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Abstract

Objectives To assess the diagnostic capacity of intraoperative neurophysiological monitoring with respect to “gold standard”
microscopic findings of facial canal dehiscence in middle ear cholesteatoma surgery.

Study design, patients and setting We carried out a retrospective cohort study of 57 surgical interventions for cholesteatoma
between 2008 and 2013 at Hospital Universitario de Canarias, Spain.

Diagnosticinterventions Each patient underwent preoperative computed tomography (CT), intraoperative neurophysiological
monitoring and intraoperative inspection of the facial nerve during microsurgery. Diagnostic concordance on the presence/
absence of facial canal dehiscence was assessed in 54 surgical interventions.

Main outcome Presence of facial canal dehiscence.

Results Of 57 interventions, 39 were primary surgeries; 11 (28.2%) showed facial canal dehiscence. and 18 were revision
surgeries; 6 (33.3%) showed facial canal dehiscence. The facial nerve was not damaged in any patient. Facial canal dehiscence
was observed in 17 (29.82%) interventions. We used intraoperative microscopic findings as the gold standard. Neurophysi-
ological study showed a sensitivity of 94.1, specificity 97.3, positive predictive value (PPV) 57.8 and negative predictive
value of 97.2. CT showed a sensitivity of 64.7, specificity 78.4, PPV 57.8 and negative predictive value of 82.

Conclusions Our neurophysiological study showed greater sensitivity and higher PPV than CT for the detection of facial
canal dehiscence. We found no relationship between disease progression time and the presence of facial canal dehiscence.
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Introduction during middle ear surgery [1]; the facial nerve may pro-

trude into the cavity of the middle ear and may sometimes

Dehiscence of the facial canal leaves the facial nerve
exposed in this portion of the middle ear. It is probably
one of the most important causes of facial nerve injury
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be observed outside the canal [2].
During middle ear or mastoid surgery, the facial nerve
is vulnerable because of its proximity to the cochlea, oval
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window, lateral semicircular canal, and vestibule. Facial
nerve dehiscence can occur due to multiple circumstances,
even associated with cholesteatoma, and is, therefore, a
risk factor, because without its bony coating, it can be
damaged during surgical maneuvers [3]. In addition, the
risk of damage has been described to increase with reoper-
ation for revision (increases the percentage of dehiscence)
[4]. There may even be anatomical variations of the facial
nerve in its otic segment with bifid or even cystic forma-
tions [5].

The aim of the present study was to assess the util-
ity of routine facial nerve neurophysiological monitoring
using low-intensity electrical stimulation during middle
ear cholesteatoma surgery, to alert the surgeon of possible
injury and reduce the risk of causing irreversible damage.
A secondary aim was to describe the frequency of facial
canal dehiscence in patients with cholesteatoma, at pri-
mary or revision surgery, its location and the influence of
patient age and disease evolution time on the development
of facial canal dehiscence.

Materials and methods
Design and patients

We carried out a retrospective cohort study of 57 surgical
interventions for cholesteatoma performed between Janu-
ary 2008 and December 2013 at Hospital Universitario de
Canarias, Spain. Inclusion criteria were clinical and histo-
pathological diagnoses of cholesteatoma, preoperative CT
scan, and intraoperative neurophysiological monitoring to
detect facial canal dehiscence.

We recorded patient age, gender and any previous mid-
dle ear surgery. The diagnostic techniques used to detect
facial canal dehiscence were preoperative CT scan, intra-
operative neurophysiological monitoring and intraopera-
tive visualization of the facial nerve.

Procedure

For each patient meeting the inclusion criteria, we
recorded clinical and demographic variables. Before sur-
gery, temporal bone CT scan without contrast was per-
formed with 1-mm horizontal and coronal slices using a
Toshiba Aquilion 64 scanner. We scanned the three main
segments of the facial canal: the labyrinth, the tympanic
and the mastoidal segments.

Coronal sections allowed circumferential assessment
of the tympanic and the mastoid segments. With horizon-
tal slices, we explored the lateral wall of the facial canal
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in its tympanic portion. CT scans were evaluated by the
same two operators using the same criterion for facial
canal dehiscence, namely interruption of the tympanic
and mastoid segments of the facial canal evident in both
coronal and horizontal planes.

