fig. 3.36  Gallium67 scintigraphy shows accumulation  of the  radio-
nuclide  at  the  level of the  temporal bone, the  temporomandibular
joint, and the clivus. This technique is useful in diagnosis as well as for
monitoring  the  response  to treatment  and  detecting  recurrence.
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3.2.3  Foruncolosis
Foruncolosis  is  a  pustular  folliculit is  by staphylococcal infect ion
of a  hair  follicle. Infect ion  occurs  as  a  result  of m icroabrasion  or
of  decreased  im m unity,  as  in  diabetics.  It  is  characterized  by
severe  pain . A tender  swelling is seen  in  the  cart ilaginous part  of
the EAC, w hich m ay have a central necrotic part  (see � Fig. 3.38).

3.2.4  Otom ycosis
Otomycosis  is  m ore  com m on  in  t ropical  and  subtropical  coun-
tries. In  the  m ajority of cases, the  isolated  fungi are  of the  Asper-
gillus (niger, fumigatus, flavescens, a lbus) or  the  Candida  species.
Otomycosis  is  m ore  com m on  in  im m unocom prom ised  patients
and  in  diabetics. Local factors that  favor  fungal infect ions include
chronic otorrhea  and  the  presence  of epithelial debris. Clin ically,
the patient  com plains of otorrhea, itching, and hearing loss. Ther-
apy  consists  of  cleaning  the  ear  to  rem ove  all  debris  and  the
inst illation  of  local  ant imycot ic  preparations  as  well  as  lavage
w ith  2% alcohol  boric  acid  drops  (see  � Fig.  3.39,  � Fig.  3.40,
� Fig. 3.41, � Fig. 3.42, � Fig. 3.43).

Fig. 3.37  CTscan. Axial view. Bone erosion is evident at  the level of the
anterior wall of the  external auditory canal (white arrow) and  the
petrous apex (yellow arrow). The  pathology completely involves the
middle  ear and  the  mastoid.

Fig. 3.38  A furuncle  almost  totally occluding  the  meatus. Pain  is
caused  by distention of the  richly innervated  skin. A central necrotic
part  is seen.

 Fig. 3.39  Right  ear. Radical mastoid  cavity showing  cholesteatoma
with  superimposed  fungal infection.
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Fig. 3.40  An ear with  chronic suppurative  otitis media  with  choles-
teatoma showing a superimposed fungal infection. The blackish fungal
masses are  early recognized. They should  be  removed  before  local
antifungal solution  is instilled.

Fig. 3.41  Another example  of otomycosis in  a  radical mastoid  cavity.

Fig. 3.42  Right ear. Otomycosis (Candida infection). The patient suffered
from chronic otitis with occupational exposure to humid environments.
The external auditory canal is filled with whitish lamellar material. Usually,
it is not necessary to perform a culture of ear secretions and the diagnosis
is clinical. The lack of response to a topical antibiotic therapy is a further
confirmation of the fungal nature of the infection.

Fig. 3.43  Same  ear after 10 days therapy with  ear lavages and
antimycotic drops. The  external auditory canal is almost  free  from
fungal secretions. A simple perforation of the inferior quadrants of the
tympanic membrane  is visible.
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3.2.5  Myringit is and Meatal Stenosis
Myringit is  is  an  inflam m atory process  that  a ects  the  tym panic
m em brane. Three form s are recognized: acute myringit is, bullous
myringitis,  and  myringitis  granulom atosa.  Acute  myringit is  is
usually seen  in  association  w ith  infect ion  of the external ear (oti-
t is  externa)  or  m iddle  ear  (otit is  m edia).  It  is  characterized  by
hyperem ia and  the presence of purulent  secret ions. Therapy con-
sist  of adm inist ration  of general and/or local ant ibiotics and  local
steroids.  Bullous  myringit is  is  com m only  associated  w ith  viral
upper  respiratory tract  in fect ion. It  is  characterized  by the  pres-
ence  of bullae  filled  w ith  serosanguineous  fluid. The  bullae  are
located  between  the outer and  the  m iddle layers of the tym panic
m em brane.  The  patien t  complains  of  otalgia  and  hearing  loss.

Therapy  consist  of  an t ibiotics  and  steroids.  In  granulom atous
myringitis, the  outer  epiderm ic layer  of the tym panic m em brane
as  well as  the  adjacent  skin  of the  EAC are  replaced  by granula-
t ion  t issue. It  is generally seen  in  pat ien ts su ering from  frequent
episodes of otit is externa. In  som e cases, it  m ay ult im ately lead to
stenosis  of  the  m ost  m edial  part  of  the  EAC. It  can  usually  be
cured, however, by  rem oving  the  granulation  in  the  outpatient
clin ic  using  the  m icroscope. This  is  followed  by  the  adm inist ra-
t ion  of local steroid  drops for  nearly 1 m onth . In  refractory cases,
however, surgery in  the form  of canalplasty w ith  free skin  graft  is
necessary  (see  � Fig.  3.44,  � Fig.  3.45,  � Fig.  3.46,  � Fig.  3.47,
� Fig.  3.48,  � Fig.  3.49,  � Fig.  3.50,  � Fig.  3.51,  � Fig.  3.52,
� Fig.  3.53,  � Fig.  3.54,  � Fig.  3.55,  � Fig.  3.56,  � Fig.  3.57,
� Fig. 3.58, � Fig. 3.59).

Fig. 3.44  Left  ear. The  tympanic membrane  is characterized  by
thickening  and  hyperemia. In  this case, the  skin of the  external
auditory canal is also  hyperemic. The  tympanic membrane  seems
lateralized.

Fig. 3.45  Acute  myringitis of a  left  tympanic membrane. The  area of
the  malleus handle  is hyperemic and  the  tympanic membrane  seems
lateralized. A small tympanic perforation  is visible  in  the  anterior–
inferior quadrant.
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Fig. 3.48  Right  bullous myringitis. The patient  complained of a bad flu
few days before  the  examination. Bleeding  from  the  ear is quite
common, due  to the  rupture  of the  bullae.

Fig. 3.49  Granulomatous myringitis. The granulomatous tissue has
replaced the external skin layer of the tympanic membrane and part  of
the anterior wall of the external canal. This case was treated by removal of
the granulation tissue under localanesthesia in the outpatient clinic. Local
steroid drops were then administered for 1 month.

Fig. 3.46  Acute myringitis. The tympanic membrane over the malleus
handle  is hyperemic. A large tympanosclerosis plaque is visible on the
posterior quadrants.

Fig. 3.47  Left  tympanic membrane  with  a large  bulla  anterior to the
malleus and  a smaller one  posterior to  it.
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Fig. 3.52  Same  patient, left  ear (see  also  CT in  � Fig. 3.53). A
canalplasty was performed  on this side. After removal of the
granulation  tissue, myringoplasty and  canalplasty were  performed.

Fig. 3.53  The  CT scan demonstrates a  similar lesion on the  contrala-
teral side.

Fig. 3.50  Postinflammatory stenosis of the  right  external auditory
canal of a  68-year-old  woman. The  patient  complained  of bilateral
continuous otorrhea and  hearing  loss of 3  years’ duration. The
otorrhea in  the  left  ear stopped  2  months before  presentation. The
granulations over the  tympanic membrane  were  removed  in  the
outpatient  clinic. A cellophane  sheet  was inserted  into the  external
auditory canal to avoid the reformation of stenosis. Local steroid drops
were  administered  for 1  month. On follow-up, stenosis was already
resolved and the  granulation tissue  in the  external auditory canal was
completely replaced  by healthy skin.

Fig. 3.51  CTof the same case. The bony walls of the external auditory
canal are  intact. The  pathologic thick skin  occupies the  lumen of the
external auditory canal.
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Fig. 3.56  Same patient, left  ear. Two tympanoplasties were previously
performed on this ear. Generally, revision surgery is better avoided  in
patients who have  undergone  multiple  operations and  present  with
canal stenosis associated  with  lateralization  of the  tympanic mem-
brane  (for postoperative  stenosis of the  external auditory canal, see
Chapter 14).

Fig. 3.57  CT scan  of the  previous case. The  tympanic membrane  is
thickened  and  lateralized.

Fig. 3.54  Right  ear. Case  similar to  that  seen  in  � Fig. 3.44. The
patient  complained  of intermit tent  otorrhea and  hearing loss (see  CT
scan  in  � Fig. 3.55).

Fig. 3.55  The  CT scan shows thickening  of the  tympanic membrane
and  normal bony canal.
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3.2.6  Surgery for Post inflam m atory
Stenosis of the  External Auditory Canal
Postinflam m atory stenosis  of the  EAC is  a  di cult  pathology to
treat. In  early cases, in  w hich  only granulation  t issue is present, it
is possible  to rem ove  the  pathologic t issue  (under  local anesthe-
sia in  the outpatien t clin ic). Then, a plast ic (polyethylene) sheet  is
inserted  and  left  in  place  for  ~20  days.  Regular  lavage  is  per-
form ed w ith  2% boric acid in  70% ethanol and local steroid  lot ions
are applied during that  period.

Surgery is  doubtful in  well-established  cases, in  which  excessive
scar  t issue  causes marked  narrowing of the  EAC and  thickening of
the tympanic membrane. In  the  majority of cases, restenosis occurs
following  surgical  intervention.  Therefore,  it  is  preferable  not  to
operate  on  the  cases  of  unilateral  postinflammatory  stenosis.

Usually, for cases of bilateral involvement  with  marked hearing loss,
hearing  aids  are  prescribed. Bone-anchored  hearing  aids  may  be
the  choice  if canal stenosis is severe. Surgery is nowadays indicated
(in  our  group) only when  the  patient  wants  to  try surgical correc-
tion  for  better  hearing or  there  is  di culty  in  fit ting  hearing  aids
due  to  severe  mixed  hearing  loss. If the  surgery  results  in  failure,
canal wall down  technique with  preservation  of the intact  ossicular
chain  (modified  Bondy’s technique) is performed  to prohibit  recur-
rence of scar  tissue proliferation  in  the canal.

In  contrast , the  results  of t reatm ent  for  postoperative  stenosis
are  m ore  encouraging. Surgery is  indicated  if the  closure  causes
large air–bone gap. The scar  t issue is usually form ed lateral to the
m iddle  ear  and  fibrous layer  of the tym panic m em brane rem ains
intact . Preservation  of the  fibrous  layer  of the  tym panic  m em -
brane is a key for th is surgery.

Fig. 3.59  Another case of postinflammatory stenosis on a left  ear. The
tympanic membrane  is covered  by scar tissue  and  only the
anteroinferior quadrant  is viewable.

Fig. 3.58  Postinflammatory stenosis in a right  canal wall down tympa-
noplasty. The patient  complained of otorrhea and a recurrent  choles-
teatoma was found on the CTscan. A revision tympanoplasty was
performed with removal of the external auditory canal scars. The risk of
restenosis of the external auditory canal is very high in such cases.
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Surgical Steps
1. As in  calibration  of the EAC, retroauricular incision  is per-

form ed and the posterior canal skin  is incised. The depth  of the
m eatus is then  evaluated under direct  vision . Then, another
incision  is m ade just  m edial to the bottom  of the cul-de-sac
skin  leaving the scar t issue in  the m eatus. The lateral m eatal
skin  is held anteriorly w ith  a self-retaining retractor together
w ith  the auricle (see � Fig. 3.60).

2. The scar t issue left  over the tym panic m em brane is then  care-
fully elevated from  the bony wall using a m icroraspatory (see
� Fig. 3.61).

3. The  elevat ion  of the  scar  t issue  is  carefu lly con t in ued  m edi-
ally  to  reach  the  lim bs. To  avoid  acciden tal dam age  to  the

inner  and  m iddle  ear, the  elevat ion  should  be  star ted  along
the  in fer ior  wall w here  the  ossicu lar  chain  is  absen t . Bulky
scar  t issue  sh ould  be  reduced  w ith  scissors. Care  sh ould  be
taken  not  to  dam age  the  lim bs  and  not  to  get  in to  the  m id-
dle  ear  (see  � Fig. 3.62).

4. After  reach ing  the  lim bs, d irect ion  of the  d issect ion  is
changed  parallel to  the  tym panic m em brane. A correct ly
angled  m icroraspatory should  be  used  for  the  follow ing dis-
sect ion . Careful d issect ion  of the  annulus  and  it s  con t inuous
st ructure  from  in fer ior  to  superior  reveals  the  fibrous  layer
of the  tym pan ic m em brane. A clear  p lane  of cleavage  can
usually  be  established  bet ween  the  fibrous  layer  and  the
scar  t issue  (see  � Fig. 3.63).

Fig. 3.62  Bulky scar tissue  reduced  with  scissors.

Fig. 3.61  Scar tissue  elevation using  a  microraspatory.

Fig. 3.60  An incision  is made  just  medial to the  bot tom  of the
cul-de-sac.

Fig. 3.63  Careful dissection from  the  annulus and  fibrous layer of the
tympanic membrane.
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5. After rem oving the scar t issue, bony m eatus is calibrated.
Meticulous care should be taken  not to touch  the lateral proc-
ess of the m alleus w ith  a burr. The tym panic m em brane m ay
be protected w ith  a piece of alum inum  sheet .

6. The cul-de-sac lateral m eatal skin  is opened and scar t issue
around it , if any, is resected. The skin  is m obilized by detaching
it  from  the m eatal car t ilage for elongation. Longitudinal plast ic
cuts m ay be added to ensure in t im ate attachm ent of the skin
to the bony m eatus (see � Fig. 3.64).

7. Split -th ickness  free  skin  graft  is  harvested  from  the  poste-
r ior  border  of the  ret roauricu lar  skin  in cision . The  skin  is

grafted  over  the  tym pan ic m em brane  and  the  bony m eatus.
The  external m eatus  is  par t ially  packed  w ith  Gelfoam  to
secure  the  grafted  skin . To  proh ibit  postoperat ive  scar  for-
m at ion , exposed  bone  should  be  covered  w ith  either  the
free  skin  graft  or  the  lateral m eatal skin  flap  as  w idely as
possible  (see  � Fig. 3.65).

8. The auricle is put back and the lateral m eatal skin  is replaced
using a nasal speculum . Pieces of Silast ic or plast ic sheet ing is
placed over the skin  and the tym panic m em brane. The external
m eatus is further packed w ith  Gelfoam  (see � Fig. 3.66,
� Fig. 3.67, � Fig. 3.68, � Fig. 3.69, � Fig. 3.70).

Fig. 3.64  Cul-de-sac opened  and  scar tissue  removed.

Skin graft

Plastic sheeting

Fig. 3.65  External meatus packed  with  Gelfoam.

Fig. 3.66  A case  of inflammatory stenosis. Left
ear. The  meatal skin  is cut  just  medially to  the
scar tissue formed at  the bot tom of the external
auditory canal and  maintained  with  a self-
retaining  retractor. The  lateral half of the  bony
meatus is already calibrated. Dissection  of the
scar tissue  is carefully advanced  medially with a
microdissector.
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Fig. 3.67  The  scar tissue  is removed  in  piece-
meal manner. The procedure makes some room
for dissection and  drilling, and  reduces risk of
adding  excessive  force  to the  ossicular chain.

Fig. 3.68  The  fibrous layer of the  tympanic
membrane  is beginning  to be  seen.

Fig. 3.69  The  final part  of the  scar tissue  is
detached  from  the  tympanic membrane.
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Sum m ary

Postinflammatory stenosis of the external auditory canal is a di -
cult  pathology to treat. In early cases, in which only granulation tis-
sue is present, it  is possible to remove the pathologic tissue (under
local anesthesia in the outpatient clinic). This is followed by the
insertion of a plastic (polyethylene) sheet  to be left  in place for ~ 20
days, during which regular lavage is performed with 2% boric acid
in 70% alcohol and local steroid lotions are applied. Surgery is
doubtful in well-established cases with excessive cicatricial tissue
leading to marked narrowing of the external auditory canal and lat-
eralization of the tympanic membrane (secondary to thickening of
the latter). In the majority of cases, restenosis occurs following
operative interference. Therefore, it  is preferable not  to operate in
the case of unilateral postinflammatory stenosis. In bilateral cases
with marked hearing loss, a hearing aid is prescribed. By contrast,
postoperative stenosis has a better prognosis and the result of
treatment are more encouraging.

3.3  Cholesteatom a of the External
Auditory Canal
It  is  essen t ial  that  the  di erence  between  cholesteatom a  of
the  EAC an d  keratosis  obturan s  should  be  clearly  recogn ized.
Keratosis  obturans  en tails  accum ulat ion  of desquam ated  squa-
m ous  epithelium  in  the  EAC form ing  an  occluding  cholestea-
tom a-like  m ass. Th is  pathological  condit ion  generally  involves
both  ears  and  occurs  m ain ly  in  younger  pat ien ts,  w hereas
cholesteatom a  of  the  EAC is  usually  un ilateral  and  occurs  in
the  elderly.  In  ~50%  of  pat ien ts,  keratosis  obturans  is

associated  w ith  bronch iectasis  and  chron ic  sinusit is.  Rem oval
of  the  m ass  is  su  cien t  in  keratosis  obturans.  However,  cho-
lesteatom a  of  the  EAC requires  som e  exten t  of surgical  in ter-
ven t ion .  Sm all  cholesteatom a  of  the  EAC can  be  m anaged  in
th e  outpat ien t  clin ic  by  rem oving  debr is  from  the  bone  under
local  anesthesia.  Larger  cholesteatom a  should  be  surgically
rem oved  using  a  ret roauricular  approach .  Elevat ion  of  the
m eatal  skin  flap  w ith  or  w ithout  the  tym pan ic  m em brane,
rem oval  of  the  pathologic  skin ,  and  com plete  exposure  of
healthy  bone  by  saucerizing  su  cien t ly  w ide  area  w ith  burrs
are  m andatory to  avoid  recurrence. A large  bony defect  should
be  obliterated  w ith  a  p iece  of  car t ilage  and  bone  paté.  The
tem poralis  fascia  is  laid  over  the  area  and  the  m eatal skin  flap
is  rep laced  over  the  fascia. Split -th ickness  free  skin  graft  m ay
be  required  to  cover  su cien t ly  both  the  fascia  and  the
exposed  bone.

Postoperative  (iatrogenic)  cholesteatom a  of the  EAC is  gener-
ally  located  at  the  level  of  the  an terior  angle  of  the  tym panic
m em brane. It  usually  originates  from  incorrect  reposit ion ing  of
the  skin  flaps  at  the  end  of  the  procedure. The  cholesteatom a
m ay look like  exostosis in  som e  case. Palpat ion  of the  m ass w ith
a  probe  allow s  ident ification  of the  pathology, since  cholestea-
tom a is tender. Postoperative cholesteatom a in  the anterior angle
can  usually be  rem oved  in  the outpatient  clin ic under  local anes-
thesia via t ranscanal approach. Under  an  ear  speculum , the sac is
opened and the cholesteatom a is aspirated. It  is advisable to place
a  plast ic sheet  in  the  EAC for  ~3  weeks to  prevent  the  form ation
of adhesions  that  could  lead  to  reform ation  of cholesteatom a. In
rare  cases,  cholesteatom a  is  form ed  posteriorly  and  destructs
m astoid  cells,  requiring  extirpation  via  retroauricular  incision
(see  � Fig.  3.71,  � Fig.  3.72,  � Fig.  3.73,  � Fig.  3.74,  � Fig.  3.75,
� Fig. 3.76, � Fig. 3.77, � Fig. 3.78, � Fig. 3.79).

Fig. 3.70  The  skin  is grafted  over the  anterior
meatal wall. The  medial edge  of the  skin
simultaneously covers the  anterior edge  of the
tympanic membrane. The  canal is packed  with
Gelfoam  after replacing  the  vascular strip.
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Fig. 3.71  Cholesteatoma of the  external auditory canal, as a  result  of
incorrect  repositioning  of skin  flaps in  a  previous intact  canal wall
tympanoplasty. This condition has to be differentiated from  exostosis.
A probe  is used  to  palpate  the  mass. If its consistency is tender and
soft, cholestreatoma is diagnosed.

Fig. 3.72  Cholesteatoma of the  inferior wall of the  left  external
auditory canal being removed in the outpatient  clinic. In this case, the
squamous debris led  to erosion of the  underlying  bone.

Fig. 3.73  Same  patient, a  few months later. Note  the  bone  erosion
caused  by the  cholesteatoma.

Fig. 3.74  Case  similar to  that  of � Fig. 3.73. Removal of cholesteato-
ma of the  inferior wall of the  external auditory canal. Note  the  bony
erosion. Some  cholesteatoma matrix is still present.
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Fig. 3.75  CT scan, coronal view of the  same case. Cholesteatoma and
bony erosion of the inferior wall of the external auditory canal could be
appreciated.

Fig. 3.76  Cholesteatoma of the  external auditory canal. The  external
auditory canal is stenotic for the  presence  of exostosis of the anterior
and inferior walls. The mass could be easily differentiated from a bony
formation by gently pushing  with  a hook (see  � Fig. 3.77).

Fig. 3.77  After removal of the  superficial skin layer, the  whitish
cholesteatoma mass could  be  appreciated.

Fig. 3.78  A case  similar to that  in  � Fig. 3.71. The  mass originating
from  the  posterior canal wall inhibits the  normal process of epithelial
migration  toward  the  outside.
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3.4  Pathologies Extending to the
External Auditory Canal
Some  middle  ear  and  skull  base  pathologies  can  extend  into  the
EAC (e.g., cholesteatoma, glomus tumors, meningiomas, neuromas,
neurofibromas, carcinoid  tumors, and  histiocytosis  X). These  cases
are discussed  here to underline the importance of their  inclusion  in
the  di erential diagnosis  of polyps  in  the  EAC. Moreover, taking  a
biopsy  of  these  polyps  in  the  outpatient  clinic  without  proper
radiological study is sometimes hazardous. For a detailed discussion
of these pathologies, the reader is referred to the relevant chapters.

3.4.1  Carcinoid Tum ors
A carcinoid  tum or  is  an  adenom atous neuroendocrinal tum or  of
ectoderm al origin . It  has  the  sam e  histologic and  h istochem ical
characterist ics  as  other  carcinoid  tum ors  that  involve  di erent
parts  of the  body. A carcinoid  tum or  is  suspected  w henever  an
adenom atous  tum or  of the  m iddle  ear  has  acinic  or  t rabecular
histologic features. Clinically, they m anifest  as hearing loss, t inni-
tus, aural  fu llness, facial  nerve  paresis  vertigo, and  otalgia. The
diagnosis is confirm ed by electron  m icroscopy and im m unohisto-
chem istry to dem onstrate  the  presence  of serotonin  and  argyro-
philic  granules.  These  tum ors  require  functional  surgery  that
entails  rem oval  of the  tym panic  m em brane  and  ossicular  chain
together  w ith  the  m ass. The  tym panic  m em brane  is  grafted  at
the  sam e stage, w hereas the  ossicular  chain  is reconstructed  in  a
second  stage. This  strategy ensures  the  pathology  is  com pletely
eradicated (see � Fig. 3.80, � Fig. 3.81, � Fig. 3.82, � Fig. 3.83).

Fig. 3.79  CT of the  same  case, coronal view. The  cholesteatoma is
clearly seen in the anteroinferior portion of the external auditory canal
with  partial erosion  of the  underlying  bone.

Fig. 3.80  This patient complained of hearing loss in the left ear and otalgia
of 3 months’ duration. Otoscopy revealed a mass occupying the external
auditory canal and originating from its anterosuperior region. The inferior
part of the tympanic membrane, which is the only visible part, appears
whitish due to the presence of a mass in the middle ear. The audiogram
(� Fig. 3.81) revealed the presence of conductive hearing loss. CTscan
(� Fig. 3.82 and � Fig. 3.83) demonstrated the presence of an isointense
soft-tissue mass occupying the middle ear and mastoid with extension into
the external auditory canal. No erosion of the ossicular chain, nor of the
intercellular septa of the mastoid air cells, was noted. Intraoperatively, a
glandular-like tissue was found and a frozen section obtained. The biopsy,
confirmed by immunohistochemical and electronmicroscopic studies,
proved the presence of a carcinoid tumor. Atympanoplasty was performed
with total removal of the pathology and the involved malleus and incus.
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Fig. 3.81  The  audiogram  shows the  presence  of significant  ipsilateral
conductive  hearing  loss.
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3.4.2  Hist iocytosis X
Hist iocytosis  X refers  to  a  group  of d isorders  of the  ret icu loen-
dothelial  system  characterized  by  proliferat ion  of cytologically
ben ign  h ist iocytes.  The  d isease  can  presen t  in  three  clin ical
form s,  the  m ost  ben ign  of  w hich  is  eosinoph ilic  granulom a,
w hich  is  usually  m onostot ic.  A m oderately  aggressive  form  is
know n  as  Hand-Shü ller-Christ ian  d isease.  It  is  character ized

by  m ult ifocal  lesions  that  are  predom inan t ly  osteolyt ic.  The
m ost  severe  form ,  Let ter-Siwe  disease,  occurs  in  ch ildren
under  3  years  of  age  and  presen ts  w ith  di use  m ult iorgan
involvem ent .  It  has  a  m or tality  rate  of  ~40% despite  therapy
w ith  cytotoxic drugs  and  cor t icosteroids. Survivors  su  er  from
diseases  such  as  d iabetes  insipidus,  pulm on ary  fibrosis,  and
ver tebral involvem ent  (see  � Fig. 3.84, � Fig. 3.85).

Fig. 3.82  The  CT scan demonstrates a soft-tissue  mass occupying the
middle  ear with  extrusion  through the  tympanic membrane.

Fig. 3.83  CT scan, axial view. Presence  of glue  in  the  mastoid  cells
without  erosion  of the  intercellular septa.

Fig. 3.84  A bulging  of the  posterosuperior wall of the  external
auditory canal in  a 4-year-old  child. A similar picture  was also  seen in
the  other ear (see  CT scan in  � Fig. 3.85).

Fig. 3.85  CT scan  of the  same  case  as in  � Fig. 3.84. The  middle  ear
and the mastoid are  occupied by an isointense  mass. A frozen section
obtained  during surgery revealed  the  presence  of histiocytosis X. The
patient  was referred to a specialized center for appropriate staging and
therapy with  cytotoxic drugs and  corticosteroids.
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3.4.3  Meningiom as
Meningiomas  are  a  diverse  set  of  tumors  arising  from  the
m eninges, the  m em branous  layers  surrounding  the  central nerv-
ous system. They arise from  the arachnoid  “cap” cells of the arach-
noid  villi  in  the  m eninges.  These  tum ors  are  usually  benign  in
nature;  however, a  small percentage  are  m alignant. Many m enin-
giomas  are  asymptomatic, producing  no  symptoms  throughout  a
person 's  life, and  require  no treatm ent  other  than  periodic obser-
vation . They  constitute  ~14  to  20% of all  intracranial  neoplasm s,
representing  the  second  m ost  comm on  tumor  of  the  cerebello-
pontine  angle  after  vestibular  schwannoma, accounting  for  6  to
15% of  all  neoplasm s  at  th is  site.  Posterior  fossa  m eningiomas

could  be  classified  according to  their  site  of dural origin  into  five
groups:  cerebellar  convexity, tentorium, posterior  surface  of the
petrous  bone, clivus, and  foramen  m agnum. A further  classifica-
t ion  subdivided  m eningiomas of the  posterior  surface  of the  pet-
rous  bone  on  the  basis  of the  exact  site  of implant  in  relation  to
the internal auditory canal (IAC): m eningiomas located  anterior  to
the  IAC, tum ors centered  on  the IAC, and  tum ors located  posterior
to the IAC.

Surgical  treatm ent  of  these  tum ors  m ust  be  individualized
basing on  patient’s age, general health  condition , tum or  location
and  size, neurologic sym ptom s, and  deficits caused  by the  tum or
(see  � Fig.  3.86,  � Fig.  3.87,  � Fig.  3.88,  � Fig.  3.89,  � Fig.  3.90,
� Fig. 3.91, � Fig. 3.92, � Fig. 3.93, � Fig. 3.94).

Fig. 3.86  Right  ear. The  external auditory canal is completely
obliterated by an en-plaque meningioma (see � Fig. 3.87, � Fig. 3.88).
The  patient  complained  only of right  hearing  loss. The  patient  had  a
transcanal biopsy in an outpatient  clinic elsewhere. The procedure was
stopped due to excessive bleeding. Prior to do a biopsy, it’s of utmost
importance  to assess radiological investigations such as HRCT scan of
the temporal bone and brain MRI with contrast. A subtotal removal of
the  pathology with  a subtotal petrosectomy was performed  to
preserve  functions of the  facial and  lower cranial nerves.

Fig. 3.87  MRI with  gadolinium  enhancement  (T1W). The  lesion  has a
diffuse  and  extensive  posterior fossa dura involvement. A complete
tumor resection in  this case  is usually not  achievable  due  to the
involvement of vital structures (carotid, basilar, and vertebral arteries).
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Fig. 3.88  CT scan of the  temporal bone  (axial section). The  tumor
extends to the  external auditory canal, obliterating  it.  Fig. 3.89  Left  ear. Another case  similar to that  in  � Fig. 3.86. An en-

plaque  meningioma protrudes outside  the  external auditory canal,
which is completely filled  by the  tumor. The  patient  complained  of
hearing  loss, tinnitus, dizziness, and  intermit tent  otorrhea. After
radiological investigations (see  � Fig. 3.90, � Fig. 3.91), the  patient
was first  managed  with  a  biopsy under local anesthesia  with
histological confirmation of a  meningioma. A subtotal petrosectomy
with blind sac closure of the external auditory canal was performed to
remove the  pathology from  the  middle  ear and mastoid and preserve
functions of facial nerve  and  lower cranial nerves.

Fig. 3.90  MRI with  gadolinium  enhancement  (T1W). The  lesion  has a
broad  posterior fossa dural at tachment. The  tumor surrounds the
basilar artery (arrow).

Fig. 3.91  CTscan of the temporal bone (axial view). The tumor fills the
external auditory canal and  the  middle  ear cleft. Hyperostosis (arrow)
is common and  frequently seen in  en-plaque  meningiomas.
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3.4.4  Facial Nerve Tum ors
Tum ors  of the  facial nerve  are  very rare. In  the  vast  m ajority  of
cases, the  tum or  a ect ing  the  facial  nerve  is  a  schwannom a. In
our  series  the  rate  of schwannom a  was  72%;  the  next  tum or  in
frequency is  hem angiom a  at  a  rate  of 18% followed  by m eningi-
om a  and  neurofibrom a  at  5% each.  Other  pathologies,  such  as
paragangliom a  and  neuroblastom a, are  rarely  encountered  and
are  usually presented  as case  reports in  literature. The  com m on-
est  segm ent  involved  is  the  geniculate  ganglion , for  w hich  the
reported  rate  in  the  literature  range from  50  to 75%, followed  by
the  first  and  second  segm ents  w ith  alm ost  equal  incidence  of
involvem ent . The presenting sym ptom  of facial nerve tum ors can
be divided  in to facial nerve-related  sym ptom s, hearing and  equi-
librium -related  sym ptom s,  and  other  sporadic  sym ptom s.  The
vast  m ajority of the  patients present  w ith  facial nerve  weakness.
Treatm ent  generally aim s at  total rem oval of the  tum or, restora-
t ion  or  preservation  of facial nerve function , and  conservation  of
hearing. In  case  of  good  facial  nerve  funct ion  (Grade  I House-
Brackm ann  scale), a  wait-and  scan  policy w ith  yearly MRI could
be adopted. Refer to � Fig. 3.95, � Fig. 3.96, � Fig. 3.97, � Fig. 3.98.
For a deeper analysis of treatm ent choices, see Chapter 12.

Fig. 3.92  Aural polyp in  a patient  with an en-plaque  meningioma. An
outpatient  polypectomy in this case might  lead to excessive bleeding.

Fig. 3.93  MRI with  gadolinium  enhancement, axial view. The  tumor
(arrows) is located  in  the  temporal fossa  and  reaches the  area of the
petrous apex and  Meckel’s cavity.

Fig. 3.94  MRI with  gadolinium, coronal view. The  meningioma
displaces the  temporal lobe  upwards (arrow); pathognomonic tails of
the  dura are  visible.

Diseases A ect ing the External Auditory Canal

44



Fig. 3.96  CTscan of the temporal bone (coronal view). The tumor can
be  seen as a soft-tissue  mass originating  from  the  tympanic segment
of the facial nerve and eroding the fallopian canal. The mass protrudes
outside  the  external auditory canal.

Fig. 3.97  MRI with  gadolinium  enhancement  (T1-weighted, coronal
view). The  tumor (arrow) shows contrast  enhancement; the  second
portion and  even the  area of the  geniculate  ganglion seem  affected
(see  � Fig. 3.98).

Fig. 3.95  Left ear. This 25-year-old patient complained of right hearing
loss and hemifacial spasm. However, facial nerve function was normal
(Grade  I House-Brackmann scale). The  otoscopy shows a mass
obliterating  the  external auditory canal. After proper radiological
investigations (see  � Fig. 3.93, � Fig. 3.94), which were  suggestive  of
a  facial nerve  schwannoma, we  proposed  an  MRI scan after 1  year.
However, surgical treatment of this case should be taken into account
considering the extension of the disease outside the external auditory
canal (e.g., subtotal petrosectomy even without  tumor removal).

Fig. 3.98  MRI with  gadolinium  enhancement  (T1-weighted, axial
view). Even the  area of the  geniculate  ganglion  shows contrast
enhancement  (arrow).
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3.4.5  Lower Cranial Nerves
Schwannom a
Jugular  foram en  schwannom as arising from  cranial nerves IX, X,
and  XI are  rare, slowly  grow ing  benign  tum ors  that  const itute
~2.9  to 4% of all in tracranial schwannom as. It  has been  hypothe-
sized  that  these tum ors m ay originate from  the  ganglia of cranial
nerves IX and  X, w hich  are  all situated  close  to  the  jugular  fora-
m en. However, the  exact  nerve  of origin  rem ains  for  the  m ost
part  unknow n.  Follow ing  the  path  of  least  resistance,  these
tum ors m ay expand through the perijugular skull base, superiorly

into  the  posterior  fossa  cistern , or  inferiorly  in to  the  paraphar-
yngeal  space. The  dum bbell-shaped  tum ors  have  both  in tracra-
nial  and  cervical  extension  w ith  a  com ponent  in  the  jugular
foram en. The  ideal  prim ary  treatm ent  of  these  tum ors  is  total
tum or  rem oval,  even  if  the  risk  of  lower  cranial  nerve  deficits
after  surgery is very h igh. So, in  case  of norm al funct ion  of lower
cranial nerves we  recom m end  surgery only in  patients under  65
years  old. The  petro-occipital-t rans-sigm oid  approach  (POTS)  is
the  ideal surgical approach  for  these  tum ors, allow ing preserva-
t ion  of  the  hearing  and  facial  nerve  funct ions  (see  � Fig. 3.99,
� Fig. 3.100, � Fig. 3.101, � Fig. 3.102).

Fig. 3.99  Left  ear. A bilobulated mass obliterates the external auditory
canal. Radiological investigations (� Fig. 3.100, � Fig. 3.101, � Fig. 3.102)
showed a tumor arising from the jugular foramen, suggestive for a lower
cranial nerve schwannoma. A biopsy under local anesthesia confirmed the
diagnosis of schwannoma. The patient underwent  total tumor removal
through a POTS approach with preservation of facial and cochlear
functions. The patient  had already left  vocal fold paralysis that  slightly
worsened after the operation. After speech therapy, he correctly
compensated with no need of further interventions.

Fig. 3.100  MRI (T2W), axial view. The  tumor (yellow arrow) causes
obstruction of the  Eustachian tube, with subsequent  accumulation of
fluid  in  the  mastoid  (green arrow).

Diseases A ect ing the External Auditory Canal

46



3.4.6  Other Pathologies
See  � Fig.  3.103,  � Fig.  3.104,  � Fig.  3.105,  � Fig.  3.106,
� Fig. 3.107, � Fig. 3.108, � Fig. 3.109, � Fig. 3.110, � Fig. 3.111.

Fig. 3.102  CT scan  (coronal view). From  the  jugular foramen the
tumor extends to the  middle  and  external ear, eroding  the
hypotympanic plate  and  the  infralabyrinthine  cells.

Fig. 3.101  CT scan (axial view). The  tumor enlarges the  jugular
foramen area (arrow). The  jugulo-carotic spine  is not  visible.

Fig. 3.103  Left  ear. A soft  mass arising from the anterior wall of the
external auditory canal completely obliterates the meatus. The patient
complained of subjective hearing loss. The MRI (� Fig. 3.101) confirmed
the presence of a lesion suggestive for a neuroma. The patient underwent
surgical removal of the lesion through a retroauricular approach; the
histology confirmed the diagnosis of schwannoma of the external
auditory canal. The auriculo-temporal branch of V3, which is responsible
for the sensory innervation of the superior and anterior walls of the
meatus, could be the origin of the tumor.

Fig. 3.104  MRI (axial view, T1 W sequence + Gd enhancement). The
lesion has an  oval shape  and  shows enhancement  after gadolinium
administration. It  is in  close  proximity with  the  temporomandibular
joint. Neuromas of the  external auditory canal are  very rare lesion but
can be  suspected  performing  proper radiological investigation before
any surgical intervention.
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Fig. 3.107  Left  ear. Pleomorphic adenoma  with  extension into the
external auditory canal. This pluri-operated patient  showed a recurrent
tumor from  the  residual portion of the  parotid gland  that  had spread
into the  external auditory meatus (see  � Fig. 3.108).

Fig. 3.108  MRI of the  same  case, showing  invasion of the  external
auditory canal by the  tumor.

Fig. 3.106  MRI (axial view, T1 W sequence + Gd enhancement).
Neurofibroma of the right external auditory canal. The lesion enhances
after gadolinium  administration.

Fig. 3.105  Right ear. Both the anterior and posterior walls of the external
auditory canal show an increasing of the soft  tissue volume, which
obliterates the meatus. This 20-year-old patient  suffers from neuro-
fibromatosis type 1 and referred to fluctuating subjective right  hearing
loss. The MRI reveals the presence of a diffuse impairment of the soft
tissue of the external ear, which is consistent  with a neurofibroma. A
biopsy conducted under local anesthesia confirmed the diagnosis.
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3.5  Tem poral Bone Fractures
Temporal  bone  fractures  have  been  classified  as  longitudinal  or
transverse  depending on  the  overall axis  of the  fracture  related  to
the  long axis of the  petrous pyramid. Longitudinal fracture  is  most
common, representing from  70  to  90% of temporal bone  fractures.
Complications  of  temporal  bone  fractures  include  hearing  loss  of
any  type, vertigo, facial  palsy, and  CSF leak. Occasionally, impair-
ment  of  other  cranial  nerves  (X and  XI)  could  occur  in  case  of
involvement  of the jugular  foramen. Thrombosis of the jugular  vein
or  sigmoid  sinus could  rarely occur  and  can  be  visible  after  proper
radiological examination. Cases  of rupture  of the  internal petrosal
carotid  artery after a temporal bone fracture are anecdotal.

Cholesteatom a  is  another  potent ial  com plication  of  temporal
bone  fracture  due  to  the  m igration  of the  skin  corresponding  to
the fracture line toward the m iddle ear and m astoid.

The  presence  of hem otympanum  is  part icularly  comm on  after
temporal bone fracture and  sometimes m ay be the  in itial sign  of a
subtle  fracture. Presence  of m iddle  ear  e usion  or  air-fluid  levels
after a temporal bone trauma, especially if unilateral, could  lead  to
the  suspect  of a  temporal bone  fracture  w ith  CSF leakage  into the
m iddle  ear. Fractures  w ith  involvement  of the  external  auditory
canal m ay displace  som e  bone  fragments, reducing  the  lum en  of
the external ear canal (see � Fig. 3.112, � Fig. 3.113, � Fig. 3.114).

Fig. 3.110  CT scan  (coronal view). The  pathology completely obliter-
ates the  external auditory canal with  no involvement  of the  otic
capsule. The  tympanic bone  is remodeled and  there  is a  loss of the
normal cortico-medullary definition.

Fig. 3.111  CT scan (axial view). Ground-glass pat tern  (black arrow) is
pathognomonic for fibrous dysplasia. MRI appearance  is less charac-
teristic and  it  can be  difficult  in  some  cases to  differentiate  fibrous
dysplasia from  chondrosarcoma, chordoma, or other malignant
diseases using  MRI alone.

Fig. 3.109  Left  ear. Fibrous dysplasia of the temporal bone. The lesion
completely obliterates the external auditory canal causing conductive
hearing loss. The lesion also involves the mastoid (see � Fig. 3.110,
� Fig. 3.111). Fibrous dysplasia is a disorder of the bone metabolism,
consisting in abnormalproduction of weak immature bone intermixed with
fibrous stroma in a disorganized fashion. This patient only complained of
hearing loss, but ear deformities, recurrent otitis, and cholesteatoma could
be present. Occasionally, facial nerve palsy or other cranial nerves
impairment can occur. Management depends on the extension of the
disease and symptoms and can vary from a simple radiological follow-up to
surgical treatment (generally, canalplasty or tympanoplasty). In case of a
rapid growth of the disease in a long-standing fibrous dysplasia, a
malignant  transformation should be taken into account.
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3.6  Carcinom a of the External
Auditory Canal
Malignant  neoplasm s  of the  tem poral bone  are  rare, accounting
for  ~0.2% of all head  and  neck m alignancies. Squam ous cell carci-
nom a  is  the  m ost  com m on  histologic  subtype  to  occur  in  the
tem poral  bone  (¾  of  cases)  followed  by  basal  cell  carcinom a,
adenocarcinom a,  adenoid  cyst ic  carcinom a,  m ucoepiderm oid
carcinom a, cerum inom a, m elanom a, and  sarcom a. Carcinom as of
the  tem poral  bone  m ay  arise  from  every  part  of  the  temporal
bone, including the EAC, m iddle ear, m astoid, endolymphatic sac,
petrous  apex,  and  the  IAC (� Table  3.2).  These  tum ors  can  be
locally aggressive  due  to  the  presence  of num erous pathways in
the  tem poral  bone  along  w hich  the  tum or  can  spread  from  the
site  of origin . In  ~11% of cases, cervical  lym ph  node  m etastases
are present at  the t im e of diagnosis.

Staging of the  disease  is of utm ost  im portance for  determ ining
the ideal surgical t reatm ent  and  for defin ing outcom es and  prog-
nosis. Even  though  there  is  no  universally accepted  staging  sys-
tem  for  carcinom as of the  tem poral bone, the  Pit tsburgh  staging
system  has been  adopted  in  m any centers for  a correct  classifica-
t ion  of  squam ous  cell  carcinom a  of  the  EAC  (� Table  3.3;
� Fig. 3.115, � Fig. 3.116, � Fig. 3.117).

The  most  common  symptoms  of carcinoma  of the  EAC include
otorrhea, otalgia, hearing loss, facial nerve paralysis, and vertigo. An
accurate  microscopic examination  is  important  for  proper  evalua-
tion  of  the  lesion  extension.  Frequently,  an  exfoliative  lesion  is

Fig. 3.114  Left ear. Posttraumatic dated fracture of the temporal bone
with bone  displacement  of the  posterior wall of the  external auditory
canal. The  meatal skin  now completely covers the  protruding  bone.

Fig. 3.112  Left ear. The fracture line is visible (arrows). The patient had
temporal bone fracture 10 years before our evaluation, for a left  facial
palsy (Grade VI). The CTscan showed a supralabyrinthine petrous bone
cholesteatoma (see  Chapter 10), which could  be  secondary to skin
migration from  the  area of the  fracture  line.

Fig. 3.113  Left  ear. Post traumatic fracture  of the  temporal bone. A
posterosuperior fissure  is seen  in  the  posterior canal wall.
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noted, whereas an  ulcer is present  in  other cases. Carcinoma should
be suspected  when  there is a persistent  otitis externa characterized
by pain  and otorrhea that  does not  resolve adequately with  medical
treatment. A biopsy  of  the  lesion  will  clear  up  any  doubts.  It  is
important  to  perform  an  accurate  examination  of the  upper  deep
cervical, postauricular, and parotid  lymph nodes (anterior extension
of the  tumor). The  cranial  nerves  have  to  be  evaluated. The  facial
nerve is the most frequently involved. Involvement of the mandibu-
lar  nerve  indicates  tumor  extension  toward  the  glenoid  fossa.  A
high-resolution  CT scan  (bone  window)  is  the  most  important
radiological investigation  as  it  permits  the  evaluation  of bone  ero-
sion  at  the  level of the  EAC and  middle  ear. MRI with  gadolinium
allows evaluation  of tumor  extension  into  the  soft  tissues. Surgery
is the  primary treatment  of choice  in  temporal bone  malignancies.
Radiotherapy is used  as an  adjuvant  treatment  to surgery except  in
advanced  tumors  requiring  palliation.  The  surgical  procedures
employed for the resection  are:

●  La tera l tempora l bone resect ion (LTBR): This is the prim ary sur-
gery of choice in T1 and T2 tum ors. The approach entails a com -
plete canal wall up m astoidectomy w ith  an  extended facial
recess opening. The EAC is resected en  bloc along w ith  the tym -
panic m em brane, the m alleus after disart iculation, and rem oval
of the incus, w ith  the m edial lim it  defined at  the level of the
incudostapedial join t . Superficial parotidectomy can  be done
w ith  LTBR, especially in T2 tum ors.

●  Subtotal temporal bone resection (STBR): This is used in T3 and T4
tumors and  it  is an  extension  of the LTBR. After the steps of LTBR
are performed, this procedure extends medially in  a piecemeal
fashion  and includes IAC identification, facial nerve exposure, and
removal of the otic capsule with  preservation  of the petrous apex.
The capsule of the temporomandibular joint  and, if necessary, the
condyle of the mandible is resected when  found involved. If the
tumor extends into the mastoid  and dural involvement  is sus-
pected, middle and posterior fossa craniotomies might  be neces-
sary to achieve adequate exposure. If the dura is found infiltrated,
its incision  is undertaken  and it  is excised until free margins are
reached. If the facial nerve is invaded by the tumor, it  should  be
included in  the specimen. The sigmoid sinus and jugular bulb are
preserved unless infiltrated.

Table 3.3  Modified Pit tsburg staging system for squamous cell carcino-
ma of the external auditory canal

Factor  Descript ion

T sta tus

T1  Tumor limited to the EAC without bony erosion or evidence
of soft  tissue  involvement

T2  Tumor limited  to the  EAC with  bone  erosion (not  full
thickness) or limited  soft  tissue  involvement  (< 5 mm)

T3  Tumor eroding  the  osseous EAC (full thickness) with
limited  soft  tissue  involvement  (< 5 mm) or tumor involv-
ing  the  middle  ear and/or mastoid

T4  Tumor eroding  the  cochlea, petrous apex, medial wall of
the  middle  ear, carotid  canal, jugular foramen, or dura; or
tumor with  extensive  soft  tissue  involvement  (> 5 mm),
such as involvement of temporomandibular joint  or styloid
process; or with  evidence  of facial paresis

N status

N0  No regional nodes identified

N1  Single  ipsilateral regional node <3 cm  in  size

N2a  Single  ipsilateral regional node  3–6 cm  in  size

N2b  Multiple  ipsilateral nodes

N2c  Bilateral or contralateral nodes

N3  Node > 6 cm

Overall stage

I  T1N0

II  T2N0

III  T3N0

IV  T4N0 and  T1–T4 N+

Abbreviation: EAC, external auditory canal.

Table 3.2  Classification of malignancies that arise within the temporal
bone

Subsites of temporal
bone  carcinoma

Tumors

External auditory canal  Squamous cell carcinoma
Verrucous carcinoma
Adenoid  cystic carcinoma
Acinic cell carcinoma
Mucoepidermoid  carcinoma
Merkel cell carcinoma
Malignant  cylindroma
Ceruminous carcinoma
Ductal carcinoma
Metastasis

Tympanic membrane  Squamous cell carcinoma
Lymphoma
Metastasis

Middle  ear  Squamous cell carcinoma
Adenocarcinoma
Amelanotic melanoma
Lymphoepitelial carcinoma
Hemangiopericytoma
Carcinoid
Malignant  inverting  papilloma
Langherans cell histiocytosis
Metastasis

Mastoid  Endolymphatic sac tumors
Langherans cell histiocytosis
Plasmacytoma
Lymphoma
Sarcoma
Metastasis

Facial nerve  Malignant  schwannoma
Metastasis

Petrous apex  Chondrosarcoma
Langherans cell histiocytosis
Metastasis

Internal auditory canal  Squamous cell carcinoma
Epidermoid  carcinoma
Metastasis

Labyrinth  Metastasis
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●  Tota l tempora l bone resect ion (TTBR): This procedure is used in
advanced T4 tum ors. It  m ay be perform ed w ith  or w ithout
resect ion  of the pinna. Bone is resected superiorly for 3 cm
above the tem poral line to expose the m iddle fossa dura and
behind the sigm oid sinus by a sim ilar am ount  to leave a resid-
ual m argin  of healthy bone. Medial dissect ion  extends through
the labyrinth  and exposes the in trapetrous carotid ar tery. Infe-
riorly, the sigm oid sinus and jugular bulb are m obilized from
surrounding bone. The sternocleidom astoid and digast ric
m uscles are freed from  the m astoid t ip. At th is stage in  the pro-
cedure, the ascending ram us of the m andible is t ransected w ith
a Gigli saw  or a drill, and th is and the head and coronoid proc-
ess are dissected free and rem oved. A total parotidectomy is
com pleted, and the specim en is rem oved en  bloc. The residual
t ip  of the petrous bone is then  rem oved w ith  a h igh-speed drill.
Resect ion  of the carot id ar tery can  also be accom plished if the
contralateral cerebral blood supply has been  proven to be ad-
equate by angiography and preoperative balloon  occlusion.

For  fur ther  details, refer  to  � Table  3.4, � Fig. 3.118, � Fig. 3.119,
� Fig. 3.120, � Fig. 3.121, � Fig. 3.122, � Fig. 3.123, � Fig. 3.124,
� Fig. 3.125, � Fig. 3.126, � Fig. 3.127, � Fig. 3.128, � Fig. 3.129,
� Fig. 3.130, � Fig. 3.131, � Fig. 3.132, � Fig. 3.133, � Fig. 3.134,
� Fig. 3.135, � Fig. 3.136, � Fig. 3.137, � Fig. 3.138, � Fig. 3.139,
� Fig. 3.140, � Fig. 3.141, � Fig. 3.142, � Fig. 3.143, � Fig. 3.144,
� Fig. 3.145, � Fig. 3.146, � Fig. 3.147, � Fig. 3.148, � Fig. 3.149.

a  b

Fig. 3.116  (a,b) Schematic Illustration of a T3 tumor (red). The tumor involves the osseous external auditory canal (full thickness) or the middle ear/
mastoid  (b).

a  b

Fig. 3.115  (a,b) Schematic Illustration of a T1 tumor (red). The tumor is limited to the external auditory canal without  bony erosion. In case of a T2
tumor, there  is bony erosion  (not  full-thickness) or limited  soft  tissue  involvement.

Table 3.4  Gruppo Otologico’s series in the treatment of SSC of the tem-
poral bone (1993–2011, 45 cases, published data); survival rates are re-
ported

T status  Patients (%)  Disease-specific sur-
vival rate (5 years) (%)

Recurrence-free  sur-
vival rate (5 years) (%)

T1  11.1  100  100

T2  13.3  100  100

T3  31.1  86.2  79

T4  42.2  48.7  45.2
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e

a

Fig. 3.117  (a–e) Schematic Illustration  of a  T4  tumor (red). The  tumor involves the  middle  fossa dura  (a), middle  fossa  dura  and  medial wall of
middle  ear and  mastoid  (b), otic capsule, jugular foramen, and  infralabyrinthine-apical compartment  (c), temporomandibular joint  (d), and  the
whole  temporal bone  (e).
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Fig. 3.118  Squamous cell carcinoma of the  right  external auditory
canal. Patient  complained of occasional bloody otorrhea. A biopsy was
undertaken  and  pathologic examination  revealed  the  presence  of
carcinoma. The  CT scan (see  � Fig. 3.119) demonstrated  a  T1 tumor
arising  from  the  anterior–inferior wall of the  external auditory canal.
Lateral temporal bone  resection was performed. After 4  years, the
patient  has no  recurrence  of the  disease.

Fig. 3.119  CT scan, coronal view. The  lesion arises from  the  anterior–
inferior wall of the  external auditory canal without  bony erosion  (T1
stage).

Fig. 3.120  An exfoliative  neoplasm  that  occupies the  left  external
auditory canal. The  patient  complained  of otalgia  and  at tacks of
bloody otorrhea of 1-month  duration. A biopsy was taken and
pathologic examination  revealed  the  presence  of squamous cell
carcinoma. A CT scan  (� Fig. 3.116) demonstrated  erosion  of the
external auditory canal, particularly its anterior–inferior wall, without
invasion into the  glenoid  fossa. En  bloc removal of the  tumor was
performed, together with superficial parotidectomy. Radiotherapy was
performed postoperatively.

Fig. 3.121  CT scan demonstrated erosion of the anteroinferior wall of
the  external auditory canal (not  full thickness-T2 stage). The  glenoid
fossa is not  involved.
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Fig. 3.123  Cul-de-sac closure  of the  external
auditory canal.

Fig. 3.122  Same  patient  as in  � Fig. 3.118.
Example of lateral temporal bone resection. The
skin  incision  starts 3 cm  behind  the  retroaur-
icular sulcus. The  external auditory canal has to
be  transected  laterally to the  tumor.
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Fig. 3.126  Dislocation  of the  incudo-stapedial
joint. FN, facial nerve; M, malleus (head); S,
stapes.

I

S

Fig. 3.125  Facial recess tympanotomy. I, incus;
S, stapes.

MFD  PCW

SS

Fig. 3.124  Mastoidectomy with identification  of
middle  fossa  dura  and  sigmoid  sinus. MFD,
middle  fossa  dura; SS, sigmoid  sinus; PCW,
posterior canal wall.
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Fig. 3.129  En-bloc specimen including  malleus,
tympanic membrane, and  external auditory
canal.

Fig. 3.127  Epi- and  hypotympanotomy.

Fig. 3.128  En-bloc resection  of the  external
auditory canal.
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FN

Fig. 3.130  Temporal bone  cavity after tumor
removal. S, stapes; RW, round  window; FN,
facial nerve.

AF

Fig. 3.131  Closure  of the  cavity with abdominal
fat. AF, abdominal fat.
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Fig. 3.135  CT scan (axial view). The  inferior wall of the  external
auditory canal is eroded  by the  tumor, which  seems to  protrude  into
the  glenoid  fossa.

Fig. 3.132  Postoperative CT scan. The cavity is completely obliterated
with abdominal fat. All the anterior tympanic bone has been removed.
The  facial nerve  has been  left  in  place. AF, abdominal fat; FN, facial
nerve; TMJ, temporomandibular joint.

Fig. 3.134  CT scan  (axial view). The  anterior wall of the  external
auditory canal is eroded  by the  tumor, which extends toward  the
temporomandibular joint.

Fig. 3.133  Squamous cell carcinoma of the  left  external auditory
canal. The lesion completely obliterates the  meatus and the tympanic
membrane  is not  viewable. The  patient  complained  of hearing  loss,
persistent  otorrhea, otalgia, and pain in the temporomandibular joint.
CT and  MRI scans (� Fig. 3.118, � Fig. 3.119, � Fig. 3.120) revealed
extension of the pathology to the glenoid fossa with limited soft  tissue
involvement  (T3 stage). A subtotal temporal bone  resection with
parotidectomy plus postoperative  radiotherapy were  performed.
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Fig. 3.137  Squamous cell carcinoma of the  right  external auditory
canal. The  patient  complained  of hearing  loss and  persistent  bloody
otorrhea. The lesion, involving the middle ear, was removed through a
subtotal temporal bone resection. Postoperative radiotherapy followed
the  surgical procedure.

Fig. 3.138  CTscan (axial view). The tumor involves the middle ear and
erodes the  posterior wall of the  external auditory canal (arrow),
extending  toward  the  mastoid  (T3 stage).

Fig. 3.136  MRI scan (axial view, T1W + Gd). The  tumor (arrow) arises
from  the  anterior wall of the  external auditory canal without
involvement  of the  mandibular condyle.

Fig. 3.139  CT scan (coronal view). The  tumor involves the  middle  ear
with  erosion  of the  incudo-stapedial joint  (arrow).
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Fig. 3.141  CT scan of the  same  case  (axial view). The  tumor involves
the  middle  ear and  extends toward  the  temporomandibular joint.

Fig. 3.140  Squamous cell carcinoma of the right external auditory canal
in a 70-year-old patient. The patient  complained of recurrent  otitis and
facial palsy with no improvement after prolonged antibiotic therapies.
Biopsy under local anesthesia and proper radiological investigations
confirmed the provisional diagnosis. The tumor (stage T4) involved even
the middle fossa dura and extended anteriorly. In cases like this prognosis
is poor, so the adoption of an extensive surgical approach (i.e., total
temporal bone resection with dural excision) could be questionable,
because it does not influence the survival rate. Considering patient’s age
we performed a subtotal temporal bone resection with facial nerve
resection, total parotidectomy, and dura preservation and coagulation.
Radiotherapy followed the surgical procedure.

Fig. 3.143  Squamous cell carcinoma protruding  through the  external
auditory canal with extension into the  glenoid fossa and infiltration of
the  middle  fossa dura (see  CT scan, � Fig. 3.144  and  MRI,
� Fig. 3.145). Palliative  surgery was performed, followed  by radio-
therapy.

