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Summary

Bony wall damages in the region of the middle and posterior cranial fossa are usually observed in
cases of chronic otitis media. These defects can also be congenital, post-traumatic, iatrogenic or
due to tumors. They can potentially lead to the development of intracranial complications.

We analyzed patients who were diagnosed as having bony wall damage in the region of the middle
and/or posterior cranial fossa. We also discuss methods of reconstruction during otosurgery.

The analysis involves patients who underwent middle ear operations in the Department of
Otolaryngology at the Jagiellonian University of Krakow between 2004 and 2008; 495 otosurgeries
were performed during this period of time.

In 70% of patients the reason for otosurgery was chronic otitis media. In 20%, bone defects oc-
curred simultaneously with otosclerosis. Less than 10% underwent otosurgery for other reasons.
Bony wall damage in the region of the middle and posterior cranial fossa were diagnosed in 46 pa-
tients who underwent surgery. In patients with bony wall damage, otogenic intracranial complica-
tions were described in 14 cases.

The performed reconstruction methods for bony wall damage, which used the fascia, strengthened
with the pedicle muscle flap for larger defects and with either bone lamella or cartilage in specif-
ic cases, proved successful.

Nearly 80% of bony wall damages in the region of the middle and posterior cranial fossa remain
asymptomatic and are discovered incidentally during middle ear surgery. The above observations
emphasize the significant role of pre-operative imaging diagnostics.
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BACKGROUND

Chronic otitis media is characterized by conductive hear-
ing loss, tympanic membrane perforation and persistent
or recurrent discharge from the ear. The least advanced
changes in the middle ear are observed in the cases of sim-
ple chronic otitis media. Other types of chronic infection
in the middle ear, and in particular those accompanied by
the presence of inflammatory granulation or cholesteatoma-
tous pathology, are characterized by bone erosion observed
in the middle ear, which, apart from hearing impairment
due to ossicular chain destruction, may lead to otogenic
complications [1,2].

Bony wall damage in the region of the middle and/or pos-
terior cranial fossa can cause otogenic intracranial compli-
cations such as:

epidural empyema,

subdural empyema,

sigmoid sinus thrombophlebitis,

otogenic meningitis,

cerebellar abscess, brain abscess,

hydrocephalus,

meningoencephalocele.

Defects of the bony wall of the facial nerve and semicircular
canal fistula are also damages caused by chronic otitis media
and lead to otogenic intratemporal complications such as:
® otogenic fascial nerve paresis,

¢ labyrinthitis.

Cases of skull bone defects resulting from congenital, post-
traumatic or iatrogenic conditions or from the neoplasmatic
process are less frequent. Regardless of their etiology, they
always can potentially cause complications [3,4].

Although instances of otogenic intracranial complications
are rare in epidemiological terms, an overview of this group
of patients is reasonable considering the risk to the lives of
such patients and to their organ function.

Aim

The aim of this work is to analyze patients with bony wall
damage in the region of the middle and posterior cranial fos-
sa which were found in the course of otosurgery. We discuss
the observed intracranial complications and diseases these
conditions caused. The skull bone reconstruction methods
that were applied in these patients are described as well.

MATERIAL AND METHODS

Between 2004 and 2008, otosurgeries were performed on
495 patients. Over 70% of patients underwent operations
due to chronic inflammatory condition; 20% underwent
surgery due to otosclerosis; and less than 10% underwent
otosurgery for other reasons such as tumors, post-traumat-
ic changes, etc. The study group included 264 women and
231 men; the oldest patient was 76 years of age, and the
youngest patient was 7 years of age. The average patient
age was 36 years.

As a member of the International Otology Audit Group,
the Otolaryngology Research Hospital has been analyzing

in detail all ear operations performed since 2004. This study
involved the prospective analysis of patients who were diag-
nosed during surgery as having bony wall damage in the re-
gion of the middle and/or posterior cranial fossa. Statistical
tests were performed.

In patients presented symptoms pointing to intracranial
complications due to the pathologic process in the mid-
dle ear, otosurgery was the planned procedure intended
to eliminate the source of infection and reconstruct bony
walls within the area of the middle ear.

RESULTS

The bony wall damage in the region of the middle and/or
posterior cranial fossa was diagnosed during surgery in 46
patients (ie, approximately 10% of all ear surgeries). This
group included 20 women and 26 men, between 7 and 68
years of age. The average patient age was 33.4 years.

