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	 Summary
	 Background:	 To establish computed tomography (CT) staging of middle ear cholesteatoma and assess its impact 

on the selection of the surgical procedure.

	 Material/Methods:	 Prospective study was conducted on 61 consecutive patients (mean age 26.8 years) with middle 
ear cholesteatoma. CT scan of the temporal bone and surgery were performed in all patients. CT 
staging classified cholesteatoma according to its location in the tympanic cavity (T); extension into 
the mastoid (M); and associated complications (C). Cholesteatoma was staged as stage I (T1, T2), 
stage II (T3, M1, M2, C1), and stage III (C2).

	 Results:	 The overall sensitivity of CT staging of cholesteatoma compared to surgery was 88% with excellent 
agreement and correlation between CT findings and intra-operative findings (K=0.863, r=0.86, 
P=0.001). There was excellent agreement and correlation of CT staging with surgical findings for 
T location (K=0.811, r=0.89, P=0.001), good for M extension (K=0.734, r=0.88, P=0.001), and 
excellent for associated C complications (K=1.00, r=1.0, P=0.001). Atticotympanotomy was carried 
out in stage I (n=14), intact canal wall surgery was performed in stage II (n=38), and canal wall 
down surgery was done in stage III (n=5) and stage II (n=4).

	 Conclusions:	 We established CT staging of middle ear cholesteatoma that helps surgeons to select an appropriate 
surgery.
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Background

Middle ear cholesteatomas consist of ectopic keratinized 
epithelial tissue that grows inside the mucosa-lined mid-
dle ear cavity and desquamates, accumulating keratin and 
epithelial debris. They have erosive potential along the 
ossicles and bony walls of the middle ear cavity, mostly by 
means of an inflammatory response that activates osteo-
clastic activity. Most middle ear cholesteatomas (98%) are 
acquired. These are usually related to chronic inflammato-
ry middle ear diseases combined with disturbed ventilation 
of the middle ear [1–4]. Annual incidence of cholesteatomas 
ranges around 3 in 100,000 in children and 9 in 100,00 in 
adults, and they are more predominant in men. To date, 
several pathogenic mechanisms have been proposed to 

explain the pathogenesis of cholesteatomas [4–8]. Imaging 
plays an important role in the assessment of patients with 
cholesteatoma of the middle ear. Owing to its high sensi-
tivity, CT is a valuable tool for extension of cholesteato-
ma. The hallmarks of cholesteatoma on CT are a soft tis-
sue mass-like opacity in the middle ear cavity and mastoid 
antrum associated with erosion of the ossicles and pressure 
erosion of adjacent structures [9–14].

A few studies have attempted to classify cholesteatoma of 
the middle ear on the basis of clinical or pathological data 
[14–17]. Cholesteatomas are classified as congenital and 
acquired, and they are subdivided into primary and sec-
ondary. Also, cholesteatomas may be classified based on the 
site of origin of cholesteatoma (attic, tympanic sinus and 
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pars tensa) [18–20]. The proposed clinical staging classi-
fied cholesteatomas according to the site of cholesteatoma, 
its extension, and associated complications [21]. However, 
these classifications failed to gain clinical acceptance 
because they did not propose a management strategy for 
cholesteatoma [4]. CT has been used for staging of choleste-
atoma of the external ear [22,23]. There is difficulty with 
interpretation of the published data concerning imaging of 
cholesteatoma. Also, there is an ongoing debate among otol-
ogists about the best appropriate surgery; the selected type 
of surgery for middle ear cholesteatoma is based mainly on 
intra-operative findings [24–28].

The aim of this work was to establish CT staging of middle 
ear cholesteatoma and to assess its impact on the selection 
of the surgical procedure.

Material and Methods

Consent of the editorial review board, as well as informed 
consent from patients were obtained. This prospective 
study was conducted in 63 consecutive untreated patients 
with middle ear cholesteatoma. The inclusion criteria were 
patients with clinically suspected middle ear cholestea-
toma that planned to undergo surgery. Two patients were 
excluded because they refused surgery. The final patients 
included in this work were 61 patients with their age range 
from 5 to 57 years (mean, 26.8±14.5 years). They present-
ed with otorrhea (n=61), hearing loss (n=56), aural polyp 
(n=13), post-auricular swelling (n=6) and vertigo (n=3). 
All patients underwent high-resolution CT of the temporal 
bone.