Fig. 3.142  MRI (coronal view). The  tumor involves the  middle  fossa
dura (arrow).
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Fig. 3.145  MRI shows marked anterior extension of the tumor into the
infratemporal fossa  (arrows).Fig. 3.144  CT scan. The carcinoma occupies all of the  middle  ear and

mastoid. The  glenoid  fossa  and  the  middle  fossa plate  are  eroded.

DM
FN

C

ET MFD

SS

PL

Fig. 3.146  Example  of subtotal temporal bone
resection  with  total parotidectomy and  neck
dissection  (level II). The  facial nerve  has been
preserved, as well as the  cochlea and  the
posterior labyrinth. FN, facial nerve; MFD,
middle  fossa  dura; SS, sigmoid  sinus; PL,
posterior labyrinth; C, cochlea; DM, digastric
muscle; ET, Eustachian tube.
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Fig. 3.147  Nasopharyngeal carcinoma extending  into the  middle  ear
and  external auditory canal. A polypoid  mass infiltrates the  tympanic
membrane  and  partially fills the  external auditory canal (see  CT scan,
� Fig. 3.148  and  MRI, � Fig. 3.149). The  patient  was considered
inoperable  and  was referred  for radiotherapy.

Fig. 3.149  MRI with  gadolinium  confirms the  infiltration.

Fig. 3.148  The  CT scan demonstrates marked  infiltration  of the
nasopharynx, the  pterygoid  muscles, and  the  petrous apex.
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Sum m ary

A carcinoma arising from the external auditory canal is frequently
confused with suppurative otitis. Because of the high incidence of
otitis externa and media and because these pathologies are fre-
quently chronic, the diagnosis of carcinoma of the external auditory
canal is almost always late. Diagnosis is made through biopsy. A
high-resolution CTscan and MRI are necessary for proper evalua-
tion. A high-resolution CTscan determines the osseous erosion
caused by the tumor, whereas MRI is superior to CT for the evalua-
tion of soft  tissues. MRI shows the presence of dural invasion, intra-
cranial extension, as well as extracranial soft-tissue involvement.
The Pittsburg staging system has been adopted in many centers for
classification of squamous cell carcinoma of the external auditory
canal, which is the most frequent  tumor of the temporal bone.
Therapy for carcinoma of the external auditory canal is almost
always surgical. For T1 and T2 tumors, lateral temporal bone resec-
tion is the ideal surgical management. It  entails excision of the
external auditory canal (bone and soft  tissues), tympanic mem-
brane, and ossicular chain with preservation of the facial nerve.
Anteriorly, bone removal extends up to the level of the temporo-
mandibular joint. The cavity is then obliterated with abdominal fat
and the external auditory canal closed as a cul-de-sac. When indi-
cated, the resection can include a superficial parotidectomy. In case
of T3-T4 tumors, a subtotal temporal bone resection is indicated. In
such cases, a middle and posterior fossa craniotomy is necessary.
Bone removal is performed up to the level of the medial third of
the petrous apex and the internal carotid artery. Usually, the facial
nerve and the middle ear are sacrificed. If there is dural involve-
ment, dural removal and reconstruction should be done in young
patients. Neck dissection, total parotidectomy, and resection of the
mandibular condyle have to be done depending on the extent of
the disease. For more advanced T4 tumors, palliative surgery with
postoperative radiotherapy are indicated. Adjuvant radiotherapy
has an undisputed role for T2, T3, and T4 tumors.
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4  Ot it is Media
Abst ract
Otit is  m edia  can  be  classified  in to  two  di erent  types. Secretory
otit is media  is  characterized  by the  presence  of m iddle  ear  e u-
sion  behind  an  in tact  tym panic m em brane;  the  tym panic m em -
brane  is retracted, im m obile, dark yellow ish, bluish , or  it  m ay be
transparent  w ith  a  hairline  (liquid  level)  or  air  bubbles  visible
through  it . It  is  usually caused  by Eustachian  tube  dysfunction. In
case  of unilateral disease, the  nasopharynx  has  to  be  explored  to
exclude  the  presence  of a  tumor. Acute  otitis media  is  the  conse-
quence  of an  upper  airway  infection  with  blockage  of the  Eusta-
chian  tube  and  e usion  in  the  middle  ear, when  the  fluid  in  the
middle  ear  gets  additionally  infected  with  bacteria. The  tympanic
membrane  is  bulged, and  shows  signs  of cloudiness  and  redness.
In  severe  or  untreated  cases, the  tympanic  membrane  may  rup-
ture, allowing the pus in  the m iddle ear  space to drain  into the ear
canal. A simple m edical treatment  is required  in  most of the cases.

Keywords: secretory otit is m edia, acute otit is m edia

4.1  Secretory Ot it is Media (Ot it is
Media w ith E usion)
Secretory otit is m edia is characterized  by the  presence of m iddle
ear  e usion  com posed  of a  t ransudate/exudate  of the  m ucosa  of
the  m iddle  ear  cleft  that  is  form ed  behind  an  in tact  tym panic
m em brane.  Classically,  the  tym panic  m em brane  is  retracted,
im m obile, dark  yellow ish  or  bluish , and  th ickened. At  t im es, it
m ay  be  transparent  w ith  a  hairline  (liquid  level)  or  air  bubbles
visible through it .

The causes are generally: Eustachian  tube obstruction  secondary
to  m ucosal edem a  due  to  infection  (sinusitis, nasopharyngitis)  or

allergy;  extrinsic  pressure  on  the  cartilaginous  portion  of  the
Eustachian  tube  due  to  hyperplasia  of glandular  or  lymphoid  tis-
sue  or,  rarely,  due  to  tumors;  and  m alfunction  of  the  tubal
m uscles, as  in  children  with  cleft  palate, or  m alform ation  of the
tube  itself, as  in  Down  syndrome. Other  factors that  m ay contrib-
ute  include:  bacteriologic,  im munologic,  genetic,  socioeconomic
status, seasonal variation, as well as lack of transm ission  of specific
im munoglobulins in  nonbreast-fed  infants. All these  factors  cause
tubal  dysfunction  or  occlusion,  leading  to  negative  m iddle  ear
pressure  due  to  oxygen  absorption  by  the  m ucosa  of the  m iddle
ear  cleft .  Norm ally,  the  tendency  of  the  tubal  walls  to  collapse
at  the  level  of  the  isthm us  can  be  overcome  by  an  increase  in
the  nasopharyngeal pressure. A negative  m iddle  ear  pressure  up
to  –25 m m  Hg  can  be  thus  corrected. On  the  other  hand, with
edem a of the tubal m ucosa, the sam e increase in  the  nasopharyn-
geal pressure cannot  overcome a negative m iddle ear pressure less
than  –5 m m  Hg. In  children, hyperplasia  of the  adenoid  tissue  is
the  m ost  comm on  predisposing factor, and  nasopharyngitis is  the
m ost  frequent  cause of secretory otit is m edia. In  adults, the condi-
tion  is  m uch  less  comm on  and  the  presence  of persistent  unilat-
eral  otitis  m edia  w ith  e usion  can  be  due  to  a  nasopharyngeal
tum or  that  occludes  the  tubal opening, or  a  neoplasm  that  com-
presses or infiltrates the tube along its course.

In  cases  that  do  not  resolve  despite  proper  m edical t reatm ent
(nasal  and  system ic  decongestants, m ucolyt ics, and  antibiotics)
or  in  cases w ith  persisten t  conduct ive hearing loss (see � Fig. 4.1,
� Fig. 4.2), the  inser t ion  of a vent ilat ion  tube is indicated. In  chil-
dren, adenoidectomy is also perform ed. Surgery aim s at  alleviat-
ing  the  conduct ive  hearing  loss, avoiding  the  sequelae  of otit is
m edia  w ith  e usion .  Sequelae  include  recurrent  otit is  m edia,
tym panosclerosis, adhesive  otit is  m edia, retraction  pockets  w ith
eventual  cholesteatom a  form at ion ,  and,  in  som e  long-standing
cases, the  form ation  of cholesterol granulom a (see  Chapter  5). In
this  chapter, som e  typical cases of otit is  m edia  w ith  e usion  are
show n.  Refer  to  � Fig.  4.3,  � Fig.  4.4,  � Fig.  4.5,  � Fig.  4.6,
� Fig. 4.7, � Fig. 4.8, � Fig. 4.9, � Fig. 4.10, � Fig. 4.11, � Fig. 4.12.
For  the  surgical  t reatm ent  (myringotomy  and  ventilation  tube
inser tion), the  reader  is  referred  to  Chapter  14  on  postsurgical
condit ions.
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Fig. 4.1  Conductive  hearing  loss. Bone  conduction  is normal. Air
conduction is on average  of 35 dB.
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Fig. 4.2  Tympanogram  type  B, typical of middle  ear effusion.
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Fig. 4.3  Right  ear. Secretory otitis media. Air bubbles can  be  seen
anterior to the  handle  of the  malleus and  also  in  the  posteroinferior
quadrant.

Fig. 4.4  Left  ear. Secretory otitis media. Middle  ear effusion having  a
reddish color inferiorly and a yellowish color superiorly. In this case, the
differential diagnosis includes glomus tympanicum. If doubts still exist
after microscopic examination, medical treatment  is administered  for
several weeks and  the  patient  is reexamined.

Fig. 4.5  Right  ear. Secretory otitis media with middle  ear effusion and
air bubbles visible  in  the  anterosuperior quadrant. The  tympanic
membrane  is retracted  toward  the  promontorium. This case  reflects
usually a chronic condition that  should be managed with the insertion
of a  ventilation  tube.

Fig. 4.6  Right  ear. Secretory otitis media with middle  ear effusion and
air bubbles visible  in  the  posterior quadrants. The  patient  has also  a
cholesteatoma in  the  contralateral ear (see  Fig. 8.22). The  CT scan
shows the  presence  of fluid  trapped  in  the  mastoid  (see  � Fig. 4.7).

Otit is Media

67



Fig. 4.7  CTscan, axial view of case in � Fig. 4.6. The fluid is trapped in
the  mastoid  air cells. The  septa between the  pneumatized  cells are
preserved.

Fig. 4.8  Right  ear. The  presence  of glue  in  the  middle  ear leads to
bulging  of the  tympanic membrane. In  the  posterior quadrant, a
thinned  area of the  drum  is visualized, through which the  yellowish
color of the effusion is visible. The area would probably be the site of a
future  perforation.

Fig. 4.9  Left  ear. Secretory otitis media. The  tympanic membrane  is
thickened. Catarrhal fluid  can  be  seen through the  relatively thinner
anteroinferior quadrant.

Fig. 4.10  Right  ear. Secretory otitis media. The  effusion  is visible
through two thinned  areas of the  tympanic membrane  lying  anterior
and  posterior to  the  handle  of the  malleus.
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4.2  Secretory Ot it is Media
Secondary to Neoplasm
See  follow ing  figures  (� Fig.  4.13,  � Fig.  4.14,  � Fig.  4.15,
� Fig.  4.16,  � Fig.  4.17,  � Fig.  4.18,  � Fig.  4.19,  � Fig.  4.20,
� Fig.  4.21,  � Fig.  4.22,  � Fig.  4.23,  � Fig.  4.24,  � Fig.  4.25,
� Fig. 4.26, � Fig. 4.27, � Fig. 4.28, � Fig. 4.29, � Fig. 4.30).

Fig. 4.11  Right ear. Secretory otitis media with tympanosclerosis and
epitympanic erosion. The tympanic membrane shows areas of tympano-
sclerosis alternating with areas of atrophy. Glue is present in the middle ear.

Fig. 4.14  MRI, axial view, showing  the  extension of the  giant
trigeminal neuroma.

Fig. 4.13  Right ear. Seromucoid effusion in the middle ear. Air bubbles
can be seen in the anterior quadrants of the tympanic membrane. The
patient  is a 53-year-old woman who presented with signs of right otitis
media with effusion causing conductive hearing loss and ipsilateral
paresthesia of the maxillary and mandibular nerves, followed by episodes
of trigeminal neuralgia and diplopia in the last  few months. Computed
tomography (CT) scan and magnetic resonance imaging (MRI) with
gadolinium (see subsequent figures) revealed the presence of a tumor
(later proven to be a trigeminalneurinoma) with an intra- and extracranial
extensions. The tumor compressed the Eustachian tube and resulted in
middle ear effusion. Total removal of the tumor was performed in a
single-stage operation using an infratemporal fossa type Bapproach with
orbitozygomatic extension (see � Fig. 4.16).

Fig. 4.12  Left  ear. Otitis media  with  effusion  and  a  whitish  retro-
tympanic mass in the posterior quadrant at  3 o’clock can be observed.
The  presence  of congenital cholesteatoma was considered  in  the
differential diagnosis. Exploratory tympanotomy showed only “glue” in
the  middle  ear that  was particularly dense  in  the  posterior
mesotympanum.
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Fig. 4.15  MRI, sagit tal view, confirms the  intra- and  extracranial
extensions of the  tumor.

Fig. 4.16  Trigeminal neurinoma removal using an infratemporal type B
approach  with  orbitozygomatic extension.

Fig. 4.17  Postoperative  CT scan showing  total tumor removal.

Fig. 4.18  A different  case  similar to  the  one  in  � Fig. 4.11. This
64-year-old  woman complained  of right  nasal obstruction and  a
sensation of right  ear fullness of 1-year duration. One  month  before
presentation, the  patient  began to suffer from  neuralgic pain  in  the
region of the maxillary nerve. The tympanic membrane looks yellowish
due  to the  presence  of middle  ear effusion  (see  subsequent  figures).
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Fig. 4.19  Right  nasal cavity, same  case. A mass is visualized  in  the
middle  meatus. A biopsy proved  it  to  be  a  neurinoma.

Fig. 4.20  MRI of the  same  case. A huge  trigeminal neurinoma with
intra- and  extracranial extensions can  be  seen.

Fig. 4.21  A single-stage, total removal was accomplished  using  a
preauricular infratemporal subtemporal orbitozygomatic approach.

Fig. 4.22  Postoperative  CT scan  showing  total tumor removal. The
floor and  the  lateral wall of the  orbit  have  been  reconstructed.
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Fig. 4.23  Left  ear. An air-fluid  level is seen in  a young  patient  with  a
juvenile  nasopharyngeal angiofibroma.

Fig. 4.24  MRI of the  same  case. The  angiofibroma occupies the
nasopharynx, pterygopalatine  fossa, and  infratemporal fossa on the
left  side. Removal was accomplished  using  a  Fisch  type  C infratem-
poral fossa approach.

Fig. 4.25  Left  ear showing  a  pulsating  air-fluid  level in  a patient
operated 1 year previously to remove a lower cranial nerve neurinoma
using  a  petro-occipital trans-sigmoid  approach  (POTS) (see  preopera-
tive  MRI, � Fig. 4.26; postoperative  CT scan, � Fig. 4.27). The  patient
complained  of a sensation  of ear blockage  and  watery rhinorrhea on
leaning  forward. The  middle  ear is full of cerebrospinal fluid  (CSF)
passing  through open hypotympanic air cells that  communicate  with
the  subarachnoid  space. The  CSF rhinorrhea was treated  by obliterat-
ing  the  Eustachian tube  and  middle  ear with  the  temporalis muscle
and  by closure  of the  external auditory canal as a  cul-de-sac.

Fig. 4.26  MRI of the  same  case  showing  a schwannoma of the  lower
cranial nerves (arrow).
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Fig. 4.27  Postoperative  CT scan shows the  petro-occipital craniotomy
and  the  surgical cavity with  preservation  of the  inner ear.

Fig. 4.28  Right  ear. Otitis media with effusion in a 47-year-old  female
patient  who complained  of right  hearing  loss and  a sensation of ear
fullness of 1-year duration. Nasopharyngeal examination was doubtful.
MRI (see  � Fig. 4.29, � Fig. 4.30) demonstrated  the  presence  of a
neoplasm  at  the  level of the  right  Rosenmüller fossa. A biopsy was
performed in  this region and  revealed  the  presence  of an adenoid
cystic carcinoma. The  patient  was operated  and  then referred  for
radiotherapy. Small nasopharyngeal carcinomas can miss detection on
MRI. Therefore, adults with  unilateral otitis media with  effusion, even
with  normal radiologic examination, should  undergo biopsy of the
nasopharynx under local anesthesia.

Fig. 4.29  MRI. Small neoplasm  at  the  level of the  Rosenmüller fossa
(arrow).

Fig. 4.30  MRI. Effusion in  the  ipsilateral mastoid  is clearly visible
(arrow).
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4.3  Acute  Ot it is Media
Acute  otit is  m edia  is  usually  developing on  the  basis  of a  (viral)
upper  respiratory infect ion  w ith  blockage  of the  Eustachian  tube
and  e usion  in  the  m iddle  ear, w hen  the  fluid  in  the  m iddle  ear
gets addit ionally infected w ith  bacteria. The m ost com m on bacte-
ria found  in  th is case  are  Streptococcus pneumoniae, Haemophilus
influenzae, and Mora xella  ca tar rha lis.

In  severe or untreated cases, the tym panic m em brane m ay rup-
ture, allow ing the  pus  in  the  m iddle  ear  space  to  drain  in to  the
ear  canal. Even  though  the  rupture  of the  tym panic  m em brane
suggests  a  h ighly  painful  and  t raum atic  process,  it  is  alm ost
always  associated  w ith  the  dram atic relief of pressure  and  pain .

In  a sim ple case of acute otit is m edia in  an  otherw ise healthy per-
son, the body’s defenses are likely to resolve the infection  and the
ear drum  nearly always heals.

To confirm  the diagnosis, m iddle ear e usion  and inflam m ation
of the  eardrum  have  to  be  identified;  signs of these  are  fullness,
bulging, cloudiness, and redness of the eardrum .

Com plications of acute otit is m edia consist  in  perforation  of the
ear drum , infect ion  of the m astoid space behind  the ear, or bacte-
rial m eningitis in  rare cases.

Oral and topical analgesics are e ect ive to treat  the pain  caused
by otit is m edia; the first  line an tibiotic t reatm ent , if warranted, is
am oxicillin  (see � Fig. 4.31, � Fig. 4.32, � Fig. 4.33).

Sum m ary

Otitis media with e usion in children is generally bilateral. If it
does not resolve despite appropriate medical treatment for a suf-
ficient period, a myringotomy and the insertion of ventilation
tubes are indicated. If necessary, adenoidectomy is also per-
formed in the same session.

In all adult  cases of unilateral prolonged otitis media with e u-
sion, nasopharyngeal examination is obligatory to exclude naso-
pharyngeal carcinoma. In these cases, it  is often advisable to take
a biopsy under local anesthesia. Biopsy is still indicated even if
the radiologic examination has proven normal. A biopsy should
not be at tempted, however, during endoscopic examination of
the nasopharynx if the mass appears macroscopically vascular.
Profuse hemorrhage can occur and may be di cult  to control.

Fig. 4.31  Right  ear. Acute otitis media in a 10-year-old boy with upper
respiratory infection. The  tympanic membrane  is bulged  on  the
posterior quadrants and  the  patient  complains of acute  pain.

Fig. 4.32  Right  ear. Another case  of acute  otitis media  with  posterior
bulging  of the  tympanic membrane. The  eardrum  is close  to  being
ruptured  (see  � Fig. 4.33).

Fig. 4.33  Right  ear. Same case of � Fig. 4.32. After few days from  the
first  observation, the  patient  refers only otorrhea. This stage  is
characterized by the  relief of the  ear pain. The  eardrum  is not  bulged
and  there’s fluid  in  the  external auditory canal. A small anterior
perforation of the  eardrum  is visible  (arrow).
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5  Cholesterol Granulom a
Abst ract
In  case of a cholesterol granulom a of the tem poral bone, the tym -
panic m em brane could appear bluish  in  color due to hem osiderin
crystals  in  the  m iddle  ear. Cholesterol granulom a  is  thought  to
arise  from  obstructed  drainage  and  insu cien t  aerat ion  of cellu-
lar  com partm ents of the  tem poral bone. Surgical t reatm ent  w ith
m astoidectomy is  usually  perform ed, even  though  in  the  in it ial
phases it  m ay be su cient  to insert  a ventilation  tube.

Keywords:  cholesterol  granulom a,  hem osiderin ,  tem poral  bone
drainage

Cholesterol granulom a  is  a  h istologic  term  used  to  describe  a
foreign  body,  giant  cell  react ion  to  cholesterol  crystals,  and
hem osiderin  derived  from  ruptured  erythrocytes.  Cholesterol
granulom a  is  thought  to  arise  from  obstructed  drainage  and
insu cien t  aeration  of  cellular  com partm ents  of  the  temporal
bone. This leads to reabsorption  of air, negative pressure, m ucosal
edem a, and hem orrhage. It  can  be present  in  the m iddle ear, m as-
toid, or  petrous  apex. Generally, patien ts  w ith  tym panom astoid
cholesterol  granulom a  have  a  long  h istory  of  recurrent  otit is
m edia  or  otit is  m edia  w ith  e usion . They also  complain  of con-
ductive  hearing  loss, and  on  otoscopy  the  tym panic  m em brane

appears bluish  in  color. In  som e cases, w here granulation  t issue is
m ore  prevalent ,  cholesterol  granulom a  can  present  as  a  retro-
tym panic  reddish-brow n  m ass  that  m ay  cause  bulging  of  the
tym panic  m em brane, thus  m im icking  a  glom us  tum or. In  these
cases, a  computed  tom ography (CT) scan  is  su cient  to  clear  up
any doubts. A cholesterol granulom a rarely causes bone  erosion.
On  the  contrary, bone  erosion  is characterist ic of glom us tum ors
causing destruct ion  of the jugular hypotym panic septum  w ith  an
irregular  “m oth-eaten” contour.

Hem otym panum  is a di erent  condit ion  due to the presence of
blood  in  the  tym panic cavity. The  m ost  com m on  causes  include
head  traum a  w ith  or  w ithout  skull base  fracture, nasal packing,
epistaxis, or clott ing disorders.

In  the  in it ial phases, before  cholesterol granulom a is form ed, it
m ight  be  su cien t  to  insert  a  ventilation  tube, thus  preventing
further developm ent  of the granulom a. When  the granulom a has
already form ed, it  is necessary to perform  a tym panoplasty w ith
m astoidectomy  that  opens  the  in tercellular  septa,  w ith  subse-
quent aerat ion  of the m iddle ear and m astoid.

Refer  to  the  figures  presented  in  th is  chapter  (� Fig.  5.1,
� Fig.  5.2,  � Fig.  5.3,  � Fig.  5.4,  � Fig.  5.5,  � Fig.  5.6,  � Fig.  5.7,
� Fig. 5.8, � Fig. 5.9, � Fig. 5.10, � Fig. 5.11, � Fig. 5.12, � Fig. 5.13,
� Fig. 5.14, � Fig. 5.15, � Fig. 5.16, � Fig. 5.17, � Fig. 5.18).

Fig. 5.1  Right  ear. Typical blue  tympanum  caused  by cholesterol
granuloma. The  blue  color is due  to  hemosiderin  crystals. The
granuloma not only involves the middle ear but  also generally extends
into the  mastoid  air cells.

Fig. 5.2  Blue tympanum caused by cholesterol granuloma. An epitym-
panic retraction due to Eustachian tube dysfunction is also present.

Cholesterol Granuloma

76



Fig. 5.6  Coronal CT scan of the  same  patient.

Fig. 5.3  Cholesterol granuloma associated with an inflammatory polyp
that  leads to bulging  of the  tympanic membrane.

Fig. 5.4  Characteristic blue  color of the  tympanic membrane  caused
by a  cholesterol granuloma.

Fig. 5.5  Axial CT of the  case  shown in  � Fig. 5.4. The  granuloma and
effusion  are  present  in  the  middle  ear and  mastoid  without  causing
any bony erosion. The ossicular chain (malleus and incus) is intact  and
the  intercellular septa in  the  mastoid  are  preserved.
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Fig. 5.7  Another case  of cholesterol granuloma in  a  left  ear.
Fig. 5.8  Left  ear. Cholesterol granuloma. The  tympanic membrane
shows a  posteroinferior atrophic area, which could  be  the  site  of a
previous perforation.

Fig. 5.9  Left  ear. Granuloma of the petrous apex extended in the area
of the  Eustachian tube. A brownish retro-tympanic mass can be  seen
in  the  anterosuperior quadrant. The  closure  of the  Eustachian tube
leads to accumulation of fluids in  the  tympanic cavity and  mastoid
(see  � Fig. 5.9, � Fig. 5.10). The  patient  has conductive  hearing  loss
with  fullness and  hemifacial pain. In  this case, an  infra- or
retrolabyrinthine  approach  could  be  used  for the  drainage  of the
granuloma.

Fig. 5.10  CT scan, axial view of the  case  in  � Fig. 5.9. Granuloma of
the  petrous apex extended  in  the  tubal region (arrows). Effusion  is
present  in  the  mastoid  and  middle  ear.
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Fig. 5.11  CT scan, coronal view.

Fig. 5.12  MRI, axial view, T1 W sequence. Cholesterol granuloma
shows a  typical hyperintense  signal in  both  T1 and  T2 weighted
sequences (arrow).

Fig. 5.13  MRI, axial view, T2 W sequence.

Fig. 5.14  Left  ear. A 17-year-old  male  patient  complained  of con-
ductive  hearing  loss of 1  year’s duration accompanied  by left  nasal
obstruction. Otoscopy revealed  the  presence  of a left  cholesterol
granuloma. Rhinoscopy showed  the  presence  of a  nasopharyngeal
swelling  that  extended  into the  left  nasal cavity. The  swelling  was
suggestive  of a  juvenile  nasopharyngeal angiofibroma.
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Fig. 5.15  Magnetic resonance  imaging  (MRI) of the  same  case,
coronal view, showing  the  extension of the  angiofibroma in  the
nasopharynx and  sphenoid  sinus.  Fig. 5.16  MRI of the  same  case, sagit tal view, showing  the  extension

of the  tumor from  the  ethmoid  to the  rhinopharynx pushing  the  soft
palate.

Fig. 5.17  MRI of the same case, axial view. Involvement  of the  middle
ear and  mastoid  by the  cholesterol granuloma can  be  observed.

Fig. 5.18  Postoperative  CT (1  year) confirming  the  total tumor
removal.
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6  Atelectasis, Adhesive Ot it is Media
Abst ract
Adhesive  otit is  m edia  is  characterized  by  retract ion  of the  th in
and  atrophic tym panic m em brane to the  m edial wall of the  m id-
dle  ear  due to the  negat ive  m iddle  ear  pressure  caused  by Eusta-
chian  tube  dysfunction  or  persisten t  secretory  otit is  m edia.
Di erent  grades  of  atelectasis  can  be  dist inguished,  based  on
Sadè  classification:  Grade  I  corresponds  to  a  m ild  retract ion,
w hile  Grade  IV is  a  complete  atelectasis  of the  tym panic m em -
brane. Treatm ent  depends on  the grade of retract ion  and  hearing
function. Each  grade of atelectasis w ith  the  relative  m anagem ent
w ill be discussed in  th is chapter.

Keywords: adhesive  otit is  m edia, retract ion  pocket, Sadè  classifi-
cation, ventilation  tube

Adhesive  otit is  m edia  is  characterized  by  com plete  or  part ial
adhesions  between  the  th in  retracted  and  atrophic  pars  tensa
and  the  m edial wall of the  m iddle  ear. Necrosis of the long proc-
ess of the  incus or  the  stapes suprast ructure  can  also occur, w ith
a  resultant  natural myringostapedopexy. It  should  be  di erenti-
ated  from  atelectasis and  from  sim ple  drum  retract ion, in  w hich
the  tym panic m em brane  is  m obile  w ith  the  Valsalva  or  Toynbee
m aneuvers.

Sadè (1979) dist inguished  five grades of atelectasis (� Fig. 6.1):
Grade  I  is  characterized  by  a  m ild  retract ion  of  the  tym panic
m em brane; in  grade II, the  retracted  tym panic m em brane  com es

in  contact  w ith  the incus or  the stapes; in  Grade III, the tym panic
m em brane  touches  the  prom ontory;  Grade  IV is  adhesive  otit is
m edia;  and, in  Grade V, there is a spontaneous perforation  of the
atelectatic ear drum  w ith  otorrhea and polyp form ation.

Nakano  (1993) proposed  two  types  of adhesive  otit is:  type  A,
in  w hich  the retracted and atrophic tym panic m em brane adheres
com pletely  to  the  prom ontory, and, type  B, in  w hich  retract ion
and  adhesion  a ect  m ainly  the  posterior  part  of  the  tym panic
m em brane, usually w ithout  retract ion  of its  anterior  half. Histo-
logically, the  tym panic m em brane  is  atrophic due  to th inning or
even  absence  of the  lam ina  propria. It  can  be  hypothesized  that
the  negative  m iddle  ear  pressure  caused  by Eustachian  tube dys-
funct ion  or  persistent  secretory otit is  m edia  leads  to  atrophy of
the  elast ic fiber  of the  pars tensa. An  occasional episode  of acute
suppurative  otit is  m edia  m ight  form  adhesions  between  the
m ucosa  of  the  prom ontory  and  the  retracted  tym panic
m em brane.

The figures in  th is chapter  present  di erent  grades of atelecta-
sis  and  types  of  adhesive  otit is  m edia  (� Fig.  6.2,  � Fig.  6.3,
� Fig.  6.4,  � Fig.  6.5,  � Fig.  6.6,  � Fig.  6.7,  � Fig.  6.8,  � Fig.  6.9,
� Fig.  6.10,  � Fig.  6.11,  � Fig.  6.12,  � Fig.  6.13,  � Fig.  6.14,
� Fig.  6.15,  � Fig.  6.16,  � Fig.  6.17,  � Fig.  6.18,  � Fig.  6.19,
� Fig.  6.20,  � Fig.  6.21,  � Fig.  6.22,  � Fig.  6.23,  � Fig.  6.24,
� Fig.  6.25,  � Fig.  6.26,  � Fig.  6.27,  � Fig.  6.28,  � Fig.  6.29,
� Fig.  6.30,  � Fig.  6.31,  � Fig.  6.32,  � Fig.  6.33,  � Fig.  6.34,
� Fig. 6.35, � Fig. 6.36, � Fig. 6 .37, � Fig. 6 .38).

1  2

3  4

Fig. 6.1  Sadè  classification of atelectasis (modified) (see  text).

Fig. 6.2  Right  ear. Sadè  Grade  I atelectasis. The  tympanic membrane
is retracted  but  does not  come into contact  with  the  middle  ear
structures. A mild  retraction  of the  pars flaccida, through which the
head of the malleus is visible, is also noted. The base of the retraction
pocket  is under control, with  no sign of cholesteatoma. It  is also
possible  in this case to assume that  the  drum  is mobile  on Valsalva or
Toynbee maneuvers. This patient  presented with very mild conductive
hearing  loss and  a  normal tympanogram  (type  A) (see  � Fig. 6.3 and
� Fig. 6.4).
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Fig. 6.3  Audiogram  of the  same  case. Mild  conductive  hearing  loss.

9

8

7

6

5

4

3

2

1

0
-200  -100  0  100  200

Fig. 6.4  Tympanogram  of the  same  case. Normal or type  A.

Fig. 6.5  Right  ear. Grade  I atelectasis. This case  could  represent  an
evolution of that in � Fig. 6.2. There is a deeper retraction pocket  with
erosion of the scutum. Even if it  is a self-cleaning retraction pocket and
the  base  seems under control, it  is better to  perform  a CT scan  to
exclude an epitympanic cholesteatoma or strictly follow-up the patient
with proper otoscopic evaluations. The hearing function is the same as
in  � Fig. 6.3.

Fig. 6.6  Left  ear. Another case  of Grade  I atelectasis. There  is an
erosion of the  long  process of the  incus, resulting  in  mild  conductive
hearing  loss (within  20 dB). A myringosclerosis of the  anterior
quadrants of the  tympanic membrane  is also  visible. Considering  the
hearing  function  and  the  absence  of other symptoms, the  patient
could  be  just  followed  up  with  otoscopic examinations. In  case  of
worsening  of hearing  function, ossiculoplasty with  autologous
remodeled  incus and a posterior reinforcement  of the  tympanic
membrane  with  tragal cartilage  should  be  considered.
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Fig. 6.7  Right  ear. Grade  I atelectasis with  the  malleus slightly
medialized. An epitympanic retraction pocket  is also seen. A yellowish
middle ear effusion can be appreciated. Pure tone audiogram revealed
a 40-dB conductive  hearing  loss (� Fig. 6.8), whereas the  tympano-
gram was type B, i.e., typical of middle ear effusion (� Fig. 6.9). In this
case, the  insertion  of a  ventilation  tube  is indicated  to avoid  further
retraction of the tympanic membrane, to aerate the middle ear, and to
improve  hearing.
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Fig. 6.8  Audiogram  of the  same  case, showing  a  40-dB conductive
hearing  loss.

Fig. 6.10  Right  ear. Grade  I atelectasis. The  tympanic membrane  is
markedly thinned  due  to partial resorption of the  lamina propria. The
incus is seen  in  transparency. Pure  tone  audiogram  is normal
(� Fig. 6.11), whereas the  tympanogram  has a  very high compliance
(� Fig. 6.12). As the  tympanic membrane  is mobile  with  the  Valsalva
maneuver, insertion of a  ventilation tube  is not  indicated.
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Fig. 6.9  Type  B tympanogram  of the same case, typical of middle  ear
effusion.
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Fig. 6.11  Audiogram  of the  same  case.
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Fig. 6.12  Tympanogram  of the  same case, type
Ad according  to the  classification of Liden-
Jerger, 1976.
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Fig. 6.15  Right  ear. Grade  II atelectasis. A condition  similar to  the
previous case, but  with  the  onset  of thickening  of the  tympanic
membrane.

Fig. 6.16  Right  ear. Grade  II atelectasis. The  tympanic membrane  is
very thin  due  to the  absence  of the  fibrous layer. The  membrane
adheres to the  incudostapedial joint  and  the  tensor tympani tendon.
Insertion  of a  ventilation  tube  is indicated.

Fig. 6.14  Left  ear. Grade  II atelectasis with  marked  epitympanic
retraction. The tympanic membrane touches the incus. The malleus is
medialized. Air-fluid  level is seen  in  the  anteroinferior quadrant. The
insertion of a  ventilation tube  is necessary to  restore  normal
conditions.

Fig. 6.13  Another case  similar to  that  in  � Fig. 6.10. Note  the
hyperectasis of the  posterior quadrants of the  tympanic membrane.
The  hearing  function  is close  to normal.
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Fig. 6.19  Right  ear. Grade  III atelectasis. The  tympanic membrane,
being adherent  to the long process of the incus, caused erosion of the
lat ter with  subsequent  conductive  hearing  loss (see  � Fig. 6.20). Part
of the  tympanic membrane  adheres to the  promontorium, so  the
round  window is visible  in  transparency. The  patient  referred  to
occasional otorrhea. A tympanoplasty should  be  performed  with
reinforcement  of the  tympanic membrane  and  incus interposition
between the  handle  of the  malleus and  the  stapes.

Fig. 6.18  Left  ear. Grade  II atelectasis. The  tympanic membrane  is
completely adherent  to the incudostapedial joint. The chorda tympani
is visible. Myringosclerosis in both the posterior and anterior quadrants
is present. A ventilation tube  should  be  placed  to  prevent  further
retraction and  erosion  of the  ossicular chain.
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Fig. 6.20  Audiogram  in  the  same  case  showing  conductive  hearing
loss.

Fig. 6.17  Left  ear. Grade  II atelectasis. Case  similar to  that  in
� Fig. 6.16. The  tympanic membrane  is very thin  and  adheres to the
incudostapedial joint  (long  process of the  incus partially eroded).
There  is an  at tical retraction  pocket  with  erosion  of the  scutum. The
body, the  neck, and  part  of the  head  of the  malleus are  visible.
Audiometry shows a  mild  conductive  hearing  loss. In  this case
insertion of a  ventilation tube  is indicated, but  the  patient  should  be
strictly followed  up  to  exclude  evolution of both  the  at tical and
mesotympanic retractions into  cholesteatoma.
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Fig. 6.23  Right  ear. Grade  III atelectasis. The  tympanic membrane
completely adheres to the  long  process of the  incus (slightly eroded)
and the  stapes. The second portion of the facial nerve is visible  under
the  incus. There  is also  a  retraction  pocket  of the  anterosuperior
quadrant. In  this case, placement  of a  ventilation  tube  is indicated  to
prevent  further erosion of the  ossicular chain  and  the  formation of a
cholesteatoma.

Fig. 6.24  Right  ear. Grade  III atelectasis. Myringostapedopexy with
normal hearing. The  long  process of the  incus is absent.

Fig. 6.22  Right  ear. Grade III atelectasis. The long process of the incus
is absent. The tympanic membrane is thin and adheres to the head of
the  stapes and  slightly to  the  promontorium. Hearing  function is
normal, so  surgery is not  indicated.

Fig. 6.21  Left  ear. Posterior retraction  pocket. The  tympanic mem-
brane  remains adherent  to the  stapes even  after Valsalva  maneuver
(myringostapedopexy). The  remaining  part  of the  tympanic mem-
brane  is thick and  shows tympanosclerosis. Audiometry revealed
normal hearing. Patients with  myringostapedopexy generally have
good hearing; therefore, surgery is not  indicated  except  if conductive
hearing loss develops and/or a posterior retraction pocket is associated
with  frequent  otorrhea. Surgery varies from  simple  myringoplasty
(when the  tympanic membrane  needs reinforcement) to tympano-
plasty (in  which the  ossicular chain  is eroded  and  needs ossiculo-
plasty).
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Fig. 6.27  Left  ear. Posterior retraction  pocket  with  myringostapedo-
pexy. The patient  complained of recurrent  otorrhea. Hearing  function
is normal. The  retraction  pocket  is not  under control with  skin
migration toward  the  mesotympanic area. The  suspect  of a
mesotympanic cholesteatoma is high, so a CTscan is recommended in
this case, even for a  correct  surgical management.

Fig. 6.28  Left ear. Grade III atelectasis. The thin and atrophic tympanic
membrane  is in  contact  with  the  promontory. Middle  ear effusion is
seen. A tympanosclerotic plaque  is present  in  the  anterosuperior
quadrant. The  head  of the  malleus is visible  through an  epitympanic
retraction pocket. The  insertion of a ventilation tube  is indicated.

Fig. 6.26  Right  ear. Posterior retraction  pocket. The  tympanic
membrane  adheres to the  promontory, the  round  window, the
partially eroded long process of the incus, the head of the stapes, and
the  stapedius tendon. The  processus cochleariformis is clearly visible
between the  malleus and  the  long  process of the  incus. Middle  ear
effusion can be  observed anterior to the  malleus and in the  region of
the  oval window. In this case, ventilation tube  insertion is indicated in
an at tempt  to  prevent  further erosion  of the  ossicular chain  and  the
formation of mesotympanic cholesteatoma.

Fig. 6.25  Right  ear. Grade  III atelectasis. The  tympanic membrane  is
adherent  to the  oval window (myringoplatinopexy). The  long  process
of the  incus is eroded. The  round  window is visible  too. Hearing  is
normal even in  this case, so  surgery is indicated  only in  case  of
otorrhea or destabilization of the  mesotympanic retraction pocket.
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Fig. 6.31  Right  ear. The  thin  and  atrophic tympanic membrane
adheres to the  promontory, incudostapedial joint, pyramidal process,
and  stapedius tendon. The  long  process of the  incus is partially
eroded. Calcifications are present in the anterior quadrants. As hearing
is normal, surgery is not  indicated.

Fig. 6.32  Right  ear. Atelectasis associated  with  marked  epitympanic
erosion  through which the  head  of the  malleus and  the  body of the
incus are  seen  covered  with  epithelial squamae. The  tympanic
membrane is thin and transparent  due to absence of the fibrous layer.
The handle of the malleus is amputated. The long process of the incus
is eroded, and a natural myringostapedopexy is seen. The promontory,
round  window, head  of the  stapes, and  oval window can  be  seen
through the  thin  tympanic membrane. Despite  the  at tic epithelializa-
tion, a  true  cholesteatoma has not  yet  formed. Regular follow-up  of
such patient  is vital. Should  the  disease  progress with  cholesteatoma
formation, surgery in the form  of an open tympanoplasty is indicated.

Fig. 6.30  Left ear. Adhesive otitis media. This case represents the long-
term  sequelae  of persistent  secretory otitis media with  chronic
Eustachian tube  dysfunction. The  fibrous and  mucosal layers of the
tympanic membrane have been resorbed, whereas the epidermal layer
is completely adherent  to  the  medial wall of the  middle  ear. The
promontory, round  and  oval windows, as well as residue  of the
ossicular chain  are  all visible. The handle  of the  malleus is completely
medialized  and  partially eroded. The  long  process of the  incus is
eroded whereas the stapes suprastructure is completely absent. As the
patient  is not  suffering  from  otorrhea, surgery is not  advised.

Fig. 6.29  Right  ear. Adhesive  otitis media  or Grade  IV atelectasis
associated  with  a  mild  epitympanic retraction  pocket. The  thin  and
atrophic tympanic membrane completely covers the promontory. The
tympanic membrane retraction has caused erosion of the long process
of the incus, with a subsequent  spontaneous myringostapedopexy. As
the  patient  has no hearing  loss, surgery is not  indicated.
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Fig. 6.35  Left  ear. Meso- and  epitympanic retraction pockets that
adhere to the head of the malleus, the partially eroded long process of
the  incus, and  the  incudostapedial joint. A ventilation  tube  has been
inserted in the anterior quadrant  to avoid further retraction that might
lead  to cholesteatoma.

Fig. 6.36  Right  ear. Large  mesotympanic retraction pocket  that
caused  erosion  of the  incus and  stapes suprastructure. The  second
portion of the  facial nerve  passing  superior to the  oval window, the
promontory, and the round window can all be seen in transparency. In
patients with  good  social hearing  and  no  otorrhea, surgery is not
indicated.
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Fig. 6.34  Audiogram  of the  same  case.

Fig. 6.33  Right  ear. Adhesive  otitis media. Similar to the  case  in
� Fig. 6.18, the fibrous and mucosal layers of the tympanic membrane
have  been resorbed, whereas the  epidermal layer is completely
adherent  to the  medial wall of the  middle  ear. The  handle  of the
malleus is medialized, while  the  long  process of the  incus is eroded.
The  contralateral ear has a similar aspect, with  the  same  hearing
function. Considering  that  the  patient  suffered  from  bilateral
moderate  conductive  hearing  loss (see  � Fig. 6.34) and  the  clinical
condition had been stable  since  years, the  application of a right  bone
anchored  hearing aid  was performed.
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Sum m ary

In Grades I to III atelectasis, a long-term ventilation tube is usually
inserted to prevent further retraction of the tympanic mem-
brane. However, in cases with marked conductive hearing loss
that denotes erosion of the incus or the superstructure of the
stapes, ossiculoplasty is performed after extraction and sculptur-
ing of the eroded incus. A large disk of tragal cartilage is used to
reinforce the tympanic membrane. Indications for surgery in
adhesive otitis media include cases with tympanic membrane
perforation (Grade V according to Sadè 1979), with or without
polyps, granulation or otorrhea, those cases with a large infected
retraction pocket causing frequent otorrhea, or those with con-
ductive hearing loss due to ossicular chain erosion. In all these
cases, a tympanoplasty is performed using a postauricular inci-
sion. A disk of tragal cartilage is used with the perichondrium
adherent  to its lateral surface. If the handle of the malleus is
present, it  is incorporated into the cartilaginous disk after a trian-
gular defect has been created to accommodate it. This technique
has the advantage of preventing retraction and adhesions
between the tympanic membrane and the promontory. At the
same time, it  enables repair of the tympanic membrane perfora-
tion with the tragal perichondrium. It  can be concluded that
there is no single treatment for the atelectatic ear. The milder
the degree of atelectasis, the more conservative the treatment
is. It  should be noted, however, that  in the long term conserva-
tive treatment (e.g., ventilation tube) has not been found to
modify the further evolution of atelectasis. As atelectasis results
from Eustachian tube dysfunction, the ideal solution would be
correction of this defect. At present, there is no acceptable
“functional” surgery for the Eustachian tube. Individual treat-
ment should be administered according to the consequences of
this dysfunction in each case. Such a strategy, however, requires
a flexible approach and versatile surgical techniques.

Fig. 6.38  Left  ear. Another case  of Grade  V atelectasis. Tympanoscle-
rosis of the anterior quadrant is present  with malleus fixation. The long
process of the  incus is amputated  and  the  stapes suprastructure  is
absent. The  tympanic perforation corresponds to the  area of the
round  window. This patient  suffered  from  severe  conductive  hearing
loss. Cartilage  tympanoplasty was performed  with  incus reposition
between the  handle  of the  malleus and  the  oval window.

Fig. 6.37  Left  ear. Grade  V atelectasis. There  is a  mesotympanic
retraction pocket  with myringostapedopexy and skin migration on the
medial surface  of the  perforation. The  long  process of the  incus is
absent. The  second portion  of the  facial nerve  is clearly visible  under
the  tympanic perforation. Tympanoplasty is recommended  in  such
condition.
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7  Noncholesteatom atous Chronic Ot it is Media
Abst ract
Chronic otit is m edia corresponds to a tym panic m em brane perfo-
ration  that  does  not  heal  spontaneously.  The  m ost  com m only
encountered  form s  are  act ive  chronic  suppurative  otit is  m edia,
characterized  by otorrhea, and  inact ive chronic suppurative otit is
m edia, in  w hich  the  ear  is  dry. Tym panic perforations could  also
be classified  depending on  the quadrant  involved. In  the m ajority
of cases, th is  condit ion  represents  an  anatom ical and  functional
defect  that  needs surgical correct ion  (m yringoplasty). Tym pano-
sclerosis  represents  a  worst  clin ical  condition  characterized  by
fibroblast ic invasion  of the  m iddle  ear  due  to  chronic inflam m a-
t ion.  As  a  result,  calcium  deposits  could  st i en  the  tym panic
m em brane  and/or  the  ossicular  chain  w ith  hearing loss. Surgical
m anagem ent of th is condition  is st ill controversial.

Keywords:  chronic  otit is  m edia, tym panic  perforation, otorrhea,
myringoplasty, tym panosclerosis

The  di erence  between  acute  and  chronic otit is  m edia  is  not
the  duration  of the  disease  but  rather  the  anatom opathological
characterist ics.  Untreated  acute  otit is  m edia  persist ing  for
m onths  is  st ill  a  process  that  tends  essentially  to  return  to  nor-
m ality. On  the  other  hand, a  chronic otit is, even  if the  ear  stops
discharging, has anatom opathological sequelae  of clin ical im por-
tance. The  m ost  com m on  encountered  form s  are  act ive  chronic
suppurative  otit is  m edia, characterized  by otorrhea, and  inactive
chronic  suppurative  otit is  m edia, in  w hich  the  ear  is  dry. Natu-
rally, the act ive form  m ay becom e quiescent either spontaneously
or follow ing treatm ent . The ear becom es dry and  the condit ion  is
designated  inactive. A dry perforation, however, m ay be infected,
leading  to  ear  discharge. In  th is  lat ter  case, the  m ucosa  m ay  be
hyperplast ic and  th ick due to in terstit ial edem a, fibrosis, or cellu-
lar infilt ration. In  other cases, persistence of suppuration  can  lead
to ulceration  of the  m ucosa, form ation  of granulation  t issue, and
even  bone  resorption. The  anatom ical sequelae  of chronic otit is
m edia vary. They m ay be in  the form  of a sim ple central tym panic
m em brane  perforation, erosion  of the  ossicular  chain , or  form a-
t ion  of  tym panosclerosis.  Both  the  act ive  and  inact ive  form s
cause functional alterations such  as conductive  or  m ixed  hearing
loss (very rarely sensorineural). The absence of squam ous epithe-
lium  in  the m iddle ear has led  to the designation  of th is form  as a
“safe type” of otit is m edia. This is to dist inguish  it  from  cholestea-
tom a, w hich  is  considered  “unsafe” due  to  the  potential com pli-
cations  that  m ay  arise  from  the  presence  of  keratin ized
squam ous epithelium  in  the m iddle ear.

7.1  General Characterist ics of
Tym panic Mem brane Perforat ions
Tym panic m em brane  perforations are  usually present  at  the  pars
tensa.  Pars  flaccida  perforations  are  generally  associated  w ith
epitym panic cholesteatom a.

If a  tym panic m em brane  perforation  does  not  heal spontane-
ously, the epithelial and  m ucosal layers creep  and  m eet  along the
borders  of  the  perforation.  This  pathological  com m unication
between  the  m iddle  and  external  ear  can  be  considered  a  t rue

“air fistula.” In  the presence of a tym panic m em brane perforation,
the patien t  is subjected  to recurrent  infect ions and  ear discharge.
Whenever  tym panic m em brane  perforations  are  diagnosed, the
follow ing three  assessm ents  m ust  be  perform ed:  (1) at  the  level
of the perforation, the site, size, and  state  of the rem ainder of the
tym panic  m em brane  around  the  perforation  should  be  deter-
m ined; (2) at  the level of the  m iddle  ear, the state  of the m ucosa,
the condition  of the ossicular chain  (if possible), and the presence
or  absence  of epithelializat ion  should  be  evaluated;  (3) the  oto-
scopic  exam ination  has  to  be  com plem ented  w ith  pure  tone
audiom etry  to  obtain  a  better  understanding  of  the  ossicular
chain  (possible erosion  of the incus, fixity of the chain).

Pars tensa perforations can  be  either  central or  m arginal. Mar-
ginal perforations lie at  the periphery of the tym panic m em brane
w ith  absence  of the  fibrous  annulus. Marginal  perforations  are
considered  “unsafe”  because  the  skin  of  the  external  auditory
canal, in  the  absence  of the  annulus, can  easily  advance  toward
the m iddle ear, giving rise to cholesteatom a.

Otoscopic exam ination  can  often  define  the  junct ion  between
the  skin  and  the  m ucosa  at  the  borders  of the  tym panic  m em -
brane perforation. At  th is junct ion, the  squam ous epithelium  has
a  “velvety” appearance. The  presence  of a  red  de-epithelialized
ring  along  the  perforation  rim  indicates  the  evagination  of the
m ucosa  toward  the  external surface  of the  tym panic m em brane
residue.

However, invaginat ion  of the  skin  toward  the  inner  surface  of
the  tym panic  m em brane  residue  is  m ore  di cult  to  diagnose.
This  inward  skin  m igration  is  favored  by  the  atrophy  of  the
m ucosa w hich  occurs as a result  of the perforation. At  the t im e of
myringoplasty, freshening of the  edge of the perforation  not  only
prom otes the attachm ent of the graft  but  also greatly reduces the
risk of leaving entrapped  skin  on  the  undersurface  of the  drum ,
w hich m ay lead to iatrogenic cholesteatom a.

Conductive hearing loss caused  by tym panic m em brane  perfo-
ration  has two m ain  causes: (1) reduction  of the tym panic m em -
brane  surface  area  on  w hich  the  acoustic  pressure  exerts  its
act ion  and  (2) reduction  of the vibratory m ovem ents of the coch-
lear  fluids, because  sound  reaches  both  w indows  at  nearly  the
sam e  tim e  w ithout  dampening and  phase-changing e ect  of the
intact  tym panic m em brane.

The  site  of the  perforation  cannot  be  correlated  to  a  part icular
audiom etric pattern . However, it  is generally observed  that  hear-
ing loss occurs m ore in  the low  frequencies and  that, for  perfora-
t ions  of the  sam e  size, hearing loss occurs m ore  in  the  posterior
perforations than  in  anterior ones.

The  m ajority of post traum atic and  postot it ic perforations  heal
spontaneously. When  large  port ions of the  tym panic m em brane
are lost  or  w hen  chronic or  recurrent  infect ions occur, the  perfo-
ration  m ay  becom e  perm anent .  In  these  cases,  the  tym panic
m em brane  m ust  be  repaired  (myringoplasty) to  restore  the  nor-
m al physiology of the ear.

7.2  Posterior Perforat ions
These  type  of  perforations  have  been  show n  in  � Fig.  7.1,
� Fig.  7.2,  � Fig.  7.3,  � Fig.  7.4,  � Fig.  7.5,  � Fig.  7.6,  � Fig.  7.7,
� Fig. 7.8, � Fig. 7.9, � Fig. 7.10.
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Fig. 7.1  Left  ear. The tympanic membrane is very thin due to atrophy
of the  fibrous layer. A posterosuperior marginal perforation is seen.
This perforation is risky because the skin of the external auditory canal
can  easily advance  into the  middle  ear, forming a  cholesteatoma. In
this case, a myringoplasty using an endomeatal approach is indicated.

Fig. 7.2  Left  ear. Perforation  of the  posterosuperior quadrant  of the
tympanic membrane. Visualized  through the  perforation are  the
incudostapedial joint, the  stapes, the stapedius tendon, the pyramidal
process, the  promontory, and  the  round  window. The  residue  of the
tympanic membrane  is very thin  due  to  absence  of the  fibrous layer.
Tympanosclerosis can  be  seen  in  the  marginal part  of the  drum
residue. From  the surgical point  of view, posterior perforations are the
easiest  to  repair, especially when partial reconstruction  of the
tympanic membrane  is all that  is required. When the  residue  of the
tympanic membrane  is transformed  into  a  rigid  tympanosclerotic
plaque, it  is advisable  to remove  it, conserving  the  epidermal layer to
be  laid  over the  graft.

Fig. 7.3  Right  ear. Large  perforation of the  posterior quadrants.
Normal middle  ear mucosa. The  incudostapedial joint  is intact. The
oval window with the annular ligament  surrounding the footplate  can
be  seen. The  pyramidal eminence, the  stapedius tendon, the  round
window, and  Jacobson’s nerve  running  on  the  promontory are  also
visible. The  remaining  anterior quadrants of the  tympanic membrane
are  tympanosclerotic and  rigid, blocking  the  mobility of the  malleus.

Fig. 7.4  Right  ear. Presence of chronic otitis media. Dry perforation of
the  posterior quadrants of the  tympanic membrane, through which
the  head  of the  stapes and  the  round  window are  visible. The  long
process of the  incus is necrosed. The  middle  ear mucosa is normal.
The  tympanic membrane  residue  shows tympanosclerosis with
alternating  areas of calcification  and  areas of thinned  membrane  due
to  atrophy of the  fibrous layer. The  operation, performed  through a
postauricular incision, will also  include  the  reconstruction  of the
ossicular chain  using  the  autologous incus.
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Fig. 7.5  Left  ear. Posterior nonmarginal perforation. The  incudosta-
pedial joint, the promontory, and the round window are all discernible.

Fig. 7.6  Right  ear. Presence  of a  simple  chronic otitis media; a
posteroinferior drum  perforation. The  middle  ear mucosa is normal.
The  round  window and  Jacobson’s nerve  running  on  the  promontory
are  seen. The  incus can also  be  appreciated  posterior to  a
retromalleolar tympanosclerotic plaque. The  tympanic membrane
residue  shows areas of atrophy alternating  with  areas of tympano-
sclerosis.

Fig. 7.7  Right  ear. Perforation of the  posteroinferior quadrant  of the
tympanic membrane. The  anterior quadrants show slight  myringo-
sclerosis. The  oval window and  the  promontorium  are  visible. Middle
ear mucosa is normal. In  this case, underlay myringoplasty with
endocanalar approach is indicated.

Fig. 7.8  Left  ear. Perforation  of the  posterior quadrants of the
tympanic membrane. The  skin  advances along  the  posterosuperior
border of the perforation toward the incudostapedial joint. The middle
ear mucosa appears hypertrophic. Mucoid discharge is also present. A
tympanosclerotic plaque  can  be  seen in  the  residue  of the  tympanic
membrane.
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7.3  Anterior Perforat ions
These  type  of  perforations  have  been  shown  in  � Fig.  7.11,
� Fig. 7.12, � Fig. 7.13, � Fig. 7.14, � Fig. 7.15, � Fig. 7.16, � Fig. 7.17.

Fig. 7.9  Left  ear. Perforation of the posterior quadrants of the tympanic
membrane. The perforation borders are irregular with epithelialization
toward the middle ear. A small mesotympanic cholesteatoma could be
suspected. In this case, retroauricular-approach myringoplasty with
mastoid exploration is the treatment of choice.

Fig. 7.10  Right  ear. Marked  posterior marginal perforation  through
which the  skin  penetrates into the  middle  ear. The  incudostapedial
joint  is not  visible.

Fig. 7.11  Left  ear. Small anterior perforation  of the  tympanic
membrane. Hearing function is normal. Surgical treatment of this case
depends on patient’s symptoms (i.e., recurrent  otorrhea). Anterior
hump of the  external auditory canal can be  seen, preventing  total
visualization  of the  annulus. In  this case, myringoplasty should  be
performed  with  canalplasty.

Fig. 7.12  Right  ear. Anterior perforation of the  tympanic membrane.
Middle ear mucosa is normal and the tubal orifice is visible. The rest  of
the  tympanic membrane  is tympanosclerotic, resulting  in  moderate
conductive  hearing  loss (see  � Fig. 7.13). In this case, mobility of the
ossicles should  be  checked  during  the  myringoplasty.
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Fig. 7.13  Audiometry of the  previous case.

Fig. 7.14  Left  ear. Anterior perforation of the  tympanic membrane
with  inferior and  posterior extension. The  tubal orifice, as well as
Jacobson’s nerve  and  inferior tympanic artery, is clearly visible.
Posteriorly, a  tympanosclerotic plaque  is present. The  mass can  be
confused  with  a  cholesteatoma. Testing  the  consistency of the  mass
using an instrument  under the  microscope could be  useful: in case  of
cholesteatoma, the  mass is soft  and  will break, whereas tympano-
sclerosis is generally hard.