Intraoperative neurophysiological facial nerve
monitoring

Since the initial studies, it is recommended not to infiltrate
with local anesthetic because it can temporarily block the
facial nerve motor responses [5]. We use partial nondepo-
larizing neuromuscular blocking agents remifentanil and
propofol and stimulation thresholds and amplitudes were
recorded at each train-of-four (TOF) nerve stimulation
level [6].

The characteristics of intraoperative monitoring in this
type of surgery were similar to those previously reported:
needles are placed in the facial muscles to obtain the EMG
response, both electrically evoked and spontaneously by
direct maneuvers on the nerve (the stimulator electrode
settings at 8 Hz and 100 ps in duration) [4].

Similar papers [4] have described that if the threshold
of stimulation of the facial nerve is less than 1 V, the facial
nerve is electrophysiologically dehiscent [3], and should
be considered at risk [7]. The same group studied the data
and converted from milliamperes to volts using an empiri-
cally determined impedance of 1.3 kV (thus, 1 V is similar
to 0.77 mA). Other groups consider upper limits of thresh-
olds at 0.29 mA in the tympanic segment and 0.41 mA
in the mastoid. Stimulation intensities greater than 1 mA
would indicate 1 mm of bone protection [5].

In addition to the stimulation, continuous EMG moni-
toring in free sweep allows us to assess possible com-
pressions or lacerations of the nerve while removing the
mucosa or tumor [4].

In fact, there are commercial devices that allow electri-
cal stimulation while the bone is milled [8].

All patients underwent intraoperative facial nerve moni-
toring using Cadwell Cascade Elite equipment (Cadwell
Labs, USA). Pairs of subdermal monopolar needles (Ambu
12 x 0.40 mm) were inserted in frontal, nasal, orbicular,
ocular and chin muscles. Electrical stimulation of 100 ms
duration was performed with a single-phase monopolar
electrode (Medtronic), and a subdermal needle in adjacent
musculature was used as a reference.

Electrical dehiscence was considered to be present if
electrical stimulation with intensities lower than 0.7 mA
caused a motor response greater than 50 uV amplitude [3].
The same neurophysiologist specialized in intraoperative
neurophysiological monitoring was present at all surgical
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interventions, indicating any facial nerve stimulation and
thresholds.

Surgery and CT

During surgery, dehiscence of the facial canal was consid-
ered to be present when it was microscopically observed
during surgery and the facial nerve without bone cover was
visually verified.

Both CT and neurophysiological monitoring were con-
sidered as diagnostic tests to predict the existence of dehis-
cence. In all patients, the histopathological samples, taken
and sent after surgery, were diagnosed as cholesteatoma.

Concordance between diagnostic techniques was calcu-
lated for 54 interventions because 3 patients underwent sur-
gery more than twice in 1 ear.

Statistical analysis

Quantitative variables are expressed as means and standard
deviation (SD), and categorical variables as absolute fre-
quencies and percentages.

Regarding the presence of facial dehiscence and patient
age, the sample was divided into two age groups (> 16
and < 16 years), and the proportion of dehiscence in each
group was compared.

Proportions were compared with Jonckheere-
Terpstra test

The concordance between preoperative CT, intraoperative
neurophysiological and the “gold standard” microscopic
findings was assessed using Cohen’s kappa coefficient with
95% confidence intervals (CI).

Two-by-two comparisons of concordance coefficients
were performed using STATISTICA v. 7.0 (Stat Soft, OK).
The remaining analyses were performed using SPSS v. 17.0
(Chicago, IL). Differences with a p value lower than 0.05
were considered statistically significant.

The following rule [9] was used to categorize the degree
of concordance (Table 1).

Results

We analyzed the surgical characteristics of 57 interventions
in 50 patients aged 41 + 20 years, of which 36 (66.7%) were
men. Seven of these 50 patients underwent 2 surgeries, 5 due
to relapse and 2 due to bilateral cholesteatoma.

Of these interventions, 39 were primary surgeries, and
18 were second or more surgeries. Facial canal dehiscence
was microscopically observed in 17 (29.82%) interventions.
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Table 1 Categories for kappa coefficients
Kappa coefficient Concordance
<0.20 Poor
0.21-0.40 Weak
0.41-0.60 Moderate
0.61-0.80 Good
0.81-1.00 Very good

Regarding the presence of dehiscence according to age
group, in patients younger than 16 years, only one (14.3%)
had facial canal dehiscence. Of the remaining 50 patients
aged > 16 years, 16 (32%) had dehiscence (p=0.42).

