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Imaging Findings in Auto-Atticotomy

M. Manasawala, M.E. Cunnane, H.D. Curtin, and G. Moonis

ABSTRACT

BACKGROUND AND PURPOSE: An acquired attic cholesteatoma may spontaneously drain externally into the external auditory canal,
leaving a cavity in the attic with the shape of the original cholesteatoma but now filled with air, a phenomenon referred to as “nature’s
atticotomy” or auto-atticotomy. We describe and quantify the CT appearance of the auto-atticotomy cavity as it pertains to the
appearance of the scutum and the lateral attic wall.

MATERIALS AND METHODS: Twenty-one patients with erosion of the scutum and loss of the lower attic wall on MDCT were identified
during a 5-year span. Images were assessed for measureable widening of the space between the ossicles and the lower lateral attic wall in
the axial and coronal planes. Three measurements of the lateral attic were made on the axial images. Findings were compared with the
same measurements in 20 control subjects.

RESULTS: The 21 patients had a characteristic blunting of the scutum with loss of the lower lateral attic wall and widening of the lateral
attic, consistent with an auto-atticotomy. There was a statistically significant (P < .001) widening of the lateral attic dimensions in the axial
plane in the patients with auto-atticotomy.

CONCLUSIONS: Spontaneously evacuated cholesteatoma may mimic a surgical atticotomy on MDCT. Scutal erosion and attic enlarge-
ment with a smoothly contoured bony remodeling of the lower lateral attic wall in a patient with no history of surgery suggest that a
cholesteatoma was previously present and spontaneously drained.

n atticotomy is a surgical approach through the external au-

ditory canal to the attic of the middle ear, whereby the
scutum and the lower lateral wall of the attic are surgically re-
moved for access. An auto-atticotomy (also called “nature’s atti-
cotomy”) refers to an enlarged lateral attic with absence of the
scutum and lower lateral wall of the attic in a patient without a
history of surgery.' This entity results from a deep retraction
pocket or a cholesteatoma that has eroded the bone and then
spontaneously drained into the external auditory canal. The wall
of the original cholesteatoma remains, and so the air-filled defect
is lined by keratinizing squamous epithelium. The appearance of
an atticotomy and an auto-atticotomy is similar on CT. The pur-
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pose of this article was to describe the findings of auto-atticotomy
on multidetector CT of the temporal bone.

MATERIALS AND METHODS

The study was approved by the Human Studies Committee of
our hospital, and review of on-line medical records was per-
formed in all patients and controls. The images were prospec-
tively collected by 2 of the authors (practicing head and neck
radiologists) during a 5-year period from MDCT scans of the
temporal bone viewed in daily readouts. The inclusion criteria
were the following: 1) apparent absence or blunting of the
scutum and/or smooth bony remodeling of the lateral attic
wall on MDCT, and 2) no history of prior otologic surgical
intervention. This yielded 21 patients (12 men and 9 women,
27-88 years of age) who fulfilled the inclusion criteria; addi-
tionally, all had a history of chronic otitis media. Twelve pa-
tients had confirmation of pars flaccida cholesteatoma by his-
tology, 2 patients had evidence of pars flaccida cholesteatoma
on clinical examination, and 8 patients had deep attic retrac-
tion pockets on clinical examination. These 8 patients all had
history of intermittently draining ears. We also retrospectively
evaluated MDCT of the temporal bone in 20 control subjects.
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These control subjects had been re-
ferred to the radiology department for
unrelated symptoms such as tinnitus or
sensorineural hearing loss and did not
have any history of prior middle ear in-
flammatory disease or surgery of the
temporal bone; their tympanic mem-
branes were normal at otoscopy.

All subjects had imaging performed
on a 40-section multidetector CT scan-
ner (Somatom Sensation scanner; Sie-

mens, Erlangen, Germany). The raw

data were acquired helically with
FIG1. A, Coronal MDCT image depicts the location of the axial plane at the base of the scutum. ) 6_ym collimation and 0.55 pitch at
B, Axial MDCT image at the level where the first bone image appears superior to the air- .
containing external auditory canal. The malleoincudal junction is well-seen. 320 mAs and 120 kV(peak), with the

scan excursion plotted from the arcuate

eminence through the mastoid tip. The
raw data from each ear were separated
and reconstructed into 0.6 (section
thickness) X 0.2 mm (reconstruction
interval) axial images in bone algo-
rithms at a display FOV of 100 mm and
a matrix of 512 X 512. The data were
displayed in 3 orthogonal planes on the
scanner console. The technologist
scrolled through the sagittal data to find
an image on which the anterior and pos-
terior limbs of the lateral semicircular
canal were displayed in cross-section.

An axial dataset was made in a standard-
ized plane parallel to the lateral semicir-

FIG 2. A, Lateral attic measurements in a healthy subject. Axial MDCT demonstrates anterolat-
eral (AL), lateral (L), and posterolateral (PL) measurements from the center of the malleoincudal . . .
articulation at the level of the base of the scutum in a healthy subject. B, Lateral attic measure- ~ connecting the anterior and posterior
ments in a 27-year-old patient with a history of cholesteatoma. There is a left auto-atticotomy  limbs of the canal. Axial images were
with smooth remodeling and widening of the anterolateral (AL), lateral (L), and posterolateral
(PL) walls of the attic.

cular canal by placing the reference line

reformatted at 0.6 (image thickness) X
0.5 (distance between images) mm.