All imaging examinations were performed with a 16-sec-
tion multi–detectorrow CT scanner (Light Speed; GE 
Healthcare, Milwaukee, WI). Helical transverse scans of 
the temporal bone were acquired in a plane parallel to the 
orbitomeatal plane with a section thickness of 0.5 mm, 
spacing of 0.3 mm with overlap, mA of 250 ms, kV of 
120 ms, helical pitch of 0.625, rotation time of 0.8 second, 
and field of view of 240 mm. The raw data were recon-
structed by using a bone algorithm to provide optimal 
visualization of the bony anatomy of the temporal bone. 
The images of the temporal bone were displayed at a win-
dow center of 400 HU and a window width of 4000 HU. 
Intravenous injection of 100 mL of nonionic contrast medi-
um (nonionic iopromide; Ultravist 370, Schering, Berlin, 
Germany) at a rate of 2 mL per second was carried out in 
5 patients suspected to have intracranial complications. 
Contrast medium was injected through an 18-gauge needle 
placed in the antecubital vein.

Image analysis was performed by one radiologist (AA) 
expert in head and neck imaging for 25 years and another 
head and neck surgeon with 10-year experience (AB), who 
were blinded to the clinical presentation and surgical find-
ings. Any disagreement between both reviewers was solved 
in consensus. The CT staging classified cholesteatoma 
according to its location within the tympanic cavity (T), 
extent of mastoid involvement (M), and associated compli-
cations (C) (Table 1). The tympanic cavity involvement (T) 
was classified into attic cholesteatoma (T1), tympanic cho-
lesteatoma (T2), atticotympanic cholesteatoma (T3). The T1 

appeared as nondependent soft tissue mass opacity located 
in the attic region lateral to the ossicles, T2 occupied the 
tympanic space medial to the ossicles with involvement 
of the facial recess and sinus tympani, and T3 cholestea-
toma occupied the attic and tympanic region with filling 
of almost entire middle ear cavity. The reporting system 
classified mastoid extension (M) of cholesteatoma into no 
mastoid involvement (M0), cholesteatoma extending into 
the mastoid antrum only (M1), and cholesteatoma extend-
ing into the mastoid air cells (M2). Finally, the reporting 
system classified complications (C) into uncomplicated cho-
lesteatoma (C0), cholesteatoma with extracranial (intratem-
poral) complications (C1) such as mastoid abscess and 
labyrinthine fistula, and cholesteatoma with intracranial 
complications (C2) such as brain abscess and sinus throm-
bosis. Then, we staged cholesteatoma into 3 stages. Stage (I) 
where cholesteatoma was limited to one region of the mid-
dle ear cavity (T1 and T2), stage (II) where cholesteatoma 
extended into more than one compartment of the middle 
ear cavity (T3) or into the mastoid cavity (M1 and M2) and 
was associated with extracranial complications (C1), and 
stage (III) where cholesteatoma was associated with intrac-
ranial complications (C2).

The time delay between CT and surgery was 5–10 days. 
Surgery was planned according to the CT staging of chole-
steatoma for all patients. Postauricular atticotympanotomy 
was performed in patients with stage I; intact canal wall 
tympanomastoidectomy was carried out in patients with 
stage II cholesteatoma, and canal wall down mastoidecto-
my was done in patients with stage III cholesteatoma and 
some patients with stage II.

All statistical analyses were performed with a statisti-
cal package for social science (SPSS, version 16.0; SPSS, 
Chicago, Ill). The Kolmogorov-Smirnov Z-test was used to 
test the normality of continuous variable groups. The sen-
sitivity of the CT system of cholesteatoma was calculated. 
The kappa statistic (K) including 95% confidence interval 
(CI) with an intra-class correlation (r) was conducted to 
estimate the proportion of agreement for CT and surgery 
for overall CT staging as well as for staging of T, M and C. 
The K values were interpreted as follows: k values between 
0.00 and 0.20 represented poor; k values between 0.21 and 
0.40 represented fair; k values between 0.41 and 0.60 rep-
resented moderate; k values between 0.61 and 0.80 repre-
sented good; k values between 0.81 and 1.00 represented 
excellent. A (P) value of less than 0.05 was considered to 
indicate a statistically significant difference.

Results

Table 1 shows the sensitivity of CT staging of middle ear 
cholesteatoma with surgical findings. Table 2 shows agree-
ment and correlation of CT staging for middle ear chole-
steatoma with surgical findings. The overall sensitivity 
of CT staging of middle ear cholesteatoma in comparison 
with surgery was 88% with underestimation in 3% of 
patients and overestimation in 9% of patients. There was 
an excellent agreement and correlation between CT stag-
ing of cholesteatoma and intra-operative findings (K=863; 
CI=0.687–0.951, r=0.86, P=0.001).
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Attic cholesteatoma (T1) (n=11) appeared as nondependent 
soft tissue mass opacity located in the attic region lateral to 
the ossicles. Tympanic cholesteatoma (T2) (n=13) occupied 
the tympanic space medial to the ossicles with involvement 
of the facial recess and sinus tympani. Atticotympanic 
cholesteatoma (T3) (n=37) occupied the attic and tym-
panic region with filling of almost entire middle ear cav-
ity (Figure 1). The sensitivity of CT staging for diagnosis 
of tympanic cavity involvement of cholesteatoma was 
85%. CT underestimated tympanic involvement of chole-
steatoma in 5 patients and overestimated its location in 3 
patients. There was an excellent agreement and correla-
tion between CT staging and surgical findings (K=0.811, 
95% CI=0.669-0.932, r=0.89, P=0.001) in T classification of 
cholesteatoma.