Fig. 7.15  Right  ear. Anterior perforation in a patient  with anterior and
posterior humps of the  external auditory canal as well as osteoma of
the  superior canal wall. In  this case, canalplasty should  be  performed
at  the  same  time  as myringoplasty.

Fig. 7.16  Case similar to that in � Fig. 7.12. Left ear. Dry anteroinferior
perforation. The  middle  ear mucosa is normal. The  tympanic
membrane  residue  shows tympanosclerosis, giving  it  a  white
appearance. The tubal orifice can be seen from  the anterior margin of
the  perforation.

Noncholesteatomatous Chronic Otit is Media

98



7.4  Inferior Perforat ions
These  type  of  perforations  have  been  show n  in  � Fig.  7.18,
� Fig. 7.19, � Fig. 7.20, � Fig. 7.21.

Fig. 7.17  Left ear. Perforations of the anterior quadrants of the tympanic
membrane. A small bridge of intact  membrane separates the two
perforations. The tubal orifice, as well as the supratubal recess and the
hypotympanic area, is visible. The malleus handle is amputated with
medial epithelialization. Amass similar to a small cholesteatoma is visible
medial to the anterosuperior border of the perforation. In this case,
careful examination of the middle ear should be performed.

Fig. 7.18  Left  ear. Small tympanic membrane  perforation. The  whole
tympanic membrane  is tympanosclerotic, mainly on its posterior
quadrants. Audiometry showed  moderate  conductive  hearing  loss,
maybe  due  to ossicular fixation. Even  in  this case, myringoplasty
should be  performed with careful inspection of the ossicular mobility.

Fig. 7.19  Right  ear. Inferior perforation. The  posterior and  anterior
residues of the  tympanic membrane  show tympanosclerosis. The
hypotympanic cells are  also  visible.
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7.5  Subtotal and Total
Perforat ions
These  type  of  perforations  have  been  show n  in  � Fig.  7.22,
� Fig.  7.23,  � Fig.  7.24,  � Fig.  7.25,  � Fig.  7.26,  � Fig.  7.27,
� Fig. 7.28, � Fig. 7.29.

Fig. 7.21  Right  ear. Inferior perforation. Even in  this case  the  rest  of
the  tympanic membrane  is tympanosclerotic. The  marginal tympanic
perforation is unsafe, with epithelialization toward the inner surface of
the  tympanic membrane  and  the  middle  ear.

Fig. 7.22  Right  ear. Large tympanic membrane  perforation. The tubal
orifice, the hypotympanic air cells, the promontory, the round and oval
windows, and the intact  stapes can be viewed. An onset  of necrosis of
the  incus can  be  distinguished.

Fig. 7.23  Right  ear. Perforation of the  inferior quadrants of the
tympanic membrane. All the  tympanic membrane  residue  shows
dense  tympanosclerosis. Removal of these  sclerotic plaques during
myringoplasty assures an adequate  vascularity to the graft  and thus a
high success rate  for the  operation.

Fig. 7.20  Right  ear. Anteroinferior perforation. Two tympanosclerotic
plaques are  observed: one  anteromalleolar and  the  other retromal-
leolar. The  middle  ear mucosa is normal. The  hypotympanic air cells
are  seen through the  perforation.
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Fig. 7.25  Left  ear. Subtotal perforation. The  annulus as well as a
fibrous rim  is visualized  along  the  inferior border of the  perforation.
The  handle  of the  malleus is medialized. The  tubal orifice, the
hypotympanic air cells covered with mucosa, Jacobson’s nerve  on the
promontory, and the long process of the incus are visible. The residue
of the tympanic membrane is thickened. In cases in which only a small
anterior residue  of the  tympanic membrane  is found, an  overlay
technique  in  which  the  graft  is put  over the  annulus is used, thus
preventing  detachment  of the  anterior part  of the  graft  leading  to
reperforation.

Fig. 7.26  Left  ear. Total perforation of the  tympanic membrane
through which evolving tympanosclerotic plaques are visible. The long
process of the  incus is partially eroded. The  handle  of the  malleus is
medialized and adherent  to the promontory. The tubal orifice and the
hypotympanic air cells are  also  noted.

Fig. 7.27  Left  ear. Subtotal perforation of the  tympanic membrane.
The middle ear mucosa is normal. The tympanic membrane residue is
de-epithelialized. The  incudostapedial joint, the  medialized  handle  of
the  malleus, and  the  hypotympanic air cells are  visible.

Fig. 7.24  Right  ear. Similar case. The  promontory and  the  round
window are  visible. A tympanosclerotic plaque  that  engulfs the
ossicular chain is seen at  the level of the posterosuperior border of the
perforation.
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7.6  Post t raum at ic Perforat ions
These  type  of  perforations  have  been  show n  in  � Fig.  7.30,
� Fig.  7.31,  � Fig.  7.32,  � Fig.  7.33,  � Fig.  7.34,  � Fig.  7.35,
� Fig. 7.36.

Fig. 7.29  Left  ear. Total perforation of the  tympanic membrane. All
the structures of the middle ear are visible, including the tubal orifice.
The  anterior, inferior, and  posterior annulus are  under view.

Fig. 7.30  Left  ear. Post traumatic perforation of the  tympanic mem-
brane  in  the  region of the  cone  of light. The  blood  clot  over the
perforation has not  been removed. This clot  helps to  guide
spontaneous healing  of the  drum.

Fig. 7.31  Left  ear. Similar case  to that  in  � Fig. 7.30.

Fig. 7.28  Right  ear. Subtotal perforation  of the  tympanic membrane.
The  anterior residue  of the  tympanic membrane  is tympanosclerotic.
The  long  process of the  incus is absent. The  handle  of the  malleus is
eroded and medialized. The suprastructure  of the stapes is visible and
covered by mucosa. The cochleariform  process, the  second portion of
the  facial nerve, the  promontorium, the  round  window, and  the
hypotympanic air cells are  also visible.
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Fig. 7.33  Left  ear. Long-lasting posttraumatic perforation (cotton swab)
of the posterior quadrants. The edges of the perforation are sharp. The
long process of the incus is eroded and slightly curved but in contact with
the stapes suprastructure. The handle of the malleus seems broken but in
contact  with the tympanic membrane. All the stapes, stapedial tendon,
and the oval window niche are visible. The round window and the second
portion of the facial nerve are also under view. Fortunately, the patient
had conductive hearing loss of only 10 to 15 dB. In this case,
myringoplasty through a retroauricular approach is indicated.

Fig. 7.34  Left  ear. Another case of long-lasting posttraumatic perfora-
tion (cotton swab) of the anteroinferior quadrant. The tubal orifice is
partially under view. Posterior quadrants of the tympanic membrane are
myringosclerotic. In this case, myringoplasty should be performed with
canalplasty due to the anterior hump of the external auditory canal.

Fig. 7.35  Left ear. Subtotal perforation of the tympanic membrane (after
a slap). The mucosal layer of the anterior portion of the tympanic
membrane is everted. The tubal orifice and the incudostapedial joint are
visible. There is a hump of the anterior wall of the external auditory canal
which impedes visualization of the whole anterior annulus. Unfortunately,
the patient developed a decreasing of the bone conduction, as a result of
an injury even on the inner ear (see � Fig. 7.36).

Fig. 7.32  Left  ear. Posttraumatic perforation in  the  posterosuperior
quadrant. The characteristic radial tear, running in the  same direction
as the  fibers of the  tympanic membrane, is apparent. Hemorrhagic
points separating the epidermal layer from the fibrous layer are visible.
These tiny hemorrhages are typical of post traumatic perforations. The
type  of tympanic membrane  perforation has a very high incidence  of
spontaneous healing.
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7.7  Perforat ions Com plicated or
Associated w ith Other Pathologies
See  � Fig.  7.37,  � Fig.  7.38,  � Fig.  7.39,  � Fig.  7.40,  � Fig.  7.41,
� Fig. 7.42, � Fig. 7.43, � Fig. 7.44, � Fig. 7.45, � Fig. 7.46, � Fig. 7.47.

Sum m ary

The presence of a tympanic membrane perforation that  does not
heal spontaneously, as in chronic otitis media, represents an ana-
tomical and functional defect  that  needs surgical correction in the
majority of cases. Myringoplasty is indicated in cases with and
without otorrhea, with a small or a large air–bone gap, and with
no age limit. It  is a contraindication when the tympanic mem-
brane perforation is present  in the only hearing ear. Myringoplasty
is generally performed using a postauricular incision under local
anesthesia—except  for children in whom general anesthesia is
used. The tympanic membrane is repaired by an autologous tem-
poralis fascia graft. We prefer the underlay technique in the
majority of cases because it  gives better results both anatomically
and functionally. The overlay technique is used in selected cases
when the anterior residue of the tympanic membrane is patho-
logic or absent. When properly performed, the overlay technique
gives optimal results in these cases. Canalplasty is done whenever
bony humps of the external auditory canal are present, limiting
control of the perforation borders. If reperforation occurs after
myringoplasty (in ~ 5% of cases), a revision operation is indicated
after a few months. The result  of the first  and second operation in
terms of graft  take and reperforation are generally comparable.

Fig. 7.37  Right  ear. Exacerbation of chronic otitis with  otorrhea in  a
patient  with  a small tympanic membrane  perforation. After proper
local therapy, the  patient  should  be  revaluated  and  eventually
programmed  for a  myringoplasty.

Fig. 7.38  Right  ear. Total perforation. Epidermization is present  in the
regions of the  mesotympanum  and  the  ossicular chain. The  round
window, hypotympanic air cells with  thickened  mucosa, Jacobson’s
nerve  running  on the  promontory, and  the  tubal orifice  are  well
visualized. This case is an example of chronic otitis media complicated
by the  presence  of skin  in  the  middle  ear. Tympanoplasty should  be
staged. In the first  stage, the skin is removed without  traumatizing the
ossicular chain, and  the  tympanic membrane  is reconstructed. In  the
second stage, the  middle  ear is checked for any residual skin, and the
ossicular chain  is reconstructed.

Fig. 7.36  Audiometry of the  previous case  shows mixed  hearing  loss.
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Fig. 7.41  Right  ear. Another example  of chronic otitis media  compli-
cated  with  diffuse  epidermization  of the  middle  ear. Surgery follows
the  same  rules as for cholesteatomas.

Fig. 7.40  Right  ear. Perforation of the  inferior quadrants of the
tympanic membrane, the  residues of which show tympanosclerosis.
Epidermization  is evident  over the  promontory. As epidermization is
limited  in  this case, a  single-stage  tympanoplasty can  be  performed.

Fig. 7.42  Right  ear. Large  tympanic membrane  perforation. The
anterior drum  residue  shows tympanosclerosis. The  ossicular chain  is
difficult  to  identify because  of the  presence  of epidermization  at  this
level. The  round  window is visible. A staged  tympanoplasty is also
indicated  in  this case.

Fig. 7.39  Left  ear. Large perforation with diffuse epidermization of the
middle  ear associated  with  purulent  otorrhea. In  these  cases, even if
the ossicular chain proves intact, mastoid exploration should be done.
A second stage  is performed  1  year after the  first  operation to check
for any skin  residues.
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Fig. 7.44  Right  ear. Small perforation of the  inferior quadrants of the
tympanic membrane, with  eversion  of the  mucosa onto the  outer
layer of the  membrane. Tympanosclerosis, both antero- and  poster-
omalleolar, can be  observed.

Fig. 7.45  Right  ear. Case similar to that  in � Fig. 7.44. The mucosa has
replaced  the  epithelial layer. Ear discharge  is also  present. During
myringoplasty, curet tage of the  everted mucosa is necessary until the
fibrous layer of the  tympanic membrane  is reached.

Fig. 7.46  Left  ear. Perforation  of the  anterior quadrants. Skin
envelopes the handle of the malleus. During myringoplasty, curet tage
of the  skin is necessary before  reconstruction.

Fig. 7.43  Granulomatous otitis media. A roundish mass fills the middle
ear. Serous otorrhea is present.
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7.8  Tym panosclerosis
Tym panosclerosis  is  characterized  by fibroblast ic invasion  of the
subm ucosal spaces of the m iddle ear followed by th ickening, hya-
lin izat ion, and  fusion  of collagen  fibers in to a  hom ogenous m ass
w ith  calcium  deposits and phosphate crystals. Though  the patho-
genesis is not  yet clear, it  seem s that chronic otit is m edia is a pre-
disposing  factor. There  is  accum ulat ing evidence  attr ibuting  the
pathogenesis of tym panosclerosis to abnorm al im m une react ion.
Tym panosclerosis also lim its m obilizat ion  of the tym panic m em -
brane  and/or  the  ossicular  chain , requiring  appropriate  surgical
m anagem ent . Sim ple  reconstruct ion  of the  tym panic m em brane
w ithout  m anaging  such  pathologies  results  in  unsat isfactory
postoperative hearing. The status of the tym panic m em brane and
ossicular  chain  therefore  needs  to  be  checked  before  myringo-
plasty. However, tym panosclerosis m ay advance after surgery.

Two dist inct  form s are recognized, as discussed next.

7.8.1  Tym panosclerosis Associated
with Tym panic Mem brane Perforat ion
The perforation  is frequently central or  subtotal and  the  annulus,
infilt rated by calcium  deposits, is well visualized. Frequently, sub-
m ucous  nodular  deposits  are  encountered  in  the  m iddle  ear.
Ossicular  fixat ion  or  erosion  due  to  devitalization  as  a  result  of
loss of blood supply can also occur. The m iddle ear m ucosa is very
thin , w ith  reduced  vascularity. In  som e  cases, tym panosclerot ic
plaques are  seen  extruding from  the  m ucosa to present  as w hite
m iddle  ear  m asses.  See  � Fig.  7.48,  � Fig.  7.49,  � Fig.  7.50,
� Fig.  7.51,  � Fig.  7.52,  � Fig.  7.53,  � Fig.  7.54,  � Fig.  7.55,
� Fig. 7.56, � Fig. 7.57, � Fig. 7.58.

Fig. 7.48  Right  ear. Perforation of the  posteroinferior quadrant  of the
tympanic membrane, with  myringosclerosis of the  residual portions.
The  long  process of the  incus is eroded, resulting  in  conductive
hearing  loss.

Fig. 7.49  Left  ear. Tympanosclerosis with  posteroinferior perforation.
Two calcareous plaques are  present  (antero- and  posteromalleolar).
The  incudostapedial joint  and  the  round  window are  under view.

Fig. 7.47  Right  ear. Posterior perforation. The  residues of the
tympanic membrane  appear whitish and bulging. During surgery, the
middle  ear was occupied by granulomatous tissue that  proved to be a
tuberculosis (TB) on histopathological examination. This patient  had a
past  history of pulmonary TB. Tuberculosis otitis media should  be
suspected  in  cases of pulmonary TB presenting  with  otorrhea.
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Fig. 7.52  Right  ear. Perforations of the  inferior quadrants with
tympanosclerosis involving  the  residues of the  tympanic membrane
and  the  middle  ear.

Fig. 7.51  Right  ear. Tympanosclerosis with  perforation. A large
tympanosclerotic plaque  is noted  in  the  anterior residue  of the
tympanic membrane. The middle ear is also involved. The promontory,
oval window, stapes footplate, and  the  round  window can be
appreciated.

Fig. 7.53  Right  ear. Tympanosclerosis with  perforation. The  tympa-
nosclerotic process involves the  anterior residues of the  tympanic
membrane  and  the  mucosa of the  promontory reaching  to the
posterior mesotympanum. At  this level, ossification  of the  stapedius
tendon is seen. The tympanic segment of the fallopian canal is covered
by a sclerotic plaque. The  long  process of the  incus is eroded.

Fig. 7.50  Right  ear. Tympanosclerosis associated with perforation. The
tympanic membrane  residues and  the  middle  ear (promontory and
hypotympanum) show the  characteristic plaques. The  malleus is
blocked  by tympanosclerosis.
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Fig. 7.55  CT scan  of the  previous case. Coronal view. The  tympano-
sclerotic tissue  has the  same  density of the  soft  tissue, as for
cholesteatoma. Unlike  at tical cholesteatoma, scutum  is not  eroded  in
this case  (arrow).

*

Fig. 7.56  Left  ear. Tympanosclerosis with perforation of the  tympanic
membrane. There is a deep retraction of the posterosuperior quadrant
with exposure  of the  second portion of the  facial nerve  (asterisk). The
stapes and  the  long  process of the  incus are  absent. The  patient
complained  of persistent  otorrhea, so  he  underwent  a  CT scan
(� Fig. 7.57) that confirmed the presence of a cholesteatoma. An open
tympanoplasty was performed.

Fig. 7.57  Left  ear. Tympanosclerosis associated  with  cholesteatoma.
Unlike  in  � Fig. 7.55, the  scutum  is eroded.

Fig. 7.54  Right  ear. Thick tympanosclerosis with  perforation  of the
anteroinferior quadrant. After recurrence  of chronic otitis, the  patient
underwent  computed  tomography (CT) scan  elsewhere  for the
suspect of cholesteatoma (see � Fig. 7.55). CTscan alone is misleading
in case of tympanosclerosis, because the radiological pat tern could be
similar to that  of cholesteatoma. In  cases like  this, the  patient  should
be  revaluated  with  otoscopy after proper local therapy. If the
discharge  is persistent, a  CT scan is recommended  (see  � Fig. 7.56).
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7.8.2  Tym panosclerosis w ith  Intact
Tym panic Mem brane
This is characterized  by calcareous plaques (chalk patches) in  the
fibrous layer of the tym panic m em brane. The antero- and poster-
om alleolar  regions  are  usually  involved. The  periannular  region
of  the  inferior  quadrants  is  also  a ected,  form ing  a  horseshoe
pattern .  The  pars  tensa  is  rigid,  th ick,  and  loses  is  elast icity,
assum ing a  w hit ish  aspect . Atrophic and  th inned  areas  can  also
occur. Infrequently, in  very advanced  cases, the  tym panosclerot ic
plaques  occupy  all  the  m iddle  ear  spaces, att ic, and  aditus  and
com pletely block the ossicular chain . The tym panic m em brane in
these  cases  is  very  th ick  or  even  replaced  by  the  plaques.  See
� Fig.  7.59,  � Fig.  7.60,  � Fig.  7.61,  � Fig.  7.62,  � Fig.  7.63,
� Fig. 7.64, � Fig. 7.65, � Fig. 7.66.

Fig. 7.59  Right  ear. Small myringosclerotic plaque  in  the  inferior
quadrant. This is a  typical outcome of previous otitis media  with
tympanic membrane  perforation during  childhood. Up  to now, the
patient  does not  complain  hearing  loss or other symptoms.

Fig. 7.60  Right  ear. Tympanosclerosis with  intact  tympanic mem-
brane. The  anteroinferior quadrant  of the  tympanic membrane  is
atrophic. The  left  ear is similar (see  � Fig. 7.61). Bilateral conductive
hearing loss is present, which is worst on the left  side (see � Fig. 7.62).

Fig. 7.58  Left  ear. Tympanosclerosis associated  with  posterosuperior
perforation. The  perforation is marginal and  irregular. Otorrhea is
reported  by the  patient. In  this case, CT scan is recommended  to
exclude  the  presence  of a  cholesteatoma.
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Fig. 7.63  Left  ear. Tympanosclerosis and intact  drum. The  majority of
the tympanic membrane is thinned due to atrophy of the fibrous layer.
Two tympanosclerotic plaques are  present  near the  anterior and
posterior margins.

Fig. 7.64  Left  ear. The  intact  tympanic membrane  shows tympano-
sclerotic plaques lying both anterior and posterior to the  malleus that
alternate  with  areas of atrophy (in  the  inferior quadrants).

Fig. 7.62  Audiometry of the  case  in  � Fig. 7.60, � Fig. 7.61. Bilateral
mild  to  moderate  conductive  hearing  loss (worse  on the  left  side).
Ossicular fixation  should  always be  suspected  in  case  of tympano-
sclerosis with  intact  tympanic membrane  and  air–bone  gap.Fig. 7.61  Left  ear. Same case as in � Fig. 7.60. Thick tympanosclerosis

of the tympanic membrane. A small atrophic remnant of the tympanic
membrane is visible in the anterosuperior quadrant. The tubal orifice is
visible in transparency. Considering hearing function (see � Fig. 7.63),
surgery is indicated. After removing  tympanosclerotic plaques and
involved ossicles, ossiculoplasty, with or without  tympanic membrane
reconstruction, should  be  performed. In  case  of stapes fixation, the
surgery has to be  staged.
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Sum m ary

Chronic otitis media associated with tympanosclerosis represents
a more complex anatomopathological entity. In cases with intact
tympanic membrane, surgery is indicated in the presence of a
significant air–bone gap, signifying ossicular chain involvement.
If erosion or fixation of the ossicles is found, ossiculoplasty is per-
formed. Fixation of the stapes is an indication for stapedectomy.

In cases associated with tympanic membrane perforation, it  is
often possible to perform a single-stage reconstruction in which
myringoplasty is performed with or without  ossiculoplasty. A fixed
stapes, however, is an indication for staging, where myringoplasty
is performed first, followed by a second-stage stapedotomy after
a few months. In all suspected cases, the patient  should be
informed preoperatively of the possibility of staging surgery.

In a small group of cases of chronic otitis media with tympano-
sclerosis, a good postoperative functional level can deteriorate
with time due to refixation of the ossicular chain, with a conse-
quent air–bone gap. In such cases, after achieving closure of the
tympanic membrane, a hearing aid is recommended.

7.9  Principles of Myringoplast y
We prefer  ret roauricular  incision  in  the  m ajority of myringoplas-
t ies, as  th is  approach  gives  better  access  to  the  ent ire  tym panic
m em brane. In  th is approach, the tym panic m em brane is repaired
w ith  an  autologous tem poralis fascia graft .
●  Skin  incision, harvest  of temporalis fascia, and incision  of the

external auditory canal are conducted (� Fig. 7.67).

●  To successfully reconstruct  the tym panic m em brane, a com -
plete 360-degree view of the ent ire tym panic m em brane is
essent ial. If the an terior annulus is seen  easily, the anterior
m eatal skin  is left  in tact . Otherw ise, the anterior m eatal skin  is
transected laterally as a continuat ion  of the superior and infe-
rior longitudinal incisions that  expose the anterior bony wall.

●  Canalplasty is perform ed as described earlier (see Chapter 3).
●  The annulus and m eatal skin  are inspected carefully. If these

structures show  any pathological involvem ent, such  as granula-
t ion , everted m ucosa, or scarring, the segm ent  needs to be
rem oved. The underlay technique is perform ed if any anterior
residue of the tym panic m em brane, at  least  the annulus, is

Fig. 7.66  Right  ear. Tympanosclerosis with  intact  drum. A deep
retraction  pocket  is visible  in  the  posterior quadrants. The  patients
underwent  myringoplasty and  ossiculoplasty elsewhere  with  good
audiological results (closure of the air–bone gap). After few years, the
patient  developed  ipsilateral conductive  hearing  loss and  underwent
further ossiculoplasty due  to stapes fixation. Despite  the  initial
improvement  of hearing  function, the  patient  further developed
hearing loss and stapes refixation was observed at  the third surgery. A
bone  conduction hearing  implant  was finally applied.

Fig. 7.67  Exposing the anterior wall by anterior extension of the lateral
ends of the  superior and  inferior longitudinal incisions.

Fig. 7.65  Left  ear. Tympanosclerosis with  intact  drum. A large  plaque
is visible  in  the  posterior quadrants of the  tympanic membrane. The
anterior quadrants are  thinned  and  atrophic, allowing  visualization  of
the  tubal orifice.

Noncholesteatomatous Chronic Otit is Media

112



present after rem oving such pathological t issue. If not, the over-
lay technique is indicated.

●  Elevation  of the anterior m eatal skin , if necessary, should be
conducted in  a lateral to m edial direct ion, so as not  to disrupt
the rem ain ing epiderm al layer.

●  Do not detach the anterior m eatal skin  from  m edial (from  the
annulus) to lateral, as th is m aneuver m ay cause blunting of the
anterior angle by insult ing the tym panic annulus. It  also has
possibilit ies of cut t ing epiderm ization  and leaving it  in  the tym -
panic cavity. Epiderm is left  inside the tym panic cavity and on
the annulus m ay cause iatrogenic cholesteatom a and blunt ing
of the anterior angle.

●  Refreshing of the perforation  edge and the undersurface of the
tympanic m embrane not  only favors the attachment of the graft
but  also greatly reduces the risk of leaving entrapped skin  inside,
which  may cause iatrogenic cholesteatom a (� Fig. 7.68). If
everted mucosa is present  on  the lateral surface of the tympanic
membrane, curetting it  from  the surface until the fibrous layer is
reached, or  total removal of that  part, is also necessary for opti-
mal epithelialization. If dense tympanosclerotic plaques are
present  in  the tympanic m em brane, removal of the plaque from
the medial aspect  without  disrupting an  epidermal layer or  total
rem oval of that  part  ensures an  adequate vascularization  of the
graft  and  thus a higher success rate of closure (� Fig. 7.69).

●  The posterior annulus is then  elevated to allow  access to the
tym panic cavity (� Fig. 7.70, � Fig. 7.71). If the perforation  is
large or located anteriorly, the tym panom eatal flap m ay be cut
posteriorly (� Fig. 7.72), a m aneuver that  m akes the posterior
part of the flap appear like sw ing doors, thereby enhancing vis-
ualizat ion  of the tym panic cavity.

●  The tym panic cavity is inspected carefully to check w hether
there is any pathology such  as tym panosclerotic plaque and
epiderm is in  the tym panic cavity (� Fig. 7.73). If present , it
should be m anaged. The in tegrity of the ossicular chain  is also
evaluated at  the sam e t im e by touching it  gently w ith  a blunt

dissector. Ossiculoplasty m ay be conducted in  the sam e stage or
in  the second stage, depending on  the pathological status.

●  Bleeding should be com pletely controlled  before star t ing recon-
struct ion. Use a diam ond burr on  bone. Sm all pieces of Gelfoam ,
pressed dow n w ith  Cottonoids, are placed on  the tym panic cav-
ity and held in  posit ion  for a w hile. A bloodless surgical field
allows precise estim ation  of m iddle ear structures followed by
adequate arrangem ent of reconstruct ion  m aterials.

●  The tympanic orifice of the Eustachian  tube is blocked with  small
pieces of Gelfoam  soaked in  physiological saline. According to our
experience, this maneuver serves to prevent  the graft  from  falling
down toward the Eustachian  tube and reduces the rate of failure.

●  The tym panic cavity is packed w ith  Gelfoam , soaked in  physio-
logical saline, to support  the graft  m edially (� Fig. 7.74). Exces-
sive packing of the tym panic cavity w ith  Gelfoam  from  the
beginning m ay push  the graft  laterally and prevent adequate
reconstruct ion  afterward.

●  The temporalis fascia is dried completely as this helps precise
maneuvers during reconstruction. While trimming the temporalis
fascia, a small Cottonoid  is placed over the Gelfoam  to avoid blood
falling down into the tympanic cavity. The graft  is placed in  the
manner described later, depending on  the pathological status. An
example of underlay technique is shown (� Fig. 7.75).

a

b

Fig. 7.69  A tympanosclerotic plaque  can  be
removed  from  the  medial aspect  of the  mem-
brane  without  disturbing  the  epithelial layer (a)
or by total removal of the  part  involved  (b).

Fig. 7.68  Refreshing  the  edge  of the  perforation.
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Fig. 7.72  The  tympanomeatal flap  cut  posteri-
orly to enhance  visualization  of the  tympanic
cavity.

Retroauricular  Fig. 7.71  Elevation  of the  posterior annulus
through a  retroauricular incision.

Fig. 7.70  Elevation  of the  posterior annulus
through a  transcanal approach.
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Fig. 7.75  Graft  placed  with  underlay technique.

Fig. 7.74  Tympanic cavity filled  with  Gelfoam.

Fig. 7.73  The  tympanic cavity is inspected  for
tympanosclerosis.
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8  Chronic Suppurat ive Ot it is Media w ith Cholesteatom a
Abst ract
Cholesteatom a  is  an  epiderm al  inclusion  cyst  localized  in  the
m iddle  ear. The  “acquired  type” can  be  caused  by invasion  of the
skin  of the  external auditory canal in to the  m iddle  ear  through  a
m arginal  perforation. It  can  also  originate  from  an  epitym panic
retract ion pocket  that  becom es so deep that kerat in  debris can  no
longer  be  expelled, leading  to  its  accum ulat ion  and  subsequent
cholesteatom a  form ation .  Such  retract ion  pockets  can  rem ain
asym ptom atic  until  they  becom e  infected, result ing  in  otorrhea
and  hearing  loss. For  th is  reason, we  prefer  to  follow  up  these
patien ts  w ith  otom icroscopy  and  endoscopy. In  rare  cases, the
cholesteatom a  can  invade  the  labyrinth ,  cochlea, posterior  and
m iddle  fossa  durae, the  in ternal auditory canal, and  the  petrous
apex,  form ing  a  petrous  bone  cholesteatom a.  Treatm ent  of
cholesteatom a  is  exclusively  surgical  and  individualized
(tym panoplasty).

Keywords: epitym panic cholesteatom a, m esotym panic cholestea-
tom a,  closed  tym panoplasty,  open  tym panoplasty,  m odified
Bondy’s technique

Cholesteatom a  is  an  epiderm al inclusion  cyst  localized  in  the
m iddle  ear, w hose  capsule  and  m atrix are  form ed  from  stratified
squam ous  epithelium . The  desquam ating  debris  includes  pearly
w hite lam ellae of kerat in  that  accum ulate concentrically, form ing
the cholesteatom a m ass.

The  term  cholesteatoma  is  actually  a  m isnom er. It  is  derived
from  the  Greek words “chole” or  bile, “steatos” or  fat , and  “om a”
or  tum or. There is no relation  between  cholesteatom a and  bile  or
fat.  The  su x  “om a”  (tum or),  however,  is  m ore  appropriate
because cholesteatom a can  be considered  an  epiderm al inclusion
cyst.

Cholesteatom a  can  be  divided  in to  congenital  (m iddle  ear  or
petrous  bone)  and  acquired  (m iddle  ear  or  petrous  bone). Con-
genital cholesteatom a arises as a  result  of entrapped  ectoderm al
cellular  debris during em bryonic developm ent. When  it  involves
the  m iddle  ear, it  appears  as  a  w hit ish  retrotym panic m ass  that
m ay be  localized  either  anterior  or  posterior  to  the  m alleus (see
Chapter  9). When  it  involves  the  petrous  part  of  the  temporal
bone, it  is  term ed  congenital petrous bone cholestea toma  and  in
the m ajority of cases it  is localized  in  the petrous apex (see Chap -
ter  10). In  th is  chapter, we  w ill  deal exclusively  w ith  cholestea-
tom a  involving  the  m iddle  ear.  Petrous  bone  cholesteatom a  is
dealt  w ith  in  a later chapter.

Acquired  cholesteatom a  of  the  m iddle  ear  can  be  caused  by
invasion  of the skin  of the external auditory canal in to the m iddle
ear  through  a  m arginal perforation. It  can  also  originate  from  an
epitym panic retract ion  pocket  that  becom es so deep  that  keratin
debris can  no longer  be expelled, leading to its accum ulat ion  and

subsequent  cholesteatom a  form ation.  Such  ret ract ion  pockets
can  rem ain  asym ptom atic  unt il  they  becom e  infected, resulting
in  otorrhea  and  hearing  loss. In  other  cases, the  only  sym ptom
m ight  be  progressive  hearing loss due  to erosion  of the  ossicular
chain  by the developing cholesteatom a.

Because  it  is  not  alw ays  easy  to  establish  a  clear  d ist inct ion
between  epit ym panic  or  posterosuperior  ret ract ion  pockets
and  cholesteatom a, we  prefer  to  follow  up  these  pat ien ts  w ith
otom icroscopy and  endoscopy. In  cases  in  w hich  the  ret ract ion
pocket  becom es  deep, giving rise  to  a  cholesteatom a, a  t ym pa-
noplasty is  indicated. Because  of the  early  stage  of the  disease,
surgery can  be  done  in  a  single  stage. Fet id  otorrhea  and  hear-
ing  loss  are  the  m ain  com plain ts  in  cholesteatom a.  In  addi-
t ion , com plicated  cases  can  m an ifest  w ith  ver t igo  and/or  facial
nerve  paralysis.  Ver t igo  occurs  as  a  result  of  labyrin th in e  fis-
tu la, w h ich  is  m ost  com m only located  in  the  lateral sem icircu-
lar  canal.  Facial  paralysis  can  be  caused  by  pressure  of  the
cholesteatom a  sac or  neurit is.

In  rare cases, the cholesteatom a can  invade the labyrin th , coch-
lea, posterior and  m iddle fossa durae, the in ternal auditory canal,
and the petrous apex, form ing a petrous bone cholesteatom a (see
Chapter 10).

Treatm ent  of cholesteatom a is exclusively surgical. Early in  th is
century, radical m astoidectomy, a  dest ruct ive  procedure  for  the
m iddle  ear, was  perform ed  w ith  the  only goal being eradicat ion
of infect ion  to save the ear and the life.

The  concept  of tym panoplasty  was  in troduced  in  early  1950s.
Tym panoplasty  was  aim ed  at  eradicat ion  of infect ion  as  well as
reconstruct ion  of  the  tym pano-ossicular  system .  Today,  two
types of tym panoplasty are  em ployed:  closed  tym panoplasty, in
w hich  the  posterior  canal wall is preserved, and  open  tym pano-
plasty, in  w hich  the  posterior  canal wall is  drilled. Both  techni-
ques,  w hen  perform ed  appropriately  and  w ith  the  proper
indications, can  produce  excellen t  results in  term s of eradicat ion
of  cholesteatom a  and  restoration  of  hearing.  In  children,  the
closed  technique,  perform ed  in  two  stages,  is  preferred  in  the
m ajority of cases due to ch ildren’s h ighly cellular  m astoids and  in
an  attem pt  to preserve the  anatomy of the  ear  as m uch  as possi-
ble.  In  adults,  part icularly  in  epitym panic  cholesteatom a  w ith
m arked  erosion  of the  scutum , in  cases  w ith  sclerot ic  m astoids,
or w hen m iddle ear atelectasis is present, an  open tym panoplasty
is perform ed (see also Chapter 14).

8.1  Epit ym panic Retract ion
Pocket
See  � Fig. 8.1, � Fig. 8.2, � Fig. 8.3, � Fig. 8.4, � Fig. 8.5, � Fig. 8.6,
� Fig. 8.7.
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Fig. 8.1  Right  ear. Early epitympanic retraction pocket. The  tympanic
membrane  shows grade  I atelectasis. Middle  ear effusion with
characteristic yellowish coloration of the  drum  is seen. In  the
anterosuperior quadrant, the  tubal orifice  is visible  in  transparency,
whereas the long process of the incus is evident in the posterosuperior
quadrant. In  the  area of the  cone  of light, an  atrophic part  of the
tympanic membrane  due  to  a  precious myringotomy can  be
appreciated.

Fig. 8.2  Right  ear. Epitympanic retraction  pocket  with  the  onset  of
tympanosclerosis of the  pars tensa of the  tympanic membrane.

Fig. 8.3  Right  ear. Similar case. The  anterior quadrants of the  pars
tensa are  retracted  and  thickened.

Fig. 8.4  Right  ear. Epitympanic pocket. The  neck of the  malleus is
visible.
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8.2  Epit ym panic Cholesteatom a
See  � Fig.  8.8,  � Fig.  8.9,  � Fig.  8.10,  � Fig.  8.11,  � Fig.  8.12,
� Fig. 8.13, � Fig. 8.14, � Fig. 8.15, � Fig. 8.16, � Fig. 8.17, � Fig. 8.18,
�Fig. 8.19, � Fig. 8.20, � Fig. 8.21, � Fig. 8.22, � Fig. 8.23, � Fig. 8.24,
�Fig. 8.25, � Fig. 8.26, � Fig. 8.27, � Fig. 8.28, � Fig. 8.29, � Fig. 8.30,
�Fig. 8.31, � Fig. 8.32, � Fig. 8.33, � Fig. 8.34, � Fig. 8.35, � Fig. 8.36,
�Fig. 8.37, � Fig. 8.38.

Fig. 8.5  Right ear. A large controllable epitympanic retraction pocket
with erosion of the scutum. The head of the malleus is seen. Middle ear
effusion gives the tympanic membrane the characteristic yellowish
coloration. To prevent progression of the retraction pocket and formation
of adhesions, myringotomy, ventilation tube insertion, and regular
follow-up are indicated. These cases frequently represent  the transition
from a simple retraction pocket  to an initial attic cholesteatoma. The
distinction between the two is sometimes difficult. In suspected cases, a
high-resolution computed tomography (CT) scan (with bone window) is
beneficial for bet ter evaluation of the extension of the retraction pocket.
In cases where the condition remains stable with regular follow-up and
where hearing is normal, no surgery is required. If the pocket  extends
deeper, giving rise to a frank cholesteatoma, surgery is indicated. If
hearing is normal, an open tympanoplasty (modified Bondy’s technique)
is performed in a single stage.

Fig. 8.6  Right  ear. In this case, the retraction pocket  is deeper than in
� Fig. 8.4. Even if the CTscan did not show a frank cholesteatoma, the
patient referred occasional otorrhea. So, he underwent surgery (closed
tympanoplasty with  at tic reconstruction with  cartilage  and  bone
pate). No cholesteatoma was found in  the  cavity.

Fig. 8.7  Left  ear. Deep epitympanic erosion extended to the posterior
epitympanum. The neck of the  malleus and the body of the  incus are
under view. The  chorda tympani is also  evident. The  patient  did  not
complained  of otorrhea or hearing  loss, but  a  strict  follow-up  should
be  assessed  to  avoid  further development  of a  cholesteatoma.

Chronic Suppurat ive Otit is Media with Cholesteatoma

120



Fig. 8.10  CTscan, coronal view, of the same case. A small epitympanic
cholesteatoma is visible  (arrow).

Fig. 8.9  Same  case. Otoscopy performed  1  year before  that  on
� Fig. 8.8. A small controllable anteromalleolar epitympanic retraction
pocket  is visible  (arrow). Considering  that  it  is the  only hearing  ear,
surgery is questionable  at  this stage, but  a  strictly follow-up  is
mandatory because  early detection of a cholesteatoma is crucial for a
correct  management  and  outcome.

Fig. 8.11  CT scan, axial view, of the  same  case.

Fig. 8.8  Left  ear. Epitympanic cholesteatoma in  a  20-year-old  man in
the only hearing ear. The whitish cholesteatoma mass is visible anterior
to the  malleus (arrow). This is an  example  of how an epitympanic
pocket  can progressively led  to  a  cholesteatoma. This patient
underwent  removal of a  right  petrous bone  massive  cholesteatoma
(for definition  and  classification, see  Chapter 10) through a  transotic
approach  5  years before. The  left  epitympanic retraction  pocket  (see
� Fig. 8.9) was followed up until the evidence of a cholesteatoma. The
patient  did not  complain of any symptom  on the left  ear, and hearing
function was normal. Considering the small size of the cholesteatoma,
a  left  closed  tympanoplasty was performed  with  preservation  of the
whole  ossicular chain  (see  � Fig. 8.12, � Fig. 8.13, � Fig. 8.14,
� Fig. 8.15, � Fig. 8.16). A detailed  description of the  steps of open
and closed tympanoplasties will be provided at  the end of the chapter.
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Fig. 8.13  The  tympanic membrane  is reflected
anteroinferiorly and the  cholesteatoma is visible
anteromedially to the handle of the malleus. Ch,
cholesteatoma; M, malleus; TM, tympanic
membrane.

MFD
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I

Fig. 8.12  Intraoperative  picture  of the  same
case. Canal wall-up  mastoidectomy has been
performed. The  short  process of the  incus is
visible. The  mastoid  is free  from  pathology. I,
incus; MFD, middle  fossa dura; PCW, posterior
canal wall; SS, sigmoid  sinus.

Fig. 8.14  The  cholesteatoma is progressively
removed  with  the  help  of the  suction and
Cottonoids (see  � Fig. 8.15).
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Fig. 8.15  Cot tonoids are  used  to  clean the
medial surface  of the  handle  of the  malleus to
avoid  any residual pathology. In  cases like  this
(cholesteatoma in  the  only hearing  ear), it  is of
utmost  importance  to  be  radical in  disease
extirpation and careful to preserve structure and
function  of the  middle  ear.

Fig. 8.16  View after disease  clearance. The
malleus and  the  middle  ear cleft  are  free  from
the  cholesteatoma. A 0- or 30-degree  endo-
scope  could  be  used  to  further check for any
residual pathology. At  the end of the procedure,
the  tympanic membrane  is reflected  and  re-
constructed/reinforced  with  a  piece  of fascia  of
the  temporalis muscle, while  the  middle  ear is
filled  with  Gelfoam  (see  Chapter 7  for myringo-
plasty).
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Fig. 8.19  CT of the  previous case, coronal view. The  cholesteatoma is
located  in  the  epitympanic area (arrow), lateral to  the  malleus. The
middle  ear is free.

Fig. 8.20  Large epitympanic erosion with cholesteatoma. The head of
the  malleus and  the  body of the  incus are  eroded.

Fig. 8.17  Left  ear. Epitympanic erosion with cholesteatoma. The head
of the  malleus and  the  supratubal recess are  visible.

Fig. 8.18  Left  ear. Epitympanic cholesteatoma. The  head  of the
malleus and the body of the incus are visible. The inferior and posterior
quadrants of the  tympanic membrane  are  tympanosclerotic. The
cholesteatoma was lateral to  the  ossicular chain  (see  � Fig. 8.19).
Hearing  function  was normal. A modified  Bondy’s technique
tympanoplasty, was performed and  no  recurrence  of cholesteatoma
occurred  during  the  follow-up.

Chronic Suppurat ive Otit is Media with Cholesteatoma

124



Fig. 8.24  CTscan, coronal view. The long process of the incus and stapes
suprastructure seem involved and eroded by the cholesteatoma.

Fig. 8.22  Same patient  as in � Fig. 4.6, contralateral side. Large
epitympanic erosion with cholesteatoma. Erosion of the head of the
malleus is also visible. The CTscan (see � Fig. 8.23, � Fig. 8.24,
� Fig. 8.25) also showed involvement by the pathology at the level of the
incudostapedial joint, antrum, and mastoid. Audiometry showed
moderate conductive hearing loss. In this case, an open tympanoplasty is
the treatment of choice. A second stage with ossiculoplasty could be
eventually performed in case of poor hearing recovery or to exclude
residual disease, after 10 to 12 months, via a transcanal approach.

Fig. 8.21  Epitympanic cholesteatoma with erosion of the head of the
malleus and the incus. The mass is in contact  with the stapes (arrow),
resulting in normal hearing. The rest  of the tympanic membrane is
slightly retracted (with myringostapedopexy) due to obstruction of the
Eustachian tube. In cases like this, surgery could probably worsen the
hearing function (with resulting conductive hearing loss), so the patient
has to be informed for an eventual second-stage ossiculoplasty.

Fig. 8.23  CT scan, coronal view. Epitympanic cholesteatoma with
erosion  of the  head  of the  malleus (red arrow) and  thinning  of the
tegmen tympani (green arrow).
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Fig. 8.25  CT scan, axial view. The  cholesteatoma extends posteriorly
toward  the  antrum  and  the  mastoid  (arrow).

Fig. 8.26  Another case of epitympanic cholesteatoma. There is a deep
erosion  with  involvement  of the  malleus and  the  incus.

Fig. 8.27  CT scan, coronal view, of the  same  case. Epitympanic
cholesteatoma with  erosion of the  long  process of the  incus (arrow).

Fig. 8.28  Right  ear. Epitympanic erosion  with  cholesteatoma. The
tympanic membrane  is completely tympanosclerotic. The  patient  did
not  complain  of otorrhea (dry cholesteatoma).
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Fig. 8.31  CTof the previous case showing cholesteatoma extension in
the  mastoid  in  the  right  ear and  self-cleaning  of the  cholesteatoma
debris in  the  left  ear (arrows).

Fig. 8.32  Right  ear. Large  epitympanic erosion  with  cholesteatoma.
This 18-year-old  patient  did not  have  otorrhea. Ipsilateral hearing was
normal, whereas the  contralateral side  showed  severe  sensorineural
hearing  loss secondary to  previous surgery of radical mastoidectomy.
Given the  intact  ossicular chain, an  open  tympanoplasty (modified
Bondy’s technique) was performed. According  to our strategy,
cholesteatoma in  the  only hearing  ear is one  of the  absolute
indications for performing an open  technique. The  reason is that  this
technique, if properly performed, ensures complete eradication of the
pathology and better long-term  follow-up, thus minimizing the risk of
recurrence. Further surgical interventions, with  their potential risk
even in  the  most  experienced  hand, are  therefore  avoided.

Fig. 8.29  Right  ear of a  46-year-old  patient  suffering  from  bilateral
cholesteatoma. An epitympanic erosion  with  cholesteatoma and
middle  ear effusion showing an  air–fluid  level can be  seen. CT scan
(� Fig. 8.31) demonstrates cholesteatoma extension into the mastoid.
Intraoperatively, a  fistula  of the  lateral semicircular canal was
encountered, as well as erosion  of the  incus. A single-stage  open
tympanoplasty was performed with  autologous incus interposition
between the  handle  of the  malleus and  the  head  of the  stapes. In
patient  with  bilateral cholesteatoma, an open technique  is preferred.

Fig. 8.30  Left  ear of the  same  patient. Cholesteatoma with  marked
erosion  of the  scutum  and  epidermization  of the  at tic and
mesotympanum. The cholesteatoma debris was partially cleaned. The
residual pars tensa shows tympanosclerosis. Intraoperatively, the
ossicular chain  was absent. The  otoscopic view of the  left  ear is
apparently more  advanced  than the  right  ear. This, however, was not
the case intraoperatively since the marked epitympanic erosion shown
here  allowed  self-cleaning  of the  cholesteatoma debris (see  CT scan,
� Fig. 8.31). Because  of the  total destruction of the  ossicular chain, a
second stage  was programmed for functional reconstruction.
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Fig. 8.35  Left  ear. Cystic retrotympanic cholesteatoma situated
posterior to the  malleus. The  tympanic membrane  shows bulging  at
the  level of the  pars flaccida and  slight  retraction  with  tympano-
sclerosis in  the  posterior quadrants.

Fig. 8.36  Same  case  as in  � Fig. 8.35 during  an  acute  inflammatory
episode. Note  the  increase  in  size  of the  cholesteatomatous cyst.

Fig. 8.34  Left  ear. Epitympanic cholesteatoma. Extensive  erosion of
the  scutum  with  excessive  cholesteatomatous debris. The  pars tensa
shows grade  I atelectasis with  catarrhal middle  ear effusion.

Fig. 8.33  Right  ear. Large  epitympanic erosion  with  cholesteatoma
and  polypoid  tissue  that  covers the  head  of the  malleus. The  pars
tensa is intact.
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An epitympanic retraction pocket should be regularly checked
with otomicroscopy. The 30-degree rigid endoscope allows visu-
alization of the extent of the retraction pocket that  can be di -
cult  with the microscope. When progression of the epithelium
into the epitympanum cannot be controlled, the presence of
cholesteatoma is considered. In such cases, surgery should be
performed. Whenever a minor epitympanic erosion is present,
we adopt a closed technique with reconstruction of the at tic
using a cartilage and bone paste. This technique is valid particu-
larly in children, in whom the mastoid is usually very pneuma-
tized. Frequently, surgery is staged in these cases.

When a marked at tic erosion is present, especially in adults, we
perform an open technique to avoid cholesteatoma recurrence
that can occur due to absorption of the material used for recon-
struction of the at tic defect. When preoperative hearing is
normal in the presence of at tic cholesteatoma with large bony
erosion, we perform an open tympanoplasty in the form of a
modified Bondy’s technique. This technique allows single-stage
eradication of the disease with conservation of the normal
preoperative hearing.

8.3  Mesot ym panic Cholesteatom a
See  � Fig.  8.39,  � Fig.  8.40,  � Fig.  8.41,  � Fig.  8.42,  � Fig.  8.43,
� Fig.  8.44,  � Fig.  8.45,  � Fig.  8.46,  � Fig.  8.47,  � Fig.  8.48,
� Fig.  8.49,  � Fig.  8.50,  � Fig.  8.51,  � Fig.  8.52,  � Fig.  8.53,
� Fig. 8.54, � Fig. 8.55, � Fig. 8.56.

Fig. 8.39  Right  ear. Mesotympanic cholesteatoma. The  epithelial
squamae can be seen through the retromalleolar perforation. Anterior
to the  malleus, the  cholesteatoma mass causes bulging  and  whitish
coloration  of the  tympanic membrane  without  perforating  it. The
entire  middle  ear is filled  with  cholesteatoma in  this case.

Fig. 8.37  Left  ear. A large  epitympanic erosion  is seen  with  epiderm-
ization of the at tic and posterior mesotympanum. The cholesteatoma,
visible  in  transparency, causes bulging  of the  tympanic membrane  in
the  posterior inferior quadrants. Resorption of the  incus and  head  of
the  malleus is discernible.

Fig. 8.38  Right  ear. Epitympanic erosion  with  cholesteatoma. Exten-
sion of the  cholesteatoma into the  mesotympanum  is seen  through
the  bulging  posterior quadrants of the  tympanic membrane.
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Fig. 8.43  Right ear. Total tympanic membrane perforation. The handle
of the malleus is absent. The long process of the incus and part  of the
stapes are  covered  by cholesteatoma, which also  involves the
promontory. The  round  window, hypotympanic air cells, and  tubal
orifice  are  free  from  the  pathology. In  these  cases, a  staged  closed
tympanoplasty can be  performed.

Fig. 8.41  Left  ear. Small epitympanic erosion and  mesotympanic
retraction  pocket  with  wax and  cholesteatomatous squamae. Exten-
sion of the cholesteatomatous mass into the anteromalleolar region is
seen through the  retracted  tympanic membrane.

Fig. 8.42  Right  ear. Posterior perforation with  cholesteatoma in  the
posterior mesotympanum. The cholesteatomatous squamae cover the
region  of the  oval window extending  toward  the  at tic and  progress
anterior to and under the handle of the malleus. The promontory and
the  round  window are  visible  through the  perforation.

Fig. 8.40  Right  ear. Posterior mesotympanic cholesteatoma associ-
ated  with  a  polyp  are  seen at  the  level of the  oval window. There  is
evidence  of discharge.
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Fig. 8.47  CT scan, coronal view, of the  same case. Cholesteatoma fills
the  middle  ear cleft  with  erosion  of the  long  process of the  incus
(arrow). The  suprastructure  of the  stapes seems completely absent
due  to the  cholesteatomatous process.

Fig. 8.45  Mesotympanic retraction  pocket  with  cholesteatoma. An
epitympanic retraction is also  visible. The  incudostapedial joint  is
completely epithelialized  (arrow).

Fig. 8.46  Left  ear. Mesotympanic cholesteatoma. The  area of the
incudostapedial joint  is completely surrounded  by cholesteatoma,
resulting  in  erosion  of both  the  long  process of the  incus and  stapes
suprastructure (see � Fig. 8.47). The patient further underwent staged
open tympanoplasty.

Fig. 8.44  Mesotympanic cholesteatoma. The long process of the incus
is surrounded by cholesteatoma. The rest  of the  tympanic membrane
is tympanosclerotic. In  this case, a  staged  open tympanoplasty is the
treatment  of choice.

Chronic Suppurat ive Otit is Media with Cholesteatoma

131



Fig. 8.50  Epi- and mesotympanic cholesteatoma. Even in this case, the
long  process of the  incus is eroded  by the  pathology. The  tympanic
membrane  shows tympanosclerosis.

Fig. 8.49  Epi- and  mesotympanic cholesteatoma. Both the  malleus
and the incus are completely involved by the pathology. The tympanic
membrane  shows a  large  perforation  of the  inferior quadrants. The
mucosa of the  middle  ear is hypertrophic due  to  infection  with  fetid
otorrhea.

Fig. 8.51  Right  ear. Epi- and mesotympanic cholesteatoma. There is a
deep epitympanic erosion and a mesotympanic retraction pocket. The
incudostapedial joint  seems not  disrupted, resulting  in  mild  con-
ductive  hearing  loss. However, in  this case  the  involvement  of the
whole epitympanic area and the mastoid compartment led to a staged
canal wall down (open) tympanoplasty.

Fig. 8.48  CT scan, coronal view, of the same case. The cholesteatoma
extends toward  the  antrum  and  the  mastoid  air cells (arrow).
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Fig. 8.53  CTscan of the same case, coronal view. The incudostapedial
joint  is not  disrupted  (arrow).

Fig. 8.54  CTscan of the same case, axial view. The cholesteatoma fills
the  mastoid  cavity (arrow).

Fig. 8.55  Polyp  in  the  external canal in  a  child  presenting  with
continuous otorrhea and hearing loss. A CTscan (Fig. 8.56) shows the
presence  of a soft-tissue  mass eroding  the  intercellular septa of the
mastoid and the ossicular chain, suggestive of cholesteatoma. This was
confirmed  during  surgery.

Fig. 8.52  CT scan of the  same  case, coronal view. The  head  of the
malleus is eroded  and  engulfed  by the  disease  (arrow).
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8.4  Cholesteatom a Associated
with Atelectasis
See  � Fig.  8.57,  � Fig.  8.58,  � Fig.  8.59,  � Fig.  8.60,  � Fig.  8.61,
� Fig. 8.62.

Sum m ary

The presence of a posterior mesotympanic retraction pocket is
usually associated with erosion of the ossicular chain. Surgery is
indicated in these cases. The retraction pocket is completely
removed after performing canalplasty of the posterior canal wall.
In the same stage, the tympanic membrane is grafted, the post-
erosuperior quadrant of the tympanic membrane is reinforced,
and middle ear aeration is restored using Silastic sheeting. One
year later, if the tympanic membrane position remains normal
(i.e., not retracted), the ossicular chain is reconstructed.

When an extensive erosion of the posterior wall is present, a
modified radical mastoidectomy is indicated in the elderly,
whereas a staged open tympanoplasty is performed in younger
patients. The same strategy is also followed in patients present-
ing with bilateral cholesteatoma.

Fig. 8.57  Left  ear. Grade  IV tympanic membrane  atelectasis with
posterosuperior mesotympanic retraction pocket. A mixture  of wax
and  cholesteatoma debris is seen. The  middle  ear mucosa is visible
because  of absence  of the  epithelial layer.

Fig. 8.56  CTscan, axial view. The entire mastoid is occupied by a soft-
tissue  mass. The  intercellular septa of the  mastoid  and  the  ossicular
chain  are  absent.

Fig. 8.58  Left  ear. Epitympanic erosion  through which a  cholesteato-
ma is seen  filling  the  at tic and  causing  erosion of the  head  of the
malleus. A grade  IV atelectasis of the  tympanic membrane  (adhesive
otitis) is seen, with  formation of polypoidal granulation  tissue  in  the
middle  ear. In the  region posterior to the  malleus, the  cholesteatoma
engulfs the  ossicular chain.
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Fig. 8.61  CTscan of the previous case. An epitympanic cholesteatoma is
found. Adhesions between the tympanic membrane and the promontory
can be observed. This 45-year-old woman underwent a modified radical
mastoidectomy with no interference in the middle ear.

Fig. 8.59  Left  ear. Epitympanic erosion with cholesteatoma associated
with  atelectasis of the  tympanic membrane. The  incus is absent. A
natural myringostapedopexy has been created. The second portion of
the  facial nerve  is seen superior to the  stapes; inferiorly the  round
window is noted. The  anterior part  of the  tympanic membrane  is
affected  with tympanosclerosis. In these  cases, as hearing loss is mild
(< 30 dB), a  modified  radical mastoidectomy is indicated  to maintain
the  normal preoperative  hearing  level obtained  as a  result  of the
spontaneous myringostapedopexy.

Fig. 8.60  Right  ear. Epitympanic cholesteatoma associated with com-
plete atelectasis of the tympanic membrane (see CTscan, � Fig. 8.56).

Fig. 8.62  Epitympanic cholesteatoma associated  with  complete  re-
traction of the inferior quadrants of the tympanic membrane. There is
atelectasis on the  round  window. The  anterior quadrants are  not
completely visible due to anterior hump of the external auditory canal.
An open tympanoplasty with  proper canalplasty is indicated  in  this
case. Eventually, a ventilation tube  can be  inserted in the  same stage.
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In adult patients with extended epitympanic erosion or with
bilateral cholesteatoma, we prefer to perform an open techni-
que. In all cases of spontaneous tympanostapedopexy with nor-
mal preoperative hearing or elderly patients with normal
contralateral hearing, we prefer to leave the atelectatic tympanic
membrane untouched after having verified the absence of any
middle ear cholesteatoma. In the presence of mesotympanic
cholesteatoma, staging is indicated. In the first  operation, a
closed tympanoplasty is performed with reconstruction of the
tympanic membrane, and a Silastic sheet is positioned in the
middle ear. Silastic favors regeneration of the middle ear mucosa
and prevents the formation of adhesions. In the second stage,
performed 6 to 8 months later, the middle ear is checked for the
presence of any residual cholesteatoma. The ossicular chain is
then reconstructed using, preferably, an autologous incus. In chil-
dren, we always try to perform a staged closed tympanoplasty. If
a recurrent cholesteatoma (epitympanic retraction pocket) is
encountered in the second stage, we do not hesitate to switch to
an open technique.

8.5  Cholesteatom a Associated
with Com plicat ions
See  � Fig.  8.63,  � Fig.  8.64,  � Fig.  8.65,  � Fig.  8.66,  � Fig.  8.67,
� Fig. 8.68, � Fig. 8.69, � Fig. 8.70, � Fig. 8.71, � Fig. 8.72.