The recommendation for surgical treatment in 89% of cas-
es with bony wall damage was due to chronic otitis media
(COM) and in 9% of cases was due to tumors (3 patients
treated due to squamous cell cancer of the middle ear and
1 case of paraganglioma). In another patient, bone erosion
occurred along with immobilization of the stapes due to the
development of otosclerosis.

The most frequent condition observed in the middle ear
was granulation tissue, less frequently coexistent with cho-
lesteatoma. Isolated cholesteatoma was a relatively rare case,
diagnosed in only 7 patients. Considering the location of
cholesteatoma in general, it should be emphasized that in
the majority of cases the process was highly developed and
it covered the tympanic cavity and the air cells of the mas-
toid process (70% of the patients with cholesteatoma). In
the group diagnosed with middle ear infection, 25% of pa-
tients with bony wall damage exhibited a simple chronic
otitis media (Figure 1).

Bony wall damages in the region of the middle and poste-
rior cranial fossa were usually diagnosed incidentally dur-
ing surgeries performed for the treatment of abnormalities
that commonly resulted from chronic inflammatory con-
ditions. In the remaining patients, middle ear surgery was
the planned procedure intended to eliminate the source of
infection and reconstruct previously diagnosed bony wall
damages within the area of the middle ear.

The most frequently diagnosed damage was in the region
of the base of the middle cranial fossa (approximately 80%
of cases). A comparable frequency of approximately 10%
was observed with regard to damage of the posterior cra-
nial fossa and both the posterior and middle cranial fossa.
Diagnosed bony wall damage in the region of middle and
posterior cranial fossa was usually small, less than 1 cm in
diameter. They were successfully closed with fascia or fas-
cia with the additional strength of the pedicle muscle flap.

In patients with bony wall damage in the region of the mid-
dle and posterior cranial fossa the most frequently reported
condition was hearing impairment; 11 patients complained
of earache, including all patients with a tumor in the area
of the middle ear. Tinnitus, either isolated or present with
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Granulation &
cholesteatoma

Simple chronic
otitis media

Granulation Cholesteatoma

Figure 1. Middle ear pathology in patients with COM who developed
bony wall damages in the region of the middle and/or
posterior cranial fossa.

Hearing loss Earache Tinnitus Vertigo
Complaints

Figure 2. Complaints before otosurgery in patients with bony wall
damages in the region of the middle and/or posterior
cranial fossa.

other ailments, was observed in 7 patients. Three patients suf-
fered from dizziness and 29 patients reported different levels
of hearing impairment without other symptoms (Figure 2).

Discharge of cerebrospinal fluid was present in the preop-
erative history of 4 patients.

Damage to the ossicular chain was observed in 67% of the
patients operated on. In the majority of cases the damage
covered all ear ossicles (37% of the patients). Simultaneous
damage to the first and the second ossicle was observed rela-
tively often (in 8 patients). The cases of other combinations
of damage to the ossicular chain were singular. However, it
must be pointed out that isolated damage to the stapes was
not observed nor was simultaneous damage to the first and
the third ossicle (Figure 3).

In the preoperative history, otorrhea was present in 37 pa-
tients, which is more than 80% of all the patients who un-
derwent otosurgery.

Otogenic intracranial complications were diagnosed in 30%
of all patients (ie, 14 patients subject to surgery) with skull
bone damage. In the majority of patients, skull bone losses
were found incidentally, yet 4 patients had been treated for

Defect of I, I, Ill ossicles No ossicle defects

Defect of | ossicle

. Defect of Il ossicle
Defect of I, Ill ossicles

Defect of I, Il ossicles

Figure 3. Defects of the ossicular chain in patients with bony wall
damages in the region of the middle and posterior cranial
fossa.
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Figure 4. Observed intracranial complications.

meningitis before the surgery. In 2 cases, meningoenceph-
alocele was diagnosed during surgery. In 1 case, meningo-
encephalocele occurred along with recurrent meningitis.
The meningoencephalocele in each case was described in
the middle fossa, and never in the posterior fossa. Two pa-
tients were diagnosed for cerebellar abscess. Despite the
otosurgery and the follow-up neurosurgical treatment, 1 of
these patients died. Three cases of brain abscess were ob-
served, with the location within the temporal lobe, typical
for otogenic complications. One patient also suffered from
sigmoid sinus thrombophlebitis (Figure 4).