Coronal images (0.6 X 0.5 mm) were made in a plane perpen-

Table 1: Lateral, anterolateral, and posterolateral attic dicular to the axial images.
measurements (mm) in patients

The images were visually inspected for scutal erosion, widen-

Patients Lateral Anterolateral Posterolateral . . . . . . .

A 36 46 38 ing of the lateral attic, middle ear opacification, ossicular erosion,
B 38 45 37 and mastoid opacification. To quantify our subjective visual im-
C 5 44 32 pression of the auto-atticotomy changes, we performed the fol-
D 36 5 33 lowing measurements: An axial image was chosen that demon-
E i§ ‘;8 i; strated the malleoincudal junction at the level of the base of the
G 43 4l 45 scutum. For this purpose, the base of the scutum was determined
H 23 33 23 to be the first bone image superior to the air-containing external
I 4.8 44 6.9 auditory canal and was reproducibly seen in all cases (Fig 1A, -B).
y 37 36 43 Three measurements were obtained for each case. A lateral mea-
E ;3 ‘;]6 ‘;]9 surement was made from the center of the malleoincudal junction
M 75 43 45 to the base of the scutum, and subsequent measurements were
N 37 4.2 3.5 made at a 45° angle anterior and a 45° angle posterior to this initial
o 47 5.5 39 measurement (Fig 2A, -B and Tables 1 and 2).

g ;z ;4 Z; We performed statistical analysis by using the Statistical Pack-
R 35 36 47 age for the Social Sciences, Version 13.0 software (IBM, Armonk,
S 35 48 33 New York). We used the Mann-Whitney U test, a nonparametric
T 38 52 4.4 test to assess whether there was a statistically significant difference
U 4.1 42 3.8

between the 2 samples of observations in patients and controls.
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Table 2: Lateral, anterolateral, and posterolateral attic
measurements (mm) in controls

Controls Lateral Anterolateral Posterolateral
AA 2.8 27 2.7
BB 3 34 3
CcC 24 3 2.6
DD 19 3.6 2.2
EE 2 31 23
FF 1.8 24 2
GG 1.8 2.6 1.9
HH 25 4.2 23
1] 23 38 2.6
] 23 32 2.5
KK 29 3.6 23
LL 21 32 2.3
MM 22 23 24
NN 23 31 23
(e]e) 2.5 2.7 2.2
PP 29 3.8 29
QQ 21 2.6 24
RR 23 24 2.3
SS 2.6 3.6 33
TT 2.8 3.6 32

RESULTS

The lateral attic dimension measured an average of 4.11 * 1.05
mm in patients compared with 2.37 = 0.37 mm in healthy sub-
jects. These results represented a significant statistical difference
between the 2 groups with a 2-tailed P value of < .001.

The anterolateral attic dimension measured an average of
4.41 * 0.88 in patients compared with 3.15 = 0.54 mm in healthy
subjects. These results represented a significant statistical differ-
ence between the 2 groups with a 2-tailed P value of < .001.

The posterolateral attic dimension measured an average of
3.90 = 0.93 mm in patients compared with 2.49 = 0.37 mm in
healthy subjects. These results represented a significant statistical
difference between the 2 groups with a 2-tailed P value of < .001.

Overall, 12/21 patients (57%) demonstrated minimal or no
soft-tissue opacification within the middle ear cavity. Nine pa-
tients had nonspecific middle ear opacification. Mastoid under-
pneumatization and/or opacification was seen in 17/21 (80%)
patients. Ossicular erosion was seen in 10/21 (47%) patients.

DISCUSSION

Pars flaccida or primary acquired cholesteatoma most commonly
forms in the Prussak space lateral to the ossicles and may result in
medial ossicular displacement and/or erosion. Lateral expansion
causes erosion of the scutum and lower lateral wall of the attic.*”
Histologically, cholesteatoma is a cystic structure containing ex-
foliated keratin lined by stratified keratinizing squamous epithe-
lium. The outer layer of the cyst lining or sac is composed of perima-
trix or lamina propria.® There are multiple theories to the explain the
pathogenesis of bony destruction associated with cholesteatomas, in-
cluding remodeling from local pressure and recruitment of oste-
oclasts that are enzymatically active.”

At imaging (usually CT), a cholesteatoma classically is seen as a
soft-tissue mass adjacent to the ossicles with erosion of the ossicles or
the scutum. If the cholesteatoma drains spontaneously into the ex-
ternal auditory canal, the bony changes remain but the mass is no
longer visualized. Instead, the “cavity” is now filled with air.

FIG 3. Auto-atticotomy in a 35-year-old patient with a remote his-
tory of draining ear. Coronal MDCT demonstrates scutal absence (ar-
row) mimicking the appearance of a surgical atticotomy. Note the
lack of soft-tissue inflammatory changes.