Fig. 8.64  CT scan, coronal view, of the  same  case. The  CT scan,
performed  3 months before  surgery, showed  middle  ear pathology
compatible  with  cholesteatoma and  suspected  fistula  of the  lateral
semicircular canal. The  ear was discharging  and  the  patient  referred
vertigo, while  inner ear function was preserved.

Fig. 8.63  Left  ear. Large  epitympanic with  pars tensa perforation.
Cholesteatomatous squamae  are  present  in  the  at tic and  mesotym-
panic area. The handle of the malleus is present. The tympanic annulus
is intact. A preoperative  CT scan  showed  the  suspicion of a  fistula  of
the  lateral semicircular canal, which was encountered  during surgery.
In such cases, because of the presence of marked epitympanic erosion
and  of the  fistula, an  open  tympanoplasty is indicated.
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Fig. 8.66  CTscan, coronal view, of the same case. Large bony defect of
the  tegmen tympani with  soft  tissue  protruding  into the  middle  ear.

Fig. 8.67  Left  ear. Large polyp obstructing the external auditory canal.
The patient  complained of fetid  otorrhea, hearing loss, and vertigo. A
high-resolution CT scan  of the  temporal bone  was ordered
(� Fig. 8.68). A CTscan of the temporal bone should always ordered in
patients with  chronic suppurative  otitis media  suffering  from  vertigo
and/or instability.

Fig. 8.68  CTscan of the previous case. A huge cholesteatoma causing
a fistula of the lateral semicircular canal and erosion of the tegmen can
be  seen  (arrows).

Fig. 8.65  Right  ear. Bulging of the  whole  epitympanic area suspected
for epitympanic cholesteatoma with  meningoencephalic herniation.
The  CT scan (� Fig. 8.66) showed  a large  bony defect  of the  tegmen
with  soft  tissue  in  the  middle  ear. Intraoperatively, cerebral tissue
herniation surrounded by cholesteatoma was found in  the  middle  ear
and  mastoid. A subtotal petrosectomy was performed.
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Fig. 8.70  CT scan of the  previous case. The  interruption of the  lateral
semicircular canal caused  by the  cholesteatoma is apparent  (arrow).

Fig. 8.71  Left  ear. Small epitympanic retraction  pocket  in  a  patient
presenting with hearing loss, tinnitus, and recurrent  episodes of otitis
media with  effusion. The  contralateral ear had  been  operated  on
elsewhere using an open tympanoplasty that  resulted  in total hearing
loss and facial nerve paralysis. ACTscan of the temporal bone revealed
the presence of an epitympanic cholesteatoma that  caused a fistula of
the  superior semicircular canal and  erosion of the  tegmen (see
� Fig. 8.72). The  patient  underwent  open  tympanoplasty. Being  the
only hearing  ear, the  cholesteatoma matrix was left  over the  fistula,
whereas the tegmental erosion was repaired using cartilage to avoid a
meningoencephalic herniation (see  Chapter 12).

Fig. 8.72  CTscan of the previous case. Cholesteatoma caused a fistula
of the superior semicircular canal and erosion of the tegmen (arrows).

Fig. 8.69  Right  ear. Epi- and  mesotympanic cholesteatoma. The
cholesteatoma debris protruded  through the  epitympanic erosion. In
the  posterosuperior quadrant, the  cholesteatoma sac can be  seen in
transparency, causing  bulging  of the  tympanic membrane. The  skin
surrounding  the  at tic erosion  is hyperemic. The  pars tensa is intact.
The patient complained of frequent episodes of vertigo. ACTscan (see
� Fig. 8.70) demonstrated  the  presence  of a  fistula  of the  lateral
semicircular canal.
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At present, with the diagnostic methods at  hand and increased
medical care, it  is very rare to find a cholesteatoma with intracra-
nial complications (e.g., meningitis, brain abscess, lateral sinus
thrombophlebitis). However, cases of cholesteatoma with massive
bone destruction, labyrinthine fistulas, severe sensorineural hear-
ing loss resulting in deaf ear, and facial nerve paralysis are not
infrequently encountered. In general, it  is not  necessary to order a
CTscan to diagnose a cholesteatoma. However, in the presence
of headache, vertigo, facial nerve paralysis, severe sensorineural
hearing loss, or sudden deafness, a high-resolution CTscan of the
temporal bone becomes highly important. Axial and coronal cuts
without  contrast  are required. When intracranial complications
are suspected, contrast  injection and MRI are also needed.

A labyrinthine fistula is found in less than 10% of cases. The lat-
eral semicircular canal, being the most  superficial, is the most
commonly involved. Treatment of a labyrinthine fistula depends
on the type (bony or membranous) and size of the fistula.

A tegmental erosion can be repaired using cartilage and bone
paste.

Facial nerve paralysis is either due to infection of the exposed
nerve or secondary to compression by the cholesteatoma. In the
majority of cases, removing the cholesteatoma and clearing the
infection are su cient for the paralysis to resolve. It  is very rare
to find fibrosis or thinning of the nerve. In these cases, facial
nerve reconstruction varies from rerouting and end-to-end anas-
tomosis to nerve grafting, according to the degree of injury and
length of the injured segment.

8.6  Surgical Treatm ent  of
Cholesteatom a: Individualized
Technique
Various  techniques  for  cholesteatom a  surgery  have  been  devel-
oped,  practiced,  crit icized,  and  favored  by  di erent  otologists.
The  current  dilem m a  regarding  the  choice  of technique  reflects
di erences of option  between  various schools of th inking in  otol-
ogy. However,  both  the  open  and  closed  techniques  have  now
been  individualized, and  the  choice  of procedure  can  be  m ade  in
accordance w ith  certain  indications to optim ize the results.

Until the  m id-1980, we were  very st rong proponents of closed
cavity  techniques. However, we  now  use  open  procedures  in  a
large  num ber  of cholesteatom a  cases  and  plan  the  operat ion  in
an  individualized m anner, on  a case-by-case basis.

A m odified  Bondy’s m astoidectomy is indicated  in  epitym panic
cholesteatom a w hen  the  patien t  has good  hearing and  an  in tact
ossicular  chain  and  pars  tensa, thus  allow ing one-stage  m astoid
cavity  exteriorization  w ith  rem oval  of the  cholesteatom a  w hile
preserving the preoperative hearing levels.

We use both  the  open  and  closed  techniques in  patients w ith  a
labyrinth ine  fistula.  The  cholesteatom a  m atrix  is  generally  left
over  the  fistula  site  in  open  cavity  cases, w hile  in  closed  cavity
cases, the  m atrix  is  rem oved  w ith  sm all  fistulas, and  a  second-
look operat ion  is  perform ed  after  6  m onths. We  prefer  an  open
technique  in  patients w ho have  a  labyrinth ine  fistula  in  the  only
hearing ear, in  those  w ith  sm all m astoids, and  in  other  situation
in  w hich an  open  technique is indicated.

We  generally  prefer  the  closed  techniques  in  patients  w ith
extensively  pneum atized  m astoids  and  in  ch ildren, as  we  prefer
not  to  create  a  cavity to  prevent  the  possible  later  lim itations  of
act ivity that  m ay result .

However, we do not  hesitate to carry out  a sw itch  to open  cav-
it ies  in  these  pat ien ts,  either  during  second-stage  surgery  or
w henever  there  is  recurrent  disease.  Di cult ies  have  been
encountered  w ith  regard  to  cavity  care  and  water  tolerance  in
som e cases, but  the incidence of th is is very low  in  our hands. We
att ribute th is to the e ective reduct ion  of the cavity size achieved
using the surgical technique we have adopted.

Care  is taken  to rem ove all the  overhanging m argins, to am pu-
tate the m astoid  t ip  w hen  an  extensively pneum atized  m astoid  is
present , and to create a round cavity; all of these procedures help
the prolapse of the adjacent  t issues in to the cavity, thereby genu-
inely reducing the size of the cavity.

8.6.1  Canal Wall Up (Closed)
Tym panoplast y

Indicat ions

●  Cholesteatoma in children and in patients with highly pneuma-
tized mastoids.

●  Minor epitympanic erosion.
●  Mesotympanic cholesteatoma.
●  Cochlear implants.
●  Facial nerve decompression.
●  Some cases of class B tympanojugular paragangliomas.

In  chronic  otit is  m edia  w ithout  cholesteatom a,  tym panoplasty
w ithout  m astoidectomy gives  the  sam e  result  as  that  w ith  m as-
toidectomy regarding rate of graft  failure and postoperat ive hear-
ing  status.  We  perform  m astoidectomy  only  in  patients  w ith
cholesteatom a in  the m astoid cavity.

Whenever  m inor  epitym panic  erosion  is  present, we  adopt  a
closed  technique  w ith  reconstruct ion  of the  att ic using car t ilage
and bone paste.

There is no single procedure to treat  all cases of cholesteatom a.
The surgeon  should  be flexible  and  prepared  to choose a surgical
technique  suitable  for  the  part icular  patien t. In  general, we  use
canal  wall  dow n  (CWD;  open)  tym panoplasty  in  m ost  cases  of
cholesteatom a,  as  the  canal  wall  up  (CWU;  closed)  technique
results in  higher  residual and  recurrent  rates com pared  w ith  the
CWD technique.  Surgical  in tervention  for  cholesteatom a  using
CWU tym panoplasty  should  be  com pleted  by  the  second-stage
operat ion, as  the  object ive  of the  surgery  is  not  only  to  recon-
struct  the  sound  transm ission  system  but  also  to  eradicate  any
residual  cholesteatom a. Currently, we  use  the  closed  technique
only in  selected cases.

In  patien ts  w ith  h ighly pneum atized  m astoid, CWU tym pano-
plasty is also indicated  to avoid  having a very large cavity. In  chil-
dren, we try to perform  a staged  CWU tym panoplasty because of
their  h ighly cellular  m astoids  and  in  an  attem pt  to  preserve  the
anatomy of the  ear  as  m uch  as  possible. However, even  in  such
cases,  if  there  is  large  epitym panic  erosion  or  surgery  reveals
intensive  involvem ent  of  the  m iddle  ear  by  cholesteatom a,
we  use  the  CWD technique. CWD tym panoplasty  is  also  chosen
for  the  only  hearing  ear.  In  the  presence  of  m esotym panic
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cholesteatom a,  especially  in  young  patients,  closed  tym pano-
plasty m ay be  indicated. In  the  first  operation , a  CWU tym pano-
plasty  is  perform ed  w ith  reconstruct ion  of  the  tym panic
m em brane, and a Silast ic sheet is placed through a posterior tym -
panotomy toward the Eustachian  tube to cover both  the tym panic
cavity and  the  m astoid. Silast ic favors regeneration  of the  m iddle
ear  m ucosa and  prevents the form ation  of adhesions. However, if
the  posterior  wall in terferes w ith  the  view  of the  cholesteatom a
m atrix,  for  example, by  extension  toward  the  Eustachian  tube,
open  tym panoplasty is adopted, especially in  old patients.

If  the  surgeon  is  not  sure  w hether  rem oval  of  the  posterior
canal wall  is  suitable, every  surgical  step  is  perform ed  as  CWU
tym panoplasty.

Once it  turns out that CWD tym panoplasty is indicated, conver-
sion  of  the  technique  by  rem oving  the  posterior  wall  is  not  a
m ajor  e or t .  Tim e  spent  in  canalplasty  and  tym panotom ies  is
worthw hile for the patient.

In  the  second  stage, usually  perform ed  8  to  12  m onths  later,
the  m iddle  ear  is  checked  for  eradicat ion  of any residual choles-
teatom a. The approach  for  the second stage is t ransm eatal, t rans-
canal,  or  t ransm astoid,  depending  on  the  localization  of  the
cholesteatom a  and  the  approach  used  in  prim ary  surgery.  If  a
recurrent  cholesteatom a or absorption  of the posterior canal wall
is  encountered  in  the  second  stage, we  transform  the  technique
in to CWD w ithout  hesitation .

Postoperatively,  regular  otoscopic  follow -up,  for  at  least  10
years, is essent ial to identify the form ation  of a  retract ion  pocket
or  recurrent  cholesteatom a. If  these  occur,  there  should  be  no
hesitation  in  sw itch ing  to  a  CWD tym panoplasty, as  we  believe
that  they  indicate  a  persisten t  underlying  pathology, even  after
the earlier CWU tym panoplasty.

Surgical Technique
The  technique  used  for  m astoidectomy in  closed  tym panoplasty
should  be  the  sam e  as  for  open  tym panoplasty. The  only di er-
ence  from  the  open  technique  is  preservation  of posterior  canal
wall, w hich  m ay  im pede  the  view  of the  tym panic  m em brane.
Adequate  saucerization  of  the  m astoid  cavity,  w ith  com plete
drilling of the  sinodural angle  and  bony overhang on  the  cavity
edges  should  be  perform ed  before  posterior  epitym panotomy
and  posterior  tym panotomy.  The  saucerized  cavity  m axim izes
the  surgical  view  and  surgical  visualizat ion  of  the  tym panic
m em brane. The canal wall should  therefore not  be th inned  at  the
outset .

A m eatal skin  flap  is elevated  m edially, and  the  m eatal bone  is
calibrated  if necessary. To  obtain  better  control of any pathology
and  to facilitate  reconstruction , it  is im portant  to be  able  to visu-
alize the ent ire annulus w ithout  m oving the m icroscope.

The  att ic is  opened  from  behind, w ith  the  superior  wall of the
external  auditory  canal  being  left  in tact .  The  direct ion  of  the
drilling should be from  m edial to lateral. The posterior att icotomy
should  have su cient  anterior extension  to allow  the w hole att ic
to be visualized.

The  utm ost  care  should  be  taken  not  to  touch  the  ossicular
chain  w ith  the burr. If there  is any risk, the  incudostapedial join t
should  be  disart iculated  first . In  th is  case, reconstruct ion  of the
ossicular  chain  m ay be  perform ed  either  at  the  end  of the  proce-
dure  or  during  the  second-stage  operat ion,  depending  on  the

pathology. Care  should  be  taken  not  to  fenestrate  the  superior
wall of the  external auditory canal. If th is  occurs, reconstruct ion
w ith  cart ilage and bone paste is perform ed.

A ret ract ion  pocket  w ith  a  sm all epit ym panic erosion  can  be
dissected  and  pushed  back  to  the  external auditory canal from
the  poster ior  cavit y  using  a  sm all  Cot tonoid .  If  there  is  at t ic
cholesteatom a,  the  head  of  the  m alleus  is  cut  and  the  cog  is
rem oved  w ith  either  a  burr  or  a  curet te  to  open  the  an terior
at t ic recess.

In  cases  of  retract ion  pocket  and  att ic  cholesteatom a,  it  is
im portant  in  the  closed  technique  to  drill  the  invisible  edge  of
the lateral at t ic wall, or  to scratch  it  w ith  a curet te, to avoid  leav-
ing skin  in  the  m iddle  ear. However, one  should  avoid  creat ing a
large att icotomy, to avoid recurrence.

The posterior  wall of the external auditory canal is th inned out .
The final step is preferably perform ed using a large diam ond burr.
It  is  im portant  not  to  m ake  the  posterior  wall  of  the  external
auditory  canal  too  th in . Inadverten t  opening  and  postoperative
atrophy of the  bony canal wall  can  lead  to  recurrent  cholestea-
tom a, even  a  considerable  t im e  after  surgery  in  cases  of  tubal
insu ciency.

To  avoid  injury  to  the  facial  nerve,  the  th ird  port ion  of  the
nerve  is  identified  using  a  large  cut t ing  burr,  parallel  to  the
course  of the  nerve, and  w ith  cont inuous suct ion  and  am ple irri-
gation.  The  nerve  is  only  skeletonized,  never  exposed.  Care
should  be taken  not  to open  the am pulla of the lateral sem icircu-
lar  canal,  w hich  is  located  just  m edial  to  the  facial  nerve. The
chorda tym pani is also ident ified.

Using  a  diam ond  burr  or  a  curette, the  facial  recess  between
the  facial nerve  and  the  chorda  tym pani is  opened. The  chordal
crest  can  be  seen  in  th is  step. A sm all  but tress  of  bone  is  left
in tact  posterior  to  the  short  process  of the  incus, to  protect  the
ossicular chain  from  the burr.

The posterior  tym panotomy allows control of the incudostape-
dial join t  and the oval and  round w indows. It  can  be opened infe-
riorly  to  allow  control  of  the  hypotym panum ,  by  cut t ing  the
chorda tym pani.

To  ventilate  the  epitym panum  via  the  supratubal  recess, the
overhanging cog is rem oved w ith  a curette after  the m alleus head
has been  m obilized.

Medium  to  th ick  Silast ic  sheet ing—shaped  to  cover  the
m edial  w all  of the  m iddle  ear, including  the  tubal  or ifice, the
epitym panum ,  the  opened  facial  recess,  and  the  m astoid—is
inser ted  from  the  posterior  cavit y  in  cases  of  cholesteatom a,
atelectat ic  ear,  and  extensive  defect  of  m ucosa  in  the  m edial
w all. The  Silast ic  sheet ing  helps  avoid  adhesions  between  th e
graft  and  the  denuded  tym panic  wall  and  prom otes  good
m ucosal regenerat ion .

The  Eustachian  tube  is  blocked  w ith  sm all  pieces  of Gelfoam ,
and  the  tym panic  cavity  is  filled  w ith  the  sam e  m aterial.  Any
defect  in  the tym panic m em brane is reconstructed  w ith  the tem -
poralis fascia.

At  the  end  of  the  procedure,  the  external  auditory  canal  is
packed w ith  sm all pieces of Gelfoam .

This  surgical  technique  is  show n  in  � Fig.  8.73,  � Fig.  8.74,
� Fig.  8.75,  � Fig.  8.76,  � Fig.  8.77,  � Fig.  8.78,  � Fig.  8.79,
� Fig.  8.80,  � Fig.  8.81,  � Fig.  8.82,  � Fig.  8.83,  � Fig.  8.84,
� Fig. 8.85, � Fig. 8.86.
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Fig. 8.75  Drilling  has been  advanced  anteriorly
to open the at tic from  the mastoid. Care should
be  taken not  to make the  canal wall too thin so
as to  avoid  fenestration.

Fig. 8.74  Opening  of the  antrum  visualizes the
cholesteatoma filling  the  antrum.

MFP

SS

Fig. 8.73  Left  ear, a  case  of epitympanic cho-
lesteatoma. Canal wall up  tympanoplasty is
performed. The  middle  fossa plate  and  the
sigmoid  sinus are  skeletonized. MFP, middle
fossa plate; SS, sigmoid  sinus.
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Fig. 8.77  Cholesteatoma is seen filling the facial
recess.

Fig. 8.78  A combined approach is performed to
dissect  cholesteatoma matrix from  the  area of
the stapes. A suction tube is introduced into the
area through the  canal, and  the  dissector
through the posterior tympanotomy to obtain a
better view of the  area. Meticulous care  should
be  taken to  remove  pathology around  the
stapes.

Fig. 8.76  With a diamond burr, the fossa incus is
extended  inferiorly to  perform  posterior tym-
panotomy. Since  the  incus is already eroded  in
this case, the  procedure  does not  threaten the
ossicular chain. The  area to  be  drilled  is
indicated  by the  dotted  line. The  tympanotomy
can be  extended  more  inferiorly by sacrificing
the  chorda tympani nerve  when it  is necessary
to  manage  hypotympanum  from  the  mastoid.
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Fig. 8.79  The  matrix is dissected  from  the
superstructure  of the  stapes. The  dissection
should  be  performed  along the  long  axis of the
footplate.

Fig. 8.80  The  malleus has been removed  to
allow removal of cholesteatoma matrix from the
supratubal recess. The cog separating the recess
from  the  posterior at tic is removed  with  a
diamond burr.

Fig. 8.81  The  cholesteatoma is eradicated  from
the middle ear. Note that  the middle fossa plate
and the sigmoid sinus are well skeletonized, and
the  sinodural angle  is opened.
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Fig. 8.82  A piece  of Silastic sheeting  is used  to
prevent  postoperative adhesion of the tympanic
membrane.

Fig. 8.83  A piece  of temporalis fascia  is pre-
pared  to reconstruct  the  tympanic membrane.
Two small cuts are  made  in  the  fascia. One
tongue  goes under the  bony annulus inferiorly,
and  the  other goes under the lateral wall of the
at tic to  facilitate  intimate  at tachment.

Fig. 8.84  The  temporalis fascia  is grafted
underlay.
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8.6.2  Canal Wall Down (Closed)
Tym panoplast y

Indicat ions

●  Cholesteatoma in cases of:
○  Contracted mastoid.
○  Large epitympanic erosions.
○  Recurrence after the closed tympanoplasty.
○  Bilateral cholesteatoma.
○  Cleft palate and Down’s syndrome.
○  Only hearing ear.
○  Large labyrinthine fistula.
○  Severe sensorineural hearing loss.

●  Some benign tumors involving the middle ear.
●  Some malignancy in the external auditory canal.

When  m arked  att ic  erosion  is  present  in  cholesteatom a, espe-
cially  in  adults,  we  perform  a  CWD (open)  technique  to  avoid
cholesteatom a recurring. This can  occur  because  of absorption  of
the  m aterial used  for  reconstruct ion  of the  att ic defect . In  cases
w ith  sclerotic m astoids, or w hen m iddle ear atelectasis is present ,
a  CWD tym panoplasty  is  also  perform ed. The  num ber  of CWD
techniques  perform ed  in  our  center  is  gradually  increasing. As
described, we  now  use  the  CWU (closed) technique  in  only lim -
ited  num bers of cases (fewer  than  10%) because  of its h igher  risk
of recurrence and residual cholesteatom a.

Today, we apply CWD techniques m ain ly in  cholesteatom a sur-
gery. In  our  experience, a  well-perform ed  CWD operation  has  a
better  chance  of  prevent ing  a  second  operation  and  results  in
m inim al  reduction  of both  hearing  and  quality  of  life. In  CWD
tym panoplasty, execut ion  of correct  technique  is  the  key to  suc-
cessful surgery. In  th is  technique, since  the  posterior  wall of the
external auditory canal is rem oved, the  m astoid  and  the  external
auditory canal becam e a com m on  com m unicating cavity exposed

Fig. 8.85  The  tympanomeatal flap  is replaced
over the  fascia.

Fig. 8.86  The  erosion of the  at tic is closed  with
sandwich technique, with two pieces of cartilage
and  bone  paste  in  between.
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to  the  outside  after  surgery.  To  avoid  postoperative  com plica-
t ions, it  is very im portant  to create an  ideal cavity during the first
operat ion  by follow ing correct  procedures, such  as su cient  sau-
cerizat ion  of the cavity and appropriate m eatoplasty.

Saucerizat ion  of the ent ire cavity and rem oval of any overhang-
ing  edges  not  only  increases  the  working  space  but  also  allow s
soft  t issue to fill in  the bony defect . This m akes the cavity sm aller
w ithout  the use of other m aterial for obliterat ion. We always per-
form  m eatoplasty  in  CWD operat ions, as  th is  technique  allow s
reduction  of raw  surfaces  and  also  results  in  a  relatively  sm all
and  shallow  cavity, by en larging its opening. An  adequate m eato-
plasty  is  an  essential prerequisite  for  consisten t  success  in  CWD
tym panoplast ies.  If  all  procedures  are  properly  perform ed, the
cavity  appears  sm all,  shallow, rounded  in  shape, dry, and  well
epithelialized.

On  the  other  hand, a  badly  produced  cavity  m ay  appear  wet
and  irregular, and  the  periphery  m ay  be  di cult  to  reach . The
cavity m ay be  lined  w ith  granulation  t issue  covered  by accum u-
lated  debris. We  have  found  that  technical  m istakes  com m only
seen  in  the  failed  cavity  are  a  very  narrow  m eatus  and  insu -
cien t  bone  rem oval, such  as  a  h igh  facial  ridge, an  overhanging
edge, and  a prom inent  m astoid  t ip. Each  of these factors im pedes
self-cleansing of cerum en  and  debris from  the  cavity, resulting in
an  inflam m atory  reaction . In  addit ion , the  risk  of residual  and
recurrent cholesteatom a is h igher in  such  a cavity.

Those patien ts w ho have recurrent  cholesteatom a tend  to have
either  poor  physiological funct ion  of the  Eustachian  tube  or  the
m ost  di cult-to-m anage disease state. Revision  surgery preserv-
ing the  canal wall is  likely to  cause  the  patient  and  fam ily extra
expense  for  addit ional  surgery.  Therefore,  once  cholesteatom a
has recurred, we  have  no hesitat ion  in  convert ing the  procedure
to CWD technique by rem oving the posterior canal wall.

Surgical Technique
Local  anesthesia  (2% lidocaine  and  1:100,000  epinephrine)  is
used  in  95% of  cases.  General  anesthesia  is  required  in  the
rem ainder, w hen  the patients are young or apprehensive. Using a
postauricular skin  incision , tem poralis fascia is harvested for graft
m aterial.

The bone over  the tegm en is th inned  out  to ident ify the m iddle
fossa  dura through  the  bone. Disease  over  the  dura, if present , is
gently  rem oved. If there  is  any  doubt  about  residual  m atrix  on
the  dura,  it  is  coagulated  using  bipolar  cautery,  as  previously
described  by Sanna et  al (1993a). The air cells behind  the sigm oid
sinus are rem oved, and the sinodural angle is opened w idely.

Usually, the antrum  requires w ide opening. The posterior canal
wall  is  rem oved. The  perilabyrinthine  and  the  m astoid  t ip  cells
are  also  rem oved.  A prom inent ,  well-pneum atized  m astoid  t ip
should  be  rem oved  to  reduce  the  volum e  of the  m astoid  cavity.
Drilling  starts  from  the  level  of  the  stylom astoid  foram en  and
continues posteriorly, in  a  rotatory fashion  parallel to  the  digas-
tric ridge, unt il the  t ip  is underm ined. It  is  im portan t  to  create  a
fracture  line  lateral  to  the  stylom astoid  foram en  to  avoid  any
traction  on  the  facial  nerve  in  the  follow ing  process.  The

rem aining  bony  shell  is  m obilized  and  pulled  out  in  a  rotatory
fashion  w ith  a bone rongeur, and detached from  the m uscle using
electrocautery.  This  am putation  of  the  m astoid  t ip  not  only
reduces the  cavity volum e, but  also  prevents  a  “sink t rap” e ect
that  m ay cause postoperat ive accum ulat ion  of skin  debris.

The  facial nerve  should  be  dist inguished  from  the  disease. The
two consisten t  st ructures for  identifying the  facial nerve  are  the
cochleariform  process and  the  digastric ridge. The  digastric ridge
is ident ified and then  followed to the stylom astoid foram en.

The ossicles are usually absent or eroded.
The anterior but tress and  the bony spur superior  to the cochle-

ariform  process  are  rem oved  along  w ith  the  anterior  attic  cells.
The zygom atic air  cells are  exteriorized, thereby rem oving all the
air  cells  in  the  epitym panic space  and  the  supratubal recess. The
skin  of  the  an terior  and  inferior  bony  ear  canal  is  reflected
toward  the  annulus  and  protected  w ith  alum inum  foil. The  ear
canal is  enlarged, w ith  care  being taken  not  to  uncover  the  cap-
sule  of the tem porom andibular  joint . The tym panic m em brane is
then  inspected,  as  usually  there  is  som e  residual  anterior  and
inferior tym panic m em brane present .

The  posterior  but tress  and  the  facial ridge  are  lowered  to  the
floor  of the  external ear  canal or  the  facial nerve  itself. The  dis-
ease  is  then  cleared  from  the  facial  recess, sinus  tym pani, and
hypotym panum . At  the  end  of  the  procedure, the  cavity  edges
are  sm ooth,  rounded,  and  well  saucerized.  The  appearance  of
w hite  cort ical bone signifies total exteriorizat ion  of all accessible
air cells. Som etim es, a retroauricular, anteroinferiorly based, soft-
t issue flap is used to obliterate the area of the m astoid t ip .

One of the m ost  im portant  steps in  creat ing a t rouble-free  cav-
ity  is  obtaining  a  w ide  m eatus, to  provide  an  adequate  surface-
to-volum e  ratio  for  aeration, epithelial  stabilit y, and  good  post-
operat ive visualization  of the cavity. The conchal incision  is m ade
in  an anterior to posterior direct ion, w ith  the help of a nasal spec-
ulum . The  conchal cart ilage  is  further  exposed  by dissect ing the
skin  from  it . The  car t ilage  on  each  side  of the  incision  is  excised
in  a  t riangular  fashion. The  skin  flaps  are  sutured  together  w ith
the  subcutaneous  t issue, so  as  to  lie  on  the  posterosuperior  and
posteroinferior  aspects  of  the  m astoid  cavity.  These  skin  flaps
cover  the  rem aining  edge  of the  conchal cart ilage, thereby pre-
vent ing the possibility of perichondrit is.

In  cases  in  w hich  staged  procedures  are  necessary,  m edium
thickness Silast ic is placed  on  the prom ontory, w ith  a long exten-
sion  in to the Eustachian  tube orifice.

Tem poralis  fascia  is  placed  on  the  Gelfoam  bed  m edial to  the
annulus, spreading over  to  cover  the  facial ridge, epitym panum ,
and  m astoid  cavity. The  residual tympanic m em brane  and  canal
skin  are placed over it . The cavity and the ear canal are then  filled
w ith  Gelfoam . The postauricular  incision  is sutured  in  layers, and
a m astoid bandage is applied.

This  surgical  technique  is  show n  in  � Fig.  8.87,  � Fig.  8.88,
� Fig.  8.89,  � Fig.  8.90,  � Fig.  8.91,  � Fig.  8.92,  � Fig.  8.93,
� Fig.  8.94,  � Fig.  8.95,  � Fig.  8.96,  � Fig.  8.97,  � Fig.  8.98,
� Fig.  8.99,  � Fig.  8.100,  � Fig.  8.101,  � Fig.  8.102,  � Fig.  8.103,
� Fig. 8.104.
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Fig. 8.87  Canal wall down mastoidectomy is
performed. The  posterior end  of cholesteatoma
reaching  the  antrum  is beginning  to  be  seen.
The  tympanomeatal flap  is detached  from  the
bony meatus and  protected  with  aluminum
sheeting  for canalplasty.

Fig. 8.88  The  canalplasty is completed, and  the
scutum  is removed with a curet te after thinning
the  bony bridge  lateral to  the  chain. The
cholesteatoma in  the  at tic is visualized.

Fig. 8.89  Debulking  and  piecemeal removal of
cholesteatoma is of importance  to visualize
structures around the matrix and to make room
for dissection.
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Fig. 8.90  The  facial ridge  is further lowered  to
the level of the tympanic membrane to obtain a
good  rounded  cavity. The  tympanomeatal flap
should  be  protected  by aluminum  sheeting
during  drilling.

Fig. 8.91  The  fibrous annulus is detached  to
verify absence  of cholesteatoma from  the
tympanic cavity. The long process of the incus is
seen (arrow).

Fig. 8.92  Bony overhangs are  removed  with  a
cut ting  burr to  expose  the  cholesteatoma
extending  anteriorly. To  avoid  contact  with  the
ossicular chain, the  drill should be moved either
from  the  area near the  chain  to elsewhere  or
parallel to  the  chain.
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Fig. 8.93  Bony overhangs are  removed  with  a
cut ting  burr to  expose  the  cholesteatoma
extending  anteriorly. To  avoid  contact  with  the
ossicular chain, the  drill should be moved either
from  the  area near the  chain  to elsewhere  or
parallel to  the  chain.

Fig. 8.94  Debulking  of the  cholesteatoma re-
veals considerable  invagination of the  matrix
anteriorly to the  malleus. Since  access to this
area is blocked by the ossicular chain, removal of
the  malleus and  the  incus is indicated.

Fig. 8.95  The  incudomallear joint  is disarticu-
lated, and the  incus is taken out. The  erosion in
the  lateral face  of the  body of the  incus is seen
(arrow).
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Fig. 8.96  The  head  of the  malleus blocking
access to the  supratubal recess is removed.

Fig. 8.97  The  cholesteatoma is eradicated  from
the  middle  ear. The  transection of the  tendon
followed  by inferior reflection  of the  tympanic
membrane  has sufficiently enlarged  the  ap-
proach  to the  supratubal recess.

FN

SH

P

CP

ST

Fig. 8.98  The  anatomy around  the  stapes is
shown. Note the prominent  bulging of the facial
nerve  reaching  to the  stapes. CP, cochleariform
process; FN, facial nerve; P, promontory; SH,
head  of stapes; ST, tendon of stapes.

Chronic Suppurat ive Otit is Media with Cholesteatoma

150



Fig. 8.99  The  cavity is packed  with  Gelfoam.

Fig. 8.100  Silastic sheeting  is used  to  avoid
postoperative  adhesion  of the  tympanic mem-
brane  to  the  structures in  the  medial wall.

Fig. 8.101  A large  piece  of temporalis fascia  is
grafted  underlay.
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Fig. 8.102  Meatoplasty. A piece  of gauze  is put
over the  cavity to prevent  blood  running  into
the  cavity. A skin  cut  is made  with  a Beaver
blade including underlying the conchal cartilage.
The  cut  runs almost  parallel to  the  crus of the
helix, toward the antihelix. Under the cut, folded
gauze that prevents blood from running into the
cavity is seen.

Fig. 8.103  The  conchal cartilage  is dissected
from  subcutaneous tissue  with  scissors to
expose a sufficient  area. Because the cartilage is
fragile, it  is wise  to  hold  the  skin  during  this
procedure. The  cartilage  to be  removed  is
indicated  by the  dashed  line.

Fig. 8.104  A sufficiently large  piece  of cartilage
is resected  at  the  superior and  inferior edges.
Finally, the  skin flaps are  sutured  to appropriate
positions superiorly and  inferiorly to  open the
meatus widely and  to cover the  edge  of the
conchal cartilage. When adequately sutured, the
meatus keeps its shape  by itself.
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8.6.3  Modified Bondy’s Technique
Indicat ions

●  Epitympanic cholesteatoma in a normal or good hearing ear
with an intact  tympanic membrane, ossicular chain, and
tympanic cavity.

●  Epitympanic cholesteatoma in the better or only hearing ear
with slightly injured ossicular chain.

●  Some cases of bilateral postinflammatory canal stenosis.

In  modified  Bondy’s technique, the  posterior canal wall is removed,
but  the articulations between the ossicles are not  touched.

The  prerequisite  conditions  for  using  th is  technique  are  an
intact  ossicular  chain  and  the  tym panic m em brane  w ith  choles-
teatom a  located  laterally  to  the  chain , usually epitym panic cho-
lesteatom a.  A  contracted  m astoid  is  preferred.  Significant
benefits  of th is  technique  are  constant  retent ion  of preoperative
hearing, due  to  the  preservation  of ossicular  art iculat ions, low
recurrence, and  low  rate  of residues compared  w ith  closed  tech-
nique, and  that  it  is  a  one-stage  operat ion  that  does not  necessi-
tate a second intervent ion.

The  risk  of th is  procedure  is  sensorineural hearing loss  at  the
high  frequencies due to acoustic traum a, especially w hen  drilling
around  the  chain , as  the  ossicular  chain  rem ains in tact  through-
out  the  surgery. Drilling  around  the  chain  should  be  conducted
correctly  and  m et iculously. With  appropriate  select ion  of cases,
there  are  no  further  disadvantages  compared  w ith  other  open
m astoidectomy procedures.

Surgical Technique
A m astoidectomy  is  com pleted  using  one  of  two  techniques
described  earlier.  Su cient  lowering  of  the  facial  ridge  to  the
level of the tym panic annulus is of t rem endous im portance.

The drill should be m oved parallel to the nerve during th is pro-
cedure. A highly pneum atized  m astoid  t ip  should  be  am putated
as described  previously. Extensive  pneum atizations in  the  cavity
are filled w ith  cart ilage or bone paste.

If canalplasty  is  required, the  anterior  m eatal  skin  is  cut  and
folded  m edially.  The  inferior  canal  wall  is  w idened  to  give  a
round  cavity. The  tym panom eatal flap  should  be  protected  w ith
a  th in  alum inum  sheet  during  the  drilling. The  facial  bridge  is

rem oved  w ith  a  curette,  taking  special  care  not  to  injure  the
chain .  Burrs  m ay  be  used,  but  because  the  ossicular  chain
rem ains in tact , th is m ight  carry m ore  risks. The  anterior  and  the
posterior  but tresses are also rem oved  in  the sam e way. The ante-
rior  epitym panum  should  be fully opened. The facial ridge is fur-
ther  lowered. Cholesteatom a  is  rem oved  from  the  att ic  and  the
m astoid. The  posterosuperior  annulus  is  part ially detached  from
the  tym panic  sulcus,  and  the  tym panic  cavity  is  carefully
inspected  to  ensure  absence  of cholesteatoma. Pathological  t is-
sue, such  as  scar  and  granulation  t issue, if any, is  dissected  w ith
m eticulous  care  from  the  ossicular  chain . Minor  invagination  of
cholesteatom a m atrix behind  the body of the  incus and  the head
of the m alleus is carefully dissected from  the chain .

Meatoplasty is  perform ed  to  obtain  su ciently large  access to
the  cavity postoperat ively. The  conchal cart ilage  is  harvested  for
the subsequent  reconstruct ion.

A piece  of cart ilage  is  placed  in  the  att ic, m edially to  the  body
of the  incus and  the  head  of the  m alleus. This cart ilage  prevents
retract ion  of the  reconstructed  tym panic m em brane  behind  the
ossicles. Bone paste should  not  be  used  in  th is area to avoid  fixa-
t ion  of the ossicular chain . The Eustachian  tube and  the tym panic
cavity are packed w ith  Gelfoam .

A longitudinal cut  is m ade in  the tem poralis fascia. One tongue
is placed m edial to the body of the incus and the head of the m al-
leus, extending anteriorly  under  the  anterosuperior  quadrant  of
the  tym panic m em brane. The  other  tongue  is  inserted  lateral to
the long process of the incus and m edial to the handle of the m al-
leus m aking the fascia underlay. In  som e cases, a th in  piece of car-
t ilage m ay be inserted  over  the long process of the incus to avoid
retract ion  of the posterosuperior quadrant .

As  large  an  exposed  bony  surface  as  possible  is  covered  w ith
the  posterior  extension  of the  fascia. Another  piece  of fascia  m ay
be placed  to cover  exposed  bone  and  m aterials used  for  oblitera-
t ion . The tym panom eatal flap  is replaced on  the temporal fascia.

If the  ossicular  chain  is substant ially involved  in  the  cholestea-
tom a and  its  dissect ion  is  di cult , it  is  necessary to  rem ove  the
body of the  incus  w ith  or  w ithout  the  head  of the  m alleus. This
converts the technique to open  tym panoplasty. The chain  m ay be
reconstructed in  the sam e stage.

This  surgical  technique  is  show n  in  � Fig. 8.105, � Fig. 8.106,
� Fig. 8.107, � Fig. 8.108, � Fig. 8.109, � Fig. 8.110, � Fig. 8.111,
� Fig. 8.112. Also see � Table 8.1 and � Table 8.2.
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Fig. 8.105  Left  ear. Epitympanic cholesteatoma
with  normal hearing  and  apparently intact
ossicular chain. The former surgical steps are the
same  of that  of a  CWD technique. The
cholesteatoma is visible  lateral to  the  incus
(arrow).

Fig. 8.106  After removal of the  cholesteatoma,
the intact ossicular chain is exposed. I, incus; ISJ,
incudostapedial joint; TM, tympanic membrane.
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Fig. 8.107  The  bony overhang  in  the  at tic from
the middle fossa plate (arrow) is performed with
cut ting  burr to  expose  the  epitympanum. Care
should be taken not  to touch the ossicular chain,
since  articulations between the  ossicles remain
intact  in  modified  Bondy’s technique.

Fig. 8.108  The ossicular chain is further cleaned
and  checked  to  avoid  any residual disease.
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Fig. 8.109  A piece  of cartilage  is placed  in  the
at tic, medially to the  body of the  incus and  the
head  of the  malleus to prevent  retraction.

Fig. 8.110  Another piece  of conchal cartilage  is
placed  in  the  at tic.

Chronic Suppurat ive Otit is Media with Cholesteatoma

156



TM

M

F

Fig. 8.111  Reconstruction  is completed  with  a
piece  of temporalis fascia placed  over the
cartilage  and  the  ossicular chain. F, fascia; M,
malleus; TM, tympanic membrane.

Cart ilage

Fig. 8.112  Reconstruction  in  a  modified  Bondy’s technique  tympa-
noplasty.

Table 8.1  Hearing outcomes in 303 patients operated at  the Gruppo
Otologico with modified Bondy’s technique tympanoplasty for epitym-
panic cholesteatoma (1983–2014)

Hearing
outcomes

Preoperat ive  Postoperat ive

First  year  Fifth  year

PTA AC  30 ± 11.8 dB
(range  10–66 dB)

30.8  ± 12.25 dB
(range  10–80 dB)

30.8  ± 12.3 dB
(range  10–80 dB)

PTA BC  16.3  ± 7.5 dB
(range  0–45 dB)

16.6  ± 7.5 dB
(range  5–51 dB)

16.7  ± 7.6 dB
(range  5–51 dB)

PTA ABG  13.6  ± 7 dB
(range  0–25 dB)

14.1  ± 7.2 dB
(range  0–48 dB)

14 ± 7.5 dB
(range  0–48 dB)

Note: Patients had at  least  5 years of follow-up. The pure tone averages
(PTA) were  noted  for air conduction  (AC) and  bone  conduction  (BC)
recorded  before  and after surgery as the  mean of 500, 100, 2,000, and
4,000 Hz. Air–bone gap (ABG) was calculated using the AC and BC values
determined  at  the  same time.

Table 8.2  Postoperative sequelae after modified Bondy’s procedure in
this series (303 cases with 5 years of follow-up, 1983–2014)

Postoperat ive  sequelae  Patients (%)

Recidivism

●  Residual cholesteatoma (lateral to the  reconstructed
tympanic membrane)

8.1

●  Residual cholesteatoma (medial to  the  reconstructed
tympanic membrane)

0

●  Recurrent  cholesteatoma  0

Effusion  5

Retraction  pocket  3.1

Discharging  ear  1.5

Perforation  1.5

Meatal stenosis  1.2
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9  Congenital Cholesteatom a of the  Middle  Ear
Abst ract
Congenital cholesteatom a  is  defined  as  an  epiderm oid  cyst  that
develops behind  an  in tact  tym panic m em brane in  a  patien t  w ith
no history of otorrhea, t raum a, or previous ear surgery. Thus, oto-
scopy  is  characterized  by  a  w hit ish  bulging  of the  posterior  or
anterior  quadrants.  The  treatm ent  of  th is  condit ion  is  surgical
(tym panoplasty).

Keywords:  congenital  cholesteatom a,  Michaels’  st ructure,
tym panoplasty

Congenital cholesteatom a is defined  as an  epiderm oid  cyst  that
develops behind  an  in tact  tym panic m em brane in  a  patien t  w ith
no h istory of otorrhea, t raum a, or  previous ear  surgery. Michaels
studied  fetal tem poral bones  and  dem onstrated  the  presence  of
an  epiderm oid  structure  between  10  and  33  weeks of gestation .
This st ructure tends to involute spontaneously until it  completely
disappears.  Michaels  hypothesized  that  the  persistence  of  th is
structure  could  act  as  anlage  and  lead  to  congenital  cholestea-
tom a. The fact  that  the m ost  classic location  of congenital choles-
teatom a, nam ely, in  the  anterosuperior  part  of  the  tym panum ,
corresponds  to  the  site  of the  fetal Michaels’ structure  supports
th is theory. In  our cases, however, and contrary to the few  studies
reported  in  literature  (Cohen  1987,  Derlacki  and  Clem is  1965,
Friedberg  1994, Levenson  et  al 1989), the  m ost  com m on  site  of
congenital cholesteatom a was the posterior  m esotym panum  (see
� Table  9.1). As no exist ing theory can  truly explain  the  origin  of
congenital cholesteatom a in  the  posterior  location, a  st rong con-
jecture  can  be  m ade  that  these  lesions  m ight  represent  a  di er-
ent  ent ity from  those  of the  anterior  location  and  m ay originate
from  epithelial cell rest  that  are  t rapped  in  the  posterior  m eso-
tym panum  during the  developm ent  of the  tem poral bone. Diag-
nosis  is  occasional  in  the  asym ptom atic  patient , or  the  patient

m ay com plain  of hearing loss due to erosion  of the ossicular chain
or  of recurrent  attacks of secretory otit is  m edia  due  to occlusion
of the tubal orifice by the cholesteatom atous m ass. A h igh  degree
of suspicion  and  thorough  exam ination  are  essential in  detect ing
the  presence  of  these  lesions.  Refer  to  � Fig.  9.1,  � Fig.  9.2,
� Fig.  9.3,  � Fig.  9.4,  � Fig.  9.5,  � Fig.  9.6,  � Fig.  9.7,  � Fig.  9.8,
� Fig.  9.9,  � Fig.  9.10,  � Fig.  9.11,  � Fig.  9.12,  � Fig.  9.13,
� Fig.  9.14,  � Fig.  9.15,  � Fig.  9.16,  � Fig.  9.17,  � Fig.  9.18,
� Fig.  9.19,  � Fig.  9.20,  � Fig.  9.21,  � Fig.  9.22,  � Fig.  9.23,
� Fig. 9.24.

Congenital  cholesteatom a  could  slow ly  and  silently  progress,
involving the m astoid  space or causing tym panic m em brane per-
foration,  especially  in  cases  w ithout  sym ptom s.  In  such  cases,
classification  between  acquired  and  congenital cholesteatoma  is
m ore di cult .

Even  m ore  rarely, facial  nerve  palsy  or  sensorineural  hearing
loss could  suddenly occur as a result  of progression  of a congeni-
tal cholesteatom a  of the  m iddle  ear  in to  a  petrous  bone  choles-
teatom a (see Chapter 10).

Fig. 9.2  Type  A2 congenital cholesteatoma.Fig. 9.1  Type  A1 congenital cholesteatoma.

Table 9.1  Classification of congenital cholesteatoma of the middle ear
and rate at our Institution

Type  Location  Percent

Type  A  Mesotympanic  52.27

Type  A1  Premalleolar  5.55

Type  A2  Retromalleolar  46.72

Type  B  Epitympanic  6.83

Type  A/B  Mixed  40.90
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Fig. 9.3  Type  B congenital cholesteatoma.  Fig. 9.4  Type  A/B congenital cholesteatoma.

Fig. 9.5  Left  ear. Congenital cholesteatoma (type  A2) seen as a white
retrotympanic mass causing  bulging  of the  posterosuperior quadrant
of the  tympanic membrane. Neither drum  perforation nor bony
erosion is detected. In this case, the cholesteatoma caused erosion of
the  long  process of the  incus with  resultant  conductive  hearing  loss.

Fig. 9.6  Right  ear. Type  A1 congenital cholesteatoma. The  cholestea-
toma is located in the area of the Eustachian tube, causing middle ear
dysventilation and  tympanic membrane  retraction. Audiometry
showed  mild  conductive  hearing  loss.
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Fig. 9.8  CT scan of the same patient, axial view. The cholesteatoma is
in  contact  with the  promontorium  and  tends to block the  Eustachian
tube  (arrow).

Fig. 9.7  CTscan of the same patient, coronal view. The cholesteatoma
pearl is clearly visible  medial to the  malleus (arrow).

Fig. 9.9  Congenital cholesteatoma in  an 18-year-old  female  patient
with  the  onset  of right  hearing  loss since  2  months. No history of
chronic otitis was reported. A white  mass is clearly visible  in  the
mesotympanic area. A CT scan  showed  the  presence  of a  choles-
teatoma involving both the epitympanic and the mesotympanic areas
(type  A/B). Audiometry showed  moderate  right  conductive  hearing
loss (see  � Fig. 9.10).
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Fig. 9.10  Audiometry of the  previous case  showing  right  conductive
hearing  loss.
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Fig. 9.12  CT scan of the  same  case, coronal view. The  cholesteatoma
mass extends to the anterior epitympanic area, medial to the  malleus
(arrow).

Fig. 9.11  CT scan  of the  same  case, coronal view. The  cholesteatoma
mass erodes the  long  process of the  incus and  the  stapes supra-
structure  (arrow).

Fig. 9.13  CT scan of the  same  case, axial view. The  cholesteatoma
involves both  the  epitympanic and  slightly the  mesotympanic area.
The  mastoid  is free  from  the  disease  (arrow).

Fig. 9.14  Another case of congenital cholesteatoma (type A/B) evolved
slowly in a 40-year-old female patient with no history of otitis. The patient
referred to our center for the worsening of a left  subjective hearing loss.
She had never had ENT consultations before ours. CTscan showed
massive involvement of the mastoid and erosion of the incudostapedial
joint. Audiometry showed severe conductive hearing loss. A staged canal
wall down (open) tympanoplasty was performed.
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Fig. 9.15  CT scan of the  same  patient, axial view. The  cholesteatoma
involves the  middle  ear cleft  and  the  mastoid  air cells (arrow).

Fig. 9.16  CT scan  of the  same  patient, coronal view. The  cholestea-
toma caused  erosion  of the  incudostapedial joint  arrow, resulting  in
hearing  loss.

Fig. 9.17  Case  of congenital cholesteatoma (type  A2) evolved  slowly
in a 36-year-old male  patient  with no history of otitis. In this case, the
patient  complained  of fullness and  hearing  loss. CT scan showed
mesotympanic cholesteatoma with  involvement  of the  posterior
epitympanic area and  the  mastoid  (see  � Fig. 9.18, � Fig. 9.19).
Audiometry showed slight conductive hearing loss (10–15 dB air–bone
gap). A staged  canal wall up  tympanoplasty has been planned.

Fig. 9.18  CT scan, coronal view, of the same case. The cholesteatoma
(arrow) involves the  posterior epitympanum  and  the  mesotympanic
area. The  hypotympanum  seems free  from  the  disease.
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Fig. 9.19  CT scan, axial view, of the  same  case. The  anterior
epitympanum  is free  from  the  disease  (yellow arrow), while  the
mastoid  (poorly pneumatized) seems involved  (green arrow).

Fig. 9.20  Congenital cholesteatoma in a 7-year-old boy presenting with
left  hearing loss. The otoscopy shows a classic whitish retrotympanic
mass. The CTscan (see � Fig. 9.21, � Fig. 9.22) confirmed the presence
of a mesotympanic retromalleolar cholesteatoma (type A2). A staged
canal wall up (closed) tympanoplasty was performed.

Fig. 9.21  Cone-beam  CT scan, coronal view, of the  same  case. The
cholesteatoma involves the  mesotympanic area, eroding  the  incu-
dostapedial joint  (arrow).

Fig. 9.22  Cone-beam  CT scan, axial view, of the  same  case. The
cholesteatoma mass is visible  in  the  mesotympanum, engulfing  the
incudostapedial joint.
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Sum m ary

Congenital cholesteatoma of the middle ear is an infrequent
pathology during infancy and childhood. It  presents behind an
intact  tympanic membrane, either anterior or posterior to the
handle of the malleus.

Anterosuperior cholesteatoma can be removed through an
extended tympanotomy that permits the preservation of the
tympanic membrane and ossicular chain integrity. Posterior cho-
lesteatoma, however, requires a staged closed tympanoplasty.
The second stage serves to check for any residual cholesteatoma.
The ossicular chain, which is generally eroded in the posterior
type, can be reconstructed at  this stage.
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Fig. 9.23  (a,b)  A case  similar to  that  of
� Fig. 9.20. Congenital cholesteatoma in an 11-
year-old  child. On otoscopic examination, a
whitish mass is seen in the tympanic cavity with
transparency. The  CT examination demon-
strated  that  cholesteatoma (arrow) is localized
mainly in  the  tympanic cavity, with  small
extension toward the  at tic. The  incus is eroded,
and continuity of the ossicular chain is impaired.
C, cochlea; CA, carotid  artery; Ch, cholesteato-
ma; EAC, external auditory canal; IAC, internal
auditory canal; M, malleus; V, vestibule.

Fig. 9.24  Right  ear. This 12-year-old  male  patient  referred  to our
institution  after insertion  of a  ventilation  tube  elsewhere  for slight
conductive  hearing  loss. The  otoscopy reveals a  clear congenital
cholesteatoma in  the  area of the  Eustachian tube  (type  A1). Surgical
removal of the  cholesteatoma has been  planned.
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10  Pet rous Bone Cholesteatom a
Abst ract
Petrous  bone  cholesteatom as (PBCs) are  slow-grow ing expansile
epiderm oid  lesions arising in  the petrous port ion  of the temporal
bone. In  such  cases, the first  sym ptom s are facial nerve  paralysis,
vert igo,  and  deaf  ear  due  to  invasion  of  the  facial  nerve  and
labyrin th . Otoscopy m ay be  irrelevant  or  only dem onstrates pars
flaccida  perforation  or  an  open  m astoid  cavity  w ith  evidence  of
suppurative  discharge.  Radiological  exam inations  (com puted
tom ography and  m agnetic  resonance  im aging  scans)  are  funda-
m ental to  evaluate  the  extension  of the  lesion  and  to  determ ine
the  surgical  m anagem ent . The  classification  proposed  by  Sanna
divides  PBCs  into  five  groups  based  on  the  relationship  of  the
disease to the labyrinth ine block (supralabyrinthine, infralabyrin-
th ine, infralabyrin thine-apical, m assive, apical types). This radio-
logical  classification  allow s  standardization  in  report ing  and  a
clear  planning of the  surgical approach , w hich  has to  be  suitable
for  a  safer  m anagem ent  of the  facial nerve, dura, in ternal carotid
artery, sigm oid sinus, and jugular bulb.

Keywords: petrous bone cholesteatom a, facial nerve, Sanna classi-
fication , t ransotic approach, t ranscochlear approach

Pet rous  bone  cholesteatom as  (PBCs)  are  slow-grow ing
expansile  epiderm oid  lesions  arising  in  the  pet rous  por t ion  of
the  tem poral  bone  w ith  an  incidence  of 4  to  9% of all  pet rous
pyram id  lesions. These  could  be  congen ital, acquired, or  iat ro-
gen ic.  Congen ital  PBCs  are  m ost  p lausibly  explained  by  the
persistence  of fetal  epiderm oid  form at ion  in  the  pet rous  bon e
or  the  m iddle  ear  from  w h ich  it  expands  to  the  pet rous  bone.
In  such  cases,  the  first  sym ptom s  are  facial  nerve  paralysis,
ver t igo,  and  deaf  ear  due  to  invasion  of  the  facial  nerve  and
labyrin th . The  acquired  var iety  is  due  to  the  m igrat ion  of squ-
am ous  epithelium  in to  the  pet rous  bone  secondary  to  a  perfo-
rat ion  in  the  tym panic  m em brane.  The  iat rogenic  variety  is
due  to  the  im plan tat ion  of  cholesteatom a  after  an  otologic
surgery.  Fet id  otorrhea,  progressive  facial  palsy,  ver t igo,  and
hear ing  loss  of  any  type  (conduct ive,  sensorineural,  m ixed)
are  usually encountered  in  these  pat ien ts.

Otoscopy m ay be  irrelevant  or  only dem onstrates pars flaccida
perforation  or  an  open  m astoid  cavity w ith  evidence of suppura-
t ive  discharge. A com puted  tom ography (CT) scan  and  m agnet ic

resonance  im aging (MRI) are  fundam ental to evaluate  the  exten-
sion  of the lesion  and to determ ine the surgical m anagem ent.

The  rarity of these  lesions, slow  and  silent  growth  pattern, their
complex location  in  the  skull base, proximity to vital neurovascular
structures (facial nerve, internal carotid  artery, sigmoid  sinus, jugu-
lar  bulb, lower  cranial nerves, dura), and  tendency  to  recur  make
PBCs  very  challenging  to  diagnose  and  treat. PBCs  have  shown  to
be  locally  aggressive  by  involving  the  petrous  bone  and  the  areas
surrounding  it ,  such  as  the  clivus,  nasopharynx,  sphenoid  sinus,
and  the  infratemporal fossa, and  even  extending intradurally. Also,
the  close  proximity  of the  disease  to  the  labyrinth  and  the  facial
nerve  puts  to  risk both  hearing and  facial nerve  function, which  is
reflected  in  the  high  incidence  of  facial  nerve  palsy  (34.6–100%)
seen  in  the important  series reported in  literature.

Surgery remains the mainstay of treatment of PBCs. The choice of
surgical approach  has evolved  from  radical petromastoid  exentera-
tion  with  marsupialization  of the  cavity  to  closed  and  obliterative
techniques following complete eradication  Advancements in  neuro-
radiology and  microscopic lateral skull base  surgery  have  made  it
possible  today  to  completely  extirpate  these  lesions  safely  with
minimal  recurrences  and  perioperative  morbidity.  The  primary
objective  in  surgical approaches  for  PBCs is  to  ensure  total disease
eradication  along  with  complete  control  and  safety  of  the  sur-
rounding  important  neurovascular  structures. The  development  of
the  transotic and  transcochlear  approaches, combined  with  various
other  skull base  approaches, has  helped  achieve  both  these  objec-
tives and is considered the mainstay of surgery for PBCs.