All mentioned otogenic intracranial complications devel-
oped in the course of chronic otitis media. They were usually
diagnosed in patients with COM with inflammatory granu-
lation or cholesteatoma (10 out of the 14 patients with oto-
genic intracranial complications).

Simple chronic otitis media was coexistent with intracranial
complication in 4 cases — 2 meningitis, 1 meningocele and
1 meningocele complicated by meningitis.

Authors searched for the link between a location of bony wall
damages in the region of the middle and posterior cranial
fossa and types of intracranial complications in the group
of 42 patients with chronic otitis media. The multifield con-
tingency tables for the patients with bony defects to the cra-
nial fossa was taken into consideration, and the chi-squared
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Fascia & cartilage/bone & muscle flap

Fascia & muscle flap
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Figure 5. Performed skull base reconstruction.

ratio was established. Power of relationship was measured
as a Cramer ratio. The Cramer ratio for this relationship is
0.82. This test was confirmed with the chisquared NW ra-
tio. The results were given as statistically significant for p
(0)<0.05. Significant statistical correlation (chi-squared
32.6) was found between the bony wall damage located in
the region of middle cranial fossa and the meningocele in
this region. The most common significant statistical intra-
cranial complication for the patients with bony wall damage
in the region of the middle cranial fossa is meningocele. In
the patients with bony wall damage in the posterior crani-
al fossa, the most common significant statistical intracrani-
al complication is cerebellar abscess.

The method of reconstructing skull bone losses depended on
their severity. The most popular material used to reconstruct
the bony wall of the skull base was the fascia of the temporal
muscle. In the cases of minor losses, the surgical treatment
consisted in covering the exposed dura mater with a fragment
of the fascia. The fascia was often strengthened additional-
ly with Oxycel and TachoComb. Considerable losses were
sealed by supporting the earlier described layer with a piece
of cartilage. Larger losses were covered using an additional
pedicle muscle flap to support the structure and to obliter-
ate the surgical cavity in the temporal bone. The largest loss-
es, more than 1 cm in diameter, were sealed using 3 layers;
the third layer, located between the fascia and the pedicle
muscle flap described above, was a fragment of bone taken
from either the anterior or the lateral wall of the maxillary
sinus accessed through the sublabial approach (Figure 5).

In the majority of cases, the treatment described above
proved successful. Postoperative recurrence of discharge
of cerebrospinal fluid was observed in 1 patient due to very
extensive loss in the middle and posterior cranial fossa and
the synostosis at the passage between the sigmoid sinus and
the transverse sinus. In that case the skull bone loss was treat-
ed additionally in the course of craniotomy; the procedure
proved successful.

Seven patients were diagnosed as having loss of the facial
canal. Half of the patients with the exposed nerve VII also
presented a fistula on the lateral semicircular canal. Fistula
on the lateral semicircular canal was diagnosed in 5 patients.

Figure 6. Intracranial approach: Defect of middle and posterior cranial
fossa.

DiscussIioN

Direct contact between cerebral tissue and the regions of
the middle ear infected by the inflammatory process cre-
ates favorable conditions for the development of intracrani-
al complications. Bony wall damages in the region of middle
and posterior cranial fossa are one of many factors contrib-
uting to development of otogenic complications (Figure 6).
Other mechanisms contributing to otogenic complications,
such as inflammatory changes to the bone tissue and throm-
bophlebitis, also exist [5-7].

In 80% of cases, the damage was found in the region of the
middle cranial fossa. Isolated damage of the posterior cra-
nial fossa was described in only 10% of patients in the stud-
ied group. During the studied time period, damage to the
bony wall of the middle and posterior cranial fossa were ob-
served in 10% of patients. This result confirms our earlier
observations [8,9]. Intracranial complications were present
in about 30% of patients with an exposed pachymeninx.
Meningitis was diagnosed in the majority of cases, and me-
ningocele was observed less frequently. Other types of com-
plications were diagnosed in singular cases.

Almost 80% of skull bone defects remained asymptomatic,
and they were diagnosed incidentally during otosurgery per-
formed for the treatment of chronic inflammatory changes
or during surgery of the stapes in patients with otosclerosis.