FIG 4. Schematic drawing demonstrating the surgical atticotomy
margins (dotted line). S indicates scutum; T, tympanic membrane; M,
malleus.

An auto-mastoidectomy has been described referring to ex-
ternal evacuation of the contents of a cholesteatoma that had
replaced much of the mastoid, leaving behind its outer mem-
brane and a remodeled temporal bone without a soft-tissue
mass. This is also referred to as “mural cholesteatoma” or “un-
usual cholesteatoma shell.”*'*!'! Auto-atticotomy can be con-
sidered to be the same external decompression process, though
less extensive than an auto-mastoidectomy (Fig 3). The auto-
atticotomy may mimic a surgical atticotomy performed for
limited attic cholesteatomas, with removal of the scutum and
lower lateral attic wall (Fig 4). The size and shape of an auto-
atticotomy cavity reflects the size, shape, and location of the
original cholesteatoma that produced it."? It is possible that we
are seeing a higher incidence of auto-atticotomy compared
with auto-mastoidectomy due to detection earlier in the course
of the disease because imaging is more easily available.

Pars flaccida cholesteatomas most commonly erode the
scutum and lower lateral wall of the attic. Scutal erosion was noted
in all patients in our series because this was an inclusion criterion.
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On MDCT, scutal erosion is typically evaluated in the coronal
plane as blunting of the normally sharply pointed bone ridge.
However, this erosion can also be appreciated in the axial plane
where there is widening of the space between the ossicles and the
lower lateral attic wall. Smooth lateral expansion of this bony
margin can be visualized in a single axial plane image and, in our
experience, therefore can occasionally be more noticeable or can
support the diagnosis in questionable cases.

Regarding the lateral attic wall, the remodeling of the scutum
may be centered either anteriorly, posteriorly, or laterally.'! In
our series, there was a predilection for anterolateral remodeling,
with approximately two-thirds of patients (13/21) demonstrating
the greatest widening of the anterolateral measurement (Fig 2B).
Approximately one-fourth of the patients (5/21) demonstrated a
posterolateral directionality, with the greatest widening of the
posterolateral measurement. A smaller number of patients (2/21)
demonstrated scutal erosion in a more straight-lateral fashion,
with the greatest widening of the straight-lateral (lateral) mea-
surement. The direct lateral dimension corresponds to the plane
of the coronal images and therefore is well-depicted on coronals.
The anterolateral and posterolateral measurements lie at a 45°
angle from the coronal plane. In patients with the maximum wid-
ening along these axes, the coronal plane might underestimate the
extent of attic remodeling. In our study, evaluation of the lateral
attic in the coronal plane alone would have underestimated the
degree of widening in most of our patients. For this reason, we
recommend evaluation on the axial plane as well as the coronal
plane.

Nearly half (12/21) of our patients demonstrated auto-atticot-
omy changes without any CT indication of a residual attic or
Prussak space cholesteatoma as evidenced by a soft-tissue compo-
nent (Fig 3). It is thus especially important to be aware of this
imaging appearance, which can alert the clinician to the presence
of a previously evacuated cholesteatoma.

For otologists, the dividing line between a deep retraction
pocket and a drained cholesteatoma may be difficult to define.
It is conceivable that a deep or large retraction pocket can, by
itself, create an auto-atticotomy with erosion of the scutum.'®
A retraction pocket against the long process of the incus has
been noted to cause erosion.'* So too, a deep retraction pocket
could theoretically cause blunting at the scutum without ever
forming a collection of keratin or mass. However, a deep re-
traction pocket seen on clinical examination could also simply
represent a previously evacuated cholesteatoma with the outer
wall left behind. Once the cholesteatoma evacuates and the
keratin reaches the external canal, the “sac” may never obstruct
again and there would be no further drainage. The keratin
would simply evacuate at the normal rate via the external au-
ditory canal. This process would be appreciated by the otolo-
gist as a retraction pocket and may present as a conductive
hearing loss without mass or drainage. This differentiation is
not crucial because most otologists would treat a deep retrac-
tion pocket and an auto-atticotomy from a drained cholestea-
toma similarly, depending on the symptoms, including the fre-
quency of drainage and accumulation of debris.'?

There are other potential or theoretic explanations for loss of
the scutum in the absence of soft tissue. The development of the
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external auditory canal occurs as an invagination of the first bran-
chial cleft, which touches the endoderm of the ascending first
branchial pouch to form the tympanic membrane. Mesoderm
then grows between the 2 layers, and the mature tympanic mem-
brane is formed of all 3 layers.'® Theoretically, the pouch could
invaginate further than normal at the superior aspect of the tym-
panic membrane, but the presence of chronic inflammatory dis-
ease in the middle ear and mastoids in almost all of our patients
makes this finding unlikely to be a congenital or developmental
variant.

CONCLUSIONS

Evacuated attic cholesteatomas may be difficult to recognize
on CT due to the absence of soft tissue. We propose that wid-
ening of the lateral attic and scutal erosion are findings that
help to accurately diagnose these patients. We emphasize careful
attention to the axial images along the base of the scutum, which can
help in recognizing subtle anterior or posterior remodeling of the
lateral attic wall and can support questionable findings on coronal
images.
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