The  classification  proposed  by  Sanna  divides  PBCs  into  five
groups  based  on  the  relationship  of the  disease  to  the  labyrin-
thine block. This radiological classification  allows standardizat ion
in  report ing  and  a  clear  planning  of  the  surgical  approach
(� Table  10.1,  � Table  10.2).  Also  see  � Fig.  10.1,  � Fig.  10.2,
� Fig.  10.3,  � Fig.  10.4,  � Fig.  10.5,  � Fig.  10.6,  � Fig.  10.7,
� Fig.  10.8,  � Fig.  10.9,  � Fig.  10.10,  � Fig.  10.11,  � Fig.  10.12,
� Fig. 10.13, � Fig. 10.14, � Fig. 10.15, � Fig. 10.16, � Fig. 10.17,
� Fig. 10.18, � Fig. 10.19, � Fig. 10.20, � Fig. 10.21, � Fig. 10.22,
� Fig. 10.23, � Fig. 10.24, � Fig. 10.25, � Fig. 10.26, � Fig. 10.27,
� Fig. 10.28, � Fig. 10.29, � Fig. 10.30, � Fig. 10.31, � Fig. 10.32,
� Fig. 10.33, � Fig. 10.34, � Fig. 10.35, � Fig. 10.36, � Fig. 10.37,
� Fig. 10.38, � Fig. 10.39, � Fig. 10.40, � Fig. 10.41, � Fig. 10.42,
� Fig. 10.43, � Fig. 10.44.
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Table 10.1  Updated Sanna classification of petrous bone cholesteatomas

Updated  Sanna  Classificat ion  of Petrous Bone  Cholesteatomas (2016)

Class  Cholesteatoma  locat ion  Relat ions, extension, and  features

Class I: Supralabyrinthine  Centered  on  the  geniculate  ganglion area of
the  FN and  the  anterior epitympanum

Superior: Tegmen or dura
Inferior: Semicircular canals, apical turns of the
cochlea
Medial: Limited  extension  beyond the  otic capsule
into the  petrous apex
Lateral: Antrum, epitympanum  and  further into
middle  ear
Anterior: Horizontal part  of the  pICA
Posterior: Posterior bony labyrinth
Features: Usually associated  with  fistula  of the
semicircular canals, erosion  of tegmen, involve-
ment  of the  FN

Class II: Infralabyrinthine  Centered  on  the  infracochlear, infralabyrin-
thine, and  hypotympanic cells

Superior: Basal turn  of the  cochlea, vestibule
Inferior: Jugular bulb, lower cranial nerves, occipital
condyle
Medial: Limited  extension  beyond the  otic capsule
into the  petrous apex
Lateral: Hypotympanum  and  further into  middle
ear, retrofacial cells
Anterior: Vertical and  horizontal part  of pICA
Posterior: Posterior semicircular canal, IAC
Features: Fistula of the semicircular canals, erosion
of the  cochlea, jugular bulb, carotid  canal,
involvement  of the  lower cranial nerves

Class III: Infralabyrinthine-Apical  Involves infralabyrinthine  cell tracts extending
medially into the  petrous apex

Superior: Basal turn  of the  cochlea, vestibule
Inferior: Jugular bulb, lower cranial nerves, occipital
condyle
Medial: Extension into the  petrous apex, lower
clivus, along the greater wing of sphenoid into the
foramen spinosum, foramen ovale; may extend up
to sphenoid  sinus
Lateral: Hypotympanum  and  further into  middle
ear, retrofacial cells
Anterior: Vertical and  horizontal part  of pICA
Posterior: IAC, dura  of the  posterior cranial fossa
(posterolaterally)
Features: Fistula of the semicircular canals, erosion
of the  cochlea, jugular bulb, involvement  of the
lower cranial nerves, extensive  destruction  of the
carotid  canal, involvement  of the  internal auditory
canal

Class IV: Massive  Centered  on  the  otic capsule  Superior: Dura of the  middle  fossa, may extend
intradurally
Inferior: Hypotympanic cells, infralabyrinthine cells,
jugular bulb, lower cranial nerves
Medial: Extension into the  petrous apex, along the
greater wing  of sphenoid  into the  foramen
spinosum, foramen ovale; may extend  up  to
sphenoid  sinus
Lateral: Middle  ear, antrum, retrofacial cells
Anterior: Vertical and  horizontal part  of pICA
Posterior: IAC, dura  of the  posterior cranial fossa,
may extend  intradurally
Features: Various degrees of destruction of the otic
capsule, involvement  of FN

▼

(continued)
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Table  10.1  Updated  Sanna classification of petrous bone  cholesteatomas (continued)

Updated  Sanna  Classificat ion  of Petrous Bone  Cholesteatomas (2016)

Class  Cholesteatoma  location  Relat ions, extension, and  features

Class V: Apical  Centered  on the  petrous apex  Superior: Dura of the  middle  fossa, Meckel’s cave,
may extend  intradurally
Inferior: Hypotympanic cells, infralabyrinthine cells,
jugular bulb, lower cranial nerves, infratemporal
fossa
Medial: Extension  into the  spheno-petro-clival
junction, midclivus, along  the  greater wing  of
sphenoid  into the  foramen spinosum, foramen
ovale; may extend  up  to  sphenoid  sinus
Lateral: Otic capsule
Anterior: Horizontal part  of pICA and  foramen
lacerum
Posterior: IAC, dura  of the  posterior cranial fossa,
may extend  intradurally
Features: Otic capsule  may be  eroded  medially,
erosion of horizontal petrous carotid, clivus and
intradural extensions into middle fossa or posterior
fossa; extensions also  possible  into  sphenoid,
nasopharynx, or infratemporal fossa

Table 10.2  Updated Sanna subclassification of petrous bone cholesteatomas

Updated  Subclassificat ion  of Petrous Bone  Cholesteatomas (2016)

Subclasses  Relat ions and  features

Clivus (C)  Superior and mid clival extensions are seen from massive, infralabyrinthine-apical and apical PBC
whereas the  lower clival involvement  is a  feature  of infralabyrinthine-apical PBC

Sphenoid  sinus (S)  Sphenoid sinus involvement  is seen from  anteromedial extensions of massive, infralabyrinthine-
apical and  apical PBC; it  is a  rare  extension
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Table  10.2  Updated  Sanna subclassification  of petrous bone  cholesteatomas (continued)

Updated  Subclassificat ion  of Petrous Bone  Cholesteatomas (2016)

Subclasses  Relat ions and  features

Nasopharynx (N)  It  is the rarest  extension of the PBC; it  is an extension of infralabyrinthine-apical or massive PBC,
which may extend  through the  clivus beneath  the  sphenoid  sinus into the  nasopharynx

Intradural (I)  Intradural extensions may arise from the massive, infralabyrinthine-apical and apical PBCs usually
into the  posterior cranial fossa and  rarely into the  middle  cranial fossa
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Fig. 10.1  Left  acquired  or iatrogenic supralabyrinthine  petrous bone
cholesteatoma in a radical cavity. A whitish retrotympanic mass is seen
at  the  level of the  second portion  of the  facial nerve. The  patient
presented with progressive facial nerve paralysis and total hearing loss.
A correct  diagnosis depends not  only on otoscopy but  also  on the
symptomatology (facial paralysis, anacusis) and  a  high-resolution  CT
scan.

Fig. 10.2  CT scan  of the  case  presented  in  � Fig. 10.1, axial section.
Involvement of the lateral semicircular canal and the vestibule (arrows)
is well visualized. The  cholesteatoma invades the  cochlea anteriorly,
while medially it  reaches the fundus of the internal auditory canal. The
posterior semicircular canal is not  invaded.

Fig. 10.3  CTscan of the case presented in � Fig. 10.1, coronal section.
The  medial extension  of the  cholesteatoma can be  appreciated
(arrow).

Fig. 10.4  Postoperative  CT scan. A transcochlear approach  was
performed and the operative cavity was obliterated with abdominal fat
(arrows).
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Fig. 10.5  Right  acquired  supralabyrinthine  petrous bone  cholesteato-
ma. A whitish  mass is present  in  the  mastoid  cavity of an  open
tympanoplasty. The  mass occupies the  whole  epitympanum  and
extends interiorly behind  the  tympanic membrane. The  patient
presented  with  ipsilateral facial paralysis and  conductive  hearing  loss.

Fig. 10.6  CT scan  of the  case  presented  in  � Fig. 10.5. The
cholesteatoma invades the  cochlea (arrow). Total removal of the
pathology was accomplished  using  a  transcochlear approach  with
obliteration of the  operative  defect  using  abdominal fat. The  external
auditory canal was closed as cul de sac. The facial nerve was infiltrated
at  the  level of the  geniculate  ganglion and  was repaired  using a sural
nerve  graft.

Fig. 10.7  Another example of right acquired supralabyrinthine petrous
bone  cholesteatoma. The  patient  presented  with  right  facial nerve
paralysis. Otoscopy reveals a  right  epitympanic erosion.

Fig. 10.8  CT scan  of the  case  presented  in  � Fig. 10.7, coronal view.
Typical location  and  erosion of acquired  small supralabyrinthine
petrous bone  cholesteatoma (arrow).
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Fig. 10.9  Left  congenital supralabyrinthine  petrous bone  cholestea-
toma with  extension  toward  the  apex.Otoscopy is negative. The
patient  complained  of progressive  facial nerve  paralysis of 5  years’
duration as well as conductive hearing loss (� Fig. 10.10, � Fig. 10.11).

Fig. 10.10  CT scan of the  case  presented  in  � Fig. 10.9. Coronal view
showing  extension  of the  cholesteatoma into the  internal auditory
canal (arrows).

Fig. 10.11  Right  congenital infralabyrinthine  apical petrous bone
cholesteatoma in a 30-year-old female  patient. In the  posterosuperior
quadrant, a  white  retrotympanic view is observed. The  patient  had
complained  of right  anacusis since  childhood and  instability of 1-year
duration. The  facial nerve  was normal.

Fig. 10.12  CTscan of the case presented in � Fig. 10.11. Coronal view
demonstrating  the  involvement  of the  infralabyrinthine  apical com-
partment  by the  cholesteatoma (arrow).
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Fig. 10.16  CT scan  of the  case  on  � Fig. 10.15, coronal view. A
cholesteatoma involving the basal turn of the cochlea is visible (arrow).

Fig. 10.14  Postoperative  CT scan  showing  total removal of the
cholesteatoma through the transcochlear approach and obliteration of
the  operative  cavity using  abdominal fat.

Fig. 10.15  Polyp  in  the  external auditory canal in  a  patient  who had
undergone a myringoplasty. The patient  presented  with otorrhea and
sensorineural hearing  loss.

Fig. 10.13  CT scan of the  case  presented  in  � Fig. 10.11. A more
anterior coronal view at  the  level of the  cochlea.
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Fig. 10.18  Right  ear. This 60-year-old  male  patient  presented  with
anacusis and  facial nerve  palsy. The  otoscopy showed  a dry clean
retraction in the at tic. Presence of whitish mat ter behind the tympanic
membrane  was the  only clue  for the  presence  of cholesteatoma. The
CT scan  (see  � Fig. 10.19, � Fig. 10.20) revealed  the  presence  of a
supralabyrinthine  PBC extended  to the  petrous apex. A modified
transcochlear type A approach was performed. Ch, cholesteatoma; CT,
chorda tympanic nerve; M, malleus.

Fig. 10.19  CT scan  of the  same  case, axial view. The  cholesteatoma
causes erosion  of the  cochlea and  involvement  of the  facial nerve
(arrow).  Fig. 10.20  CT scan of the  same  case, coronal view, shows severe

erosion of the otic capsule (white arrow) and extensive extension of the
cholesteatoma medially to the  labyrinth, toward  the  internal auditory
canal (yellow arrow).

Fig. 10.17  CT scan  of the  same  case, coronal view. The  PBC (massive
type) involves the  labyrinth  (arrow).
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Fig. 10.22  CT scan, coronal view. The  cholesteatoma involves the
supralabyrinthine  compartment, causing  erosion  of the  middle  fossa
dura plate  (white arrow). The  cochlea is not  invaded  by the  disease,
while the second portion of the facial nerve is in close contact  with the
pathology (green arrow). However, facial nerve  function  is normal.

Fig. 10.24  CT scan, coronal view. The  cholesteatoma involves the
superior semicircular canal (arrow).

Fig. 10.23  CT scan, coronal view. The  cholesteatoma involves the
lateral semicircular canal (arrow).

Fig. 10.21  Right ear. This 24-year-old man presented to our institution
after two tympanoplasties for cholesteatoma. He  complained  of
persistent  otorrhea, severe  hearing  loss (mixed type), and  vertigo. CT
scan  revealed  the  presence  of a  supralabyrinthine  PBC with  involve-
ment  of the  semicircular canals. A transotic approach  with  preserva-
tion  of the  cochlea was performed. Facial nerve  was grade  I House–
Brackmann scale  after surgery.
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Fig. 10.26  Intraoperative  picture  of the  same
case. Blind  sac closure  of the  external auditory
canal, removal of the  tympanic membrane  and
the  ossicles, and  mastoidectomy have  been
performed. The  cholesteatoma (Ch) involves
both the  lateral (LSC) and  the  superior semi-
circular canal (SSC). C, cochlea; MFD, middle
fossa dura; PCW, posterior canal wall.

Fig. 10.25  MRI scan, diffusion-weighted image (DWI), coronal view. The
cholesteatoma is typically hyperintense in this sequence (arrow). The DWI
technique is particularly important in the follow-up, because it allows the
detection even of small (>2 mm) residual/recurrent  disease.
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Fig. 10.29  CTscan of the same case, coronal view. The cholesteatoma
has eroded  the  basal turn  of the  cochlea (arrow).

Fig. 10.28  Left  ear. Otoscopy showed  myringosclerosis of the  poste-
rior quadrants and  a  retraction  pocket  on the  anterior quadrant. The
patient  complained of left  progressive hearing loss evolved in anacusis
and  facial nerve  paralysis for the  last  2  years. A CT scan  revealed  the
presence  of a PBC on both sides: massive  type  on the  left  side  (see
� Fig. 10.29, � Fig. 10.30) and supralabyrinthine type on the right  side
(� Fig. 10.32). Surgery on  this side  was performed  through a
transcochlear approach.

MFD

C

Ch

FN

Fig. 10.27  Surgical view after labyrinthectomy.
There  is still some  cholesteatoma matrix on the
middle fossa dura, which is gently elevated with
a retractor. The  third  portion of the  facial nerve
is completely skeletonized. After having  re-
moved all the  cholesteatoma, the  cavity is
obliterated  with  abdominal fat. C, cochlea; Ch,
cholesteatoma; FN, facial nerve; MFD, middle
fossa dura.
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Fig. 10.30  CTscan of the same case, coronal view. The cholesteatoma
has engulfed  the  labyrinth, going  medial toward  the  roof of the
internal auditory canal (arrow).

Fig. 10.31  Right ear, same case. The posterior half of the tympanic
membrane is scarred, and touched to the promontory. The poster-
osuperior quadrant goes deep toward the attic, touching the super-
structure of the stapes (arrow). Hearing function is normal, even though
the cholesteatoma has determined a fistula of the lateral semicircular
canal (see � Fig. 10.32). A transmastoid + middle fossa approach was
chosen with the purpose of preserving right  hearing function.

Ch

Ch

V
IAC

Fig. 10.32  CT scan  of the  same  case, coronal view. A fistula in  the
lateral semicircular canal is clearly seen (arrow). The  cholesteatoma
infiltrates medially along  the  middle  fossa plate  to  reach the  petrous
apex. Ch, cholesteatoma; IAC, internal auditory canal; V, vestibule.

Fig. 10.33  Left  ear. Otoscopy shows diffuse  myringosclerosis of the
tympanic membrane  with  an anterosuperior retraction  pocket. This
patient  underwent  two myringoplasties elsewhere. The  patient
complained  of left  anacusis and  facial nerve  palsy (both  lasting  for 5
years). Lower cranial nerves paralysis has developed  since  2  months
before  our consultation. CT and MRI scans revealed the  presence  of a
massive  PBC that  extended  intracranially and  toward  the  clivus and
sphenoid  sinus. A single-stage  modified  transcochlear approach was
performed  for the  removal of the  disease.
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Fig. 10.36  MRI of the same case (T1W), axial view. The cholesteatoma
causes compression of the  brain  stem  protruding  from  the  petrous
apex (arrows). Ch, cholesteatoma.

Ch

Fig. 10.37  MRI of the  same  case  (T2W), coronal view, which shows a
large petrous apex lesion elevating the middle fossa dura to compress
the temporal lobe (red arrow). The vestibule and the semicircular canal
can be  identified  (white arrow). Ch, cholesteatoma.

Fig. 10.34  CTscan of the same case, coronal view. The cholesteatoma
invades the  sphenoid  sinus (arrow).

Fig. 10.35  CTscan of the same case, coronal view. The cholesteatoma
erodes the clivus (yellow arrow). The cochlea is not recognizable due to
massive  engulfment  by the  disease  (green arrow).
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Fig. 10.38  Intraoperative  picture. The  choles-
teatoma has been  nearly completely removed
from  the  area of the  sphenoid  sinus. The
opening  of sphenoid  sinus is seen in  the
petroclival area medially to the  carotid  artery
(arrow). CA, carotid artery; JB, jugular bulb; SpS,
sphenoid  sinus.

P

Ch

Fig. 10.39  Intraoperative  picture. The intradural
portion of the  cholesteatoma at tached  to the
pons is shown. Ch, cholesteatoma; P, pons.
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P

Fig. 10.40  Intraoperative  picture. The  majority
of cholesteatoma is removed  from  the  cerebel-
lopontine  angle. BA, basilar artery; Cl, clivus; P,
pons; VI, abducens nerve.
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Fig. 10.42  CTscan of the same case, coronal view, shows the presence
of soft  tissue  eroding  the  tegmen of the  antrum  (white arrow). The
cholesteatoma infiltrates medially to the  superior semicircular canal
eroding  the  ampulla  (black arrow).

TM

Ch

Fig. 10.41  A case  of residual cholesteatoma in  an  open cavity is
shown. The patient  underwent  cholesteatoma surgery with canal wall
down technique elsewhere. Residual cholesteatoma (Ch) is seen at  the
tegmen of the  cavity, just  superiorly to  the  tympanic membrane. A
deep  dimple  (arrow) is seen in  the  superior part  of the  tympanic
membrane  (TM), and  the  facial ridge  remains very high.

Ch

Fig. 10.43  A case  similar to  that  of � Fig. 10.41. Residual choles-
teatoma in  a  canal wall down tympanoplasty. Otoscopy shows a
whitish  mass in  the  canal wall cavity located  beneath  the  poster-
osuperior quadrant  of the  tympanic membrane. Ch, cholesteatoma.
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10.1  Surgical Managem ent
The  classification  of PBC is  of param ount  im portance  as  it  gives
inform ation  regarding the  anatom ical posit ion  and  the  extent  of
the  disease. The  subclassification  proposed  by us aim s at  preop-
eratively  diagnosing  the  extension  of PBC beyond  the  temporal
bone  (clivus,  sphenoid  sinus  rhinopharynx,  in tradural  space).
This  helps  to  plan  the  surgical  approach, w hich  is  im portant  to
clear  the  disease  from  these  areas.  The  choice  of  surgical
approach  has  evolved  from  radical  petrom astoid  exenterat ion
w ith  m arsupialization  of  the  cavity  to  closed  and  obliterative
techniques  follow ing  com plete  eradicat ion .  Decision-m aking  is
the  crucial aspect  of surgical m anagem ent . It  depends on  several
factors, the m ost significant of w hich are the extent of the disease
and  preoperative  facial  nerve  function. The  approach  is  chosen
depending  on  the  type  of PBC and  its  extent, w hich  should  be
determ ined according to the CT scan  and MRI findings.

The  m ain  factors to  be  taken  into  consideration  w hile  t reating
these  lesions  are  as  follows:  (1) complete  eradicat ion  of the  dis-
ease, (2)  preservation  of facial nerve  funct ion, (3)  prevention  of
cerebrospinal fluid  (CSF) leak and  m eningit is, (4) cavity oblitera-
t ion, and (5) hearing preservation w henever feasible.

In  supralabyrin th ine  PBC,  if  hearing  is  norm al  w ithout  any
evidence  of a  fistu la  in  the  basal  turn  of the  coch lea, we  pre-
fer  a  m iddle  fossa  approach  w h ich  m ay  be  com bined  w ith  a
t ransm astoid  approach  depending on  the  extension  of the  d is-
ease. In  the  presence  of sen sorineural  hearing  loss  or  CT evi-
dence  of a  fistu la  in  the  basal turn  of the  coch lea, w e  prefer  a
radical  approach  (subtotal  pet rosectom y/en larged  t ranslabyr-
in th ine  approach/t ransot ic  approach)  w ith  cavity  obliterat ion .
In  in fralabyrin th ine  PBC,  bone  conduct ion  can  be  preserved
w ith  subtotal pet rosectom y and  blind  sac closure  of the  exter-
nal  auditory  canal  w ith  cavity  obliterat ion .  Hearing  preserva-
t ion  is  usually  not  possible  in  in fralabyrin th ine-apical  and
m assive  PBC;  hence,  w e  use  a  t ransot ic  approach  or  a  m odi-
fied  t ranscoch lear  approach  type  A depending on  preoperat ive
facial  nerve  funct ion . Modified  t ranscoch lear  approaches  pro-
vide  excellen t  access  to  the  pet rous  apex,  clivus,  sphenoid

sinus,  rh inopharynx,  and  in t radural  space  depending  on  the
type  used.  The  posterior  rerout ing  of  the  facial  nerve  carries
the  disadvan tage  of postoperat ive  facial  paresis. Th erefore, w e
prefer  a  t ransot ic  approach  w hen  facial  nerve  funct ion  is  nor-
m al.  Whenever  the  cholesteatom a  involves  the  apical  por t ion
of the  tem poral bone  or  w hen  it  extends  fur ther  to  the  clivus,
sphenoid  sinus,  or  rh in opharynx,  an  in fratem poral  fossa
approach  type  B or  m odified  t ranscoch lear  approach  t ype  A is
incorporated  in to  the  t ransot ic  approach  depending  on  the
preoperat ive  status  of the  facial nerve.

10.1.1  The Transot ic and Modified
Transcochlear Approaches
The original t ranscochlear  approach  described  by House and  Hit-
selberger  (1976)  includes  ident ification  of the  in ternal auditory
canal, posterior  rerouting of the  facial nerve, and  rem oval of the
cochlea  and  petrous  apex  w ith  preservation  of  the  m iddle  ear
and external auditory canal.

Fisch  (1978)  described  the  t ransotic  approach  in  w hich  he
rem oved  the  external  auditory  canal  and  m iddle  ear  but  keeps
the facial nerve in  situ .

Our  m odified  t ranscoch lear  approach ,  on  th e  other  hand,
com bines  the  rem oval of the  external auditory  canal and  m id-
dle  ear  w ith  the  poster ior  rerout ing  of  the  facial  nerve,  thus
rem oving  the  m ajor  im pedim en t  to  an terior  extension  of  the
approach .  Th is  allow s  bet ter  con t rol  of  th e  ver t ical  and  hori-
zon tal  in t rapet rous  in ternal  carot id  ar tery  and  facilitates  the
total rem oval of the  pet rous  apex. The  extensive  an ter ior  bone
rem oval provides  an  excellen t  con t rol of the  ven t ral surface  of
the  brainstem  w ithout  cerebellar  and  brainstem  ret ract ion .
We  have  fur ther  classified  th is  approach  in to  four  types
according  to  the  extension .  Type  A  represen ts  the  basic
approach ;  types  B, C, and  D denote  the  an terior, superior, and
inferior  extensions, respect ively.

The  t ransotic  and  m odified  transcochlear  approaches  have
been show n in � Fig. 10.45 and � Fig. 10.46.

Ch

Ch

FN

Fig. 10.44  Intraoperative  picture. The  choles-
teatoma is medial to the  facial nerve  and
involves both  the  cochlea and  the  labyrinth. A
transotic approach was performed, thus leaving
the  facial nerve  in  situ. Ch, cholesteatoma; FN,
facial nerve.
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Indicat ions of the  Transot ic Approach

●  Some cases of cerebellopontine angle tumors with anterior ex-
tension and preoperative normal facial nerve function (i.e.,
epidermoids).

●  PBCs.
●  Some cases of petrous bone tumors with preoperative normal

facial nerve function.

Indicat ions of the  Modified  Transcochlear
Approach  (Type  A—Basic Type)

●  Extradural lesions: extensive petrous bone apex lesions with pre-
operative facial nerve and inner ear compromise, that  is:
○  PBC of the massive infralabyrinthine apical and supralabyrin-

thine types.
○  Recurrent acoustic neurinoma with petrous bone invasion.
○  Extensive facial nerve tumors.
○  Cholesterol granuloma (only with preoperative facial and

hearing impairment).
●  Intradural lesions:
○  Large clival and petroclival lesions lying ventral to the brain-

stem, that  is, petroclival meningiomas.
○  Previously irradiated petroclival meningiomas.
○  Residual or recurrent nonacoustic lesions of the posterior

fossa with anterior extension into the prepontine cistern, par-
ticularly those with encasement of the vertebrobasilar artery
or perforating arteries, or both, that is, huge posterior fossa
epidermoids

○  Recurrent acoustic neurinomas with facial nerve paralysis.
●  Transdural lesions invading the petrous apex as en plaque men-

ingiomas, or primary clival or temporal bone lesions with sec-
ondary posterior fossa extension as chordomas,
chondrosarcomas, and extensive glomus jugulare tumors.

●  Some cases of epidermoids.

Surgical Technique
A w ide  C-shaped  postauricular  incision  is  m ade.  The  incision
starts 3 cm  above the auricle, curves posteriorly to approxim ately
4  to 5 cm  posterior  to the  auricular  sulcus, and  ends inferiorly at
the  level  of the  m astoid  t ip. The  skin  and  subcutaneous  t issues
are  elevated  and  the  m uscoloperiosteal  layer  is  incised  in  a  T-
shaped pattern . A sm all Palva flap based an teriorly is outlined.

The external auditory canal is t ransected  and  closed  as a cul de
sac. The  anterior  skin  flap  is retracted  using skin  hooks, w hereas
the  m uscoloperiosteal layer  is  raised  and  is  kept  retracted  using
1/0 silk sutures.

An  extended  m astoidectomy  is  perform ed,  w ith  rem oval  of
bone 2 to 3 cm  posterior to the sigm oid sinus and over the m iddle
fossa  dura. The  external  auditory  canal  (posterior  and  superior
walls) is  drilled  and  the  facial nerve  is  skeletonized. The  inferior
tym panic bone is also drilled.

The  labyrinthectomy  is  perform ed  and  the  in ternal  auditory
canal is identified. Bone superior and  inferior  to the  in ternal audi-
tory canal is drilled, creating two deep troughs around the canal.

The  retrofacial  air  cells  are  drilled.  The  anterior  wall  of  the
external auditory canal and  the  tym panic bone  are  th inned  out .
The in ternal carot id artery is identified  in  front of the cochlea.

The cochlea is drilled. The in ternal carot id  artery is better iden-
t ified. All the  bone  inferior  and  superior  to  the  in ternal auditory
canal is com pletely rem oved.

In  case of a m odified  transcochlear approach, the facial nerve is
freed  from  the  th ird  to  the  fist  port ion  and  posteriorly rerouted
together w ith  all the contents of the in ternal auditory canal.

For in t radural cases, the dura is next opened and the pathology
is dealt  w ith .

The  surgical  technique  has  been  show n  in  � Fig.  10.47,
� Fig. 10.48, � Fig. 10.49, � Fig. 10.50, � Fig. 10.51, � Fig. 10.52,
� Fig. 10.53, � Fig. 10.54, � Fig. 10.55, � Fig. 10.56, � Fig. 10.57,
� Fig. 10.58, � Fig. 10.59, � Fig. 10.60, � Fig. 10.61, � Fig. 10.62,
� Fig. 10.63, � Fig. 10.64, � Fig. 10.65, � Fig. 10.66, � Fig. 10.67,
� Fig. 10.68, � Fig. 10.69, � Fig. 10.70.
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Fig. 10.46  A schematic drawing showing the outlines of the modified
transcochlear approach  type  A. About  three-fourths of the  vertical
internal carotid  artery (ICA-V) are  under control in  contrast  to  only
one-fourth  of the  horizontal internal carotid  artery (ICA-H) using  this
approach.
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Fig. 10.45  A schematic drawing showing the outlines of the transotic
approach. C1, first cervical vertebra; CO, cochlea; ET, Eustachian tube; EV,
emissary vein; FN, facial nerve; IAC, internal auditory canal; ICA, internal
carotid artery; IX, glossopharyngeal nerve; JV, jugular vein; Lv, Labbé’s vein;
M, mandible; MMA, middle meningeal artery; OC, occipital condyle; pc,
posterior clinoid; pp, pterygoid process; SS, sigmoid sinus; SPH, sphenoid;
TA, transverse process of the atlas; TS, transverse sinus; V2, second branch
of the trigeminal nerve; V3, third branch of the trigeminal nerve; VII, facial
nerve; XII: Hypoglossal nerve, XI, accessory nerve; ZA, zygomatic process.
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Ch

Fig. 10.47  Otoscopy of a  case  of massive  cholesteatoma (Ch) is
shown. The  patient  underwent  canal wall down tympanoplasty
elsewhere, and  the  mastoid  cavity is filled  with  debris. No choles-
teatoma is seen in the tympanic cavity. Audiometry showed moderate
to severe mixed hearing loss. Facial nerve function was normal (grade I
House–Brackmann scale), so  a  transotic approach  was performed.

IAC

Fig. 10.48  CT scan of the  same  case, axial view. The  cholesteatoma
engulfs the  labyrinth  (yellow arrow) and  the  basal turn  of the  cochlea
(green arrow), reaching  the  petrous apex (red arrow) and  the  internal
auditory canal (IAC).

Ch

Fig. 10.49  MRI (T2W), axial view. The  cholesteatoma (Ch) has
advanced  far medially, eroding  the  posterior labyrinth to  reach the
petrous apex. The  apical turn  of the  cochlea (white arrow) and  the
posterior semicircular canal (yellow arrows) seem  spared.

IAC

Fig. 10.50  CTscan of the same case, coronal view. The cholesteatoma
invades the labyrinth (yellow arrow), the jugular bulb (green arrow), and
the  roof of the  internal auditory canal (IAC).
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FN

Ch

SS

Fig. 10.51  Intraoperative  image. Blind  sac clo-
sure  of the  external auditory canal, removal of
the  tympanic membrane  and  the  ossicles, and
extended mastoidectomy have been performed.
Further removal of the  bone  exposed  huge
cholesteatoma located medially to the labyrinth.
The sigmoid sinus is exposed to enhance access
to the  digastric ridge. Ch, cholesteatoma; FN,
facial nerve; SS, sigmoid  sinus.

FN
 DR

MFD  SS

Fig. 10.52  Intraoperative  image. The  drilling  is
advanced  superiorly by removing  lateral and
posterior semicircular canals. The  cholesteato-
ma goes medial to  the  labyrinth  toward  the
internal auditory canal. Facial nerve  is well
skeletonized. DR, digastric ridge; FN, facial
nerve; MFD, middle  fossa dura; SS, sigmoid
sinus.

AT

BT

FN

Ch

Fig. 10.53  Intraoperative  image. The  cholestea-
toma has been removed from  the  labyrinth and
the subfacial space. The cholesteatoma invading
the  modiolus is seen. AT, apical turn of cochlea;
BT, basal turn  of cochlea (upper pole); Ch,
cholesteatoma; FN, facial nerve.
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CA

Ch

FN

Fig. 10.54  Intraoperative  image. Cochlea has
been  completely removed. Debris of the  cho-
lesteatoma filling  the  petrous apex is partially
evacuated. The  position  of the  jugular bulb
located  comparatively inferiorly permits access
to the  petrous apex from  the  area under the
facial nerve. CA, internal carotid  artery; Ch,
cholesteatoma; FN, facial nerve; JB, jugular bulb.

CA

JBFN

CL

Fig. 10.55  Cleaning  of the  area anterior to the
internal auditory canal (arrow) has been ac-
complished. The  clivus is exposed. The  cavity is
free  from  the  cholesteatoma. CA, internal
carotid  artery; FN, facial nerve; CL, clivus; JB,
jugular bulb.

CA

Fig. 10.56  With  a  30-degree  endoscope, the  area under the  internal
carotid  artery (CA) could  be  explored  to  check the  presence  of any
residual pathology. In this case, a small piece of skin is detached from
the  bony wall of the  artery.
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F

SS

Fig. 10.57  Postoperative  CT shows extensive  removal of bone  from
the petrous apex. The mastoid segment of the facial nerve is left in the
fallopian canal (arrow). The  posterior fossa  dura is partially exposed,
and the carotid artery is uncovered posterolaterally. CA, carotid artery;
F, abdominal fat; SS, sigmoid  sinus; TT, tensor tympani.

Ch

Fig. 10.58  Otoscopy of a case of massive PBC. The patient  underwent
six tympanoplasties elsewhere. A huge cavity is seen with the presence
of a  whitish  mass strongly suggestive  of a  recurrent  cholesteatoma
(Ch). The  patient  complained  of recurrent  otorrhea and  hearing  loss
(mixed  type). Facial nerve  function was normal.

Fig. 10.59  CT scan of the  same  case, coronal view. Massive  PBC with
invasion of the  labyrinth  and  the  roof of the  internal auditory canal
(arrow).

Fig. 10.60  CT scan  of the  same  case, axial view. The  cholesteatoma
extends anteromedially to  the  vertical portion  of the  internal carotid
artery. Considering  this anterior extension, an  infratemporal fossa
approach type  B was incorporated into the transotic approach for the
removal of the  disease.
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Fig. 10.61  Intraoperative  picture. The  choles-
teatoma has been  removed  from  the  tympanic
cavity and  the  mastoid. The  labyrinth  and  the
cochlea, involved  by the  cholesteatoma, have
been  removed  too. The  cholesteatoma infil-
trates the Eustachian tube and the area anterior
to the  carotid  artery. CA, carotid  artery; Ch,
cholesteatoma; ET, Eustachian tube; FN, facial
nerve; MFD, middle  fossa dura; TMJ, tempor-
omandibular joint.

CA

FN

IAC

JB

Fig. 10.62  Intraoperative  picture. View after
complete  removal of the  cholesteatoma. The
carotid artery is under control until its horizontal
part  (arrow). CA, carotid artery; FN, facial nerve;
IAC, internal auditory canal; JB, jugular bulb.
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Fig. 10.63  Case  of a  supralabyrinthine  PBC. This 26-year-old  female
patient  was evaluated for left  progressive facial palsy for the last 1 year
(near total, grade V House–Brackmann scale) and moderate to severe
mixed  hearing  loss. Ten years before, she  had  head  trauma with
temporal bone fracture  (arrows) and temporary left  facial nerve palsy.
The patient  underwent PBC removal through a modified transcochlear
approach  type  A with  facial nerve  reconstruction.

Fig. 10.64  CT scan  of the  same  case, coronal view, shows supra-
labyrinthine  PBC (arrow).

MFD

SS

TM

M

I  Ch

L
S
C

Fig. 10.65  Intraoperative  picture. Blind  sac clo-
sure of the external auditory canal and extended
mastoidectomy have  been  performed. Choles-
teatoma is seen  in  the  supralabyrinthine  area,
infiltrating  the  middle  fossa dura. Ch, choles-
teatoma; I, incus; LSC, lateral semicircular canal;
M, malleus; MFD, middle fossa dura; SS, sigmoid
sinus; TM, tympanic membrane.
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MFD
Ch

FN
(t)

Fig. 10.66  Intraoperative  picture. The  choles-
teatoma involves the  supralabyrinthine  area
toward  the  internal auditory canal. The  second
portion of the  facial nerve  is engulfed  by the
pathology, leading  to  interruption of the  nerve
itself (arrow). The  labyrinth has been previously
drilled. Ch, cholesteatoma; FN (t), tympanic
portion of the  facial nerve; MFD, middle  fossa
dura.

FN

FN

Fig. 10.67  Intraoperative  view after removal of
the  cholesteatoma. The  facial nerve  (FN) is
interrupted  on its second  portion  (arrow). The
proximal stump of the facial nerve is replaced by
fibrous tissue, so  a  healthy portion of the  nerve
should  be  found  for the  anastomosis with  the
distal stump.

Co

FN

Fig. 10.68  Intraoperative  picture. The  third  and
second healthy portions of the  facial nerve  (FN)
are  detached  from  the  fallopian  canal and
rerouted  posteriorly. The  cochlea (Co) is drilled
to  reach the  fundus of the  internal auditory
canal and  the  first  portion of the  facial nerve.
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10.1.2  Problem s in Surgery
Hear ing preservat ion. Hearing  preservation  would  be  im portant
in  exceptional cases, that  is, bilateral PBCs or  in  a PBC of the  only
hearing ear. However, in  the era of BAHA, Cochlear  Im plants. and
Vibrant  Soundbridge, even  these cases can  be t reated successfully
w ith  hearing  rehabilitation.  If  the  cochlea  is  not  destroyed
beyond  w hat  is essential for  the  clearance  of the  disease, a  coch-
lear  im plant  should  be  used  in  ears  w ith  an  accessible  cochlear
lum en  even  after  labyrinthectomy. Another  option  is  a  BAHA if
bone conduct ion  is preserved in  the ipsilateral ear.

Facial nerve. Facial nerve lesions m ay vary from  sim ple  erosion
of  the  fallopian  canal  to  total  in terruption  of  the  nerve  w ith
fibrous t issue  in terposit ion. Managem ent  depends on  three prin-
cipal factors:  preoperative  status, degree  of facial nerve  involve-
m ent ,  and  the  extent  of  the  lesion .  In  cases  w here  the
preoperative  facial  nerve  function  is  good,  a  surgeon  can  be

optim ist ic about  a  favorable  facial nerve  outcom e  depending on
the extension  of the pathology.
●  Decompression: If there is a com pression  of the nerve w ith  pre-

served anatom ical in tegrity, then  decom pression  of the nerve
should be perform ed.

●  Rerout ing: When  the lesion is present  m edial to the facial nerve
and com plete control over the lesion is ham pered due to the
posit ion  of the nerve, then  rerouting of the facial nerve is
undertaken , w hich  could be part ial or com plete.

●  End-to-end ana stomosis: If there is a discontinuity of the nerve
or a fibrous t issue in terposit ion, the a ected segm ent should be
excised and a tension-free end-to-end anastom osis should be
perform ed.

●  Nerve graft ing: Whenever the nerve segm ent lost  is long and a
tension-free end-to-end anastom osis is not  possible, cont inuity
of the nerve can  be restored using a nerve graft . We prefer a
sural nerve for graft ing purposes.

FN (I)

FN (II + III)

CN
SVN/
IVN

Fig. 10.69  Intraoperative  picture  after removal
of the  cochlea and  opening  of the  internal
auditory canal. From  this view, the  first  portion
of the  facial nerve  (FN I) is just  superior to the
cochlear nerve  (CN) and  anterior to  the  vestib-
ular nerves (SVN/IVN). The  facial nerve, in  its
second and  third  portion  (FN II+ III), has been
posteriorly rerouted.

SN

FN

FN

Fig. 10.70  Intraoperative  picture. A sural nerve
graft  (SN) is used  to  restore  continuity of the
facial nerve. The  two ends are  fixed  with
temporalis fascia  and  fibrin  glue. The  cavity is
further obliterated  with  abdominal fat.
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●  Facia l-hypoglossal or  facia l-tr igeminal (masseteric nerve) anasto-
mosis: In  patients w ith  long duration  of facial palsy (>12
m onths).

Interna l carot id  a r tery. The  PBC m ay involve  the  in ternal carotid
artery in  the vert ical and/or the horizontal parts. In  th is situation ,
a complete  control over  the  artery is im portant  prior  to attem pt-
ing its rem oval. A m odified  t ranscochlear  approach  type A/trans-
otic approach  is used  for  involvem ent  of the vessel in  the vert ical
part ,  w hereas  an  infratem poral  fossa  type  B/m odified  transco-
chlear  approach  type  B is  used  for  involvem ent  of vert ical  and
horizontal  parts. In  case  of a  lesion  extending  in to  the  petrous
apex, clivus, sphenoid  sinus, and  the  rh inopharynx, it  is  im por-
tant  to  perform  a  complete  control of the  in ternal carot id  ar tery
to  m obilize  the  ar tery  if  necessary.  PBC are  less  aggressive  in
term s  of ar terial  involvem ent  and  are  easier  to  dissect  as  com -
pared  w ith  other  tum ors  (i.e., tym panojugular  paragangliom as).
The  in ternal carot id  artery  has  a  th ick  advent it ia  w hich  resents
the  dissect ion  of the  m atrix  but  it  requires  extrem e  caut ion  and
surgical skill to clear it .

Sigmoid sinus and jugular bulb. Dealing w ith  the jugular bulb in
cases w here  it  is involved  is a well-thought-out  st rategy. Preope-
rative  im aging  m ust  be  carefully  analyzed  for  two  aspects:  the
relationship  of the  lesion  w ith  the  jugular  bulb  and  the  patency
of the  contralateral venous  drainage  system  by MR venography.
In  the  presence  of a  hypoplasia  of the  contralateral venous  sys-
tem , sacrifice  of the  bulb  m eans  occlusion  of the  m ain  venous
drainage  of the  brain , w ith  the  consequent  risk  of benign  in tra-
cranial hypertension  or  venous infarct ion  of the tem poral lobe. In
such  cases, dam age to the jugular  bulb or  the sigm oid  sinus m ust
be  avoided  at  all cost . The  involvem ent  of the  sigm oid  sinus and
the jugular bulb presents a problem  in  m atrix rem oval due to the
thin  wall and  the  fragility of these  structures. In  such  cases, it  is
important  to control the in ternal jugular  vein  in  the neck prior  to
the  dissect ion  of the  m atrix. The  ligation  of the  in ternal jugular
vein  in  the neck and the sigm oid sinus packing (extralum inal and
intralum inal)  enables  rem oval of the  lateral wall of the  dom e  of
the jugular  bulb  and  the  sigm oid  sinus to  clear  the  m atrix in  the
rare  cases  of accidental opening of the  bulb. This  m aneuver  also
helps  in  preserving  the  IX, X, and  XI cranial nerves. During th is
procedure, bleeding from  the  inferior  petrosal sinus is controlled
w ith  Surgicel  packing.  In  cases  w here  its  involvem ent  is  sus-
pected,  it  is  always  advisable  to  ensure  preoperatively  the
patency of the contralateral cerebral vein .

Dura . The  m atrix  is  often  adherent  to  the  dura  of the  m iddle
and  posterior  fossa. Bipolar  coagulat ion  of all the  suspected  por-
t ions of the dura m ater can  be perform ed to dest roy all the possi-
ble  rem nants  of  the  m atrix.  We  have  been  using  bipolar
coagulat ion  in  all  cases  to  devitalize  the  epithelium ,  and  also
other  authors w ho have  used  the  sam e technique  agree  w ith  us.
Bipolarizing  large  areas  of the  dura  does  not  lead  to  any  dural

necrosis  if carefully  perform ed. Long-term  follow -up  has  show n
that  th is  m aneuver  is  safe  and  adequate  for  com plete  control.
There  is a  risk of opening the  dura w hile  rem oving the  adherent
m atrix, causing an  in traoperative CSF leak.

CSF leak. CSF leaks resulting from  dural tears do not  need  spe-
cial repair  but  can  be  sw iftly  m anaged  by  insert ing free  m uscle
plugs in to  the  subarachnoid  space  through  the  defect  and  cavity
obliteration  w ith  fat. CSF leak  from  the  in ternal  auditory  canal
can  be treated by adopting a t ranslabyrin thine approach.

Examinat ion  of hidden  area s. Once  the  rem oval of the  disease
has been  achieved, it  is useful to carry out  an  endoscopic exam i-
nation  of the cavity w ith  a 30-degree rigid  endoscope to visualize
the  hidden  areas that  m ight  not  be  accessible  to the  m icroscope.
In  som e  cases, epithelium  m issed  by the  conventional technique
can  be  found  on  endoscopic  exam ination. In  our  experience, if
the approach is correct  th is technique is rarely required.

Residual  lesions  or  recurrences.  After  complete  eradication  of
the disease, it  is m andatory to obliterate the cavit ies w ith  autolo-
gous abdom inal fat . The m ajor disadvantage of cavity obliteration
is that  the  recurrence cannot  be  directly visualized  and  detected.
Therefore, it  is  m andatory to  follow  up  these  patients  radiologi-
cally. We  perform  a  high-resolut ion  CT scan  and  a  cerebral MRI
(T1 W and  T2 W  im ages w ith  fat  suppression, di usion-weighted
im ages,  non–echo  planar  im aging  [EPI])  w ith  gadolinium
enhancem ent every year for at least  10 years.

Sum m ary

When a patient presents with hearing loss (sensorineural or
mixed) and/or facial nerve paralysis with or without a retrotym-
panic mass, the probability of a PBC should be considered. In
such cases, it  is necessary to perform a high-resolution CTscan
of the temporal bone. The ideal treatment for PBC is radical sur-
gical removal, although destruction of the labyrinth and rerout-
ing of the facial nerve may be required. The status of the
contralateral ear must also be considered. The transotic and
modified transcochlear approaches are the most appropriate for
the removal of PBC. These approaches o er direct lateral access
to the petrous bone and allow the removal of all types of PBC
with their possible extension into the clivus, sphenoid sinus, or
intradural space. In addition, they have the advantage of mini-
mizing the occurrence of CSF leak and allow control of the di er-
ent  vital structures, including the internal carotid artery. Closure
of the external auditory canal as a cul de sac and obliteration of
the operative cavity with abdominal fat  avoid the risk of infection
and the need for frequent  toilet of a very deep cavity. The advan-
ces in hearing rehabilitation has given further options in cases
with preserved cochlea and/or preserved bone conduction. The
middle cranial fossa approach can be used in few cases with small
supralabyrinthine PBC and noncompromised inner ear function.
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11  Tem poral Bone Paragangliom as
Abst ract
Paragangliom as  are  tum ors  that  arise  from  the  paraganglionic
system . They originate  from  the  neural  crest  and  are  related  to
the  autonom ic nervous  system . Tem poral  bone  paragangliom as
(TBPs) arise  either  in  the  adventit ia  of the  jugular  bulb  or  along
the course  of the  Jacobson’s or  the  Arnold’s nerve. Otoscopy usu-
ally reveals  a  reddish  retrotym panic pulsating m ass. A definit ive
diagnosis  is  obtained  after  neuroradiological  studies  are  per-
form ed  (computed  tom ography and  m agnetic resonance im aging
scans, digital subtract ion  angiography). Fisch  classification  is fun-
dam ental in  planning the  right  surgical approach, because  it  cor-
relates  to  the  grade  of  involvem ent  of  the  tem poral  bone  and
skull base. Cla ss A relates to tum ors lim ited to the m iddle ear cleft
w ithout  invasion  of the hypotym panum ; Cla ss B relates to tum ors
lim ited  to  the  hypotym panum ,  m esotym panum ,  and  m astoid
w ithout  erosion  of jugular  bulb;  Cla ss C relates to tum ors involv-
ing the  carotid  canal;  Cla ss D defines only the  in tracranial tum or
extension  and should  be reported as an  addendum  to the C stage.
The  m ost  com m on  present ing sym ptom  of a  TBP is  hearing loss,
w ith  pulsatile  t innitus  also  a ect ing  the  m ajority  of  patients.
Lower  cranial nerve  deficits  usually develop  as a  consequence  of
the progressive invasion  of the m edial wall of the jugular fossa. In
the  m ajority of cases, the  t reatm ent  is surgical;  the  type  A infra-
tem poral fossa approach  is generally used for the rem oval of class
C and D tum ors.

Keywords:  temporal  bone  paragangliom as,  Fisch  classification,
infratem poral  fossa  approach,  facial  nerve  rerout ing,  pulsatile
t innitus

Paragangliom as  are  tum ors  that  arise  from  the  paraganglionic
system —aggregat ions of cells  found  throughout  the  body associ-
ated  w ith  vascular  and  neuronal advent it ia. They originate  from
the  neural  crest  and  are  related  to  the  autonom ic  nervous
system .

Tempora l bone paraganglioma s (TBPs) arise either in  the adven-
t it ia  of  the  jugular  bulb  or  along  the  course  of  the  Jacobson’s
nerve  (the  tym panic  branch  of  the  glossopharyngeal  nerve)  or
the  Arnold’s nerve (the  auricular  branch  of the vagus nerve). The
term  tym panicum  has  been  applied  to  those  paragangliom as
arising on  the prom ontory and  rem aining confined  to the m iddle
ear  and  m astoid  com partm ents, w ithout  erosion  of the  jugular
plate  and  involvem ent  of the  jugular  bulb. Jugular  paraganglio-
m as have been  described  as those arising from  w ithin  the jugular
bulb.  The  exact  site  of  origin  is  often  di cult  to  determ ine
because  paragangliom as  can  arise  from  w ithin  the  canaliculi  of
the  tem poral  bone, the  jugular  fossa, and  the  m iddle  ear  cleft ,
w hich  are in  close proxim ity to each  other.

Vagal paraganglioma s arise from  the nodose ganglion  in  alm ost
all cases.

Carot id body tumors originate from  the carot id  body at  the  car-
otid bifurcation.

Paragangliom as  of the  head  and  neck  m ake  up  only  3% of all
paragangliom as,  com prising  approxim ately  0.6% of  head  and
neck  tum ors  and  0.03% of all  tum ors. The  overall  incidence  of
head  and  neck  paragangliom a  ranges  from  1  in  30,000  to  1  in
100,000, w ith  carot id  body tum ors m aking up nearly 60% of head

and neck paragangliom as, tym panojugular  paragangliom as (TJPs)
nearly  40%, and  vagal paragangliom as < 5%. The  fact  that  carotid
body  tum ors  are  far  m ore  com m on  than  other  head  and  neck
paragangliom as is probably due to a h igher  m ass of norm al para-
ganglionic t issue in  th is area. Carotid  body tum ors and  vagal par-
agangliom as can be grouped clin ically as cervicocarot id  tum ors.

TJPs const itute  the  second  com m onest  tum or  of the  temporal
bone and  the  com m onest  tum or a ecting the jugular  fossa. Tym -
panic paragangliom as are the com m onest  neoplasm  a ect ing the
m iddle  ear. Thus, w hile  rare, these  are lesions that  are frequently
encountered by the skull base and head and neck surgeon.

Paragangliom as can  arise  both  as sporadic and  as fam ilial ent i-
t ies, a  fact  first  docum ented  in  1933 by Chase, in  a description  of
bilateral carot id  body tum ors in  sisters. It  is  now  know n  that  25
to 35% of paragangliom as are  associated  w ith  recognized  genetic
defects, m ost  of w hich  are  due to hereditary transm ission. These
defects  are  usually associated  w ith  one  of the  four  fam ilial para-
gangliom a  syndrom es.  This  m eans  that  approxim ately  30% of
apparently  sporadic  head  and  neck  paragangliom as  are  due  to
one  of these  defects. Mult iple  tum ors are  not  uncom m on, found
in  10 to 20% of sporadic cases and in  up to 80% of fam ilial cases.

All subtypes of head  and  neck paragangliom a show  a  peak age
of presentation  in  the fourth  and fifth  decades, w ith  rare inciden-
ces of pediatric cases. While the sex ratio is equal for carot id  body
tum ors, fem ales are a ected  four  to six t im es m ore than  m ales in
TJPs. However, m ales are  m ore  com m only a ected  in  the fam ilial
type. All patients w ith  a fam ilial et iology present at a significantly
younger age.

Paragangliom as  are  predom inantly  benign,  slow-grow ing,
highly vascular  tum ors, but  they have a propensity for aggressive
local destruct ion . Due to th is clin ical behavior, they have the abil-
ity to cause significant  m orbidity, especially w hen  arising in  rela-
t ionship  to  the  skull  base  w ith  its  m ult itude  of  associated
neurovascular structures.

Because  of their  generally  slow  grow th  and  init ial  absence  of
sym ptom s, TJPs are often  not detected until they are of significant
size. Those  arising  in it ially  in  the  tym panic cavity, however, are
usually detected  at  an  earlier  stage  due  to the  presentation  w ith
hearing loss from  ossicular  chain  in terference and/or  w ith  pulsa-
t ile t innitus. With  progression, TJPs m ost  frequently follow  a path
of least  resistance in to the m iddle ear cleft  and w ithin  the jugular
vein . Further  spread  then  occurs through  air  cell t racts to involve
the in trapetrous carotid  canal, along the Eustachian  tube, in to the
neck along the  carot id  sheath , and, in  later  stages, in tracranially.
The tum or can  also extend along the inferior petrosal sinus. In tra-
cranial spread usually occurs through the m edial wall of the jugu-
lar  foram en. Lower  cranial nerve  (LCN) involvem ent  occurs  later
and  is  usually related  to  invasion  through  the  m edial wall of the
jugular bulb. The facial nerve lies in  close proxim ity to the jugular
bulb in  its vert ical segm ent and is also at  risk.

Whether arising in  the m iddle ear or from  w ithin  the canaliculi
or  bulb, the  m ost  com m on  finding  on  exam ination  is  the  pres-
ence  of  a  vascular  m iddle  ear  m ass.  The  classically  described
blanching of the  m iddle  ear  component , Brow n’s sign, is present
in  20%. Otoscopy alone  is  not  reliable  for  assessing extent , m ost
significantly in  relation  to the degree of hypotympanic extension.
Tum ors  invading  the  tym panic  bone  from  the  jugular  fossa  can
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show  the  classic  “rising  sun”  sign .  Paragangliom as  can  also
extend  through  the  tym panic  m em brane  and  be  confused  w ith
an  inflam m atory polyp, and  occasionally otorrhagia  can  be  a  sig-
nificant clin ical sym ptom .

While  a  paragangliom a  is  the  m ost  com m on  cause  of a  retro-
tym panic  vascular  m ass,  other  pathology  m ust  be  considered.
Obviously, any vascular m ass seen  on  otoscopy, if the m argins are
not  seen  in  their  ent irety, involves the  jugular  bulb  until proven
otherw ise.

A full  cranial  nerve  exam ination  is  essent ial, including  upper
aerodigest ive  t ract  endoscopy and  careful palpation  of the  neck.
Silent LCN palsies are present  in  approxim ately 10% of patien ts.

11.1  Clinical Presentat ion of
Tym panic and Tym panom astoid
Paragangliom as
Paragangliom as  arising  in  and  rem aining  w ithin  the  m iddle  ear
and  m astoid  system  are  term ed  tym panic and  tym panom astoid
paragangliom as. In  general term s, they are  a  subtype  of TJPs and
correspond  to the Fisch  type A and  B classification; they are seen
significantly less  com m only than  are  TJPs. These  tum ors  usually
present  w ith  conduct ive  hearing  loss  and  pulsatile  t inn itus  at  a
relatively early stage. They appear  to  behave  in  a  less  aggressive
fash ion  than  those  arising from  the jugular  bulb. In terest ingly, in
our  series  no  tym panic  paragangliom as  were  associated  w ith
m ult iple tum ors or w ith  a genetic predisposit ion.

These tum ors are usually otoscopically visible as retrotym panic
reddish  m asses, determ ination  of the degree of extension  usually
requiring im aging, m ost  im portantly to  confirm  that  the  jugular
plate  rem ains  in tact . Occasionally, visualization  of the  retrotym -
panic m ass can  be  di cult , such  as  in  the  presence  of tym pano-
sclerosis.  Very  rarely, presentation  is  as  a  polyp  occupying  the
external  auditory  canal.  At  presentation,  approxim ately  20% of
tym panic paragangliom as have  extended  to the  m astoid  air  cells.
Eustachian  tube  extension  is  not  uncom m on, also  occurring  in
approxim ately 20% of cases. Ossicular chain  involvem ent  is found
in  around  50%. While  rare, direct  involvem ent  of the  carot id  can
occur, as can  extension dow nward to invade the jugular bulb.

11.2  Clinical Presentat ion of
Tym panojugular Paragangliom as
TJPs (previously glom us  jugulare) are  those  tum ors  arising from
the paraganglia of the advent it ia of the jugular bulb or  w ith in  the
inferior  tym panic or  m astoid  canaliculi. While  the  term  tym pa-
nojugular  paragangliom as  can  be  used  to  describe  both  jugular
and  tym panic paragangliom as as a  single  group, those  lim ited  to
the  m iddle  ear  and  m astoid  are  usually  excluded, as  discussed
earlier. Treatm ent  outcom es in  relation  to TJP are  highly depend-
ent  on  the  stage of the  tum or at  diagnosis. A h igh  index of suspi-
cion  is  required  along  w ith  the  judicious  use  and  review  of
constantly advancing radiological studies. Accordingly, the goal is
to  identify these  tum ors  early and, in  the  age  of genetic test ing,
to select ively use screening to identify presymptom atic lesions.

The m ost  com m on  present ing sym ptom  of a TJP is hearing loss,
present  in  approxim ately  60  to  80% of  cases,  w ith  pulsatile

t innitus  also  a ect ing  the  m ajority  of  patien ts.  Hearing  loss  is
usually  conduct ive  in  nature  due  to  a  com bination  of im pinge-
m ent  of  the  ossicles  and  a  m iddle  ear  e usion.  Therefore, the
diagnosis of a paragangliom a should  be considered in  any patient
w ith  pulsatile  t innitus, especially if it  is  associated  w ith  conduc-
t ive  hearing loss. It  is im portan t  to note  that, due  to the  nonspe-
cific nature  of these  sym ptom s, there  is  an  average  2  to  3  years’
delay between  the onset  of sym ptom s and diagnosis. Sensorineu-
ral hearing loss and/or  vestibular  sym ptom s depend  on  the inva-
sion  of the  inner  ear, in ternal auditory canal, or  cerebellopontine
angle, w hile  LCN deficits usually develop  as a consequence of the
progressive invasion  of the m edial wall of the jugular fossa. Nerve
deficits induced  by tum or  grow th  generally develop  very slowly,
allow ing progressive  com pensat ion, so  that  the  patient  is  som e-
t im es unaware of the deficit  itself. Silent  LCN palsies are  noted  in
around  10% of cases. Palsies  of the  glossopharyngeal  and  vagus
nerves  occur  in  approxim ately  35  to  40%, those  of spinal acces-
sory  and  hypoglossal  nerves  occurring  in  21  to  30%. The  facial
nerve is the next  m ost  com m on  cranial nerve involved at  presen-
tation , w ith  involvem ent  occurring in  approxim ately 10% of TJPs,
although it  is reported to be as h igh as 39%. It  is im portan t to con-
sider  jugular  fossa  pathology  w hen  invest igat ing  an  isolated, or
com pound,  LCN  lesion.  Vocal  fold  paralysis  presenting  w ith  a
change  in  voice  is the  m ost  com m on  clin ical scenario. Obviously,
evidence  of  a  h igh  vagal  lesion ,  such  as  palatal  asym m etry,
strongly suggests pathology at  the skull base.