The recommendation for surgical treatment was based on
chronic inflammatory conditions in more than 90% of cas-
es (the damage was also observed in 3 patients with tumor
and 1 patient who underwent surgery due to otosclerosis).
In patients with bony wall damages in the region of the mid-
dle and posterior cranial fossa, the defects co-occurred more
frequently with abnormal granulation tissue in the middle
ear, including cancerous granulation tissue. Chronic cho-
lesteatoma otitis media had a smaller effect on the exposure
of the dura mater of the skull bone. In the studied group,
isolated cholesteatoma changes were observed in 15% of
patients; co-occurrences of cholesteatoma with granula-
tion tissue were observed more frequently. The choleste-
atoma most often affected all areas within the middle ear.
This prevalence was reflected in the degree of damage to
the ossicular chain, given that damage to all of the ossicles
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Figure 7. (T of the head — frontal plane: Bone defect — before (A) and
after (B) surgery.

was observed most frequently, but simultaneous damage to
the malleus and the anvil was less frequent.

In 25% of cases bony wall damage was observed in patients
with simple chronic otitis media.

Before surgery a considerable number of patients com-
plained of temporary discharge from the ear and hear-
ing impairment. The patients with granulation tissue com-
plained more frequently of earaches.

The above observations emphasize the significant role of pre-
operative imaging diagnostics, particularly computer-aided
tomography and magnetic resonance, in diagnosing skull
bone defects (Figure 7A, B). Diagnostics are especially im-
portant due to the lack of any symptoms that would suggest
intracranial complications in the majority of patients [10,11].

During surgical treatment of skull bone defects, reconstruc-
tion of the conducting system in the middle ear was per-
formed in each case. None of the patients underwent radical
surgery, which confirms that skull bone defects and otogenic
complications can be treated with highly satisfactory results
without such surgery. In cases of more substantial defects, an
effective method of treating damage has involved the use of
the fascia with the additional strength of the pedicle muscle
flap. These described reconstruction methods correspond
to worldwide reports in this field [12,13]. With large de-
fects, reconstruction can also be carried out using the carti-
lage from the tragus or the bone lamella (eg, from the wall

of the maxillary sinus) to strengthen the reconstruction be-
tween the fascia and the pedicle flap of the temporal muscle.

All patients with skull bone defects exhibited defects of the bony
wall of the fascial nerve or the fistula in the lateral semicircu-
lar canal, with a frequency comparable to that of intracranial
complications (approximately 12%). None of the patients was
diagnosed with facial palsy, and the condition of the fistula in
the lateral semicircular canal correlated with clinical symptoms
such as vertigo. In addition, none of the patients in the ana-
lyzed group reported a history of pre-operative head damage.

In the described group of patients, all bony wall damage in
the region of the middle and posterior cranial fossa were op-
erated on using the otosurgical approach. However, it must be
emphasized that in the case of a large defect, particularly one
in which meningocele co-occurs, successful treatment of ero-
sion may require a neurosurgical approach or both approach-
es at the same time (ie, through the ear as well as through the
cranial fossa). This combination approach corresponds to the
information provided in the published literature.

CONCLUSIONS

Bony wall damages of the middle or posterior cranial fos-
sa usually remain asymptomatic. Most of them (80-90%)
are diagnosed incidentally during otosurgery. This obser-
vation emphasizes the significance of pre-operative imag-
ing diagnostics.

Skull bone defects in the region of the middle and poste-
rior cranial fossa are 10 times more frequent within the
middle cranial fossa than in the posterior or both mid-
dle and posterior cranial fossa.

Meningocele occurred in 10% of patients with the skull
bone defect.

Meningocele was not observed in patients with defects in
the region of the posterior cranial fossa.

The small number of defects to the posterior cranial fossa
explains the rare occurrence of cerebellar abscess, which
is a typical complication in acute inflammation or suppu-
rated hematoma, and is more frequent in children.
Skull bone defects often coexisted with substantial dam-
age to the ossicular chain.

The applied reconstruction methods result in successful
reconstruction of the continuity of the walls of the mid-
dle ear during ossiculoplasties.

The probability of skull base defects is higher in patients
with granulation tissue than in those with cholesteatoma.
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