According to CT staging, the mastoid air cells were clear 
(M0) in 16 patients. Cholesteatoma extended into the mas-
toid antrum (M1) in 25 patients and into the mastoid air 
cells (M2) in 20 patients (Figure 2). At surgery, the mas-
toid cavity was clear in 14 patients, the antrum only was 
involved by cholesteatoma in 25 patients, and the mastoid 
air cells with antrum were affected in 22 patients. The sen-
sitivity of the CT reporting system for detection of mastoid 
extension of cholesteatoma was 79%. CT underestimated 
the extension of cholesteatoma into mastoid in 12 patients 
(16%). Also, CT overestimated the extension of cholestea-
toma into the mastoid cavity in 3 patients (5%) with M2. 
There was good agreement and correlation between CT 
staging and intra-operative findings in M classification 
(K=0.734, 95% CI=0.573–0.912, r=0.88, P=0.001).

Classification CT Surgery Sensitivity of CT staging 

Tympanic cavity involvement (T): 
T1: Attic cholesteatoma
T2: Tympanic cholesteatoma
T3: Atticotympanic cholesteatoma

11
13
37

11
12
38

85%

Mastoid cavity involvement (M): 
M0: No mastoid cavity involvement
M1: Cholesteatoma extending into the mastoid antrum
M2: Cholesteatoma extending into the mastoid air cells

16
25
20

14
25
22

79%

Complications (C): 
C0: Uncomplicated Cholesteatoma
C1: Extracranial complications
C2: Intracranial complications

50
6
5

50
6
5

100%

Table 1. Sensitivity of CT staging of middle ear cholesteama with surgical and CT findings.

Parameter Sensitivity K 95% CI R P

CT reporting 88% 0.863 0.687 0.951 0.86 0.001

Tympanic 85% 0.811 0.669 0.932 0.89 0.001

Mastoid 79% 0.734 0.573 0.912 0.88 0.001

Complication 100% 1 1 1 1.00 0.001

Table 2. Sensitivity, agreement, and correlation of CT staging of middle ear cholesteatoma with surgical findings.

No associated complications (C0) were detected in 50 
patients. At CT, extracranial complications (C1) of choleste-
atoma were observed in 6 patients in the form of mastoid 
abscess (n=3), postauricular abscess (n=2) and labyrinthine 
fistula (n=1). Intracranial complications (C2) were detected 
in 5 patients in the form of brain abscess (n=3) (Figure 3), 
and sinus venous thrombosis (n=2). Surgery showed simi-
lar findings. The sensitivity of CT in detection of compli-
cations was 100%. There was an excellent agreement and 
correlation between CT staging and intra-operative find-
ings regarding C classification (K=1, 95% CI=1–1, r=1.0, 
P=0.001).

The stages of cholesteatoma were as follows: I in 
14 patients, II in 42 patients, and III in 5 patients. 
Atticotympanotomy was performed in patients with stage 
I (n=14). Intact canal wall tympanomastoidectomy was 
carried out in 38 patients with stage II. Canal wall down 
mastoidectomy was done in patients with stage III (n=5) 
in addition to 4 patients at stage II (dead ear in 2 patients, 
inadequate access with a contracted mastoid in another 2 
patients). No under- or overestimation affected the decision 
on surgery except for one case of attic cholesteatoma (T1) 
on CT that revealed associated mastoid involvement (M1) 
at surgery so the decision was changed from atticotympa-
notomy to intact canal wall tympanomastoidectomy.

Discussion

In this study, the sensitivity of CT staging for middle ear 
cholesteatoma is 88% with excellent agreement and cor-
relation with surgical findings. The overestimation (9%) 
of the extent of choesteatoma at CT may be attributed to 
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Figure 2. �Extension of cholesteatoma into the mastoid (M): (A) 
Axial CT scan of the petrous bone shows cholesteatoma 
extending into the mastoid antrum (M1). (B) Axial CT scan 
shows cholesteatoma extending into the mastoid air cells 
and mastoid cavity (M2).

Figure 1. �Location of cholesteatoma within the tympanic cavity 
(T): (A) Axial CT scan of the petrous bone shows attic 
cholesteatoma located in the attic region lateral to 
the ossicles (T1). (B) Axial CT scan shows tympanic 
cholesteatoma located in the tympanic region medial to 
the ossicles (T2). (C) Coronal CT scan shows atticotympanic 
cholesteatoma filling the whole middle ear cavity (T3).