11.3  Im aging Characterist ics
High-resolut ion  com puted  tom ography (HRCT), w ith  reconstruc-
t ions in  axial and coronal planes, is m andatory in  every suspected
case  of  TJP.  If  jugular  foram en  involvem ent  is  suspected,  T1-
weighted  (T1W),  T2-weighted  (T2W),  and  T1 W  gadolinium -
enhanced sequences w ith  axial, coronal, and sagittal plane recon-
struct ion,  along  w ith  m agnet ic  resonance  angiography  (MRA)
and  m agnetic  resonance  venography  (MRV), are  the  m inim um
addit ional  im aging  studies  required.  Diagnost ic  four-vessel
angiography is reserved  for  doubtful cases. The  diagnosis of skull
base pathology is based on radiological inform ation, not on  histo-
pathology from  biopsy specim ens.

Tympanic paraganglioma s appear on  CT as sm all m asses located
on  the  surface  of the  prom ontory. In  class  B lesions, the  tum or
invades the  hypotym panum  w ithout  erosion  of the jugular  plate.
Mastoid  opacification  is  frequently related  to  fluid  accum ulation
related to Eustachian  tube obstruct ion .

11.3.1  Tym panojugular
Paragangliom as
●  CTscan: On CT, TJPs show  characterist ic irregular bony erosion

(m oth-eaten  bone). Early changes are represented as an  indis-
t inct  lateral m argin  of the jugular fossa, followed by erosion  of
the carot icojugular crest or jugular spine. The degree of bony
involvem ent  is often  di cult  to assess, however. The m ost crit-
ical in it ial step is the di erent iation  between  tym panom astoid
paragangliom as and sm all TJPs, w ith  a coronal im age being the
m ost helpful. If HRCT confirm s that  the lesion rem ains free of
the jugular fossa, no further im aging is m andatory; m agnetic
resonance im aging (MRI) can  be very helpful in  di erent iating
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tum or from  m iddle ear and m astoid  e usions. However, any
doubt on  any radiological view  necessitates further assessm ent.
The degree of bony infilt ration  can  also be di cult  to ascertain
and it  is often  underest im ated. This is especially the case in
poorly pneum atized temporal bones and in  the presence of
involvem ent of the petrous apex, clivus, occipital condyle, and
hypoglossal canal, because of the bony m arrow  usually present
in  these areas.

●  MRI: MRI provides exquisite detail relating to the soft-t issue
relationships in  the deep neck spaces as well as in tracranially.
Around 60 to 75% of cases have in tracranial extension  at  pre-
sentation, w ith  the rate of in t radural involvem ent being
approxim ately 30%. Several sequences can  be em ployed to
delineate both  the tum or and ar terial anatomy and venous
drainage. Low  to in term ediate T1 W signal and relatively high
T2 W signal are typical for paragangliom as. Sm all tum ors
enhance hom ogeneously, but areas of necrosis and hem orrhage
are present  w ith  increasing size. A classic “salt  and pepper” pat-
tern  in  lesions larger than 2 cm  (in  any dim ension) is often seen,
especially in T2 W im ages. This is due to areas of brightening on
T2-weight ing due to areas of slow  flow  w ithin  the tum or, and
the presence of large in tratum oral vasculature appearing as
flow  voids. Axial and coronal im ages are com m only used to
evaluate the lesion, but  sagittal im ages allow  appreciation  of
tum or extension  as a w hole. Dural invasion  is not  always easy
to detect  because often  the dura is infilt rated and pushed m edi-
ally; in  other instances, there is a t rue invasion  of the posterior
fossa. MRI a ords inform ation  regarding invasion  in to the m ar-
row  spaces of the base of skull w ith  e acem ent of the norm al
fatty signal. While each  depar tm ent often  uses a di erent com -
binat ion  of sequences, no longer are only T1 W, T2 W, and con-
trast  studies used. Dual T2 fast  spin  echo sequences,
noncontrast  and contrast  t im e-of-flight  sequences, and con-
trast-enhanced MRA and MRV (often  w ith  3D reconstruct ion)
provide further inform ation. Despite these advances, detect ion
of lesions less than  10 m m  in  size is di cult , except for those
arising in  the tym panic cavity.

●  Angiography: Angiography plays a crit ical role in  the m anage-
m ent of TJPs, but  is rarely necessary for diagnosis. Paraganglio-
m as display a characterist ic in tense tum or blush  and rapid
venous di usion. This allows di erent iation  in  cases w here CT
and MRI rem ain  equivocal. Just  as im portantly, it  allow s
detailed analysis of tum or vascular supply and em bolization  if
operat ive m anagem ent is planned, as well as assessm ent of
internal carot id  artery (ICA) involvem ent , contralateral cerebral
blood flow, and venous drainage.

11.4  Classificat ion: The Modified
Fisch Classificat ion System  for TJP
Two  classification  system s  are  in  com m on  use  for  TJP,  that  of
Fisch  and  that  of Glasscock–Jackson. In  term s  of describing  the
involvem ent  of the  ICA, the  m ost  crit ical aspect  in  planning  the
surgical approach, we recom m end use of the  Fisch  system . There
is also a close correlation  between Fisch  class C and the likelihood
of in tracranial extension . We  have  m ade  m inor  m odifications  to
the Fisch  classification  to allow  precise surgical planning. For  th is
reason, as  well  as  for  consistency  in  reporting, we  recom m end
that  the  m odified  Fisch  system  be  used,  as  outlined  in  the
follow ing.
●  Cla ss A: tum ors lim ited to the m iddle ear cleft  w ithout  invasion

of the hypotym panum :
○  A1: tum or completely visible on  otoscopic exam ination

(� Fig. 11.1).
○  A2: tum or m argins not seen  on  otoscopy (� Fig. 11.2).

●  Cla ss B: lim ited to the hypotym panum , m esotym panum , and
m astoid w ithout erosion  of jugular bulb:
○  B1: tum ors confined to the m iddle ear cleft  w ith  extension  to

the hypotym panum  (� Fig. 11.3).
○  B2: tum ors involving the m iddle ear cleft  w ith  extension  to

the hypotym panum  and the m astoid (� Fig. 11.4).
○  B3: tum ors confined to the tym panom astoid compartm ent

w ith  erosion  of the carot id  canal (� Fig. 11.5).
●  Cla ss C: TJP subclassification  by degree of carot id  canal erosion:
○  C1: tum ors destroying the jugular foram en and bulb w ith  lim -

ited involvem ent of the vert ical port ion  of the carot id canal
(� Fig. 11.6).

○  C2: Tum ors invading the vert ical port ion  of the carot id canal
(� Fig. 11.7).

○  C3: Tum ors invading the horizontal port ion  of the carot id
canal (� Fig. 11.8).

○  C4: Tum ors reaching the an terior foram en lacerum
(� Fig. 11.9)

●  Cla ss D: defines only the in tracranial tum or extension  and
should be reported as an  addendum  to the C stage. De, extra-
dural; Di, in tradural.
○  De1: tum ors w ith  up to 2 cm  dural displacem ent.
○  De2: tum ors w ith  m ore than  2 cm  dural displacem ent.
○  Di1: tum ors w ith  up to 2 cm  intradural extension.
○  Di2: tum ors w ith  m ore than  2 cm  intradural extension.
○  Di3: tum ors w ith  inoperable in t racranial in tradural

extension.
●  Cla ss V: subclassification  by degree of the vertebral artery

involvem ent:
○  Ve: tum ors engulfing the extradural vertebral artery

(� Fig. 11.10).
○  Vi: tum ors involving the in tradural vertebral artery.
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Fig. 11.2  Class A2. Tumor margins (T) are  not  seen on otoscopy. (a) CT. (b) Schematic illustration. FN, facial nerve; ICA, internal carotid artery; JB,
jugular bulb; SS, sigmoid  sinus; T, tumor.
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Fig. 11.1  Class A1. Small tumor is clearly seen on the  promontory (arrow). Tumor margins do not  involve  the  annulus. (a) CT. (b) Schematic
illustration. FN, facial nerve; ICA, internal carotid  artery; JB, jugular bulb; SS, sigmoid  sinus; T, tumor.
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Fig. 11.4  Class B2. Tumor (T) is occupying entire  middle  ear with extension to the  hypotympanum  and mastoid. Bony erosion of the  promontory,
fallopian canal, and  ossicles can be  noted. Arrow: no erosion of the  carotid  canal. (a) CT. (b) Schematic illustration. FN, facial nerve; ICA, internal
carotid  artery; JB, jugular bulb; SS, sigmoid  sinus; T, tumor.
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Fig. 11.3  Class B1. Tumor (T) is limited to the middle ear cleft  with extension to the hypotympanum but  without  erosion of the jugular bulb. (a) CT.
(b) Schematic illustration. FN, facial nerve; ICA, internal carotid  artery; JB, jugular bulb; SS, sigmoid  sinus; T, tumor.
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Fig. 11.5  Class B3. Erosion  of the  carotid  canal (arrow) can  be  seen on this slice. (a) CT. (b) Schematic illustration. FN, facial nerve; ICA, internal
carotid  artery; JB, jugular bulb; SS, sigmoid  sinus; T, tumor.
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Fig. 11.6  (a) Class C1. Schematic illustration. AFL, anterior foramen lacerum; C1, atlas; CF, carotid foramen; CS, cavernous sinus; ICA, internal carotid
artery; IJV, internal jugular vein; JF-CF, jugular foramen–carotid foramen; OC, occipital condyle; SS, sigmoid sinus; T, tumor; V, vertical portion of the
internal carotid artery; VA, vertebral artery; VII, facial nerve; IX, glossopharyngeal nerve; X, vagus nerve; XI, spinal accessory nerve; XII, hypoglossal nerve.
(b) Class C1 (CT). Note that tumor involvement can be seen in the jugular fossa, and erosion of the carotid foramen of the ICA(arrow). (c) Class C1 (CT). The
horizontal portion of the carotid canal is not involved. (d) Class C1 (MRI). Tumor extending to but not eroding vertical portion of the carotid canal (arrow).
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Fig. 11.7  (a) Class C2. Schematic illustration. (b) Class C2. CTshows that  the horizontal portion of the carotid canal is intact. (c) Class C2De1 (MRI).
Tumor is engulfing the vertical portion of the carotid canal. (d) Class C2 (magnetic resonance angiography). Hypervascular area (arrow) can be seen
lateral to  the  vertical portion  of the  carotid  artery.
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Fig. 11.8  (a) Class C3. Schematic illustration. (b) Class C3De1 (CT). The erosion of the horizontal portion of the carotid canal is seen (arrow). (c) Class
C3De2 (MRI). MRI shows clearly the  involvement  of the horizontal portion of the  carotid canal and the  sigmoid sinus. (d) Class C3Di2 (MRI). Large
paraganglioma with  intradural extension.
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Fig. 11.9  (a) Class C4. Schematic illustration. (b) Class C4 (CT). The
tumor erodes all the  temporal bone  up  to the  petrous apex and  the
clivus, with  total engulfment  of the  carotid  artery and  the  cavernous
sinus. (c) Class C4Di2 (MRI). MRI of the  same  case  with  clear
involvement  of all the  horizontal portion  of the  carotid  artery with
extension to the  cavernous sinus.

GrafikfolgtFiguretofollow

Fig. 11.10  (a) Class V. Schematic illustration. (b) Class Ve  (MRI). Extradural vertebral artery (black arrow) involved  with  the  tumor.
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11.5  Class A: Tym panic
Paragangliom as
Class A type tum ors have been  show n in � Fig. 11.11, � Fig. 11.12,
� Fig. 11.13, � Fig. 11.14, � Fig. 11.15, � Fig. 11.16, � Fig. 11.17,
� Fig. 11.18, � Fig. 11.19, � Fig. 11.20, � Fig. 11.21, � Fig. 11.22.

Fig. 11.11  Left  ear. Glomus tympanicum  or class A tumor. The  small
red  mass behind  the  anteroinferior quadrant  is localized  on the
promontory and  does not  extend  toward  the  hypotympanum  (see
� Fig. 11.12).

Fig. 11.12  CT scan  of the  case  presented  in  � Fig. 11.7. The  lesion  is
limited  to the  region of the  promontory. There  are  no visible  signs of
bone  erosion.

Fig. 11.13  Left  ear. Another example of a small class A glomus tumor.

Fig. 11.14  CT scan of the  case  described  in  � Fig. 11.13.The tumor is
again  limited  to the  promontory.
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Fig. 11.16  Right  ear. Class A1 tumor. The  patient  complains only on
pulsatile  tinnitus.

Fig. 11.17  CT scan, axial view, shows the  tumor on  the  promontory.

Fig. 11.15  Left  ear. This small tympanic paraganglioma is situated  in
the  anteroinferior quadrant  of the  middle  ear near the  tubal orifice.
Further growth  of the  tumor can block the  tubal orifice, leading  to
middle  ear effusion.

Fig. 11.18  Left  ear. The  tumor, located  on the  promontory, slightly
extends to the  hypotympanic area (see  � Fig. 11.18, � Fig. 11.19).
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Fig. 11.20  CT scan  of the  same  case, coronal view. Extension of the
tumor toward  the  round  window and  the  hypotympanum  is clearly
seen  (arrow).

Fig. 11.21  Right  ear. Class A2 tympanic paraganglioma. On otoscopy,
the  tumor margins seem  not  completely under control.

Fig. 11.22  CT scan  of the  same  case.

Fig. 11.19  CTscan of the same patient, axial view. The tumor, located
on the  promontory, is wider than the  previous cases.
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11.5.1  Surgical Managem ent
●  For class A1 tum ors, a t ranscanal approach  can  be perform ed

safely, as it  gives good access to the en t ire tym panic m em brane.
When there is lim ited access due to anatom ical variation, these
cases are to be t reated as class A2.

●  For class A2 tum ors, a retroauricular t ranscanal approach is
indicated. A m odification  of the t radit ional approach is used,
rem oving the ent ire tym panom eatal flap. After rem oval of the
tum or, myringoplasty is com pleted w ith  fascia w ith  replace-

m ent of the tym panom eatal flap (glove finger flap technique).
This technique allows w ider access to the tum or by drilling of
the bony m eatus.

The surgical m anagem ent of Class A type tum ors has been  show n
in � Fig. 11.23, � Fig. 11.24, � Fig. 11.25, � Fig. 11.26, � Fig. 11.27,
� Fig. 11.28, � Fig. 11.29, � Fig. 11.30, � Fig. 11.31, � Fig. 11.32,
� Fig. 11.33, � Fig. 11.34, � Fig. 11.35.

Fig. 11.23  The  tympanic membrane  is visual-
ized  under the  largest  possible  ear speculum.
The tumor is touching the  tympanic membrane
inferior to the  umbo. T, tumor; TM, tympanic
membrane.

a

M

CT

T

I

b

Fig. 11.24  (a) After a U-shaped skin incision is made in the posterior meatal skin, the tympanomeatal flap is elevated to expose the tympanic cavity.
The tumor seems to originate from  the  promontory, and extends posterosuperiorly to reach the level of the oval window, anteriorly passing under
the  handle  of the  malleus. To visualize  the  upper pole  of the  tumor fully, the  chorda tympani has been divided  and  a  small at ticotomy has been
performed with  a  curette. CT, chorda tympani; I, incus; M, malleus; T, tumor. (b) Schematic illustration  of the  surgical approach.
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Fig. 11.25  Coagulation of the  tumor with  fine
bipolar forceps should  be  started  from  the  area
away from  the  important  structures to  reduce
the  risk of mechanical and  thermal injury. This
procedure shrinks the tumor. Piecemeal removal
of the  tumor facilitates visualization of the
tumor. I, incus; S, stapes; T, tumor.

I

P

RW

Fig. 11.26  The  tumor has been  completely
removed. The  origin  of the  tumor is located  in
the  area just  anteroinferior to  the  oval window
(arrow). I, incus; P, promontory; RW, round
window niche.
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Fig. 11.28  (a) After having completed the canalplasty, the tympanomeatal flap is removed carefully. The anterior tympanic annulus, detached from
the  bony sulcus, can be  seen  clearly. (b) Schematic illustration  of the  incision line.

Fig. 11.27  A reddish  mass is visible  in  the
anterosuperior quadrant  of the  tympanic
membrane (arrow). Since the anterior margin of
the  tumor is not  visible  on otoscopic examina-
tion, a  retroauricular–transcanal approach  is
indicated. A lateral incision  is visible  on  the
anterior meatal skin  for canalplasty.
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Fig. 11.30  The  tumor is coagulated  gradually
with  a  bipolar coagulator. The  tumor should  be
managed  gently at  this point  so  as not  to
damage  feeding  vessels located  in  the  inacces-
sible  portion. M, malleus.

M

P

Fig. 11.29  The  skin  of the  external auditory
canal with  the  tympanic membrane  is about  to
be  detached  from  the  manubrium. The  para-
ganglioma occupies anterosuperior part  of the
tympanic cavity, and  extends anteriorly toward
the  Eustachian tube. M, malleus.
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Fig. 11.32  The  cells covering  the  carotid  artery
(arrow) are drilled carefully with a diamond burr,
and  eradication  of the  tumor is accomplished.

Fig. 11.33  The  temporalis fascia  is grafted
underlay. The handle of the malleus exteriorized
in the  center of the  fascia to avoid  lateralization
is seen (arrow).

Fig. 11.31  The  anteromedial part  of the  tumor
infiltrates the  cells in  the  medial wall of the
protympanum.
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11.6  Class B: Tym panom astoid
Paragangliom as
Class B type tum ors have been  show n in � Fig. 11.36, � Fig. 11.37,
� Fig. 11.38, � Fig. 11.39, � Fig. 11.40, � Fig. 11.41, � Fig. 11.42,
� Fig. 11.43, � Fig. 11.44, � Fig. 11.45, � Fig. 11.46, � Fig. 11.47,
� Fig. 11.48, � Fig. 11.49, � Fig. 11.50, � Fig. 11.51, � Fig. 11.52.

Fig. 11.35  Otoscopy of the same patients 3 months after surgery. The
middle ear is free from the disease and the tympanic membrane is not
lateralized.

Fig. 11.34  The  tympanomeatal flap  is replaced
in  the  canal, over the  fascia.

Temporal Bone Paragangliomas

213



Fig. 11.38  Left  ear. Type B2 glomus tumor. The tumor causes bulging
of the  posterior quadrants of the  tympanic membrane.

Fig. 11.39  CT scan of the  same  case, axial view, demonstrates
extension  of the  disease  into the  mastoid  (red arrow). Effusion in  the
mastoid  is also  present  due  to retention (green arrow).

JB

Fig. 11.37  The  coronal view of the  CT scan  shows that  the  tumor
infiltrates the  hypotympanic cells (arrow) without  erosion  of the
jugular bulb  (JB).

Fig. 11.36  Tympanomastoid  (class B paraganglioma). The  tumor is
confined in the middle ear cleft  with extension to the hypotympanum
(see  � Fig. 11.37).
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Fig. 11.43  Another case  of B3 tumor. The  pulsating  mass protrudes
outside  the  external auditory canal. Biopsy is absolutely contra-
indicated  in  cases like  this.

Fig. 11.40  CTscan of the same case, coronal view. The tumor extends
to the  hypotympanum  but  does not  erode  the  bone  overlying  the
dome  of the  jugular bulb  (arrow).

Skin

P

Fig. 11.41  A reddish  polypoidal pulsating  mass covered  with  skin,
protruding from the tympanic cavity, is visible on otoscopy. P, polyp in
the  external auditory canal.

Fig. 11.42  CT scan of the  same  case  demonstrates soft  tissue  filling
the  middle  ear. No erosion is observed in the jugular bulb. The tumor
is classified  as class B3 due  to  a small erosion  of the  carotid  canal
indicated  by the  blue  arrow.
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Fig. 11.47  Coronal section giving a better view of the tumor extension
toward  the  jugular bulb. Intraoperatively, no  invasion of the  bulb  was
noted  and  the  integrity of the  bulb  was thus conserved.

Fig. 11.44  Left  ear. B3 tumor (T) that  bulges as a polyp in the external
auditory canal.

Fig. 11.45  Right ear. Reddish mass protruding from the inferior wall of
the  external auditory canal.

Fig. 11.46  CTscan of the previous case. Axial view demonstrating the
erosion caused  by the  tumor of the  bone  overlying  the  jugular bulb.
This tumor can be considered an intermediate class between B and C.
The  tumor is localized  in  the  hypotympanum  and  extends to the
jugular bulb  but  does not  invade  it  (arrows).
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Fig. 11.51  CT scan  of the  same  case, axial view. The  tumor slightly
infiltrates the  mastoid  compartment  (arrow). The  vertical portion of
the  carotid  artery is not  involved. Even in  this case, the  tumor can be
considered  an intermediate  class between B and  C.

Fig. 11.48  Angiography of the  same  case. The  blood  supply of the
tumor (arrow) is derived from  the  ascending pharyngeal artery that  is
a  branch  of the  external carotid  artery.

Fig. 11.49  Right  ear. The  otoscopy shows a  reddish  pulsating
retrotympanic mass suggestive  for a  paraganglioma.

Fig. 11.50  CT scan of the  same  case, coronal view. The  tumor is
located  in  the  hypotympanic area and  extends to the  jugular bulb
(arrow).

Temporal Bone Paragangliomas

217



11.6.1  Surgical Managem ent
●  For class B1 tum ors, canal wall up m astoidectomy w ith  poste-

rior tym panotomy is perform ed to access the posterior exten-
sion  of the tum or in  the tym panic sinus and the facial recess.
The tym panotomy should be extended inferiorly, w ith  sacrifice
of the chorda tym pani nerve, to approach the tum or extending
to the hypotym panum .

●  For class B2 tum ors, tym panotomy is extended to access the
invasion  of the tum or m edial to the m astoid segm ent of the
facial nerve.

●  For class B3 tum ors, a subtotal petrosectomy w ith  drilling of
the anterior wall of the external auditory canal and rem oval of
the posterior canal wall is required to access the area around
the ICA. In  such cases, obliteration  of the cavity w ith  abdom inal
fat and blind sac closure of the external auditory canal is
necessary.

The surgical m anagem ent of Class B type tum ors has been  show n
in � Fig. 11.53, � Fig. 11.54, � Fig. 11.55, � Fig. 11.56, � Fig. 11.57,
� Fig. 11.58, � Fig. 11.59, � Fig. 11.60, � Fig. 11.61.

Fig. 11.52  MRI scan (T1W + gadolinium  enhancement) of the  same
case, axial view. There  is no  clear invasion  of the  jugular bulb  even  if
the  tumor is in  close  proximity. Considering  patient’s age  (80  years
old), we  preferred  to follow a wait-and-scan  protocol with yearly CT
and  MRI scans. After 2  years of follow-up, the  tumor has still not
grown.

T

PSC

Fig. 11.53  CT scan, axial view, of the  case  in
� Fig. 11.36. Considering the tumor class (B1), a
canal wall up  tympanoplasty with  posterior
tympanotomy is planned. The  tumor (T) does
not  reach the  mastoid, and  the  tympanic sinus
(blue arrow) is free  of disease. To expose  the
hypotympanum, posterior tympanotomy is ex-
tended  inferiorly, lateral to  the  facial nerve  (red
arrow) and  medial to the  tympanic membrane.
This is shown as dashed  lines. The  stapedial
muscle  (black arrow) is located  medial to  the
facial nerve. PSC, posterior semicircular canal.
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Fig. 11.56  To preserve  the  tympanic mem-
brane, the  fibrous annulus (arrow) is carefully
detached  from  the  bony annulus; the  tympanic
cavity is visible. The  tumor occupying  the
tympanic cavity is visible  through both the
meatus and  the  posterior hypotympanotomy.

Fig. 11.55  The  posterior edge  of the  tumor is
visible  through the  posterior tympanotomy
(white arrow). The facial nerve runs in the medial
edge  of the  opening  (black arrow). A thin  bony
shell should  be  maintained  so  as to  avoid  any
damage.

Fig. 11.54  Mastoidectomy is completed. As
seen on the  preoperative  CT scan (� Fig. 11.37,
� Fig. 11.53), the mastoid is free of disease. The
facial nerve  runs in  the  area between the  short
process of the  incus (black arrow) and  the
digastric ridge  (blue arrow).
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Fig. 11.57  Through the  posterior tympanoto-
my, the  tumor is coagulated  with  a  bipolar
cautery. Bipolar coagulation  is used  on the
surface  of the  tumor to avoid  bleeding. Never
insert  the  tip  of the  cautery into the  tumor
mass. After coagulating the tumor sufficiently, it
is removed  piecemeal.

RW

S

P
FN

I

Fig. 11.58  Removal of the  tumor from  the  area
inferior to the stapes exposes structures located
in  the  posterior mesotympanum. FN, facial
nerve; I, body of incus; P, promontory; RW,
round  window niche; S, stapes.

Fig. 11.59  The  tumor in  the  tympanic cavity is
coagulated  through the  meatus with  a  bipolar
cautery. After coagulating  the  tumor suffi-
ciently, it  is removed  piecemeal.
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11.7  Class C: Tym panojugular
Paragangliom as
Class C type tum ors have been  show n in � Fig. 11.62, � Fig. 11.63,
� Fig. 11.64, � Fig. 11.65, � Fig. 11.66, � Fig. 11.67, � Fig. 11.68,
� Fig. 11.69, � Fig. 11.70, � Fig. 11.71, � Fig. 11.72, � Fig. 11.73,
� Fig. 11.74, � Fig. 11.75, � Fig. 11.76, � Fig. 11.77, � Fig. 11.78,
� Fig. 11.79, � Fig. 11.80, � Fig. 11.81, � Fig. 11.82, � Fig. 11.83,
� Fig. 11.84, � Fig. 11.85, � Fig. 11.86, � Fig. 11.87, � Fig. 11.88,
� Fig. 11.89, � Fig. 11.90, � Fig. 11.91, � Fig. 11.92, � Fig. 11.93,
� Fig. 11.94, � Fig. 11.95, � Fig. 11.96, � Fig. 11.97, � Fig. 11.98,
� Fig.  11.99,  � Fig.  11.100,  � Fig.  11.101,  � Fig.  11.102,
� Fig.  11.103,  � Fig.  11.104,  � Fig.  11.105,  � Fig.  11.106,
� Fig.  11.107,  � Fig.  11.108,  � Fig.  11.109,  � Fig.  11.110,
� Fig.  11.111,  � Fig.  11.112,  � Fig.  11.113,  � Fig.  11.114,
� Fig.  11.115,  � Fig.  11.116,  � Fig.  11.117,  � Fig.  11.118,
� Fig. 11.119.

Fig. 11.60  Tumor infiltrating  the  hypotympanic
cells is removed with combined approach, with a
dissector inserted  through the  posterior tym-
panotomy and  a  suction tube  through the
meatus.

Fig. 11.61  After having  removed  the  whole
tumor and packed the middle ear with Gelfoam,
the  temporalis fascia  and  the  tympanomeatal
flap  are  placed  as in  � Fig. 11.32, � Fig. 11.33.

Fig. 11.62  Class C1 glomus tumor. The only complaint of the patient was
ipsilateral pulsatile tinnitus of 4 years’ duration (see subsequent figures).
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Fig. 11.65  Axial view demonstrates that  the horizontal segment of the
internal carotid  artery is free  of tumor (arrow).

Fig. 11.63  CT scan, coronal view, showing  en-
largement  of the  jugular foramen with  exten-
sion  of the  tumor into the  middle  ear (arrow).

Fig. 11.64  CT scan, axial view. The  jugular foramen is enlarged.
Irregular erosion of the  borders of the  jugular foramen can be
observed  (arrow, differential diagnosis with  LCNs’ schwannoma).
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Fig. 11.69  CTscan of the same case, coronal view. Enlargement of the
jugular foramen with  irregular bone  erosion  (arrow, “moth-eaten”
bone).

Fig. 11.68  Left  ear. Class C1 tumor. A reddish pulsating retrotympanic
mass is visible  in  the  inferior quadrants. The  patient  complained  only
on pulsatile  tinnitus. LCNs’ function  was normal. Considering  patient
age  (67  years old) and  function of LCNs, a  “wait-and-scan” protocol
was applied.

Fig. 11.66  Angiography demonstrating  that  the  blood  supply of the
tumor comes from  the  ascending  pharyngeal, the  occipital, and  the
posterior auricular arteries.

 Fig. 11.67  MRI with  gadolinium. The  tumor is enhancing  except  for
some flow-void  zones corresponding  to large  vascular spaces (arrow).
This picture  is pathognomonic of glomus tumors.
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Fig. 11.73  CTscan of the same patient, axial view. The tumor involves
the  jugular foramen area but  does not  invade  the  vertical portion  of
the  carotid  artery (arrow).

Fig. 11.70  CTscan of the same case, axial view. The horizontal portion
of the  carotid  artery is free  from  the  pathology.

Fig. 11.71  MRI scan (T1W + gadolinium enhancement), axial view. The
tumor infiltrates the  jugular bulb  (arrow).

Fig. 11.72  Left  ear. Class C1 TJP. This 70-year-old  female  patient
complained only of hearing loss. The CTscan revealed the presence of
a tumor extended  to the  area of the  Eustachian  tube, resulting  in
middle ear effusion. Considering the absence of LCNs dysfunction, the
patient  has been followed  up  just  with  yearly CT and  MRI scans.
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Fig. 11.75  Left  ear. Class C1 TJP. This female  patient  (50  years old)
underwent  surgical removal of the  disease  through an infratemporal
fossa type  A approach. Function of cranial nerves IX and  X worsened
immediately after surgery. Good  contralateral compensation  was
achieved  with  swallowing and  speech rehabilitation with  no need  for
further pharyngolaryngeal surgery. At  the last  clinical follow-up, facial
nerve  function is grade  II House–Brackmann scale  (mild  dysfunction).

Fig. 11.74  CT scan of the  same  patient, axial view. The  middle  ear is
filled with the tumor (yellow arrow) and the area of the Eustachian tube
is blocked, resulting in middle  ear effusion (red arrow, opacification of
mastoid  air cells).

Fig. 11.77  CT scan, axial view, of the  same  case. Obstruction of the
Eustachian tube  is present  (yellow arrow), resulting  in  middle  ear and
mastoid  effusion  (red arrow).

Fig. 11.76  CT scan, coronal view, of the  same  case. The  jugular
foramen is enlarged  by the  tumor (arrow), which fills the  middle  ear.
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Fig. 11.79  Angiography of the  same  case. The  blood  supply of the
tumor (arrow) is derived  from  the  ascending  pharyngeal artery.

Fig. 11.80  Right  ear. Class C1 tumor. A reddish retrotympanic mass is
visible  in  the  inferior quadrants

Fig. 11.81  Angio-MRI scan of the same case. The tumor (yellow arrow)
invades the  jugular foramen with  slight  involvement  of the  vertical
portion of the  carotid  artery.

T

Fig. 11.78  MRI scan (T1W + gadolinium  enhancement), axial view, of
the  same  case. The tumor (T) does not  involve  the  horizontal portion
of the carotid artery (red arrow). Intratumoral flow voids (yellow arrow)
and  mastoid  effusion  (green arrow) are  also  visible.
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Fig. 11.85  CT, axial view. Infiltration  of bone  surrounding  the  ICA
(asterisk) is seen extending  toward  the  genu. T, tumor.

Fig. 11.82  Color 3D angio-MRI showing  the  tumor (arrow).

Fig. 11.83  Otoscopy of another case  of C1 class tumor. The tympanic
membrane  is retracted  due  to  poor ventilation  of the  middle  ear,
resulting  in  myringostapediopexy (arrow).

Fig. 11.84  Left  ear, class C2 tumor. Note  the  reddish  retrotympanic
mass in  the  posteroinferior portion of the  tympanic membrane.
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Fig. 11.86  The  horizontal segment  of the  ICA appears free  of tumor.

Fig. 11.87  Angiography before  tumor embolization, revealing  a
characteristic tumor blush and  rapid  venous drainage, with  evidence
of a  patent  jugular vein.

Fig. 11.88  Angiography after tumor embolization. Despite  significant
reduction in tumor vascularity, tumor blush can still be  seen adjacent
to the  distal vertical carotid. In  class C tumors, preoperative
embolization  is fundamental in  reducing  intraoperative  bleeding.
Therefore, it  should always been performed before surgical treatment.

Fig. 11.89  Right  ear. Class C2 tumor. The patient  (65 years old) has no
other symptoms than  hearing  loss (conductive, moderate) and
pulsatile  tinnitus. LCNs function is normal. A “wait-and-scan” protocol
was adopted. For the  last  3  years, the  tumor has not  shown any
growth.
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Fig. 11.93  Class C2 De2 TJP of the left  ear. The patient  complained of
pulsatile  tinnitus and  hearing  loss, and  2  months before  presentation
the  patient  started  to  suffer from  dysphonia, dysphagia, and
hypoglossal paresis due to compression by the  slowly growing tumor.

Fig. 11.90  CT scan, axial view. The tumor invades the  vertical portion
of the  carotid  canal (arrow).

Fig. 11.91  CT scan, axial view. The  tumor does not  involve  the
horizontal portion of the  internal carotid  artery (arrow).

Fig. 11.92  MRI (T2W), coronal view. Flow voids are  visible  within  the
tumor (green arrow), which is close  to the  area of the  LCNs (yellow
arrow).
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Fig. 11.94  CT scan of the  case presented in � Fig. 11.93. The marked
erosion of the  jugular foramen and  the  vertical portion of the  carotid
canal can be  appreciated  (arrow).

Fig. 11.95  MRI demonstrating  tumor in  contact  with  the  medial
aspect of the horizontal carotid artery (yellow arrow) and the posterior
fossa dura  (red arrow) without  infiltrating  it.

Fig. 11.96  Postoperative  CT scan  demonstrating  tumor removal
(arrow) using  an infratemporal fossa approach type  A.  Fig. 11.97  Class C2 TJP in an elderly patient. A retrotympanic reddish

mass is visible  in  the  inferior quadrants. Retraction  of the  anterior
quadrants of the  tympanic membrane  is also  present  due  to  middle
ear dysventilation. LCNs function  was slightly affected  (left  vocal fold
paralysis with  good contralateral compensation), so  a wait-and-scan
protocol was adopted.
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Fig. 11.98  CTscan, axial view, of the same case. The tumor erodes the
vertical portion  of the  carotid  canal (arrow).

Fig. 11.99  MRI scan (T2W). The tumor is close to the area of the LCNs
(arrow).

Fig. 11.100  Right  ear. Class C3 Di2 tumor. The  patient  complained of
pulsatile  tinnitus and  mixed  hearing  loss of 12  months’ duration.

Fig. 11.101  MRI, sagit tal view, demonstrating  intradural extension  of
the  tumor (arrow).
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Fig. 11.102  MRI, coronal view, after first-stage  removal of the
extradural component  of the  tumor using  an  infratemporal fossa
approach  type  A. The  fat  (F) obliterating  the  operative  cavity can  be
seen. The  intradural tumor residue  (T) is also  observed. Staging  is
necessary in  such  cases to avoid  communication  between the
subarachnoid  space  and  the  wide  open  neck spaces.

Fig. 11.103  Postoperative  CT scan after the  second-stage  removal of
the  tumor through a  petro-occipital trans-sigmoid  approach.

Fig. 11.104  MRI demonstrating  obliteration  of the  operative  cavity
with  abdominal fat  (F).

Fig. 11.105  Right  ear. Class C3 Di2 tumor. The  patient  complained of
ipsilateral total hearing  loss, diplopia, grade  IV facial paralysis, and
dysphonia  (see  subsequent  figures).
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Fig. 11.106  CT scan  axial section demonstrating  the  involvement  of
the jugular foramen and the horizontal segment of the internal carotid
artery (arrow). The  artery was closed  preoperative  with  a  balloon.

Fig. 11.107  CT scan, coronal section. The  tumor involves the  internal
auditory canal (arrow).

Fig. 11.108  MRI, axial view giving  a  global idea of the  extra- and
intradural extension of the  tumor.

Fig. 11.109  Angiography before  embolization.
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Fig. 11.110  Angiography showing  marked  reduction of the  tumor
vascularity following embolization.

Fig. 11.111  CT scan  performed after first-stage  removal of the
extradural part  of the  tumor using  an  infratemporal fossa approach
type  A. Staging  is necessary to  avoid  communication  between the
subarachnoid  spaces and  the  neck spaces. The  balloon used  for the
closure  of the  internal carotid  artery can  be  seen (arrow).

Fig. 11.112  Left  ear. Class C2 Di2 glomus jugulare tumor. The patient
complained  of hearing  loss and  pulsatile  tinnitus of 2  years’ duration.
He  also  complained  of dysphonia, dysphagia, paralysis of the  left  half
of the  tongue, and  paresis of the  lower face.

Fig. 11.113  MRI, sagit tal view, demonstrating the intradural extension
of the  tumor (red arrow) as well as the  inferior extension  toward  C1
and  C2 (black arrow).
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Fig. 11.114  Preoperative  CT scan. The  jugular foramen is enlarged,
with  involvement  of the  foramen magnum  (arrow).

T
F

Fig. 11.115  MRI with gadolinium  after removal of the  extradural part
using an infratemporal fossa approach type  A. Fat  is seen obliterating
the  operative  cavity (F). The  intradural tumor residue  at  the  level of
the  foramen magnum  is noted  (T).

Fig. 11.116  CT scan  following  the  second-stage  removal of the
intradural portion of the tumor using an extreme lateral approach. The
balloon used  to  close  the  vertebral artery is visible  (arrow).

 Fig. 11.117  CT scan  following  the  second-stage  removal of the
intradural portion of the tumor. The removal of a large part  of the left
occipital condyle  is also  shown.
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11.7.1  Surgical Managem ent
Because of their  unique location, these tum ors pose certain  prob-
lem s: (1) the possibility of injury to the LCNs; (2) the fact  that  the
facial  nerve  is  centered  on  and  is  closely  related  to  the  jugular
bulb.  These  tum ors  spread  to  five  di erent  “compartm ents”:
m edially in tradural;  an teriorly in trapetrous along the  ICA; inferi-
orly extradural to the  neck along the  LCNs;  posteriorly along the
sigm oid  sinus;  posteroinferiorly toward the occipital condyle and
the  vertebral  artery.  Young  patients  w ith  im pairm ent  of  the
vagus  nerve  should  be  t reated  surgically.  It  m ust  be  acknowl-
edged,  however,  that  further  LCN  injury  is  likely.  Most  young
patients w ith  in tact  cranial nerve function  should  be treated  sur-
gically. Radiological assessm ent  revealing patency of the  jugulo-
sigm oid  system  and/or  absence  of in tradural invasion  indicates a
good  prognosis  for  preservation  of LCN function, because  both
are  indicative  of absence  of  infilt ration  of the  m edial  aspect  of
the  jugular  bulb. Assessm ent  of tum or  infilt ration  is  not  always
straightforward, but  the  presence  of in tradural tum or  essentially
m eans that  th is barrier has been  crossed and sacrifice of the LCNs
is necessary if total resect ion  is to be perform ed.

Another  option  is to  allow  the  pathology to gradually paralyze
the  LCNs, especially in  cases w here  the likelihood  of neural pres-
ervation  is low. Com pensation  tends to occur  preoperatively and
radical resect ion  can proceed w ithout  the concern  for neural con-
servation . However, even  in  cases of a well-com pensated  preope-
rative  neural  deficit ,  sacrifice  of  the  nerves  produces  a  further
worsening  of the  situat ion, probably  due  to  sect ion  of residual
functioning  fibers  m aintaining  a  degree  of tone. Com pensation
follow ing acute  com pound  LCN palsies  is  part icularly di cult  in
elderly patients and  norm al LCN funct ion  should  be considered  a
relative  contraindication  for  surgery  in  patients  older  than  60
years. The  sam e  is  t rue  for  patients  w ith  coexisting  respiratory

problem s. Despite  our  usual approach  to achieving surgical cure,
in  case  of advanced  age  or  poor  m edical status, there  is rarely an
indication  for  radical  surgical  rem oval.  Radiological  follow -up
often  represents the  best  t reatm ent  in  these  cases. Radiotherapy
is  reserved  for  patients  w hose  follow -up  docum ents  significant
grow th .  Occasionally  resect ion  of  the  m iddle  ear  and  m astoid
com ponents  w ith  a  blind  sac  closure  of  the  external  auditory
canal provides excellen t  control in  elderly patien ts w ith  t rouble-
som e otorrhagia.

Surgical  rem oval  of TJPs  im plies  sacrifice  of the  jugular  bulb.
Usually, the  venous  pathway  is  already  occluded  by  the  tum or
and  it  m ay  be  resected  w ithout  any  consequence. However, in
part icular  cases, the  bulb  is  st ill patent  or  the  compensation  has
occurred  through  collaterals, such  as the  posterior  condylar  vein ,
that  have  to  be  sacrificed  as  well;  w hen  it  happens  in  the  pres-
ence of hypoplasia of the contralateral venous system , sacrifice of
the  bulb  m eans  occlusion  of  the  m ain  venous  drainage  of  the
brain , w ith  the  consequent  risk of benign  in t racranial hyper ten-
sion  or  venous infarction  of the temporal lobe. In  th is situat ion, it
is  advisable  to wait  unt il the  occlusion  of the  bulb  by the  tum or
grow th  before planning the surgery.

The ICA is involved  in  the  m ajority of TJPs;  th is requires angio-
graphic assessm ent  of the  degree  of involvem ent , and  often  con-
sideration  of preoperative  neuroradiological m anagem ent  of the
artery  is  required  to  enable  safer  surgical  rem oval. The  risks  of
preoperative  m anagem ent  m ust  be  weighed  against  the  risk  of
intraoperat ive  injury. The  patien ts’ age  and  com orbidit ies  m ust
also  be  considered. The  vertebral ar tery  can  also  be  involved  in
som e  com plex  cases;  com plete  resect ion  requires  consideration
of  the  consequences  of closure  of  th is  artery.  The  presence  of
intradural extension  is problem atic. Single-stage  rem oval creates
a high  risk of postoperative  cerebrospinal fluid  (CSF) leakage as a
connection  is  created  between  the  subarachnoid  and  the  neck

Fig. 11.118  Another example  of a  large  class C3 Di2  glomus tumor.

T

Fig. 11.119  MRI of the  case  in  � Fig. 11.118. T, tumor; arrow,
horizontal internal carotid  artery.
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space  during  tum or  extirpat ion . We  therefore  use  the  follow ing
strategy:
●  Di1 tum ors: only sm all tum ors (< 2 cm ) are rem oved in  a single

stage. The dura is closed w ith  a m uscle plug or abdom inal fat .
●  Di2 tum ors: staged rem oval is perform ed. The extradural par t

is rem oved first , followed by a second stage after 4 or 6 m onths
for the in t radural part .

At  our  center, we  have  developed  an  algorithm  for  m anagem ent
of TJPs according to the m odified Fisch  classification:
●  C1 tum ors: In  the case of elderly patients w ith  norm al LCNs, a

“wait-and-scan” policy is the best  option . If elderly patients
have paralysis of the LCNs, there are three choices: one is the
“wait-and-scan” policy; another is subtotal rem oval followed
by radiotherapy; and the final one is radiotherapy alone. For
young patients w ith  norm al function  of the LCNs, tum or
rem oval via infratem poral fossa approach  type A (ITFA) is rec-
om m ended w ith  preservation  of the m edial wall of the jugular
bulb if it  is not infilt rated.

●  C2 tum ors: In  the case of elderly patients, a “wait-and-scan”
policy is recom m ended; but  if the tum or grow s, subtotal
rem oval or radiotherapy can  be considered as t reatm ent
options. For young patien ts, tum or rem oval via ITFA is preferred
w ith  or w ithout  preservation  of the m edial wall of the jugular
bulb.

●  C3 De1/2 tum ors (elderly patients, > 65 years old): First , they
are followed up w ith  im aging. If th is shows any sign  of grow th,
subtotal rem oval is recom m ended, w hich  m ay be followed by
radiotherapy.

●  C3 De1/2 tum ors (young patien ts): Surgery such  as ITFA should
be considered. To rem ove total tum or, either balloon  occlusion
of the ICA or stent ing of the ICA as preoperative endovascular
treatm ent  is usually necessary.

●  C3 Di1/2 tum ors (young patien ts): Preoperative endovascular
treatm ent  such as either balloon  occlusion  of the ICA or sten-
ting of the ICA is usually necessary. To prevent  postoperative
CSF leakage, staged tum or rem oval is essential. At  the first
stage, ITFA is perform ed, and at  the second stage in tradural
rem oval is com pleted.

●  C4 tum ors: To prevent  postoperative CSF leakage, staged tum or
rem oval is essential. At the first  stage ITFA/B is perform ed, and
at the second stage the rem oval of in t radural lesion is com -
pleted except for an  unresectable lesion. Radiotherapy is given
for the rem nant of tum or.

●  C4 tum or and ICA involvem ent: Either balloon  occlusion  of the
ICA or sten t ing of the ICA is perform ed. At the first  stage, the
extradural lesion  is resected, and at the second stage the in t ra-
dural lesion  is rem oved. If the ICA is at  risk (m aking balloon  or
sten ting im possible), subtotal rem oval is indicated, leaving
tum or attached to the ICA, w ith  eventual radiotherapy if clear
grow th  is dem onstrated on  follow-up.

Surgical  m anagem ent  of TJPs  w ill  result  in  m axim al conduct ive
hearing loss, as an  in tegral part  of the  ITFA is a  blind  sac closure.
Most  tum ors, however, present  w ith  a degree of hearing loss, and
rehabilitation  is  e ciently  achieved  through  the  use  of a  BAHA
(bone-anchored hearing aid.) The other consequence of an  ITFA is
m ild  facial asym m etry (House–Brackm ann  grade  II in  the  m ajor-
ity of cases), due  to the  need  to m obilize  the  facial nerve. In  par-
t icular  in  patien ts  enrolled  in  a  wait-and-see  policy,  the

developm ent of a facial weakness m ay be an  indication  for part ial
rem oval  w ith  the  aim  of  decompressing  or  graft ing  the  facial
nerve.  � Table  11.1  show s  the  authors'  experience  in  t reating
these tum ors.

11.8  Type A Infratem poral Fossa
Approach
The key poin t  of th is approach  is the anterior  t ransposit ion  of the
facial nerve, w hich  provides  optim al control of the  infralabyrin-
thine and jugular  foram en  regions, as well as the vert ical port ion
of the ICA.

Indicat ions

The main indication for this approach is lesions of the jugular
foramen—type C and D tympanojugular paragangliomas. We do
not use this approach for neuromas or meningiomas of the jugu-
lar foramen, which we manage using the petro-occipital trans-
sigmoid approach, with preservation of the middle ear function
and without anterior transposition of the facial nerve.

11.8.1  Surgical Technique
A postauricular  skin  incision  is  perform ed.  A sm all,  an teriorly
based  m usculoperiosteal flap  is elevated  to help  in  closure  after-
wards. The  skin  of the  external auditory canal is  t ransected, ele-
vated, and closed using a blind sac.

The  facial  nerve  is  identified  at  its  exits  from  the  temporal
bone. The m ain  trunk is the perpendicular bisect ion  of a line join-
ing the  car t ilaginous poin ter  to  the  m astoid  t ip. The  m ain  trunk
is  t raced  in  the  parotid  until the  proxim al parts  of the  temporal
and zygom atic branches are ident ified.

The  posterior  belly of the  digast ric m uscle  and  the  sternoclei-
dom astoid  m uscle  are  divided  close  to  their  origin . The  in ternal

Table 11.1  Gruppo Otologico experience in management of temporal
bone paragangliomas (382 cases, 1988–2012, published data)

Temporal bone  paragangliomas managed  at  the  Gruppo  Otologico

Class management  No.  of pat ients (%)

A  80

Surgery  80  (100%)

B  65

Surgery  65  (100%)

C, D, and  V  237

Surgery  182 (77%)

Wait  and  scan  46  (19%)

Surgery followed by radiotherapy  7  (3%)

Wait  and  scan  followed by radiotherapy  1  (0.5%)

Radiotherapy  1  (0.5%)
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jugular  vein  and  the  external  and  in ternal  carot id  ar teries  are
ident ified  in  the  neck.  The  vessels  are  m arked  w ith  um bilical
tape.

The  skin  of  the  external  auditory  canal,  the  tym panic  m em -
brane, the m alleus, and the incus are rem oved. A canal wall dow n
m astoidectomy is perform ed, w ith  the rem oval of the bone an te-
rior and posterior to the sigm oid sinus.

The facial nerve  is skeletonized  from  the stylom astoid  foram en
to the geniculate ganglion. The last  shell of bone is rem oved using
a double-curved raspatory.

The  stapes  suprast ructure  is  preferably  rem oved  after  cut t ing
its crura w ith  m icroscissors. The inferior tym panic bone is w idely
rem oved  and  the  m astoid  t ip  is  am putated  using  a  rongeur. A
new  fallopian  canal is  drilled  in  the  root  of the  zygom a superior
to the Eustachian  tube.

Using st rong scissors, the facial nerve is freed  at  the level of the
stylom astoid  foram en. The soft  t issues at  th is level are  separated
from  the  nerve. The  m astoid  segm ent  is  next  elevated  using  a
Beaver  knife  to  cut  the  fibrous  attachm ents  between  the  nerve
and the fallopian  canal.

The tym panic segm ent of the nerve is elevated carefully using a
curved  raspatory,  unt il  the  level  of  the  geniculate  ganglion  is
reached. A nontoothed  forceps is used  to hold  the soft  t issue sur-
rounding the nerve at  the stylom astoid  foram en  and  the anterior
rerout ing is perform ed. A tunnel is created in  the parotid gland to
lodge  the  t ransposed  nerve.  The  tunnel  is  closed  around  the
nerve  using  two  sutures.  The  nerve  is  fixed  to  the  new  bony
canal, just  above the Eustachian  tube, using fibrin  glue.

Drilling of the  infralabyrinth ine  cells is completed  and  the ver-
t ical por t ion  of the  ICA is  ident ified. The  m andibular  condyle  is
separated  from  the  anterior  wall  of the  external  auditory  canal
using a  large  septal raspatory. To avoid  injury to facial nerve, we
no longer use the Fisch  infratem poral fossa retractor. The anterior
wall of the  external auditory canal is  further  drilled, completing
the exposure of the vert ical port ion  of the ICA.

The sinus is closed using Surgicel extralum inally and intralum i-
nally.  The  proxim al  part  of  the  sigm oid  sinus  is  compressed
extralum inally  w ith  Surgicel;  the  sinus  is  then  opened  and
packed  distally and  proxim ally w ith  two large  pieces of Surgicel.
With  th is  technique, we  avoid  the  use  of dural  incision , w hich
m ay lead to a h igher risk of CSF leakage postoperatively.

The structures attached  to the styloid  process are  severed. This
process is  fractured  using a  rongeur  and  is  then  cut  w ith  strong
scissors. The  rem aining fibrous  t issue  surrounding the  ICA at  its
point  of  entry  in to  the  skull  base  is  carefully  rem oved  using
scissors.

The  internal jugular  vein  in  the  neck  is  double-ligated  and  cut.
The  vein  is elevated  superiorly, with  care  being taken  not  to  injure
the  related  LCNs. If the  XI nerve  passes laterally, the  vein  has to  be
pulled  under  the  nerve carefully to prevent  it  from  being damaged.
If necessary (as  in  the  case  of TJPs), the  lateral wall of the  sigmoid
sinus can  be  removed. Removal continues down  to the  level of the
jugular bulb. The lateral wall of the jugular bulb is opened. Bleeding
usually  occurs  from  the  apertures  of the  in ferior  pet rosal  sinus
and  the  con dylar  em issary  vein . Th is  is  con t rolled  by  Surgicel
packing.  If  there  is  lim ited  in t radural  extension ,  the  dura  is
opened  w ithout  in jury  to  the  endolym phat ic sac.

At  the  end  of the procedure, the Eustachian  tube is closed  w ith
a piece of m uscle. The dural opening is closed w ith  a m uscle plug.
A t ransfixing  suture  is  passed  in to  one  dural  edge, through  the
m uscle  plug, and  out  from  the  other  dural  edge, and  then  t ied.
The cavity is obliterated using abdom inal fat  w ithout  rotat ing the
tem poralis m uscle, w hich  is to be sutured over the fat .

Rarely, there  m ay be  m arked  stenosis  in  the  artery, or  its  wall
m ay be too fragile due to previous radiotherapy or surgery. A bal-
loon  occlusion  test  is m andatory before  rem oval of the  carot id  is
attem pted. Recent  in t roduction  of  preoperative  sten t ing  of  the
carot id  ar tery o ers a new  option  for  t reating those patients w ho
are  likely  to  need  in traoperative  m anagem ent  of  the  ICA.  The
rationale  for  stenting of the  ICA is to allow  easier  m obilization  of
the  ar tery  and  of the  pericarot id  port ion  of the  tum or  w ithout
the risk of uncontrollable hem orrhage from  lacerat ion  of the ar te-
rial  wall.  At  the  beginning  of our  experience, carotid  resect ion
w as  perform ed  m ore  frequen t ly. We  have  now  adopted  a  less
aggressive  at t itude  nowadays,  for  fear  of  long-term  con se-
quences  such  as  st rokes,  hem iplegia,  and  aneurysm  of  the
con t ralateral ICA.

With  large TJPs (C3 involving the horizontal ICA or C4 reaching
the  anterior  foram en  lacerum  and  extending  to  the  cavernous
sinus), the approach  is com bined w ith  a type B or C infratem poral
fossa approach  for rem oval of the tum or.

The  Type  A  infratem poral  fossa  approach  is  illustrated  in
� Fig. 11.120.
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Fig. 11.120  Illustrations for infratemporal fossa approach  type  A
(ITFA). (a) An illustration of obstacles to approaching the jugular bulb.
(b) An illustration of the surgical limit  in ITFA. (c) An illustration of the
surgical view in  ITFA. AFL, anterior foramen lacerum; C1, atlas; C2,
axis; Ch, cochlea; DM, posterior belly of the  digastric muscle; ICA,
internal carotid artery; IJV, internal jugular vein; JB, jugular bulb; LSM,
levator scapulae muscle; Lv, vein of Labbé; M, mandible; MMA, middle
meningeal artery; OC, occipital condyle; P, parotid  gland; pc, clinoid
process; pp, pterygoid  plate; SCM, sternocleidomastoid  muscle; SP,
styloid  process; SPCM, splenius capitis muscle; sph, sphenoid  sinus;
sps, superior petrosal sinus; TP, transverse  process of the  atlas; TS,
transverse  sinus; V2, maxillary branch of the  trigeminal nerve; V3,
mandibular branch of the  trigeminal nerve; za, zygomatic arch; VA,
vertebral artery; VII, facial nerve; IX, glossopharyngeal nerve; XI, spinal
accessory nerve; XII, hypoglossal nerve.
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Sum m ary

Because of the complex anatomy of the temporal bone and the
structures at  the base of the skull, as well as the invasiveness, rich
vascularity, and aggressive behavior of TJPs, surgery for these dif-
ficult lesions is problematic. These tumors generally present  with
hearing loss and pulsatile tinnitus. When the LCNs are invaded, a
jugular foramen syndrome becomes manifest.

Otoscopy usually reveals a reddish retrotympanic mass. A
definitive diagnosis is obtained after neuroradiological studies
are performed. These include an HRCTscan with bony window,
MRI with and without gadolinium, and digital subtraction angiog-
raphy. Radiological studies are essential not only to confirm the
diagnosis and define the exact  tumor class, but also to properly
evaluate these tumors. The neuroradiologist  should be able to
inform the surgeon about  the following:
●  Details of the osseous lesion.
●  Involvement of the jugular bulb and foramen.
●  Exact involvement of the temporal bone.
●  The presence of inner ear invasion.
●  The relationship between the fallopian canal and the tumor.
●  Carotid canal erosion and exact involvement of the ICA.
●  Invasion of the petrous apex and clivus.
●  Details regarding the relationship between the tumor and sur-

rounding soft  tissues, for example:
○  Degree of neck extension.
○  Infratemporal fossa involvement.
○  Intracranial and intradural extension.

Radiology also helps to determine the superior and inferior ex-
tension of the tumor, the possibility of other associated lesions
(e.g., contralateral glomus or carotid body tumor), and the
patency of the contralateral sigmoid sinus and internal jugular
vein. In class C and D tumors, selective digital subtraction
angiography is essential. Arteriography is performed for both
ipsilateral and contralateral internal and external carotids and for
the vertebrobasilar system.

A study of the venous phase is also of great importance. Arte-
riography of the external carotid artery defines the exact feeding
vessels for further embolization. In all tumors of class C and D,
embolization is fundamental.