Table 2 shows surgery characteristics according to the
presence or absence of facial canal dehiscence, age, evolu-
tion time.

We did not observed statistically significant differ-
ence between patients undergoing one or two surgical
interventions (p =0.52), nor between patients aged < 16
and > 16 years (p =0.42).

Table 3 shows the frequency distributions and concord-
ance between the three diagnostic techniques according to
the presence or absence of facial canal dehiscence, for all
patients, for those undergoing only one intervention and
those undergoing two interventions.

The concordance between intraoperative microscopic and
neurophysiological findings (p <0.001) was significantly
higher than that between microscopic and CT findings; it
was not significant between CT and microscopic findings
or between CT and neurophysiological findings (p=0.60
for both).

For the whole cohort and for the subgroup undergoing
only one intervention, two-by-two comparison of concord-
ance coefficients showed significant differences between
neurophysiological and microscopic findings and between
microscopic and CT findings (» <0.001). No significant dif-
ferences were observed between CT and neurophysiological
findings or between CT and microscopic findings (p=0.50).

For the subgroup undergoing revision surgery, two-by-
two comparison of concordance coefficients showed no
significant differences between neurophysiological-micro-
scopic findings and CT-microscopic findings (p =0.26),
between neurophysiological-microscopic and neurophysi-
ological-CT findings (p =0.072) or between CT—neurophys-
iological and CT—microscopic findings (p =0.50).

Table 3 also shows the diagnostic concordance between
intraoperative observation “in situ” (microsurgery) and neu-
rophysiological or CT findings, according to the number of
surgical interventions.

Taking “in situ” inspection during microsurgery as the
gold standard, intraoperative neurophysiological study
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Table 2 Surgery characteristics according to the presence or absence of facial canal dehiscence, age and evolution time

Dehiscence, n (%) p
One surgery (n=39) 11 (28) 0.76
More than one surgery (n=18) 6 (33)
Age< 16 years (n=7) 1(14.3) 0.42
Age>16 years (n=>50) 16 (32)
Dehiscence (n=17) No dehiscence (n=50) P
CT-to-surgery time (months) 5+3 5+6 0.9

Table 3 Kappa concordance with 95% confidence intervals (CI) in
the whole cohort, with one or more surgeries

Kappa (95% CI) )4

Overall cohort (n=54)
CT-neurophysiology 0.33 (0.067-0.592)  0.04
0.42 (0.165-0.674)  0.002

0.91 (0.796-1.000) <0.001

CT-microsurgery
Microsurgery—neurophysiology
Cohort with one surgery (n=39)

CT-neurophysiology 0.357 (0.051-0.662)  0.024
CT-microsurgery 0.357 (0.051-0.662)  0.024
Microsurgery—neurophysiology 0.99 (0.998-1.001)  0.001

Cohort with two surgeries (n=15)
CT-neurophysiology 0.286 (0.204-0.776)  0.26
0.571 (0.139-0.999)  0.025

0.722 (0.369-0.999)  0.005

CT-microsurgery
Microsurgery—neurophysiology

showed significantly better diagnostic capacity than preop-
erative CT for the detection of facial canal dehiscence in the
whole cohort (with one or two interventions), but in revision
surgeries the difference was not significant.

Discussion

Damage to the facial nerve during middle ear surgery is a
possible complication, especially in the area of the tym-
panic region or in the mastoid. The tympanic segment of
the facial nerve is vulnerable since it is usually dehiscent,
and this incidence of dehiscence is increased in the presence
of chronic otitis media and cholesteatomas [10].
Silverstein performed the first regulated studies on
intraoperative neurophysiological monitoring (IOM) in
middle ear surgery in 1988 [5, 11] although it was already
stated at that time that this monitoring does not replace the
need to have an exquisite surgical technique and exhaus-
tive knowledge of the anatomy of the area. Back in 2002,
a survey in the USA defined the validity and necessity of
IOM in this type of surgeries [12], and in 2003, its validity
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in cost-effectiveness was demonstrated [13] and its use is
becoming more frequent [14].