A

C

B

cholesteatoma sac, associated granulation tissue, mucosal 
edema and effusion that may be indistinguishable in CT 
scans. Although cholesteatoma revealed a lower attenua-
tion value than granulation tissue, the difference is subtle 
on CT and the differentiation of cholesteatoma using atten-
uation values is impossible [29,30]. Differentiation between 
cholesteatoma and scar tissue requires non-echoplanar 
diffusion weighted MR imaging [1–3]. The cause of under-
estimation (3%) may be attributed to difficult sharp ana-
tomical demarcation between the mastoid antrum and the 
surrounding air cells on CT. Nag et al. [16] reported good to 
excellent radiosurgical agreement in the assessment of the 
status of various middle ear structures.

In this study, attic cholesteatoma was present in 18% of 
patients, tympanic in 21.3%, and atticotymapnic in 60.7%. 
On CT, attic cholesteatoma appears as nondependent soft 
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Figure 3. �Acquired cholesteatoma of the middle ear with intracranial 
abscess (C2): (A) Axial CT scan of the petrous bone shows 
cholesteatoma of the right middle ear and right mastoid. 
(B) Axial contrast CT scan of the same patient shows 
marginally enhanced right cerebellar abscess.

tissue mass opacity located in Prussak’s space lateral to 
the ossicles, while tympanic cholesteatoma occupies the 
tympanic space medial to the ossicles, usually with typical 
involvement of the facial recess and sinus tympani. In atti-
cotymapnic cholesteatoma, cholesteatoma fills most of the 
tympanic cavity [31,32]. Attic cholesteatoma was seen in 
41% of patients, tympanic cholesteatoma in 45%, and com-
bined attic and tympanic cholesteatoma in 14% [4].

Cholesteatoma is primarily a middle ear pathology and 
not a mastoid pathology. Therefore, surgery for choleste-
atoma should be limited to the middle ear and then fol-
low the cholesteatoma into the mastoid cavity [5–7]. The 
superoposterior communication between the attic and 
the mastoid antrum is called the aditus ad antrum. When 

cholesteatoma is present, it may erode its wall and widen 
the “waistline” (aditus) resulting in the loss of the “figure of 
8” [20–24]. The extent of mastoid involvement in patients 
with cholesteatoma has an impact on patient management. 
CT is important to determine the extent of the mastoid air 
cells to be exenterated to avoid disease recurrence [1–3].

In this work, the sensitivity of CT for detection of mastoid 
involvement was 79%.

Extracranial and intracranial complications may be seen in 
patients with cholesteatoma. The presence of a complica-
tion and its location helps in the choice of treatment [1–3]. 
Labyrinthine fistula with involvement of the lateral semi-
circular canal was reported in 7% of patients with choleste-
atoma. The presence of a pneumolabyrinth is a definite sign 
of fistulas, but its detection is unusual [2-4]. Subperiosteal 
abscess is the most common extratemporal complication 
caused by the spread of infection from the mastoid towards 
the periosteal space by erosion of the mastoid cortex [1–4]. 
Brain abscess especially in the temporal lobe and cer-
ebellum is the most common intracranial complication of 
cholesteatoma [3–8]. Lateral or sigmoid sinus thrombosis 
makes up 20% of intracranial complications of cholestea-
toma. The mechanism is either bone erosion exposing the 
perisinus space, or spread of mastoid emissary vein throm-
bophlebitis [5–7]. In this study, extracranial complications 
were detected in 6 patients and intracranial complications 
were reported in 5 patients with cholesteatoma.

The decision to perform an intact canal wall, canal wall 
down, or transcanal atticotomy for cholesteatoma is a 
problem for otologists. This staging system may help with 
a correct and possibly less extensive surgical procedure, 
as well as better clinical results, as it helps the surgeon to 
select the appropriate surgery of cholesteatoma according 
to its location, extension into the mastoid cavity and pres-
ence of associated complications. Further studies are rec-
ommended to correlate this staging with patient-reported 
outcomes.

There are a few limitations of this study. First, the study 
included a small number of patients; multicenter studies 
with validation on a large number of patients enhance the 
application of CT staging for cholesteatoma. Second; this 
study was conducted on 16 multi-detector CT scanners. 
Application of higher multi-detector CT scanners, such as 
64 or 256, dual energy CT and cone beam CT will improve 
the image quality [33–35]. Moreover, comparing CT results 
with diffusion MR imaging and contrast MR imaging in 
complicated cases will improve the results.

Conclusions

We established a new non-invasive CT staging of middle 
ear cholesteatoma that helps the surgeons to select the 
appropriate type of surgery.
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