Arteriography of the ICA shows vascularization from the caroti-
cotympanic artery and from the cavernous branches of the
artery as well as the exact status of arterial invasion by the tumor.
Study of the vertebrobasilar system demonstrates the vasculari-
zation of intracranial extension of the tumor from muscular, me-
ningeal, and parenchymal (PICA, AICA) branches. Arterial supply
from these lat ter branches indicates a definite intradural

extension of the tumor. This study also provides indications for
the possibility of embolizing muscular or meningeal branches.
When arteriography shows clear involvement of the ICA in its
horizontal segment (C3 and C4 tumors), a balloon occlusion test
to evaluate the collateral circulation and the possibility of sacrific-
ing the artery is necessary. In some selected cases, when the
temporary balloon occlusion test is negative, it  might be neces-
sary to perform a permanent closure of the artery 30 to 40 days
before operation. Recent introduction of preoperative stenting of
the carotid artery o ers a new option for treating those patients
who are likely to need intraoperative management of the ICA.

In 1978, Fisch classified these lesions into four types: A, B, C,
and D. He introduced the type A infratemporal fossa approach
for the management of tumors localized in the jugular foramen
that  were considered inoperable at  that  time due to the presence
of the facial nerve in the middle of the operative field and the
inaccessibility of the ICA and petrous apex. To overcome these
obstacles, Fisch proposed anterior rerouting of the facial nerve,
giving direct access to the whole intratemporal course of the ICA
as well as an excellent control of the large venous sinuses. Hear-
ing loss is the only permanent postoperative deficit  in this
approach and is the result of obliteration of the middle ear.

The type A infratemporal fossa approach is generally used for
the removal of class C and D tumors.

In cases with intradural extension, exceeding 2 cm in diameter,
staging is indicated where the intradural part  is removed in a sec-
ond stage 6 to 8 months after the first  operation. This surgical
strategy avoids the high risk of having postoperative CSF leak
should a single-stage removal be attempted. The reason for such
a risk is the need to resect  a wide area of the dura infiltrated by
the tumor, and hence the subarachnoid space becomes widely
connected to the open neck spaces. Using the staging strategy,
we never experienced any CSF leak in our cases.

To sum up, the infratemporal fossa approach o ers a wide
access to the lateral skull base. The adequate exposure and sys-
tematic management of the important arteries and venous
sinuses greatly reduces the intraoperative hemorrhage. An accu-
rate preoperative study of the tumor extension, the preoperative
tumor embolization, and the eventual closure of an invaded ICA
(when feasible) by the neuroradiologist  are prerequisites for suc-
cessful surgery. Therefore, the collaboration between the neuro-
radiologist  and the skull base surgeon is of paramount
importance. Lesions of the skull base are rare and very di cult  to
treat. Management of such cases should be restricted to special-
ized centers to avoid any serious problems.
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12  Rare Ret rot ym panic Masses
Abst ract
A variety of diseases can  present  as a m ass behind  an  in tact  tym -
panic m em brane: tum ors and  tum or-like conditions (facial nerve
tum ors, m eningiom as of the  temporal bone, lower  cranial nerve
schwannom as,  chondrosarcom as  of  the  temporal  bone,  etc.),
anom alous  anatomy (high  jugular  bulb, aberrant  carotid  ar tery),
etc. Otoscopy  plays  an  im portant  role  in  detect ing  these  condi-
t ions, but  radiological invest igat ions (computed  tom ography and
m agnetic resonance im aging scans) have to be  perform ed  always
prior  to  any surgical procedure  (even  biopsy) due  to  their  diag-
nost ic role. Managem ent of facial nerve tum ors and m eningiom as
of the tem poral bone w ill be thorough in  th is chapter.

Keywords: retrotym panic m ass, facial nerve tum ors, m eningiom a,
chondrosarcom a, lower cranial nerve schwannom a, aberrant  car-
otid, h igh  jugular bulb

12.1  Di erent ial Diagnosis of
Ret rot ym panic Masses
A variety of diseases can  present  as a m ass behind  an  in tact  tym -
panic  m em brane. A detailed  history  of the  pat ient , audiological
assessm ent , and  proper  radiological  evaluation  are  essential  to
reach a proper diagnosis. � Table 12.1 sum m arizes the m ost com -
m on  conditions causing a retrotym panic m ass. For details of each
condit ion, the reader is referred to the relevant chapters.

12.2  Meningiom a
This  condition  is  depicted  in  the  follow ing  figures  (� Fig. 12.1,
� Fig.  12.2,  � Fig.  12.3,  � Fig.  12.4,  � Fig.  12.5,  � Fig.  12.6,
� Fig.  12.7,  � Fig.  12.8,  � Fig.  12.9,  � Fig.  12.10,  � Fig.  12.11,
� Fig. 12.12, � Fig. 12.13, � Fig. 12.14, � Fig. 12.15, � Fig. 12.16,
� Fig. 12.17, � Fig. 12.18, � Fig. 12.19).

Fig. 12.1  Left  ear. This patient  presented  with  dysphagia as her only
symptom. A nonpulsating retrotympanic mass was noticed. The mass
was whitish  rather than the  reddish  color characteristic of glomus
tumor. Computed  tomography (CT) scan  and  magnetic resonance
imaging  (MRI) demonstrated  an  en-plaque  meningioma invading  the
posterior surface  of the  temporal bone.

Fig. 12.2  MRI of the case presented in � Fig. 11.2. Large posterior fossa
meningioma located along the posterior surface of the petrous bone.

Table 12.1  Conditions that may present as a retrotympanic mass

Anomalous anatomy

High jugular bulb

Aberrant  carotid  artery

Tumors and  tumor-like  condit ion

Congenital cholesteatoma

Iatrogenic cholesteatoma

Tympanojugular paraganglioma

Facial nerve  tumor (neuroma, hemangioma)

Carcinoid  tumor

Adenoma, adenocarcinoma

Meningioma (primary or secondary to temporal bone  invasion)

Chordoma, chondrosarcoma of the  jugular foramen (with  temporal
bone  invasion)

Rhabdomyosarcoma

Miscellaneous

Meningoencephalic herniation

Rare Retrot ympanic Masses

242



Fig. 12.3  Postoperative  CT scan of the  case  described  in  � Fig. 12.1.
The tumor was removed using a modified transcochlear approach. The
surgical cavity was obliterated  using  abdominal fat  (F).

Fig. 12.4  Left  ear. Pinkish  nonpulsating  retrotympanic mass. This
40-year-old  patient  referred  to  our clinic for persistent  temporal and
occipital headache, left  hearing  loss, and  vertigo. Neuroradiological
investigations revealed a huge tumor arising from the jugular foramen
(see  � Fig. 12.5, � Fig. 12.6, � Fig. 12.7), which  proved  to  be  a
meningioma. The  disease  was removed  through a staged  procedure
(first  stage: removal of the  extradural and  cervical portion; second
stage: removal of the  intradural portion).

Fig. 12.5  MRI of the  same  case, axial view (T1W + gadolinium
enhancement). The  lesion extends to the  posterior fossa (cerebellum,
red arrow; medulla  oblongata, yellow arrow) and  infratemporal fossa
(green arrow).

Fig. 12.6  MRI of the same case, coronal view (T2W). Note the cervical
extension of the  lesion  (arrow).
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Fig. 12.7  CT scan of the  same  case, coronal view. Note  the  massive
erosion and  involvement  of the  temporal bone  and  jugular foramen
area (yellow arrow). The  left  jugular tubercle  has been completely
eroded  by the  lesion  (green arrow), which  starts to  infiltrate  even  the
occipital condyle  (red arrow). Intratumoral calcifications can  be  seen. Fig. 12.8  Right ear. Case of an en-plaque meningioma in a 67-year-old

patient. The  otoscopy shows a  reddish  nonpulsating  retrotympanic
mass. Right  ear fullness, intermit tent  pulsatile  tinnitus, and  dizziness
are  the  only complaints. Considering  patient’s age, symptoms, the
high morbidity related to the surgical treatment, and the slow growing
nature  of the  lesion, a  wait-and-scan  protocol was adopted. Since  2
years from  the  diagnosis, the  lesion has not  yet  grown.

Fig. 12.9  MRI of the  same  case  (T1W + gadolinium  enhancement),
axial view. The internal carotid artery is enchased by the tumor (yellow
arrow), which  shows broad  dural at tachment.  Fig. 12.10  MRI of the  same  case  (T1W + gadolinium  enhancement),

axial view. The  tumor extends in  the  internal auditory canal and
cerebellopontine  angle  (yellow arrow).
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Fig. 12.11  CT scan of the  same  case, axial view. The  tumor extends
into the  middle  ear cleft  (arrow).

Fig. 12.12  Right  ear. Petroclival meningioma. The  otoscopy shows a
pinkish nonpulsating  retrotympanic mass in  the  anteroinferior quad-
rants. Eustachian tube is blocked by the tumor, resulting in middle ear
effusion (note  the  opacification  of the  tympanic membrane).

T

Fig. 12.13  MRI of the  same  case, axial view (T1W + gadolinium
enhancement), shows the  extension of the  tumor (T).  Fig. 12.14  Right  huge  meningioma extended  to the  posterior,

infratemporal fossae, neck, and  contralateral side. This 41-year-old
patient  refused surgical treatment and died 2 years after radiotherapy.
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Fig. 12.15  MRI of the  same  case  showing  extension  of the  disease
toward  the  contralateral side  (arrow). Radical surgical removal of the
tumor (T) is impossible  due to the  involvement  of vital structures and
the  high risk of recurrence.

T

Fig. 12.16  MRI of the  same  case  showing  extension  of the  tumor in
the  infratemporal fossa. The  internal carotid  artery is displaced  and
completely engulfed  by the  disease  (arrow).

Fig. 12.17  Another case  of a  skull base  meningioma in  a  42-year-old
female  patient  presenting  with  a retrotympanic nonpulsating  mass.
The tumor, arising from  the jugular foramen, was removed through a
staged surgery for the presence of wide intradural portion. This avoids
the risk of cerebrospinal fluid (CSF) leak in the neck after the first  stage
(in  this case  an  infratemporal fossa  approach  type  A).

Fig. 12.18  MRI, axial view, of the  same  case. Note  the  broad  dural
at tachment  of the  tumor and  its wide  intradural portion (red arrow).
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12.3  Lower Cranial Nerves
Neurinom a
This  condition  is  depicted  in  the  follow ing figures  (� Fig. 12.20,
� Fig. 12.21, � Fig. 12.22, � Fig. 12.23, � Fig. 12.24, � Fig. 12.25).

Fig. 12.19  Postoperative  MRI (after 2  years from  the  second stage).
The tumor has been completely removed and the cavity is obliterated
with  abdominal fat  (arrow).

Fig. 12.20  Left  ear. Lower cranial nerve neurinoma. Otoscopy shows a
retrotympanic bulging. A pinkish  mass is visible  even in  the
hypotympanic area. This patient  has been managed for 2 years with a
wait-and-scan protocol. Due to a tumor growth and the onset of left IX
and X cranial nerves palsy, we decided to remove the lesion through a
transcochlear-transigmoid  approach.

Fig. 12.21  CT scan, axial view, of the  same  case. The  tumor involves
the jugular foramen area, engulfing the vertical portion of the internal
carotid  artery (the  yellow arrow shows the  level of the  free-
contralateral artery) and  eroding  the  clivus (red arrow).
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Fig. 12.23  CT scan, coronal view, showing the extension of the tumor
in the middle ear cleft  (red arrow). The tumor spreads from the jugular
foramen area eroding  the  inferior tympanic bone  (yellow arrow).

T

Fig. 12.24  MRI scan of the  same  case, axial view (T2W). Note  the
dumbbell-shaped  pattern  of the  tumor (T)

F

Fig. 12.25  Postoperative MRI of the same case. Total tumor removal has
been accomplished. The cavity is obliterated with abdominal fat  (F).

Fig. 12.22  CT scan, axial view, of the  same case. Even the  medial wall
of the  horizontal portion of the  internal carotid  artery is in  contact
with  the  tumor (arrow).
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12.4  Chondrosarcom a of the
Jugular Foram en
This  condition  is  depicted  in  the  follow ing figures  (� Fig. 12.26,
� Fig. 12.27, � Fig. 12.28, � Fig. 12.29, � Fig. 12.30).

Fig. 12.27  CTscan, coronal view, of the same case. The tumor spreads
from  the jugular foramen to the  middle  ear. Irregular bone  erosion of
the  jugular foramen and  the  occipital condyle  (arrow) can be
observed.

Fig. 12.26  Left  ear. Bulging of the whole tympanic membrane for a
retrotympanic nonpulsating mass. This 45-year-old female patient
underwent  transtympanic tube insertion elsewhere for the suspect  of a
glue ear. One month after tube placement, she developed left  IX and X
cranial nerves palsy. An MRI showed the presence of a jugular foramen
lesion, which proved to be a chondrosarcoma. Chondrosarcomas of the
skull are rare slow-growing locally aggressive malignant  tumors. These
tumors rarely metastasize; therefore, local control represents the goal of
therapy. The ideal primary treatment of these tumors is total surgical
removal. Radiotherapy may constitute a viable alternative to surgery in
selected cases in which there are serious contraindications to surgery as
well as in cases with partial excision or with high risk of recurrence. Proton
beam radiotherapy, radiosurgery (Gamma knife or Cyber knife), or
fractioned radiotherapy is often used as an adjuvant  treatment.

T

Fig. 12.28  MRI scan, coronal view, of the same case (T2W). The tumor
(T) appears as a  lobulated  destructive  mass.

F

Fig. 12.29  Postoperative  CT scan, axial view. Total tumor removal has
been accomplished with an infratemporal fossa type  A approach. The
cavity is obliterated  with  abdominal fat. The  patient  underwent
adjuvant  proton beam  radiotherapy.
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12.5  Facial Nerve Tum ors
This  condition  is  depicted  in  the  follow ing figures  (� Fig. 12.31,
� Fig. 12.32, � Fig. 12.33, � Fig. 12.34, � Fig. 12.35, � Fig. 12.36,
� Fig. 12.37, � Fig. 12.38, � Fig. 12.39, � Fig. 12.40, � Fig. 12.41,
� Fig. 12.42, � Fig. 12.43, � Fig. 12.44, � Fig. 12.45, � Fig. 12.46,
� Fig. 12.47, � Fig. 12.48, � Fig. 12.49, � Fig. 12.50, � Fig. 12.51,
� Fig. 12.52, � Fig. 12.53, � Fig. 12.54, � Fig. 12.55, � Fig. 12.56,
� Fig. 12.57, � Fig. 12.58, � Fig. 12.59, � Fig. 12.60, � Fig. 12.61,
� Fig. 12.62, � Fig. 12.63).

JB

Fig. 12.30  Postoperative  MRI scan (3  years after surgery), axial view
(T1W + gadolinium  enhancement). No recurrence  can  be  observed.
The  ipsilateral jugular bulb  and  the  vertical portion of the  internal
carotid  artery were  closed  by the  tumor itself preoperatively (JB
indicates the  bulb  on  the  contralateral side, the  arrow indicates the
contralateral vertical portion of the  internal carotid  artery).

Fig. 12.31  Left  ear. A whitish  retrotympanic mass is seen causing
bulging  of the  posterior quadrants of the  tympanic membrane. A
small reddish mass is visible  in  the  posterior inferior regions of the
external auditory canal (i.e., lateral to  the  annulus). The  patient
complained  of left  hearing  loss and  nonpulsating  tinnitus of 2  years’
duration. In  the  last  3  months before  presentation, left  facial nerve
paresis started  to  appear (see  subsequent  figures).

Fig. 12.32  CT scan, axial view, of the  case  presented  in  � Fig. 12.31.
The  tumor is centered  on the  left  jugular foramen (arrow).

Fig. 12.33  CTscan, coronal view. The mass eroded the bony plate over
the  jugular bulb  extending  into the  hypotympanum.
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Fig. 12.34  MRI, axial view, shows a  mass
centered  on  the  jugular foramen (T, tumor).

Fig. 12.35  Angiography did  not  show the  characteristic tumor blush
of glomus tumors. During  surgery, the  tumor proved  to be  a  facial
nerve neurinoma, as confirmed later by histopathological examination.
The  tumor was arising  from  the  mastoid  segment  of the  nerve  and
extended  to the  jugular bulb.

gpsn

GG

IAC

IC

IT

ET

SMF

bpj

Fig. 12.36  Schematic illustration of the  case  in  � Fig. 12.30. The
tumor involves the  third  (mastoid) portion of the  facial nerve. bpj,
bulbopontine  junction; ET, extratemporal portion of the  facial nerve;
GG, geniculate  ganglion; gpsn, greater superficial petrosal nerve; IAC,
internal auditory canal; IC, intracisternal; IT, intratemporal; SMF,
stylomastoid  foramen.
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Fig. 12.37  Left  ear. Pinkish  retrotympanic nonpulsating  mass. The
patient  showed  slight  worsening  of facial nerve  function (grade  II
House–Brackmann scale). Neuroradiological investigations suggested
the presence of a facial nerve tumor affecting the mastoid segment. In
this case, a  wait-and-scan protocol was adopted. Exostoses of the
external auditory canal can  also  be  noted.

Fig. 12.38  CT scan, axial view, of the  same  case. A soft-tissue  mass
corresponding  to the  area of the  third  portion of the  facial nerve  can
be  noted  (arrow).

T

Fig. 12.39  CT scan, coronal view, of the  same
case. The  tumor (T) has caused  a  marked
erosion of the  mastoid segment  of the  fallopian
canal.
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Fig. 12.40  MRI of the  same  case, coronal view (T2W). The  tumor (T)
can  be  noted  as a  hyperintense  mass close  to the  area of the  jugular
bulb.

Fig. 12.41  Case  similar to  that  in  � Fig. 12.31 and  � Fig. 12.37. This
child presented with history of facial weakness for the last  18 months.

T

Fig. 12.42  The  coronal section  CT showed  a
soft-tissue  mass in the location of the tympanic
segment  of the  facial nerve  (T).
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Fig. 12.43  At  a more  posterior level, the  mass
was seen to  be  involving  the  mastoid  segment
of the  nerve  and  dilating  the  canal (T). The
operation  was planned  through a  transmastoid
approach.

FN

SS

MFP

I T

Fig. 12.44  Intraoperative  picture. The  facial
nerve  has been  decompressed  from  its tym-
panic portion to the  beginning  of the  intra-
parotid portion (FN). The tumor (T) can be seen
from  the  genu medial to  the  short  process of
the  incus (I) to  the  beginning  of the  parotid
segment. MFP, middle  fossa plate; SS, sigmoid
sinus.
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Fig. 12.45  Intraoperative  picture. Debulking  of
the  tumor (T) has been  started. Notice  the
tumor remnant  at  the  level of the  genu which
should  also  be  removed. FN, facial nerve; SS,
sigmoid  sinus.

FN

T

SS

C

Fig. 12.46  Intraoperative  picture. The  last  piece
of the  tumor (T) is being  cut  at  an  area free  of
tumor. C, Cot tonoid  covering  the  proximal
segment  of the  facial nerve; FN, normal facial
nerve  tissue; SS, sigmoid  sinus.
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Fig. 12.47  Intraoperative picture. The fat  (F) has
been  used  to provide  a  bed  for the  graft. An
adequate  length  of greater auricular nerve  (G)
has been used  to  bridge  the  gap  between the
proximal and  distal ends of the  facial nerve.
Alternatively, a  sural nerve  graft  could  be  used.
The  tumor proved  to  be  a  facial nerve  neurino-
ma on histopathological examination. LSC,
lateral semicircular canal; SS, sigmoid  sinus.
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Fig. 12.48  Schematic illustration of repair of an  injury involving  the
mastoid  and  extracranial segments of the  facial nerve  as in
� Fig. 12.46. For the anastomosis with the extratemporal stump of the
facial nerve, fine  nylon  threads have  to be  used  to suture  the  nerve
ends. For intracranial and  intratemporal anastomosis, just  fibrin  glue
and  fascia  are  used. For abbreviations, see  � Fig. 12.36.

Fig. 12.49  Right  ear. Facial nerve  tumor involving  the  geniculate
ganglion and  the  second portion  of the  facial nerve. This 25-year-old
patient  showed  only conductive  hearing  loss. So, a  wait-and-scan
protocol was adopted.
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Fig. 12.50  CT scan of the  same  case, coronal view. The  tumor (T) is
causing widening of the geniculate ganglion area. The tumor does not
erode  the  cochlea.

T

Fig. 12.51  CT scan  of the  same  case, coronal view. The  tumor (T)
involves even the  second portion of the  facial nerve. The  tumor does
not  erode  the  cochlea.

Fig. 12.52  MRI scan of the same case (T2W), coronal view. The tumor
is seen in the area of the geniculate ganglion, close to the middle fossa
dura plate  (yellow arrow). Effusion  in  the  middle  ear is also  evident
(green arrow).
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Fig. 12.53  Schematic illustration of the  case  in  � Fig. 12.49. The
tumor involves the  geniculate  ganglion and  the  tympanic portion  of
the  facial nerve. For abbreviations, see  � Fig. 12.36.
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Fig. 12.54  Another case of facial nerve tumor involving the geniculate
ganglion  area. In  this patient, at ticotomy has been previously
performed  elsewhere  for the  suspect  of an epitympanic cholesteato-
ma. Tympanic membrane atelectasis is also evident. Bone conduction
was normal. A combined  middle  fossa-transmastoid  approach  was
used  for tumor removal, considering  the  onset  of facial palsy. After 1
year, the  patient  showed  facial nerve  function  grade  III.

Fig. 12.55  Case  similar to  that  in  � Fig. 12.49. This patient  had  facial
nerve  palsy (grade  IV) and  hearing  loss due  to cochlear involvement.

T

Fig. 12.56  CTof the same patient, coronal view. The tumor (T) erodes
the  cochlea and  the  middle  fossa dura plate. The  patient  underwent
tumor removal through a transcochlear approach  followed  by a sural
nerve  graft  anastomosis. After 1 year, the  patient  achieved a grade  III
facial nerve  function.  Fig. 12.57  Left  ear. Another case  of facial nerve  tumor involving  the

third  portion of the  facial nerve. A retrotympanic mass is visible  on
otoscopy.
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Fig. 12.58  MRI scan, coronal view, of the  same case. The tumor (T) is
close  to the  area of the  jugular bulb.

Fig. 12.59  Left  ear. Mass protruding  into the  posterior auditory canal.
The  patient  complained  of left  mild  hearing  loss and  left  facial nerve
palsy (grade  III) of 6  months’ duration.

Fig. 12.60  CTscan demonstrated the presence of tumor involving the
vertical portion  of the  facial nerve.

Fig. 12.61  CT scan  showed  also  erosion  of the  posterior wall of the
external canal.
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12.6  Aberrant  Carot id Artery
This condit ion  is presented in � Fig. 12.64 and � Fig. 12.65.

Fig. 12.62  CT scan. The  tumor extended  to  the  geniculate  ganglion. Fig. 12.63  MRI showed a  mass extending  to the  parotid  gland  area
(arrow). A combined middle fossa-transmastoid approach with parotid
extension  was performed. During  surgery the  tumor proved  to  be  a
facial nerve  neurinoma extended  from  the  parotid  to the  intra-
labyrinthine segment  of the facial nerve. The nerve was reconstructed
with  sural nerve  graft.

Fig. 12.64  Left  ear. A small pulsating reddish area in the anteroinferior
quadrant  of the  tympanic membrane. This picture  may be  confused
with  a  tympanic paraganglioma.

Fig. 12.65  A high-resolution  CT scan  established  the  diagnosis of an
ectopic internal carotid  artery (arrow).
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12.7  Internal Carot id Artery
Aneurysm
This  condit ion  is  presented  in  � Fig.  12.66,  � Fig.  12.67,
� Fig. 12.68, � Fig. 12.69, � Fig. 12.70.

Fig. 12.66  Right  ear. Retrotympanic pulsating  mass in  a  45-year-old
male  patient. The  otoscopy was suggestive  of tympanojugular
paraganglioma. CT and MRI scans showed an aneurysm of the petrosal
internal carotid  artery. Closure  of the  artery with  coils was further
performed. This case  emphasize  the  importance  of neuroradiological
investigations in  case  of retrotympanic mass before  any surgical
treatment.

Fig. 12.67  CT scan  shows the  aneurysm  (arrow).

Fig. 12.68  MRI scan  shows the  aneurysm  (arrow).

Fig. 12.69  Guglielmi coils used  to  occlude  an intrapetrous internal
carotid  artery aneurysm.
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12.8  High Jugular Bulb
This  condit ion  is  presented  in  � Fig.  12.71,  � Fig.  12.72,
� Fig. 12.73, � Fig. 12.74, � Fig. 12.75, � Fig. 12.76, � Fig. 12.77,
� Fig. 12.78, � Fig. 12.79, � Fig. 12.80, � Fig. 12.81, � Fig. 12.82.

Fig. 12.71  Left  ear. Tympanosclerosis involving  the  whole  tympanic
membrane. An epitympanic erosion with cholesteatoma is also visible.
At  the level of the posteroinferior quadrant, a bluish mass is observed.
ACTscan (see � Fig. 12.71) proved this mass to be a high jugular bulb.

Fig. 12.72  CTscan of the previous case. The uncovered jugular bulb is
seen protruding  into the  middle  ear (arrow).

Fig. 12.70  CT scan  of the  case  presented  in  � Fig. 12.69 demon-
strating  occlusion  of the  aneurysm  with  the  coils.
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Fig. 12.76  Left  ear. A high and uncovered jugular bulb  reaching up to
the  level of the  round window is visible  through a posterior tympanic
membrane  perforation.

Fig. 12.73  Right  ear. Another example  of a  high jugular bulb  covered
by a  thin  bony shell in  a young  male  patient  with  a skull base
malformation (see  subsequent  figures).

Fig. 12.74  CT scan, axial view. The  jugular bulb  protrudes into the
middle  ear (arrow).

Fig. 12.75  CT scan, coronal view. The  high  jugular bulb  can  be
observed.
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Fig. 12.79  Left  ear. Another example of high jugular bulb. The CTscan
showed  uncovered  bulb  close  to the  oval window (see  � Fig. 12.80).
Middle  ear dysventilation  with  tympanic retraction  is also  evident.

Fig. 12.78  High  jugular bulb  (arrow) in  a  canal wall down tympano-
plasty.

Fig. 12.77  CT scan  of the  case  in  � Fig. 12.75.

Fig. 12.80  CTscan of the same case, coronal view. Note the proximity
of the  uncovered  bulb  to the  oval window (arrow).

264

Rare Retrot ympanic Masses



Sum m ary: Meningiom a

Posterior fossa meningiomas are the second most common
tumor of the cerebellopontine angle. These tumors are charac-
terized by a higher morbidity and mortality than acoustic
neurinoma.

Surgical removal of these lesions poses many problems
because of the deep location, the involvement of vital neurovas-
cular structures, and the large sizes these tumors usually at tain
before diagnosis. Moreover, they have an aggressive behavior
with frequent involvement of the dura and bone. Total removal is
fundamental to avoid recurrence and is bet ter achieved in the
first  operation. Total removal with minimal morbidity can be
obtained utilizing an array of approaches that  must be adapted
to each individual case.

In general, an ideal approach is that  which allows total removal
with minimal or no brain retraction. The site of the tumor is the
most important factor for the choice of the surgical approach.
The size of the tumor, the patient’s age and general medical con-
dition, and the preoperative status of the cranial nerves are other
factors to consider.

Tumors localized posterior to the internal auditory canal in
young patients with good preoperative hearing can be removed
using a retrosigmoid approach. In the elderly, however, a transla-
byrinthine approach is preferred to avoid cerebellar retraction. In
cases of involvement of the jugular foramen, a POTS approach is
adopted.

In small tumors lying anterior to the internal auditory canal, the
middle fossa transpetrous approach is utilized. In large petroclival
lesions, which pose more di culties due to their deep location,
the intimate relation with the brainstem, and the involvement of
vital neurovascular structures, the modified transcochlear
approach should be used, irrespective of the preoperative hearing.
This approach permits a wide and direct  exposure, and a flat
angle of vision with no cerebellar or brainstem retraction.

Moreover, it  allows the removal of any infiltrated dura or bone.
Though total removal can be obtained in the majority of petro-

clival meningiomas, it  is not always necessary or even safe. Subtotal
removal is decided when an arachnoid plane of cleavage between
the tumor and the brainstem is absent or when the perforating
arteries are at  risk of interruption during total tumor removal.

Neuroradiologic evaluation is fundamental to plan surgery. A
CTscan with contrast  to evaluate the bone, MRI with gadolinium,
and in some cases, digital subtraction angiography are of para-
mount importance in each case.

The neuroradiologist  should provide the surgeon with informa-
tion on the following:
●  Anatomical relations of the tumor.
●  Tumor consistency.
●  Vascularity.
●  Peritumoral edema.
●  Tumor–brainstem interface.
●  Invasion of the dura and bone.
●  Relationship between the tumor and the vertebrobasilar and

carotid systems.
●  Necessity of eventual embolization.

The main blood supply of these tumors comes from large dural
arteries. However, significant contributions may also come from
pial arteries or from dural branches of the internal carotid and
vertebral arteries.

The angiographic data help the neuroradiologist  and the skull
base surgeon to determine the need for embolization. When indi-
cated, it  should be performed a few days before surgery. It  not only
decreases the intraoperative bleeding, but also produces a certain
amount of tumor necrosis, rendering some cases easier to remove.

Close cooperation between the neuroradiologist  and the skull
base surgeon o ers optimal chances for successful management
of these challenging tumors.

Fig. 12.82  CT scan  of the  same  case, axial view, showing  high  and
uncovered  jugular bulb  in  the  middle  ear (arrow).

Fig. 12.81  Another case  of high  jugular bulb. A posterior tympanic
retraction  pocket  with  myringoincudopexy is also visible.
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Sum m ary: Facial Nerve  Neurinom a

Tumor involvement of the facial nerve has been estimated to be
the cause of facial palsy in 5% of cases. Though uncommon, facial
neuromas should be considered in the di erential diagnosis of
facial nerve dysfunction. Unfortunately, the rarity of facial neuro-
mas and the diversity of their clinical picture, together with the
fact  that  their presentation may mimic other more common
pathologies, render the diagnosis of these tumors di cult.

Facial nerve dysfunction is the most common symptom.
It  can vary from the classic progressive palsy to sudden or

recurrent facial palsy or hemifacial spasm.
In limited cases, the function of the nerve is normal.
Therefore, all patients with progressive facial palsy must be

considered to have a tumor until proved otherwise. Moreover, all
patients with Bell’s palsy persisting for more than 4 weeks and
with recurrent facial paralysis should be investigated for the
presence of a tumor.

The second most common complaint  is hearing loss. Conduc-
tive hearing loss is usually associated with tumor involvement of
the middle ear with subsequent interference with the ossicular
chain.

Sensorineural hearing loss is at tributable to inner ear erosion
or extension of the tumor into the internal auditory canal.

Most diagnosed tumors are of large size. One reason is that
the facial nerve can accommodate tumor expansion to some
extent before significant pressure, with subsequent dysfunction,
can occur. Another reason is the relatively long duration of symp-
toms before diagnosis is made. Because of the absence of classic
symptomatology in such cases, a higher index of suspicion is
needed for early diagnosis. Diagnostic work-up includes audio-
metric testing, vestibular testing, and auditory brainstem-evoked
response. Electrophysiologic testing of facial nerve function in
such cases is of lit tle or no benefit. The usefulness of these tests
in the diagnosis of facial neuromas has been challenged by other
authors (Dort and Fish 1991, Neely and Alford 1974).

Advances in radiologic techniques have aided greatly in the
diagnosis of these lesions. The characteristic appearance on CT is
that of an enhancing soft-tissue mass, usually in the perigenicu-
late region, with sharp bony erosion and enlargement of the fal-
lopian canal. High-resolution CTscan is the best method to
assess middle and inner ear involvement by tumor.

However, MRI with gadolinium is the best  available method for
the preoperative assessment of tumor extension, especially of
those involving the internal auditory canal, cerebellopontine
angle, and/or the parotid region. Both methods are believed to
be complementary for the preoperative assessment and the
choice of the most  suitable surgical approach for removal of
these tumors. However, because these tumors show intraneural
spread, it  is still doubtful whether MRI with gadolinium can show
the full extent of the lesion. Therefore, the surgeon should be
prepared to expose the whole length of the facial nerve.

Di erential diagnosis of these lesions includes acoustic neu-
roma, congenital cholesteatoma, tympanojugular paragan-
glioma, facial nerve hemangioma, and parotid tumors. Intradural
facial nerve neuromas pose a major diagnostic di culty, usually
being mistaken for acoustic neuromas. Apart from the few cases
in which tumor extension to the geniculate ganglion could estab-
lish the diagnosis, most of these cases were actually diagnosed
intraoperatively.

Congenital cholesteatomas of the petrous bone are uncom-
mon lesions that usually present  with hearing loss and facial
weakness or paralysis and, therefore, can be mistaken for facial
neuromas. Moreover, these lesions appear on CT as smoothly
marginated expansile lesions, and on MRI as hypo/isointense on
Tl and hyperintense on T2 images. Unlike facial neuromas, how-
ever, cholesteatomas do not show enhancement following con-
trast administration, a fact  that  helps to di erentiate between
the two lesions.

Treatment generally aims at  total removal of the tumor, resto-
ration or preservation of facial nerve function, and conservation
of hearing. The surgical approach depends on the extent of the
lesion and the preoperative hearing level. There is general agree-
ment  that  surgical removal is the treatment of choice. There is
some controversy, however, regarding facial neuromas and
absence of or mild preoperative facial nerve paresis. Some sur-
geons prefer to delay surgery because the patient is faced with
the inevitable postoperative paralysis followed by some degree
of recovery that  will never be better than grade III House–Brack-
mann. Patient counseling is important in these cases.

The age at  presentation is another factor to be considered. If
the patient is young, early surgical resection should be done
because these tumors grow inexorably with subsequent intracra-
nial or extratemporal extension, making the approach more di -
cult  and postoperative complications more likely. Moreover,
tumor growth causes progressive degeneration and regeneration
of facial nerve fibers, leading to collagenization of the distal part
of the nerve with consequent poor recovery of facial function fol-
lowing reconstruction. Another reason is that  these tumors are
potentially invasive: otic capsule erosion may be present in
approximately 20% of the cases. On the other hand, in an elderly
patient  with an absence of or mild facial nerve paresis, facial
nerve decompression may su ce if surgery is to be performed.

When total tumor removal involves resection of a long seg-
ment of the nerve, a cable graft is usually needed for reconstruc-
tion of the facial nerve. The length of the graft  and whether it  is
from the sural or great auricular nerve has no e ect on the even-
tual recovery of facial function.

In summary, facial nerve neuromas are uncommon tumors
requiring a high degree of suspicion for their diagnosis. Recent
advances in radiological techniques are the cornerstone for the
diagnosis and preoperative assessment of these cases, and early
surgical resection gives the best  prognosis.
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13  Meningoencephalic Herniat ion
Abst ract
Meningoencephalic  hern iation  is  the  hern iation  of  m eningeal
and/or encephalic t issue in  the m iddle ear or m astoid. It  occurs in
connection w ith  infect ion , previous surgery, head traum a, or con-
genital tegm ental defects. A patient  w ith  m eningoencephalic her-
niation  has a h igh  risk of developing m eningit is and  epilepsy due
to epileptogenic focus in  the hern iating t issues.

The  patient  m ay present  w ith  a  pulsatile  retrotym panic m ass,
cerebrospinal fluid  leakage, and aphasia. However, the m ost com -
m on  m anifestation  is  that  of a  conduct ive  or  m ixed  hearing loss
w ith  a  draining  ear  or  serous  otit is  m edia.  Neuroradiological
assessm ent  procedures  (computed  tom ography  and  m agnet ic
resonance  im aging  scans)  have  to  be  carried  out  in  order  to
establish  a correct  preoperative diagnosis. The treatm ent  is surgi-
cal and depends on  the size of the herniation.

Keywords:  m eningoencephalic  herniation ,  CSF  leak,  retrotym -
panic m ass, t ransm astoid  approach, m iddle fossa approach, m ini-
craniotom y, subtotal petrosectomy

Meningoencephalic  hern iation  is  the  hern iation  of m eningeal
and/or encephalic t issue in  the m iddle ear or m astoid. It  occurs in
connection w ith  infect ion , previous surgery, head traum a, or con-
genital tegm ental defects. A patient  w ith  m eningoencephalic her-
niation  has a h igh  risk of developing m eningit is and  epilepsy due
to epileptogenic focus in  the hern iating t issues.

The  patient  m ay present  w ith  a  pulsatile  retrotym panic m ass,
cerebrospinal fluid  (CSF) leakage, and aphasia. However, the m ost
com m on  m anifestat ion  is  that  of a  conductive  or  m ixed  hearing
loss w ith  a draining ear or serous otit is m edia.

Herniation  of m eningeal and/or encephalic t issue in to the m id-
dle  ear  is  a  form  of pathology  that—even  if rarely  found  by  the
otologist—can  be  life-threatening for  the  pat ient  due  to  possible
infect ious  in tracranial  com plicat ions.  Four  di erent  etiological
types are  possible:  infect ious, postsurgical, t raum atic, and  spon-
taneous.  From  a  pathogenic  point  of  view,  all  these  types  are
characterized  by a  bony and  dural defect  located  in  the  tegm en,
through  w hich  m eningeal  and  encephalic  t issue  can  hern iate.
Therefore, once  m eningoencephalic herniation  is  suspected, sur-
gical correct ion  is required. The sym ptom s are  often  nonspecific,
so that  som e cases are diagnosed during surgery.

When  there is st rong suspicion  of herniation, neuroradiological
assessm ent  procedures  have  to  be  perform ed  to  establish  a  cor-
rect  preoperative  diagnosis. High-resolut ion  com puted  tom ogra-
phy (CT) of the tem poral bone, in  part icular, can  dem onstrate the
exact  lim its and location  of the bone defect , w hile m agnetic reso-
nance im aging (MRI) allows the nature of the t issue in  the m iddle
ear  to be  determ ined. The  choice  of surgical approach  is directed
by the  et iology, the  posit ion  and  size  of the bony defect , preope-
rative audiom etry, the presence of chronic infect ion  in  the m iddle
ear, and/or in traoperat ive act ive CSF leakage.

In  our experience, 5% of revision  canal wall dow n  m astoidecto-
m ies are  com plicated  by either  m eningoencephalic or  dural her-
niations.  A  sm all  hern iation  (< 1 cm 2)  can  be  pushed  back
intracranially and  a  piece  of cart ilage  then  inserted  beneath  the
bone to ensure reposit ioning of the dura. The cart ilage is covered
w ith  bone paste and fascia.

Middle-sized  herniations  (1–2 cm 2) can  be  repaired  by a  com -
bined  approach. The brain  t issue  is t reated  w ith  bipolar  coagula-
t ion .  Then,  after  pushing  back  the  hern iation  in tracranially,  a
su ciently large  piece  of autologous  or  hom ologous  cart ilage  is
inserted extradurally through  a sm all craniotomy to ensure repo-
sit ioning. The  bony  defect  is  further  repaired  using  bone  paste
and covered w ith  tem poralis fascia from  the m astoid cavity.

In  cases  of  large  herniation  (> 2 cm 2),  a  m iddle  cranial  fossa
approach  is  adopted. In  th is  approach, the  dura  of the  temporal
lobe is carefully elevated  unt il the  neck of the hernia is identified
and  subjected  to  bipolar  coagulat ion . The  coagulated  part  is  left
in  the  m iddle  ear  or  m astoid, w here  it  acts  as  a  barrier  against
infect ion. The  defect  is  then  reconstructed  by placing a  piece  of
tem poralis  fascia  between  the  cerebral  t issue  and  the  dura;
another piece of fascia is placed extradurally. Next , a piece of car-
t ilage  is  placed  between  the  bony  defect  and  the  dura  for
reinforcem ent .

The  advantage  of  th is  approach  is  the  opportunity  to  reach
bony defects  located  anteriorly w ithout  any m anipulat ion  of the
ossicular chain .

Subtotal  petrosectomy  w ith  m iddle  ear  obliteration,  in  our
opinion , represents  the  safest  and  m ost  defin it ive  t reatm ent  for
m eningoencephalic hern iation . Perform ing a  blind  sac closure  of
the  external auditory canal, obliterat ing the Eustachian  tube, and
filling  the  surgical cavity  w ith  fat  com pletely  isolate  the  m iddle
ear  and  m astoid  cavit ies  from  the  external  environm ent , m ini-
m izing  the  risks  of recurrence  and  other  complications  such  as
CSF leakage. However, due  to  the  result ing  conductive  hearing
loss (generally around 60 dB), it  should  be reserved  for cases w ith
poor auditory reserve or  extensive  m iddle  ear  destruct ion  w ith  a
lim ited  possibility  for  reconstruct ion . Because  of the  closure  of
the  external auditory canal, in  subtotal petrosectomy postopera-
t ive  radiologic  follow -up  is  m andatory  (CT scan, MRI scan  w ith
fat-suppression  and  di usion-weighted  im ages)  to  reveal  pres-
ence of residual cholesteatoma.

Meningoencephalic hern iation  is  depicted  in  the  follow ing fig-
ures  (� Fig. 13.1,  � Fig. 13.2, � Fig. 13.3, � Fig. 13.4, � Fig. 13.5,
� Fig.  13.6,  � Fig.  13.7,  � Fig.  13.8,  � Fig.  13.9,  � Fig.  13.10,
� Fig. 13.11, � Fig. 13.12, � Fig. 13.13, � Fig. 13.14, � Fig. 13.15,
� Fig. 13.16, � Fig. 13.17, � Fig. 13.18, � Fig. 13.19, � Fig. 13.20,
� Fig. 13.21, � Fig. 13.22, � Fig. 13.23, � Fig. 13.24, � Fig. 13.25,
� Fig. 13.26, � Fig. 13.27, � Fig. 13.28, � Fig. 13.29).
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Fig. 13.1  Left  meningoencephalic herniation in  a  patient  who had
previously undergone open tympanoplasty. The hernia protrudes into
the  at tic through a small tegmental defect  and  appears otoscopically
as a  pulsatile  retrotympanic mass.

Fig. 13.2  CT scan  of the  case  described  in  � Fig. 13.1, coronal view.
The osseous defect  with the herniating tissue can be clearly visualized
(arrow).

Fig. 13.3  MRI of the  previous case. The  protrusion of the  cerebral
tissue  into the  middle  ear is visible  (arrow).

Fig. 13.4  Postoperative  CT scan. The  hernia was managed  using  a
middle  fossa approach. The bony defect  was repaired  using cartilage.
The temporal craniotomy (green arrow) and the cartilage (yellow arrow)
are  clearly visible.
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Fig. 13.5  Left  meningoencephalic hernia. The  superior wall of the
external auditory canal is dehiscent. A soft, reducible, nonpulsating
mass is observed. The  patient  had  a  history of head  trauma with
transverse fracture  of the temporal bone that  occurred 3 years before
presentation. He  complained  of left  hearing loss and  the  sensation of
ear fullness.

Fig. 13.6  Preoperative  CT scan of the  case  in  � Fig. 13.5  demon-
strating  the  herniation of cerebral tissue  into the  middle  ear (arrow).

Fig. 13.7  CT scan of the  previous case  1  year postoperatively. The
hernia was managed  using  a  middle  fossa approach, placing  a
cartilaginous plate  to  reconstruct  the  bony defect  after having
sectioned the neck of the herniating tissue. The cerebral tissue, which
is left  in the ear during the operation, is resorbed with time as seen in
the  CT scan

Fig. 13.8  Left  ear. Otoscopy 6  months postoperatively in  the  same
patient. The  soft  mass protruding  from  above  into the  external
auditory canal has shrunk, indicating  progressive  atrophy of the
herniated  tissue  left  in  the  at tic.
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Fig. 13.9  Left  meningoencephalic herniation in  a  patient  who had
previously undergone  multiple  ear surgeries. The  only manifestation
was conductive  hearing  loss.

Fig. 13.11  Posttraumatic meningoencephalic herniation  in  a  patient
with  temporal bone  fracture. The  fracture  line  is evident  with
disruption of the  posterior wall of the  external auditory canal (yellow
arrow). A pinkish pulsating retrotympanic mass could be visible  in the
whole at tic (green arrow). Exostoses of the inferior and anterior walls of
the  external auditory canal are  also visible. The  patient  underwent
subtotal petrosectomy with  obliteration of the  middle  ear.

Fig. 13.12  CT scan of the same case. Meningoencephalic herniation is
evident  at  the  level of the  tegmen antri (arrow).

Fig. 13.10  CT scan  of the  case  presented  in  � Fig. 13.9.
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Fig. 13.15  CT scan, axial view. Arrows show the  herniating  cerebral
tissue.

Fig. 13.13  A patient  with  a  history of left  open tympanoplasty
presenting  with  conductive  hearing  loss. Otoscopy demonstrates a
badly performed cavity with high facial ridge, secretions, granulations
in the posterior wall of the cavity, and an at tic defect  through which a
soft-tissue  mass protrudes into the  middle  ear. A CT scan was
performed  that  confirmed  the  presence  of a  meningoencephalic
hernia (see  subsequent  figures).

Fig. 13.14  CT scan, coronal view, soft-tissue  window of the  case
presented in � Fig. 13.13 demonstrating the herniating cerebral tissue
into the  cavity (arrow).

Fig. 13.16  CT scan, coronal view, bone  window.
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Fig. 13.18  Right  ear. Meningoencephalic herniation in a plurioperated
patient. The otoscopy shows a new tympanic membrane lateralized by
a retrotympanic whitish  mass. The  patient  complained  of right  ear
anacusis and  House–Brackmann grade  III facial nerve  palsy of 1-year
duration.

Fig. 13.20  MRI also demonstrated the presence of meningoencephalic
herniation (arrows). During surgery, the cholesteatoma was confirmed
together with  a  large  encephalic herniation.

Fig. 13.19  CT scan revealed  the  presence  of a  mass occupying  the
surgical cavity with erosion of the cochlea and absence of the tegmen
(arrow).

Fig. 13.17  CT scan of a  patient  with  a  congenital tegmental defect.
This patient  has a  higher risk of meningitis following an episode  of
otitis.
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Fig. 13.23  Right  post traumatic meningoencephalic herniation. The
superior wall of the  external auditory canal is dehiscent. The  CT scan
showed a  transverse  fracture  of the  temporal bone. The  patient  also
had  sensorineural hearing  loss.

Fig. 13.24  Right  ear. Patient  with meningoencephalic herniation after
a  canal wall down tympanoplasty. The  patient  underwent  subtotal
petrosectomy with  removal even  of the  residual cholesteatoma.

Fig. 13.22  Right  ear. There  is a  pulsating  polypoid  mass protruding
out  of the  external auditory canal. The  patient  underwent  open
tympanoplasty many years back. Cerebrospinal fluid  leakage  was
present  at  the  time  of consultation and  a meningoencephalic
herniation was found  on CT and  MRI scans. A middle  fossa approach
was adopted  to  reduce  the  herniation.Fig. 13.21  Right  ear. Open tympanoplasty. The  tympanic membrane

is normal. A residual cholesteatoma (pearl) is visible  in  the  anterior
at tic. A posterosuperior bulging  over the  cholesteatoma is clearly
seen. Iatrogenic meningoencephalic herniation was diagnosed.
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Fig. 13.26  Right  ear. Residual cholesteatoma and  meningoencephalic
herniation. The  patient  underwent  canal wall up  tympanoplasty
elsewhere 2 years before. Cholesteatoma filling the  middle  ear cleft  is
visible, as well as a  bulging  of the  superior canal wall covered  by
granulation  tissue. Even in  this case  a subtotal petrosectomy was
further performed.

Fig. 13.27  CT scan, coronal view, of the  same  case. A large  defect  of
the tegmen antri is present  even in this case  with meningoencephalic
herniation and  cholesteatoma filling  the  middle  ear and  mastoid.

Fig. 13.28  Another case of meningoencephalic herniation in a previous
closed tympanoplasty. There is a bulging of the attic corresponding to
the herniation (arrows). Acentral perforation of the tympanic membrane
is also present. The patient  referred an episode of meningitis 6 months
before our consultation. A subtotal petrosectomy was performed.

Fig. 13.25  CT scan, coronal view, of the  previous case. A wide  defect
of the  tegmen antri is visible, with  a  clear meningoencephalic
herniation in  the  external auditory canal and  in  the  mastoid  cavity
(arrow).
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13.1  Surgical Managem ent
13.1.1  Transm astoid Approach
The  surgical  m anagem ent  of  m eningoencephalic  hern iation
through  transm astoid  approach  is  show n  in  � Fig.  13.30,
� Fig. 13.31, � Fig. 13.32.

Fig. 13.30  A case  of small meningoencephalic
herniation repair. Mastoidectomy is performed
and the antrum  is opened. Scar and granulation
tissue  (black arrow) around  the  meningoence-
phalic herniation (white arrow) are  carefully
dissected.

Fig. 13.29  CT scan of the  same  case, showing the  bony defect  of the
tegmen (arrow), with  meningoencephalic herniation and  residual
cholesteatoma.
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Fig. 13.32  The  bony defect  is repaired  by
inserting  a  thick cartilage  between the  tegmen
and  the  middle  fossa dura. The  cartilage  is
further covered  with  the  temporalis fascia.

Fig. 13.31  With  a  bipolar coagulator, the  tissue
is coagulated  and  shrunk so that  it  can  be
pushed  back into the  cranium. A bony defect
caused  by the  herniation is seen in  the  tegmen
(arrow).
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13.1.2  Transm astoid Approach w ith
Minicraniotomy
This  surgical  approach  is  show n  in  � Fig.  13.33,  � Fig.  13.34,
� Fig. 13.35.

Fig. 13.34  The  herniated  brain  tissue  is coagu-
lated  and  shrunk with  a  bipolar coagulator. A
minicraniotomy in  the  middle  fossa dura  is
accomplished  by removing  the  cortical bone
with  a  burr. The  exposed  middle  fossa  dura  is
seen (arrows).

Fig. 13.33  A case  of medium-size  meningoen-
cephalic herniation repair. Herniated tissue from
the  tegmen is seen in  the  antrum  (arrow).
Superiorly, the middle fossa dura just  superior to
the skull base is identified and the bone covering
the  dura is thinned, taking  care  not  to  damage
the  dura.
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13.1.3  Subtotal Pet rosectomy
This  surgical  approach  is  show n  in  � Fig.  13.36,  � Fig.  13.37,
� Fig. 13.38, � Fig. 13.39, � Fig. 13.40, � Fig. 13.41, � Fig. 13.42,
� Fig. 13.43, � Fig. 13.44, � Fig. 13.45.

Fig. 13.35  From  the  minicraniotomy, a thick
piece  of cartilage  that  covers the  bony defect
with sufficient extension is inserted between the
middle fossa plate and the dura. A large piece of
temporalis fascia used  to  cover the  bony defect
is inserted between the cartilage and the middle
fossa plate.

H
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Fig. 13.36  The  patient  underwent  middle  ear
surgery, which  was followed  by progressive
hearing  loss complicated  by intractable  otor-
rhea. Otoscopic examination  showed a  pinkish
pulsating  mass in  the  external auditory canal.
Radiological examination  revealed  meningoen-
cephalic herniation in the middle ear. In the axial
CT (a), a  large  amount  of soft  tissue  with
smooth border is seen. The  coronal MRI (b)
shows herniation of the  brain  tissue  into the
middle  ear from  the  defect  in  the  middle  fossa
plate  (arrow). C, cochlea; CA, carotid  artery; H,
herniated  tissue.
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Fig. 13.39  The herniation is coagulated with the
bipolar coagulator. The  procedure  shrinks her-
niated  tissue  and  facilitates dissection  from  the
surrounding  structures.

Fig. 13.37  A retroauricular incision is made and
the musculoperiosteal layer covering the area of
the  mastoid is exposed. A circumferential cut  at
this level exposes meningoencephalic herniation
in  the  external auditory canal. EAC, external
auditory canal; H, meningoencephalic hernia-
tion.

Fig. 13.38  Blind  sac closure  of the  external
auditory canal is conducted, and  the  musculo-
periosteal layer is elevated  to expose  the  large
herniated  tissue  occupying  the  mastoid  cavity.
H1, herniation in the external auditory canal; H2,
herniation in  the  mastoid.
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Fig. 13.42  The  cholesteatoma is dissected  from
the  tympanic cavity.

Fig. 13.41  Medially to the  herniation  in  the
tympanic cavity, entrapped  skin  has formed
cholesteatoma (arrow).

Fig. 13.40  The  coagulated  tissue  is cut  with
scissors in  piecemeal fashion.
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Fig. 13.45  The  cavity is packed  with  abdominal
fat.

ET
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Fig. 13.43  All the skin and herniated tissue have
been  eradicated  from  the  middle  ear. The
exposed  facial nerve  is seen running  just
superiorly to the  cochleariform  process (arrow).
ET, Eustachian tube; FN, facial nerve.
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Fig. 13.44  The  Eustachian tube  is obliterated
with pieces of periosteum. Fibrin glue  is applied
to  ensure  closure  in  this case.
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Sum m ary

Herniation of the meningeal and/or encephalic tissue into the
middle ear space is a rare condition occurring most frequently
postsurgically, spontaneously due to congenital defects, postin-
fection, and post trauma. For herniation to occur, a bony defect
should be present. Through this dehiscence, a meningocele, an
encephalocele, or both can occur. The most appropriate term
seems to be meningoencephalic herniation.

The condition can lead to serious sequelae such as CSF leak,
meningitis, epilepsy, and aphasia. Therefore, once diagnosed,
surgical correction should be performed. The herniated tissue is
usually resected and the defect is reconstructed. The surgical
approach is determined by the size of the defect. Small defects
are managed using a transmastoid approach. In middle- and
large-sized hernias and unserviceable hearing, a subtotal petro-
sectomy is the treatment of choice. The herniated part is left
inside the middle ear or mastoid where it  acts as a barrier against
infection of the intracranial space. The external auditory canal is
closed as a cul de sac, the Eustachian tube is sealed with perios-
teum and bone wax, and the surgical cavity is obliterated with
abdominal fat. This avoids possible sources of infection from the
external environment or from the nasal cavity.

A transmastoid approach combined with a craniotomy or a
middle fossa approach can be also used for patients with normal
hearing and medium- to large-sized defects.

Table 13.1  Gruppo Otologico published data on management of meningoencephalic herniation of the temporal bone (133 cases, 1984–2006)

Etiology and  surgical approach  for meningoencephalic herniat ion

Etiology/surgical approach  Transmastoid  Transmastoid  with
minicraniotomy

Middle  cranial fossa  Subtotal petrosectomy

Spontaneous  3  1  21  8

Chronic otitis media with  or
without  cholesteatoma

15  1  1  12

Iatrogenic  17  1  9  34

Traumatic  2  1  6  1

Total  37  4  37  55

Meningoencephalic Herniat ion

283





14
Chapter 14

Postsurgical Condit ions

14.1  Myringotomy and Insert ion of
Ventilat ion Tube  286

14.2  Stapes Surgery  290

14.3  Myringoplasty  293

14.4  Tympanoplasty  301

14.5  Hearing Implants  329



14  Postsurgical Condit ions
Abst ract
This chapter w ill show  the m ost com m on postsurgical condit ions,
di erent iating  cases  w ith  norm al  postoperative  healing  and
those  w ith  recurring pathology and/or  im m ediate  and  late  post-
operat ive com plications.

Keywords: myringotomy, ventilation  tube, stapes surgery, myrin-
goplasty,  tym panoplasty,  m eatoplasty,  blind-sac  closure  of  the
external auditory canal, hearing im plants

As seen  in  the previous chapters, som e otoscopic view s m ay be
di cult  to  in terpret . This  di culty  increases  in  cases  involving
previous  surgery  because  of the  distort ion  of the  norm al  anat-
omy.  The  exam iner  should  be  com petent  and  experienced
enough  to  dist inguish  between  cases w ith  norm al postoperative
healing  and  those  w ith  recurring  pathology  and/or  im m ediate
and late postoperative com plications. In  th is chapter, postoperat i-
ve otoscopic views w ith  and w ithout  com plicat ions and/or  recur-
rence are presented.

14.1  Myringotomy and Insert ion
of Vent ilat ion Tube
The  indications  of  myringotom y  and  vent ilat ion  tube  insert ion
have  been  discussed  previously.  Myringotomy  is  usually  per-
form ed  in  the  anteroinferior  quadrant  of  the  tym panic  m em -
brane  in  the  region  of the  cone  of light . The  incision  is  m ade  in

a  radial  direct ion  using  a  myringotomy  knife.  In  cases  w ith  a
hum p  of the  an terior  wall of the  external auditory canal, myrin-
gotomy can  be  perform ed  im m ediately  inferior  to  the  um bo  in
the  posteroinferior  quadrant . The  incision  should  never  be  m ade
in  the  posterosuperior  quadrant  to  avoid  injury  to  the  ossicular
chain . The  operation  is  perform ed  under  general  anesthesia  in
children . In  adults, however, local anesthesia is su cient .

After  m aking a  radial incision  of the  tym panic m em brane, the
m iddle  ear  e usion  is  aspirated  and  the  ventilation  tube  is
inserted. In  the m ajority of cases, hearing im proves im m ediately.

The  patien t  is  instructed  to  avoid  water  en tering  the  ear  by
blocking it  w ith  cot ton  anointed  w ith  petrolatum  w hen  taking a
shower or  w ith  rubber earplugs w hen  sw im m ing. Infection  could
occur  if water  were  to  enter  the  m iddle  ear  through  the  ventila-
t ion  tube. Should  th is  occur, ear  lavage  w ith  a  disinfectant  solu-
t ion  consisting of 2% boric acid  in  70% alcohol is indicated.