In addition to surgery of the posterior fossa, the facial
nerve should be monitored to prevent iatrogenic injuries
[4], which is between 0.6 and 3.6% of primary interven-
tions [11], and 4 and 10% in reinterventions [13, 15]. The
dehiscence of the facial nerve in this type of pathology is
considered to be close to 38% and may be anatomically
bifurcated or bifid [1, 4, 7].

The presence of facial canal dehiscence in patients under-
going microsurgery for cholesteatoma implies increased
surgical risk of damaging the facial nerve, with serious
consequences. Taking intraoperative microscopic findings
as the gold standard, we assessed the diagnostic accuracy
of preoperative CT and intraoperative neurophysiological
monitoring for the detection of facial canal dehiscence.

We found high concordance between neurophysiological
findings and microscopic observations during microsurgery,
in accordance with reports by other authors [7, 12], espe-
cially in primary as compared with revision surgeries.

Regarding preoperative CT, we found low concordance
with intraoperative findings, unlike some authors who have
reported high sensitivity and good concordance [16]. Our
results are more consistent with those of studies with larger
sample sizes [17] although they did show lower sensitivity
and specificity.

We believe the reason for this discrepancy, beyond image
interpretation or technique of acquisition, may be related
to the anatomy of the facial nerve, which in its tympanic
portion is extremely thin; this hinders interpretation of the
integrity of bone coverage. In our study, the average inter-
val between preoperative CT and surgery was 4 months
which seems insufficient time for bone resorption to occur,
although we have not found previous studies on this aspect.

Regarding safety, no patient suffered facial paresis or
paralysis; in previous reports, this ranges from 0.6 to 3.6%
[18]. In our study, less than a third of patients were diag-
nosed with facial canal dehiscence, with a slightly higher
proportion in those undergoing revision surgery, and all
were located in the tympanic segment except one, which
was located in the mastoidal segment, associated with a high
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jugular bulb. The predominance of tympanic segment loca-
tion coincides with previously reported data [2, 19].

In our study, no lateral semicircular canal fistulas were
detected. In previous studies [1, 18], an association was
observed between lateral semicircular canal fistula and facial
dehiscence, which was nearly fivefold more frequent in the
presence of the fistula. The presence of a semicircular canal
fistula detected with radiology or intraoperative microscopy
should alert us to the presence of a dehiscence of the facial
nerve.

With respect to patient age and the presence of facial
canal dehiscence, we observed no statistically significant
differences between children under 16 and adults, although
other authors have reported that facial canal dehiscence is
five times more frequent in adults, possibly due to prolonged
disease progression and more severe lesions [18].

On comparing CT-to-surgery time between patients with
versus without dehiscence, we observed no statistical differ-
ence between the two groups. The explanation may be the
short CT-to-surgery time in our sample of patients, which
ranged from 2 to 9 months since previous authors refer to an
increase of dehiscence associated with disease progression
over 5 years.

The main limitations are the retrospective design, the
relatively small sample size and the fact that the study was
performed in a single center.

In conclusion, neurophysiological study showed greater
sensitivity and higher PPV than CT for the detection of
facial canal dehiscence. CT-to-surgery time was not differ-
ent between patients with and without dehiscence, and we
observed no statistically significant differences according to
age in our series of patients.

Conclusions

1. 1In our series, intraoperative neurophysiological study
showed very high sensitivity (99%) for the detection of
facial canal dehiscence in primary surgeries.

2. Preoperative computed tomography showed limited
sensitivity (50%) for the detection of facial canal dehis-
cence.

3. We observed no statistically significant differences in the
diagnosis of dehiscence between primary and revision
surgeries.

4. We found no data to support a clear influence of disease
progression time on the presence of facial canal dehis-
cence.

5. There was also no relationship between patient age and
the presence of dehiscence in any segments of the facial
canal.

6. There was no alteration of facial functionality in any of
the study patients, regardless of whether they underwent
primary or revision surgery.

7. During microsurgery for cholesteatoma, intraoperative
neurophysiological monitoring of the facial canal pro-
vides valuable information for the operator, thus mini-
mizing the surgical risk of facial nerve injury. It has been
progressively used in our department, from 2 interven-
tions in 2008 to 19 interventions in 2013 (almost 100%
of the surgeries performed that year).
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