When  the tube  is obstructed  by cerum en  or  crusts, the  adm in-
ist ration  of  hydrogen  peroxide  drops  is  usually  su cient  to
restore  its  patency. There  are  m any types of com m ercially avail-
able  vent ilation  tubes,  but  they  can  be  generally  grouped  in to
short-  and  long-term  tubes. Tubes w ith  a larger  inner flange usu-
ally rem ain  in  place longer. Once extruded, the  myringotom y site
closes spontaneously in  approxim ately 98% of cases.

Refer  to  � Fig.  14.1,  � Fig.  14.2,  � Fig.  14.3,  � Fig.  14.4,
� Fig.  14.5,  � Fig.  14.6,  � Fig.  14.7,  � Fig.  14.8,  � Fig.  14.9,
� Fig. 14.10, � Fig. 14.11, � Fig. 14.12, � Fig. 14.13, � Fig. 14.14,
� Fig. 14.15, � Fig. 14.16.

Fig. 14.1  Left  ear. The Sultan ventilation tube. This type has two small
wings: an  outer one  with  which  the  tube  can be  held  using  the  ear
forceps and  an inner one, viewed  through the  tympanic membrane,
which facilitates tube  insertion and  prevents rapid  extrusion. If
properly inserted, the  Sultan ventilation tube  can  remain  for
approximately 6  to  18 months before  extrusion.

Fig. 14.2  Left  ear. In this case, the tube has been placed inferior to the
umbo due  to the  presence  of an  anterior hump in  the  anterior canal
wall.
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Fig. 14.3  Left  ear. A long-term  ventilation tube  inserted  6  months
after tympanoplasty because  of an  observed  tendency for graft
retraction. The  graft  is seen in an optimal condition with no evidence
of retraction, indicating patency of the ventilation tube. This tube has
been  in  situ  for more  than  10 years.

Fig. 14.4  Left  ear. Long-term  ventilation  tube. A large  tympanoscler-
otic plaque that  formed 1  year after the  tube  insertion can be  clearly
seen. Such plaques result  from  hemorrhagic infiltrate  between the
epidermal and fibrous layers of the tympanic membrane secondary to
the  myringotomy and  are  asymptomatic.

Fig. 14.5  Left  ear. Sultan  ventilation  tube  placed  in  the  anteroinferior
quadrant. Anterior hump of the  external auditory canal is visible.

Fig. 14.6  Left  ear. Example  of a  long-term  “T” tube  inserted  in  the
anteroinferior quadrant of the tympanic membrane. After its insertion,
the two wings of the tube open by virtue of their retained “memory,”
thereby preventing  tube  extrusion.
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Fig. 14.7  Right  ear. Another example of a long-term  T tube. This type
of tube  unfortunately very often  causes perforation of the  tympanic
membrane.

Fig. 14.8  Right  ear. Long-term  T tube  placed  in  the  posteroinferior
quadrant.

Fig. 14.9  Right  ear. The consequences of a misplaced ventilation tube
is shown. A healed  myringotomy is seen in  the  posterosuperior
quadrant  (at  9  o'clock position). Two months later, the  tube  was
extruded. During  tube  insertion, however, dislocation of the  incus
occurred. The  dislocated  incus fell to  the  hypotympanum  where  its
body and  short  process can be  clearly seen  (arrow). In  the
anteroinferior quadrant, immediately under the umbo, another healed
myringotomy site  (this time  correctly placed) is visible. In  the  lat ter,
tube  extrusion  occurred  1  year late.

Fig. 14.10  Left  ear. A ventilation tube  in the  process of extrusion. It  is
preferable not  to take out  the tube but rather wait  for self-extrusion to
occur. Closure of the myringotomy site occurs in approximately 98% of
cases.
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Fig. 14.11  Right  ear. Sultan ventilation tube  placed  in  the  anteroinfe-
rior quadrant. The tube is blocked by cholesteatoma squamae. During
myringotomy it  is of utmost  importance  not  to  introduce  skin inside
the  middle  ear, thus avoiding  the  formation  of an  iatrogenic
cholesteatoma.

Fig. 14.12  Right  ear. Granulation  tissue  after ventilation tube  in-
sertion. This complication  is generally resolved  with  removal of the
tube.

Fig. 14.13  Right  ear. Long-term  T tube  placed  in  the  anteroinferior
quadrant. Infection  with  otorrhea and  granulation  tissue  are  present.
Local antibiotics and  steroids are  sufficient  for the  healing.

Fig. 14.14  Right  ear. Partially extruded  titanium  tube. The  ventilation
tube  has been  placed  in  the  area of the  handle  of the  malleus.
Ventilation tubes should be always placed away from the ossicles, thus
avoiding  injury of the  ossicular chain  and  subsequent  hearing  loss.
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14.2  Stapes Surgery
Stapes  surgery  is  perform ed  w hen  the  footplate  of the  stapes  is
fixed  in  the  oval  w indow  (i.e.,  in  otosclerosis).  This  surgery  is
probably  the  finest  otological procedure, requiring  very delicate
m anipulat ion  of instrum ents  in  a  very narrow  area  w ith  im por-
tant st ructures all around.

It  should  be  done  only  by  experienced  surgeons  perform ing
th is  procedure  rout inely. Occasional  surgery  should  be  avoided
because m iscarriage of the procedure m ay cost  the hearing of the
operated ear, and contralateral hearing is frequently abnorm al.

Whenever  possible,  we  perform  stapedotomy  as  prim ary
stapes surgery as it  o ers a calibrated  hole in  the footplate to sta-
bilize both  ends of the  prosthesis. Com pared  w ith  stapedectomy,
the procedure also o ers less t raum a to the oval w indow  and less
possibilit y  of dam aging  the  inner  ear. In  addit ion, revision  sur-
gery, if required, is easier due to preserved anatomy.

Refer  to  � Fig.  14.17,  � Fig.  14.18,  � Fig.  14.19,  � Fig.  14.20,
� Fig. 14.21, � Fig. 14.22, � Fig. 14.23, � Fig. 14.24, � Fig. 14.25,
� Fig. 14.26, � Fig. 14.27.

Fig. 14.15  Right  ear. Extruded  ventilation tube. The  area of the
previous myringotomy is visible  as a scar in  the  posteroinferior
quadrant  (arrow).

Fig. 14.16  Left  ear. Extruded  ventilation tube  in  the  external auditory
canal.

Fig. 14.17  Right  ear. Schwartze’s sign (arrow) is typical of otosclerosis,
even if present  in  less than  10% of patients. This rosy glow visible
through the  tympanic membrane  is due  to vascular hyperemia of
immature  abnormal bone  produced  during  the  otosclerotic process.
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Fig. 14.18  Right  ear. Otoscopy after stapedotomy. A small at ticotomy
is visible. The  loop  of the  prosthesis has been correctly tightened  all
around  the  long  process of the  incus (arrow).

Fig. 14.19  Right  ear. Otoscopy after stapedotomy. In  this case,
at ticotomy is wider than that  in  � Fig. 14.17, but  no tympanic
retraction  occurred. The  loop  of the  prosthesis is firmly fixed  on  the
long  process of the  incus.

Fig. 14.20  Left  ear. Another case  of well-performed  at ticotomy for
stapes surgery.

Fig. 14.21  Left  ear. Otoscopy view after stapedotomy. The at ticotomy
is visible; the prosthesis, dislocated from the incus, has adhered to the
tympanic membrane  (arrow).
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Fig. 14.22  Right  ear. Otoscopy view after stapedotomy. A small
retraction  in  the  area of the  at ticotomy is visible  (red arrow). Even in
this case, the prosthesis, dislocated from the incus, has adhered to the
tympanic membrane  (black arrow).

Fig. 14.23  Right ear. Otoscopy view after stapedotomy. The prosthesis
is about  to  dislocate  from  the  long  process of the  incus (arrow). The
loop  is loose, resulting  in  persistence  of conductive  hearing  loss.

Fig. 14.24  Right  ear. Dislocation  of a  Causse  (Teflon) prosthesis
(arrow) in  a  patient  who underwent  stapedotomy.

Fig. 14.25  Left  ear. A rare case of extrusion of a stapes prosthesis. The
metallic ring  is seen extruding  through a  microperforation covered
with  epidermal squames. The  Teflon shaft  of the  prosthesis can be
visualized  through the  tympanic membrane.
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14.3  Myringoplast y
The  aim  of reconstruct ing  a  tym panic m em brane  perforation  is
twofold:  first , to  allow  the  patien t  to  have  a  norm al  social  life
w ith  no restrict ions, even  regarding water en try in to the ear, and
second, to correct  the hearing loss result ing from  the perforation .

There  are  essentially  two  techniques  for  myringoplasty.  The
underlay technique is ut ilized  in  the presence of an  anterior  resi-
due  (at  least  the  annulus)  of  the  tym panic  m em brane,  under
w hich  the graft  can  be placed. In  the absence of any anterior resi-
due  of  the  m em brane,  the  overlay  technique  is  used.  In  such
cases,  the  graft  is  posit ioned  against  the  an terior  wall  of  the
external auditory canal.

Norm ally, the  tym panic m em brane  form s an  acute  angle  w ith
the  anterior  wall of the  external auditory canal. While  perform -
ing myringoplasty, it  is generally possible  to respect  th is angula-
t ion w hen the annulus is present anteriorly.

The  myringoplasty operat ion  is considered  a  success w hen  the
reconstructed  tym panic  m em brane  is  in tact ,  is  well  epithelial-
ized, and  has norm al angulation  w ith  the external auditory canal.

These characterist ics allow  the patient  to have a norm al social life
(hearing  im provem ent  and  possibility  of  water  ent ry  in to  the
ear). Reperforation  is  a  frequent  com plicat ion  of myringoplasty
that  occurs in  approxim ately 5  to 10% of cases in  the  best  series.
Reperforation  occurs m ore  com m only in  the  underlay technique,
part icularly in  the  anterior  quadrant  w here  the  graft  is detached
from  the  anterior  residues  of the  tym panic m em brane  and  falls
in to the m iddle ear. When  an  overlay technique is ut ilized, blunt-
ing  of  the  an terior  angle  can  occur  w ith  resultant  conduct ive
hearing  loss. Lateralization, in  w hich  the  graft  is  detached  from
the  handle  of the  m alleus, is  another  possible  complication  that
leads to  conductive  hearing loss. It  occurs m ostly w hen  the  graft
is placed  lateral rather  than  m edial to the  handle  of the  m alleus.
Stenosis  of the  external auditory canal, either  due  to  inflam m a-
tory  react ion  or  as  a  result  of bad  reposit ioning  of  the  m eatal
flaps, can  also occur.

Refer  to  � Fig.  14.28,  � Fig.  14.29,  � Fig.  14.30,  � Fig.  14.31,
� Fig. 14.32, � Fig. 14.33, � Fig. 14.34, � Fig. 14.35, � Fig. 14.36,
� Fig. 14.37, � Fig. 14.38, � Fig. 14.39, � Fig. 14.40, � Fig. 14.41.

Fig. 14.26  Left  ear. This 41-year-old  woman underwent  bilateral
stapedotomy for otosclerosis elsewhere. After 2  years from  the  last
surgery, she  developed  bilateral conductive  hearing  loss. On the  left
side, the  prosthesis is clearly extruding  for the  middle  ear (arrow).

Ch

Fig. 14.27  Right ear. Same case. A clear iatrogenic cholesteatoma (Ch)
is visible  in the posterosuperior quadrant. The prosthesis (black arrow)
is partially dislocated. A retraction  pocket  is present  in  the  poster-
oinferior quadrant  (red arrow). The  patient  underwent  removal of the
cholesteatoma through an endocanalar approach. A second-stage
operation  has been planned after 8  months.
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Fig. 14.28  Left  ear. Normal aspect  of the  reconstructed  tympanic
membrane. The  posterior quadrant  is slightly elevated. In  this case, a
posterior perforation was grafted  with  temporalis fascia  using  an
underlay technique.

Fig. 14.29  Right  ear. Myringoplasty with  an underlay technique. The
reconstructed  tympanic membrane  is thicker than  normal. The
anterior angle is maintained. The handle of the malleus is clearly visible
except  for the  umbo, which  is detached  from  the  membrane.
Tympanosclerotic plaques are  also  visible.

Fig. 14.30  Left  ear. Another example  of a  tympanic membrane
perforation that  was repaired  using  an underlay technique  with
preservation  of the  anterior residue. The  posterior quadrants are
slightly lateralized, making it  difficult  to see the handle of the malleus.

Fig. 14.31  Left  ear. Similar case. The  repaired  tympanic membrane  is
well at tached  to the  malleus except  for the  area of the  umbo due  to
lateralization of the  posteroinferior quadrant.
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Fig. 14.34  Left  ear. Another case  of underlay myringoplasty for a
posterior perforation. This image  has been taken immediately after
removal of the  postoperative  ear plugging  (Gelfoam), approximately
30 days after surgery. The  repaired  tympanic membrane  retains its
normal position, with  a  perfect  anterior angle.

Fig. 14.35  Left  ear. Underlay myringoplasty. The tympanic membrane
is thicker on  its posterior quadrants. A retraction of the  anterior
quadrants is also  present. However, hearing  function  is normal.

Fig. 14.32  Right  ear. Underlay myringoplasty. The  malleus is slightly
medialized. The repaired tympanic membrane is whitish in its anterior
quadrants and vascularized in the posterior ones. The anterior angle is
normal.

Fig. 14.33  Right  ear. Underlay myringoplasty for a  posterior perfora-
tion. The  anterior angle  is perfectly normal, as the  thickness of the
membrane.
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Fig. 14.38  Left  ear. A case  similar to  that  in  � Fig. 14.35.  Fig. 14.39  Right ear. Myringoplasty for a posterosuperior retraction
pocket  without cholesteatoma. The long process of the incus was absent,
resulting in conductive hearing loss. A thick piece of cartilage was put
directly over the stapes, resulting in complete closure of the air–bone gap.

Fig. 14.36  Right  ear. Cartilage  myringoplasty for a  mesotympanic
retraction of the posterior quadrants with perforation (Grade Vof Sadè
classification). No epithelialization  was found  in  the  middle  ear. Incus
was not eroded. Cartilage could be useful in cases like this to reinforce
the  tympanic membrane, avoiding  further retractions. Myringoscle-
rosis of the  anterior quadrants is also  visible.

Fig. 14.37  Right ear. Revision myringoplasty with cartilage for subtotal
perforation of the  tympanic membrane. The  use  of cartilage  avoids
further reperforations in  revision  cases. Sometimes, sensation of
fullness could  be  referred  by the  patient, even in  case  of complete
closure  of the  air–bone  gap.
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14.3.1  Failures and Com plicat ions
Refer  to  � Fig.  14.42,  � Fig.  14.43,  � Fig.  14.44,  � Fig.  14.45,
� Fig. 14.46, � Fig. 14.47, � Fig. 14.48, � Fig. 14.49, � Fig. 14.50,
� Fig. 14.51, � Fig. 14.52, � Fig. 14.53, � Fig. 14.54, � Fig. 14.55,
� Fig. 14.56, � Fig. 14.57.

Fig. 14.42  Left  ear. The  repaired  tympanic membrane  retains a
normal anterior angle  and  is well vascularized, though thicker than
normal. A small cholesteatomatous pearl is observed. This pearl can be
easily removed  in  the  outpatient  clinic under the  microscope.

Fig. 14.43  Right  ear. The  repaired  tympanic membrane  has normal
thickness. The short  process of the malleus can be observed, although
the  handle  is not  visible  due  to  lateralization.

Fig. 14.40  Underlay myringoplasty for perforation  of the  anterior
quadrants. A piece  of cartilage  was used  to avoid  anterior reperfora-
tion.

Fig. 14.41  Right  ear. Myringoplasty with  an underlay technique. The
reconstructed  membrane  is thicker than normal, with  a  tympano-
sclerotic appearance. The  anterior angle  is maintained.
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Fig. 14.46  Similar case. The  reconstructed  tympanic membrane  is
lateralized  with  marked  blunting  of the  anterior angle.

Fig. 14.44  Right  ear. Even in  this case  the  repaired  tympanic
membrane  has normal thickness, but  the  graft  is detached  from  the
handle  of the  malleus.

Fig. 14.45  The  external auditory canal is wide  but  the  repaired
tympanic membrane  is lateralized  and  shows blunting.

Fig. 14.47  Another case  of lateralization  of the  reconstructed  tym-
panic membrane  with  marked  blunting  of the  anterior angle. Further
revision  has a  high rate  of failure.
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Fig. 14.50  Postoperative  myringitis. The  tympanic membrane  is
hyperemic, thickened, and  lateralized  following a tympanoplasty. The
epidermal layer is substituted by granulation tissue. Myringitis is a rare
complication  that  usually resolves with  local steroid  applications. In
very rare  cases, reoperation  is necessary. The  pathological tympanic
membrane  is removed  followed  by grafting.

Fig. 14.51  A patient  who has undergone  quadruple  myringoplasty. In
these  cases, myringitis and canal stenosis are  frequent; therefore, it  is
necessary to remove the pathological tissues, perform canalplasty, and
use  free  skin  flaps.

Fig. 14.48  Lateralization  of the  reconstructed  tympanic membrane
with  initial stenosis of the  external auditory canal.

Fig. 14.49  Lateralization of the  reconstructed  tympanic membrane in
an 8-year-old  male  patient. The  posterior annulus is completely
detached from the bony wall. The external auditory canal has not been
calibrated  during  myringoplasty, so the  anteroinferior quadrant  is not
completely under view. Middle ear effusion is also present (note the air
bubble  in  the  inferior quadrant).
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Fig. 14.54  Small reperforation of the  tympanic membrane  during  an
acute  at tack of otitis media. Otorrhea is also  present. Local therapy
(lavage  and  antibiotic drops) as well as nasal decongestants and  oral
antibiotics are  helpful for the  healing  process. In  this case, the
perforation could  close  spontaneously.

Fig. 14.55  Left  ear. Stenosis of the  external auditory canal following
myringoplasty.

Fig. 14.52  Left  ear. Reperforation  of the  tympanic membrane  with
granulations near the  perforation. In  such  cases, curet tage  of the
granulation  and  freshening  of the  edges under the  microscope  may
lead  to  spontaneous closure  of the  perforation.

Fig. 14.53  Reperforation of the  tympanic membrane. Myringitis with
otorrhea can be appreciated. Lavage and freshening of the perforation
edges as well as insertion  of Gelfoam  (in  the  middle  ear) can favor
spontaneous closure  of the  perforation.
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14.4  Tym panoplast y
Tym panoplasty  operations  can  be  classified  in to  those  w ithout
m astoidectomy, perform ed  w ith  chronic  otit is  m edia  in  w hich
the  tym panic m em brane  perforation  is  associated  w ith  necrosis
of the  ossicular chain , and  those w ith  m astoidectomy, perform ed
in  chronic suppurative  otit is m edia w ith  cholesteatom a. As m en-
t ioned  previously,  tympanoplasty  w ith  m astoidectomy  can  be
either closed or open.

In  closed  tym panoplasty,  the  posterior  wall  of  the  external
auditory canal is kept  in tact . This  technique  is  em ployed  in  ch il-
dren  and  in  patien ts  w ith  very  pneum atized  m astoids  to  avoid
having a  large  cavity. Regular  otoscopic follow -up  is  essent ial to
identify the  form ation  of a  retract ion  pocket  or  a  recurrent  cho-
lesteatom a. Should  these  occur, there  should  be  no  hesitation  in
sw itching to an  open  technique.

In  open  tym panoplasty, the posterior  wall of the external audi-
tory  canal  is  rem oved. The  indications  of th is  technique  in  the
treatm ent of cholesteatom a include: a w ide erosion  of the poster-
osuperior  wall, cholesteatom a  in  the  only  hearing  ear, bilateral
cholesteatom a, cholesteatom a in  patien ts w ith  Dow n’s syndrom e,
the  presence of a contracted  m astoid, a large labyrinth ine fistula,
and  recurrent  cholesteatom a  follow ing  a  closed  tym panoplasty.
Because the posterior canal wall is rem oved, the m astoid cavity is
exteriorized  and  on  otoscopy the  external auditory canal and  the
m astoid  appear  as  one  com m unicating  cavity.  If  properly  per-
form ed, the  cavity appears  rounded  in  shape, dry, and  well epi-
thelialized.  On  the  other  hand,  a  badly  perform ed  cavity  m ay
appear  wet,  irregular,  and  be  lined  w ith  granulation  t issue  in
addit ion  to accum ulated  debris. There m ay also be the possibility
of  a  residual  cholesteatom a.  In  cases  of  tym panoplasty,  it  is

usually possible  to see  the  reconstructed  ossicular  chain  through
the tym panic m em brane. We generally prefer  to ut ilize  an  autol-
ogous or  hom ologous incus for  reconstruct ion. In  our  experience
(m ore  than  7,000  tym panoplasties), we  never  encountered  any
case  of extrusion  w hen  the  incus  was used. In  contrast , variable
rates  of extrusion  were  noticed  w hen  biological  m aterials  (e.g.,
plast ipore, ceram ics, hydroxyapat ite) were ut ilized.

Although  the  use  of hom ologous  ossicles  has  never  been  pro-
ven  to t ransm it  slow  viruses (e.g., Creutzfeldt–Jakob disease), the
theoret ical  risk  m akes  it  m ore  prudent  to  use  predom inantly
autologous  t issue  or  biom aterial  of  better  characterist ics  that
m ight appear in  the future.

Later  on  in  th is  chapter, som e  otoscopic  views  of cases  m an-
aged  by  the  m odified  Bondy’s  technique  are  show n. This  is  an
open  technique  indicated  in  epitym panic  cholesteatom a  w ith  a
good preoperative hearing in  w hich  the tym panic m em brane and
the  ossicular  chain  are  in tact . Som e  cases  of radical  m astoidec-
tomy  are  also  show n. This  technique  is  used  m ainly  in  elderly
patients w ith  sensorineural hearing loss in  w hich  the only goal of
surgery is to have a dry and safe ear.

14.4.1  Canal Wall Up (Closed)
Tym panoplast y
Closed  tym panoplasty  operat ions  have  been  show n  in
� Fig. 14.58, � Fig. 14.59, � Fig. 14.60, � Fig. 14.61, � Fig. 14.62,
� Fig. 14.63, � Fig. 14.64, � Fig. 14.65, � Fig. 14.66, � Fig. 14.67,
� Fig. 14.68, � Fig. 14.69, � Fig. 14.70, � Fig. 14.71, � Fig. 14.72,
� Fig. 14.73, � Fig. 14.74, � Fig. 14.75, � Fig. 14.76, � Fig. 14.77,
� Fig. 14.78, � Fig. 14.79, � Fig. 14.80, � Fig. 14.81, � Fig. 14.82,
� Fig. 14.83.

Fig. 14.56  Right  ear. Partial stenosis of the  external auditory canal
following myringoplasty. For the  management  of this complication, it
is usually sufficient  to  incise  the  skin  of the  canal and  insert  a  plastic
sheet  for approximately 20  days, while  using  local medication  of
steroid  lotion.

Fig. 14.57  Retrotympanic cholesteatoma following  myringoplasty.
This iatrogenic cholesteatoma can be  explained by the  entrapment  of
epidermal residues in  the  middle  ear or malpositioning  of the  meatal
flap at  the level of the anterior angle. It  can be managed by incision of
the  cholesteatoma sac, aspiration of its contents, and  insertion  of a
plastic sheet  in  the  external auditory canal for approximately 20 days
to  favor healing.
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Fig. 14.58  Right  ear. Staged  closed  tympanoplasty. The  tympanic
membrane  has a  normal angle  and  is well at tached  to the  handle  of
the malleus. The cartilage used for reconstructing the at tic is visible. In
this region, a  small self-cleaning  retraction  pocket  can  be  seen.

Fig. 14.59  Right  ear. Staged  closed  tympanoplasty performed  10
years previously for the  management  of a  cholesteatoma. The
tympanic membrane  is whitish, slightly thicker than  normal, but
retains a good anterior angle. The annulus is well seen anteriorly. The
handle  of the  malleus is in  a  good  position. There  are  no signs of
resorption of the  posterior canal wall.

Fig. 14.60  Left  ear. Staged  closed  tympanoplasty for a  congenital
cholesteatoma. An extended  posterior tympanotomy was performed
(black arrow). The cartilage used for ossiculoplasty is visible. There is a
slight  retraction of the  at tic (red arrow).

Fig. 14.61  Right  ear. Closed  tympanoplasty. The  cartilage  used  for
reconstructing  the  at tic is visible  (red arrow). The  tendency to
tympanic retraction is evident, mainly in the anteroinferior quadrant. A
myringoincudopexy is also visible  (black arrow).
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Fig. 14.62  Left  ear. Another case  of closed  tympanoplasty. No
cartilage  was used  for reconstruction and  a small self-cleaning
retraction pocket  is visible in the at tic. Hearing function was good due
to  a  natural myringostapedopexy. In  cases like  this, a  strict  otoscopic
follow-up  should  be  adopted.

Fig. 14.63  Right  ear. Another case  of close  tympanoplasty. A thick
piece  of cartilage  was used  both for reconstructing  the  at tic and  for
ossiculoplasty. In this case, the  long  process of the  incus was eroded,
but  was still in  contact  with  the  head  of the  stapes (see  � Fig. 14.64
for drawing).

Cart ilage

M

Fig. 14.64  In  case  of limited  erosion of the  incudostapedial joint,
cartilage  is placed medial to the handle  of the malleus (M) and lateral
to the  long  process of the  incus.

Fig. 14.65  Right  ear. Staged  closed  tympanoplasty. Two pieces of
cartilage  were  used  for reconstructing  the  at tic (black arrow) and  the
mesotympanic area (red arrow). The  lat ter was used  even  for
ossiculoplasty. Nevertheless, a  tendency to  at tic retraction is visible.
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Fig. 14.67  Right  ear. First-staged  close  tympanoplasty. The  tympanic
membrane  is well positioned  and  the  at tic is not  retracted. A second
stage  with  ossiculoplasty has been further planned.

Fig. 14.68  Left  ear. Another example  of first-stage  closed  tympano-
plasty without  the  use  of cartilage. A thick piece  of temporalis fascia
was used for reconstructing the tympanic membrane. A second-stage
procedure  has been  planned  for ossiculoplasty. Middle  ear effusion  is
evident  in  the  anterosuperior quadrant  (red arrow).

Fig. 14.66  Left  ear. Closed  tympanoplasty with  reconstruction  of the
whole  tympanic membrane  with  cartilage. The  tympanic membrane
and  the  handle  of the  malleus are  excellently positioned.

Fig. 14.69  Right  ear. Staged closed tympanoplasty. The handle  of the
malleus was eroded  by the  cholesteatoma. Tympanic membrane  was
reconstructed with temporalis fascia. A piece of cartilage was used for
reconstructing  the  at tic. Slight  medialization of the  tympanic
membrane  is evident.
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Fig. 14.71  Right  ear. Closed  tympanoplasty with  cartilage  recon-
struction of the  whole  at tic and  anterior quadrant. The  tympanic
membrane  is slightly retracted  with  myringoincudopexy. Regular
otoscopic examinations are  sufficient  to  follow up  this case.

Fig. 14.72  Right  ear with  a previous tympanoplasty. The  tympanic
membrane  is thin  with  mild  blunting. The  sculptured  incus is visible.

Fig. 14.70  Right  ear. Otoscopy after staged  closed  tympanoplasty.
Cartilage  was used  to  reinforce  the  at tic. Cholesteatoma eroded  the
incus and  the  stapes, resulting  in  absence  of both  the  ossicles. A
posterior retraction  pocket  is evident  with  myringoplatinopexy
(arrow). In  this case, a  strict  otoscopic follow-up  should  be  adopted,
even if a conversion to a canal wall down technique  can be  an option
to  avoid  a  recurrence  of cholesteatoma.

Fig. 14.73  Right  ear with  a  previous tympanoplasty. The  tympanic
membrane  is thin  with  mild  blunting. The  sculptured  incus is visible.
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Fig. 14.75  Left  ear. Ossiculoplasty. The  tympanic membrane  is
retracted  and  the  malleus is medialized. The  sculptured  incus is
displaced posteriorly and is adherent  to the posterior mesotympanum.
Two tympanosclerotic plaques are  noted  anteriorly and  interiorly.

Fig. 14.76  Right  ear. Closed tympanoplasty. The tympanic membrane
is thick and in perfect  position. The sculptured incus is in contact  with
both the  malleus and  the  head  of the  stapes (see  � Fig. 14.77  for
drawings).

Fig. 14.74  Left  ear. Closed  tympanoplasty. The  sculptured  incus is
visible. A thickening  and  bulging  of the  posteroinferior meatal skin  is
evident  (arrow). A CT scan is indicated  in  this case  to  exclude  the
presence  of a  cholesteatoma.
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Fig. 14.77  Drawings of a  reshaped  incus graft
for ossiculoplasty when the  stapes is intact.

Fig. 14.78  Left  ear. Posteriorly displaced  incus that  was used  for
ossiculoplasty. The trough created on the incus to fit  the handle of the
malleus is clearly seen. Revision surgery is necessary to reposition the
displaced  incus and  improve  the  patient’s hearing.

Fig. 14.79  Right  ear. Slightly retracted  reconstructed  tympanic
membrane. A T-shaped  columella  from  homologous cartilage  is
visible. The  columella has been  placed  between the  tympanic
membrane  and  the  footplate  of the  stapes.
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Failures and Com plicat ions
Som e  failures  and  com plicat ions  faced  in  closed  tym panoplasty
have  been  depicted  in  � Fig.  14.84,  � Fig.  14.85,  � Fig.  14.86,
� Fig. 14.87, � Fig. 14.88, � Fig. 14.89, � Fig. 14.90, � Fig. 14.91,

� Fig. 14.92, � Fig. 14.93, � Fig. 14.94, � Fig. 14.95, � Fig. 14.96,
� Fig. 14.97, � Fig. 14.98, � Fig. 14.99, � Fig. 14.100, � Fig. 14.101,
� Fig.  14.102,  � Fig.  14.103,  � Fig.  14.104,  � Fig.  14.105,
� Fig.  14.106,  � Fig.  14.107,  � Fig.  14.108,  � Fig.  14.109,
� Fig. 14.110, � Fig. 14.111, � Fig. 14.112, � Fig. 14.113.

Fig. 14.80  Left  ear. Ossiculoplasty. A piece  of cartilage  that  was
interposed  between the  reconstructed  ossicular chain  and  the
tympanic membrane  can be  visualized. It  appears as a  whitish  thick
mass that  causes elevation of the posterior quadrants of the tympanic
membrane.

Fig. 14.81  Right  ear. Closed  tympanoplasty. Sculptured  incus in  a
perfect  position  under the  reconstructed  tympanic membrane. The
cartilage  used  to reconstruct  the  posterosuperior wall of the  external
auditory canal is also visible.

Fig. 14.82  Right  ear. Posttympanoplasty. Good  position of the
tympanic membrane. In  this case, it  is difficult  to  identify the  type  of
ossicular chain  reconstruction due  to the  thickness of the  tympanic
membrane, particularly noted  at  its posterior quadrants.

Fig. 14.83  Left  ear. In  the  posterosuperior quadrant, a  TORP (total
ossicular replacement  prosthesis) with  its circular head  is noted. The
overlying  cartilage  is partially resorbed. There  are  no signs of
extrusion.
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Fig. 14.84  Left  ear. Closed  tympanoplasty. There  is a  posterosuperior
retraction with perforation and skin migration. A cholesteatoma seems
to be  observed  in  transparency (arrow).

Fig. 14.85  Left  ear. Closed  tympanoplasty with  sculptured  incus and
cartilage. A posterosuperior, not  self-cleaning  retraction  pocket  is
evident  (arrow) with  a strong  suspect  of recurrent  cholesteatoma.
Conversion  to  an open  tympanoplasty is the  treatment  of choice.

Fig. 14.86  Left  ear. Another case  of closed  tympanoplasty with  slight
at tic retraction. The patient  complained of intermit tent  otorrhea, so a
CT scan  was performed with  the  presence  of a  recurrent  cholestea-
toma. An open tympanoplasty was further performed.

Fig. 14.87  A case  similar to that  of � Fig. 14.86. There  is a  deep
posterosuperior retraction  with  high  suspect  of recurrent  cholestea-
toma. The  sculptured  incus is misplaced. Revision tympanoplasty
(open  technique) was performed.
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Fig. 14.88  Left  ear. In  the  posterosuperior quadrant, the  sculptured
incus with  the  short  process pointing  anteriorly is seen  through the
retracted  tympanic membrane. In  cases with  hearing  loss, repeat
surgery is indicated to reinforce the tympanic membrane and improve
the  hearing. Surgery entails dissection  of the  retraction  pocket  from
the  incus, and  the  placement  of cartilage  between the  sculptured
incus and the tympanic membrane. This cartilage prevents (or delays)
the reformation of a retraction pocket and corrects the hearing deficit.

Fig. 14.89  Right  ear. Recurrent  epitympanic cholesteatoma following
closed  tympanoplasty. The  reconstructed  tympanic membrane  (pars
tensa) shows an optimal anterior angle and is perfectly at tached to the
handle  of the  malleus. In  this case, transformation to  an  open
technique  is indicated  while  conserving  the  tympanic membrane  and
ossicular chain  if there  is no hearing  loss.

Fig. 14.90  Left  ear. Another example  of a  closed  tympanoplasty 2
years postoperatively. The at tic was reconstructed using cartilage and
bone  pate  and  shows no  signs of erosion.A small cholesteatomatous
pearl is seen in the posterosuperior quadrant. It  can be easily removed
in  the  outpatient  clinic under microscopic control.

Fig. 14.91  Right  ear. Residual cholesteatoma is visible  as whitish
bulging  of the  posterior tympanic membrane  (arrow).
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Fig. 14.92  Another case  of residual cholesteatoma. Tympanosclerosis
of anterior and  inferior quadrants is visible. In case  of a small pearl of
cholesteatoma, a  transcanal approach  can  be  adopted.

Fig. 14.93  Left  ear. Good anterior angle  of the  reconstructed
tympanic membrane. An anteromalleolar cholesteatomatous cyst  is
seen. An epitympanic retraction pocket that is adherent  to the head of
the  malleus and  body of the  incus is also  observed.

Fig. 14.94  Right  ear. Post tympanoplasty. A white  retrotympanic mass
(cholesteatoma of the  anterior angle) is noted causing  bulging  of the
tympanic membrane. The  cholesteatoma is probably the  result  of
inadequate  removal of the  epithelium  in  an  overlay technique. The
entrapped  skin  led  to the  formation of the  cholesteatoma.

Fig. 14.95  Recurrent  cholesteatoma after an  exclusive  endoscopic
tympanoplasty. In  this case, an  open tympanoplasty was performed.
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Fig. 14.96  Recurrent  cholesteatoma in  a  closed  tympanoplasty.
Retraction  of the  at tic with  otorrhea is visible  (arrow). A CT scan
showed  extension  of the  disease  toward  the  at tic, mesotympanum,
and mastoid  (see  � Fig. 14.97, � Fig. 14.98). An open tympanoplasty
was further performed.

Fig. 14.97  CTscan, coronal view. The cholesteatoma fills the at tic and
the middle ear cleft. The posterior wall of the external auditory canal is
partially eroded  (arrow).

Fig. 14.98  CT scan  of the  same  case, axial view. Recurrent  choles-
teatoma is visible  (black arrows). The  sigmoid sinus is uncovered  from
bone  (red arrow). Care  should  be  taken not  to open it  during the  first
surgical steps, in  particular during  creation of the  muscoloperiosteal
flap.

Fig. 14.99  Right  closed  tympanoplasty. A residual cholesteatoma
close  to the  promontory (red arrow) and  an epitympanic cholestea-
toma (black arrow) are  present. Even in  this case  a conversion  to an
open technique  was performed.
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Fig. 14.100  CTscan of the same case, coronal view. Cholesteatoma in
the  area of the  promontorium  (red arrow) and  at tic (black arrow) is
visible. Erosion of the  posterior canal wall is also  present.

Fig. 14.101  CT scan  of the  same  case, axial view. Residual choles-
teatoma inside  the  closed  cavity is shown (arrow).

Fig. 14.102  Left  ear. This patient  was operated  elsewhere  for an
epitympanic cholesteatoma with a transcanal at ticotomy. The cavity is
discharging and a deep posterosuperior retraction is evident, as well as
a  complete  perforation  of the  reconstructed  tympanic membrane. A
canal wall down tympanoplasty was further performed with complete
cholesteatoma removal.

Fig. 14.103  Right  ear. Example  of a  TORP that  is visible  through the
tympanic membrane. The overlying cartilage, which is whitish in color,
has been displaced  into the  posteroinferior quadrant. There  are  no
signs of extrusion.
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Fig. 14.104  Left  ear. Posterosuperior perforation of the reconstructed
tympanic membrane  with  extrusion  of the  TORP. The  shaft  of the
prosthesis has caused an erosion of the footplate of the stapes (which
appears through the  perforation as a  rounded  dark area).

Fig. 14.105  Left ear. Anteroinferior reperforation due to an acute otitis
media, occurring  3  years after a staged  closed  tympanoplasty. A
rectangular cartilage  used  for ossiculoplasty is visible. The  cartilage  is
well integrated  in  the  tympanic membrane  residue.

Fig. 14.106  Right  ear. An example  of TORP extrusion that  occurred  1
year after a  second-stage  tympanoplasty. The  head  of the  prosthesis
can be  seen despite  the  surrounding  wax. The  tympanic membrane
residue  is atelectatic.

Fig. 14.107  Right  ear. Another example  of TORP extrusion with
infection  and  otorrhea.
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Fig. 14.108  Left  ear. PORP extrusion with  infection  and  otorrhea.  Fig. 14.109  Left  ear. Gold  prosthesis in  the  process of extrusion in  a
staged  closed  tympanoplasty.

Fig. 14.110  Right  ear. Posttympanoplasty. Large  reperforation. In the
posterosuperior quadrant, a  Teflon prosthesis is interposed  between
the  medialized  malleus and  the  footplate  of the  stapes. The  round
window is visible  in the  posteroinferior quadrant. The  anterior residue
of the  tympanic membrane  is tympanosclerotic.

Fig. 14.111  Left  ear. Silastic sheet  in  extrusion through a  poster-
osuperior perforation. The  handle  of the  malleus is clearly visible
anteriorly. In  general, Silastic is inserted  in  first  stage  tympanoplasty.
This material is usually placed in the middle ear to favor the restoration
of the  normal mucosal lining  of the  middle  ear and  to  avoid  the
formation of adhesions in  the  meantime. It  is removed  during  the
second-stage  tympanoplasty, except  in  cases showing a  tendency
toward atelectasis.
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14.4.2  Canal Wall Down (Open)
Tym panoplast y
Open  tym panoplasty  operations  have  been  show n  in
� Fig.  14.114,  � Fig.  14.115,  � Fig.  14.116,  � Fig.  14.117,
� Fig.  14.118,  � Fig.  14.119,  � Fig.  14.120,  � Fig.  14.121,
� Fig.  14.122,  � Fig.  14.123,  � Fig.  14.124,  � Fig.  14.125,
� Fig. 14.126.

Fig. 14.112  Left ear. Total resorption of the posterior wall of the external
auditory canal3 years after a closed tympanoplasty. The otoscopic view is
similar to that observed after an open tympanoplasty. Repeat  surgery
was necessary. The facial ridge was lowered and all bony irregularities
were smoothed to avoid the retention of squamous debris with
subsequent otorrhea. An adequate meatoplasty was also performed.

Fig. 14.113  Right  ear. Partial resorption  of the  posterior wall of the
external auditory canal approximately 7  to 8 mm  from  the  annulus
following  a  closed  tympanoplasty. The  atrophic area appears bluish
due  to  lack of underlying  bone. No cutaneous retraction  is seen.
However, due  to the  lack of bone, the  skin  can invaginate  into the
mastoid  cavity giving  rise  to  recurrent  cholesteatoma. In  such cases,
regular long-term  follow-up  is indicated.

Fig. 14.114  Right  ear. A well-performed open tympanoplasty. The
cavity is epithelialized and the facial ridge is adequately lowered. In the
at tic region, the  material used  for obliteration  can  be  noted.

Fig. 14.115  Left  ear. Open tympanoplasty. Attic obliteration  with
autologous bone.
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Fig. 14.116  Right  ear. Open tympanoplasty. Partial obliteration of the
at tic with  bone  pate.

Fig. 14.117  Right  ear. Open tympanoplasty. The  cavity is perfectly
epithelialized  and  regular. The  facial ridge  is adequately lowered.
Pieces of cartilage  were  used  for partial obliteration (arrows).

Fig. 14.118  Left  ear. Another case of open tympanoplasty. The second
portion of the  facial nerve  is uncovered  (black arrow). Pieces of
cartilage  were  used  for obliteration  of the  posterior at tic and  the
lateral semicircular canal is visible  (red arrow). A myringostapedopexy
is also  present  (green arrow).

Fig. 14.119  Right  ear. Another case  of stable  open cavity. A piece  of
cartilage  was placed  over the  stapes for ossiculoplasty (arrow).
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Fig. 14.120  Right  ear, open tympanoplasty. Cartilage  was placed  in
the  supratubal recess (black arrow) and  in  the  at tic (red arrow). The
cavity is perfectly epithelialized.

Fig. 14.121  Left  ear. Case  similar to that  in  � Fig. 14.120. This 25-
year-old  male  patient  was scheduled  for a  staged  canal wall down
tympanoplasty for an extended  cholesteatoma. At  the  first  stage, the
eroded  incus was removed and  a  piece  of cartilage  placed  over the
stapes. After 8  months, the  patient  performed a  CT scan which
showed  no residual cholesteatoma and  a perfect  contiguity between
the  cartilage and the  stapes. Hearing function was near-normal. So, a
second-stage  was not  further performed.

Fig. 14.122  CT scan  of the  same  patient, coronal view. Note  the
cartilage (white arrow) perfectly in contact  with the head of the stapes
(green arrow). Fig. 14.123  CT scan, axial view, of the  same  case.

318

Postsurgical Condit ions



Fig. 14.124  Left  ear. Open tympanoplasty with  a  well-epithelialized
cavity. The  tympanic membrane  shows a  tympanosclerotic plaque
anteriorly; posteriorly, the  ossicular chain  reconstruction  is observed.

Fig. 14.125  Right  ear. Open tympanoplasty. The  cartilage  used  for
obliteration  of the  at tic is seen in  the  superior part.

Fig. 14.126  Right  ear. Open tympanoplasty. The tympanic bone was
drilled in this case because it  was involved with the cholesteatoma. The
inferior annulus is visible. Superiorly, the chorda tympani is observed
close to the incus used for reconstruction of the ossicular chain.
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Radical Mastoidectomy
This  technique  is  show n  in  � Fig.  14.127,  � Fig.  14.128,
� Fig. 14.129, � Fig. 14.130, � Fig. 14.131.

*

Fig. 14.128  Left  ear. Another case  of radical mastoidectomy. Even  in
this case  the  second  portion of the  facial nerve  is uncovered. The
atelectatic tympanic membrane  is in  direct  contact  with  the  oval
window. The  round  window (asterisk) is visible, as well as the
cochleariform  process and  the  tensor tympani (arrow). There  are  no
remnants of the  ossicular chain.

Fig. 14.129  Left  ear. Another case  of radical mastoidectomy. Com-
plete  atelectasis of the  tympanic membrane  is present.

Fig. 14.130  The cavity is dry, smooth, and well epithelialized, and the
facial ridge  is low.

*

Fig. 14.127  Radical mastoidectomy in  a  70-year-old  patient  with
cholesteatoma of the mastoid and tympanic membrane atelectasis. In
this case, the  posterior tympanic retraction was not  treated  due  to a
pexy with the  oval window (asterisk). The  second portion of the  facial
nerve is uncovered (black arrow). Only a small remnant  of the malleus
is visible  (red arrow).
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Modified  Bondy’s Technique  Tympanoplasty
This  technique  is  show n  in  � Fig.  14.132,  � Fig.  14.133,
� Fig.  14.134,  � Fig.  14.135,  � Fig.  14.136,  � Fig.  14.137,
� Fig. 14.138, � Fig. 14.139, � Fig. 14.140, � Fig. 14.141.

Fig. 14.133  Right  ear. Modified  Bondy’s technique  tympanoplasty.
The  at tic is obliterated  with  cartilage.

Fig. 14.131  Right  ear. A patient  with bilateral cholesteatoma. An open
tympanoplasty with obliteration was performed. The material used for
obliteration  of the  at tic (cartilage  and  bone  pate) has nearly totally
resorbed. The cavity is humid, granulating, and wet. Hearing is poorer
than  that  of the  other side  in  which an open  technique  without
obliteration  was performed (see  � Fig. 14.132).

Fig. 14.132  Left  ear. Example of a modified Bondy’s technique. In this
case, the preoperative pure tone average was 20 dB. The patient
conserved his preoperative hearing. The modified Bondy’s technique is
indicated in epitympanic cholesteatoma with an intact  tympanic
membrane and ossicular chain. It is an open technique in which the attic
and the mastoid are exteriorized and the facial ridge is lowered until the
level of the annulus. The ossicular chain and the tympanic membrane are
left  in situ. If necessary, the attic is obliterated with a piece of cartilage;
this procedure helps to reduce the risk of retractions around the ossicles.
Fascia is then inserted with two anterior tongues; one is positioned under
the incus body, the other between the handle of the malleus and the long
process of the incus. A meatoplasty according to the size of the cavity is
performed at  the end of the procedure.
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Fig. 14.137  Left  ear. The  modified  Bondy’s technique. Although an
attic retraction  is noted, recurrent  cholesteatoma is uncommon with
this technique. The  tympanic membrane  is retracted  and  middle  ear
effusion  is noted. In  this case, the  insertion of a  ventilation tube  is
indicated.

*

Fig. 14.135  Left  ear. Another case  of modified  Bondy’s technique
tympanoplasty for epitympanic cholesteatoma. The second portion of
the  facial nerve  is uncovered  (asterisk).

Fig. 14.136  Right  ear. Spontaneous Bondy’s cavity due  to a  self-
cleaning retraction pocket. The whole  at tic is exposed and no erosion
of the  ossicular chain  is present. The  patient  did  not  complained  of
otorrhea or hearing  loss. Audiometry showed  normal hearing. Even a
CT scan  excluded  the  presence  of a  cholesteatoma. The  patient  has
been  simply followed  up  with  otoscopic examinations.

Fig. 14.134  Right  ear. Modified  Bondy’s technique  tympanoplasty.
The incudomalleolar (black arrow) and the incudostapedial (red arrow)
joints are  visible. A piece of cartilage  was placed behind the incus and
in  the  posterior at tic.
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Fig. 14.140  Left  ear. Another case  of modified  Bondy’s technique
tympanoplasty.

Fig. 14.139  Left  ear. Another case of the modified Bondy’s technique.
As the  incus was slightly eroded, a  piece  of cartilage  was placed
between it  and  the  malleus. The  at tic was obliterated  with  cartilage.

Fig. 14.138  Right  ear. The  modified  Bondy’s technique. The  at tic is
obliterated  with  cartilage.

Fig. 14.141  Right  ear. The  modified  Bondy’s technique. A ventilation
tube was inserted because of the presence of middle ear effusion that
did  not  respond to  medical treatment.
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Failures and Com plicat ions
Som e  failures  and  complicat ions  faced  in  open  tym panoplasty
have  been  depicted  in  � Fig. 14.142, � Fig. 14.143, � Fig. 14.144,
� Fig.  14.145,  � Fig.  14.146,  � Fig.  14.147,  � Fig.  14.148,
� Fig.  14.149,  � Fig.  14.150,  � Fig.  14.151,  � Fig.  14.152,
� Fig. 14.153, � Fig. 14.154, � Fig. 14.155.

Fig. 14.144  Right  ear. Recurrent  cholesteatoma in  a canal wall down
tympanoplasty. The  cavity is irregular (note  the  anterior hump of the
external auditory canal and  the  insufficient  exteriorization  of the
mastoid) and the facial ridge is too high. A subtotal perforation of the
tympanic cavity is visible with fetid otorrhea. A revision tympanoplasty
was performed.

*

Fig. 14.145  Left ear. Canal wall down tympanoplasty with skin debris and
waxaccumulation. Awhitish stiff bulging in the attic can be noted (asterisk).
The CTscan (see � Fig. 14.146) showed a bony mass, suggestive of neo-
osteogenesis and trapped skin. A revision tympanoplasty, with removal of
the bony mass and recurrent  cholesteatoma, was further performed.

Fig. 14.142  Right  ear. Residual cholesteatoma in  a  canal wall down
tympanoplasty performed  elsewhere. Two big  cholesteatoma pearls
are visible, respectively, in the at tic (black arrow) and close to the facial
ridge  (red arrow), which  has not  been  sufficiently lowered. A revision
tympanoplasty was performed.

Fig. 14.143  Left  ear. Another residual cholesteatoma in  a  canal wall
down cavity. The  at tic shows a  whitish  bulging. The  presence  of a
meningoencephalic herniation was excluded with the CT scan. Even in
this case, the  facial ridge  is too high. A revision  tympanoplasty was
further performed.
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Fig. 14.148  Right  ear. Another example  of a  badly performed  open
tympanoplasty. Purulent  secretions and a high  facial ridge  are
observed.

Fig. 14.149  Right  ear. A badly performed open tympanoplasty. The
cavity is irregular, with  undermined  borders and  a  very high  facial
ridge. Purulent  secretion is present  in  the  middle  ear and  the  rest  of
the  cavity.

Fig. 14.147  Left  ear. Open tympanoplasty. A large  perforation  of the
reconstructed tympanic membrane is seen. Cholesteatomatous pearls
are  observed  in  the  at tic.

Fig. 14.146  CT scan, coronal view, of the  previous case. The  bony
mass (black arrow) is visible in the at tic. Trapped skin is present  behind
the  neoformation (red arrow). Recurrent  cholesteatoma can be  noted
in  the  hypotympanum  (green arrow).
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Fig. 14.152  Right  ear. A modified  Bondy’s technique. Two cholestea-
tomatous pearls are  present  in  the  cavity. They are  easily removed  in
the outpatient clinic. The at tic, antrum, and mastoid were exteriorized.
The  ossicular chain  was left  in  situ.

Fig. 14.153  Left  ear. A cholesteatomatous pearl seen  in  the  at tic
following  a  modified  Bondy’s technique.

Fig. 14.150  Left ear. TORP in extrusion following a second- stage open
tympanoplasty. In  the  first  stage, a  cholesteatoma involving  the  at tic
and  mesotympanum  and  causing  erosion  of the  ossicular chain  was
removed. In the  second stage, a TORP was used  for reconstruction. It
was placed  between the  footplate  of the  stapes and  the  tympanic
membrane. One year postoperatively, early extrusion of the prosthesis
is observed. To avoid  this complication, a  tragal cartilage  has to  be
placed  between the  prosthesis and  the  tympanic membrane.

Fig. 14.151  Right  ear. In  this case  of a  modified  Bondy’s technique,
incus erosion occurred 3 years postoperatively due to the  presence  of
a significant  retraction  pocket. The  middle  ear shows a  catarrhal
effusion.
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14.4.3  Meatoplast y, Blind-Sac Closure
of the  External Auditory Canal
Exam ples  of  m eatoplasty  have  been  show n  in  � Fig.  14.156,
� Fig. 14.157, � Fig. 14.158, � Fig. 14.159, � Fig. 14.160. See exter-
nal  auditory  canal  closure  in  � Fig.  14.161,  � Fig.  14.162,
� Fig. 14.163.

Fig. 14.155  Radical mastoidectomy. A mucosal cyst  causes complete
obstruction of the  external auditory canal.

Fig. 14.154  Same patient  after removal of the  pearl in the  outpatient
clinic.

Fig. 14.156  The  performance  of an  adequate  meatoplasty that  suits
the  dimension  of the  cavity is fundamental to  assure  proper aeration
and  prevent  accumulation  of epithelial debris and  cerumen in  the
cavity.
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Fig. 14.157  Another example  of meatoplasty performed  in  an open
tympanoplasty.

Fig. 14.158  A well-performed  large  meatoplasty in  an  open  tympa-
noplasty, providing  perfect  aeration of the  cavity.

Fig. 14.159  Another example  of a  meatoplasty performed  in  a  10-
year-old  boy who underwent  surgery for bilateral epitympanic
cholesteatoma using  a modified  Bondy’s technique.

Fig. 14.160  Example  of a  meatoplasty that  shows stenosis.328
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14.5  Hearing Im plants
Hearing  im plantology  is  a  set  of  surgical  techniques  aided  by
devices  aim ed  at  the  functional  rehabilitat ion  of  a  patient
a ected  by total or  part ial deafness. Hearing im plants  are  not  a
replacem ent  for an  ear, but  they can  help  m any people w ho were
e ectively declared  deaf. By st im ulating the  auditory nerve, sig-
nals  are  t ransm it ted  to  the  brain ,  w hich  turns  in to  “hearing.”

Im plants  are  key  for  m any children  or  infants  born  w ith  severe
hearing  loss  w ho  receive  the  devices  so  that  they  can  grow  up
w ith  auditory skills and have st ronger language skills.

A cochlear  implant  (CI) is a surgically implanted  electronic device
that  provides a  sense  of sound  to  a  person  who is  profoundly deaf
or severely hard  of hearing. CI may help  provide hearing in  patients
who are deaf because of damage to sensory hair cells in  their  coch-
leas.  In  those  patients,  the  implants  often  can  enable  su cient
hearing  for  better  understanding  of  speech.  Newer  devices  and
processing strategies allow  recipients to  hear  better  in  noise, enjoy
music, and even  use their implant  processors while swimming.

An  auditory  brainstem  implant  (ABI)  is  a  surgically  implanted
electronic device  that  provides  a  sense  of sound  to  a  person  who
is  profoundly deaf due  to  sensorineural hearing impairm ent  (due
to  illness  or  injury  dam aging  the  cochlea  or  auditory  nerve, and
so  precluding the  use  of a  CI). The  ABI uses similar  technology as
the CI, but  instead  of electrical st im ulation  being used to st im ulate
the cochlea, it  is used to stim ulate the brainstem  of the recipien t.

Active  middle  ear  implants (Esteem  Implantable  Hearing System,
Vibrant  Soundbridge  Middle  Ear  Implant  System, Carina  Implant-
able  Hearing System) are  surgically  implanted  hearing aids, which
are  placed  within  the  middle  ear, and  are  suggested  as  a  therapy
for  certain  patients  with  conductive, sensorineural, or  mixed  hear-
ing loss for  whom  alternative treatments (e.g., conventional hearing
aids, bone anchored  hearing aids) are  unsuitable. Active  middle  ear
implants  can  be  fully  implantable  or  semi-implantable  and  work
via electromagnetic or piezoelectric transducers.

A bone-anchored  hearing  implant  (BAHI)  is  a  type  of hearing
aid  based  on  bone  conduction.  It  is  prim arily  suited  to  people
who  have  conductive  hearing  losses, unilateral  hearing  loss, and
m ixed  hearing losses  who  cannot  otherw ise  wear  “in  the  ear” or
“behind  the  ear” hearing aids. A patient  w ithout  external/m iddle

Fig. 14.161  Surgical picture  of a  blind-sac closure  of the  external
auditory canal. The  skin is everted  and  sutured  with  absorbable
stitches. After some months, the closed wound tends to retract  inside
the  external auditory canal with  no  aesthetic issues (see
� Fig. 14.162).

Fig. 14.162  Image  of the  same  patient  2  months after surgery. The
wound  is completely closed  and  the  skin  infolded  inside  the  external
auditory canal.

Fig. 14.163  CTscan, axial view, of the surgical cavity (obliterated with
abdominal fat). The external auditory canal is blind-sac closed (arrow).
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ear  function  is  one  example  w here  a  BAHI could  be  useful w here
a conventional hearing aid  w ith  a m old  in  the ear canal opening is
not  possible  to  use. As  the  inner  ear  is  norm al, sound  conducted
via the skull bone could give norm al/near-norm al hearing.

Exam ples  of  hearing  im plantology  have  been  show n  in
� Fig. 14.164, � Fig. 14.165, � Fig. 14.166, � Fig. 14.167.

Fig. 14.164  Left  ear. Extrusion  of a  Vibrant  Soundbridge. Part  of the
Floating  Mass Transducer (FMT) is outside  the  tympanic membrane
(arrow).

Fig. 14.165  Another example  of extrusion of a  Vibrant  Soundbridge,
placed at  the  same  stage  of a  radical mastoidectomy for a recurrent
cholesteatoma. The  cavity is discharging  and  the  conductor link with
the  FMT is extruded. Hearing  rehabilitation  with  implantable  devices
has been introduced since more than 50 years with cochlear implants.
In  case  of discharging  cavities or cholesteatoma, we  prefer to  stage
the  procedures and perform  a subtotal petrosectomy, to be  radical in
disease  clearance  and  avoid  extrusion  of the  implant.

Fig. 14.166  Right ear. Otoscopy after cochlear implantation. The elec-
trode of the implant  is inserted in the round window through a posterior
tympanotomy, after having performed a closed mastoidectomy.

Fig. 14.167  Left  ear. Extrusion  of a  cochlear implant. The  receiver-
stimulator is in  contact  with  the  skin  of the  posterior canal wall.
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Im plants, hearing  329, 330
Incudostapedial joint  9–10, 149
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K
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L
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–  in  petrous bone cholesteatom a  179
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Lower cranial nerve neurinom a  247,

247, 248
Lower cranial nerve schwannom a  46,
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M
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Mastoidectom y
–  hearing loss in  127
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