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Introduction

Tympanosclerosis is a pathologi-
cal condition of the middle ear of
unclear origin, with manifesta-
tions ranging from asymptomatic
plaques in the tympanic mem-
brane to diffused endotympanic
plaques causing conductive hear-
ing loss of variable degree. This
clinical entity is linked to chronic
inflammatory events.1 A possible
role of immunocompetent cells
and some immune mediators was
recently reported as an etiological
sequence in the development of
tympanosclerosis.2 In recent years,
a possible relationship between
tympanosclerosis and athero -
sclerosis has been outlined;3-5

moreover, a possible genetic
 common origin is proposed.3 It
is reasonable to recognize a
 similarity in the pathogenetic

mechanisms of both phenomena
based on a peculiar inflammatory
reaction, on one hand, and the
ultrastructural analogies between
tympanosclerotic and athero -
sclerotic plaques,3 on the other
hand. These similarities justify the
possibility of an individual pre -
disposition to develop a particular
response to traumatic and/or
infective factors in the tympanic
membrane and arterial wall. 

Aiming to verify the real extent
of the cited relationship,
 investigation is of interest in order
to evaluate its possible practical
implications: from an otologic
point of view, post-surgical
 pharmacologic treatment could be
hypothesized in cases of severe
tympanosclerosis, aiming to
 prevent recurrences. Conversely,
otoscopy may be recognized as a
noninvasive and cheap screening

procedure in cardiovascular
 disease prevention.6 To our
 knowledge, investigations into the
relationship between athero -
sclerosis and tympanosclerosis
have been performed only on
patients with documented athero-
sclerotic disease and positive
coronary angiography.7 Some
studies have focused on patients
with disease severe enough to
require aorto-coronary bypass3

or carotid endoarteriectomy;4,5

 furthermore, results have been
controversial. It seems interesting
to widen the investigation to
include patients with some
degree of lipid metabolic dys -
function but no clinical symptoms
or  documented atherosclerotic
lesions.

This study was performed on
subjects referred to a tertiary
 center for dysmetabolism and
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 atherosclerosis, where all
 participants were submitted to
physical, laboratory, and instru-
mental investigations related to
the usual cardiovascular protocol.
Arterial Doppler ultrasound (DU)
results were matched to otoscopic
findings and results were com-
pared to those obtained from a
healthy control group.

Materials and methods

The study group included 40 sub-
jects with hypercholesterolemia
and referred to the “Centro per
lo studio delle Malattie Dis -
metaboliche e dell’Atero sclerosi
G.C.Descovich”, a unit of the
Internal Medicine Department at
the University of Bologna. All
patients except one were affected
by familial hypercholesterolemia
and were enrolled in the study
based on the Fredrickson classifi-
cation.8 According to an up–to-
date, widely accepted diagnostic
algorithm,9,10 all patients with lipid
dysmetabolism were scheduled
to undergo DU examination of
the carotid and vertebrobasilar
 arteries. All examinations were
performed at the same center,
according to the same criteria
and technique, after informed
consent  was obtained. There is 
no  quantitative value in the litera-
ture concerning endovascular
 thickness for the diagnosis of
 definite atherosclerosis; we chose
a thickness of 1.5 mm to be
 diagnostic of atherosclerotic
plaque.

An accurate history was taken
in order to exclude previous
inflammatory diseases and/or
accidental traumatic event of the
middle ear of clinical significance
as well as any kind of surgical
 procedure such as ventilation tube
insert and middle ear surgery.

Otoscopy was performed
 bilaterally in order to document
tympanic sclerotic plaques; the
test was considered positive when
at least 20% of the tympanic
membrane was involved. The
same physician (CB) carried out
examination in the first 29 sub-
jects, whereas the senior author
(AP), who defined the otoscopic
criteria of the study, examined all
subsequent patients. A control
group was formed of randomly
chosen patients from the ENT
Clinic of the same University, and
included patients with no evidence
of otologic, audiologic, or cardio-
vascular disease by history and
laboratory data. 

Statistical analysis was
 performed using the chi-square
test in order to evaluate the
 significance of the incidence of
tympanosclerosis in subjects with
hypercholesterolemia with respect
to the control group, on one hand,
and the significance of the
 incidence of the association
between tympanosclerosis and
positive DU signals in subjects
with hypercholesterolemia, on the
other hand. Statistical significance
was set at p < 0.05.

Results

Twenty-two males (average age
50.6 years, range 33-74) and
18 females (mean age 58.5 years,
range 49-77) were included in the
study group. Twenty females
(mean age 53.3 years, range 19-
80) and 21 males (average age
57.1 years, range 29-78) were
included in the control group.
Considering the results of both
DU examinations and otoscopy,
we divided the study group into
four subgroups: subgroup 1
included 10 subjects (8 males and
2 females, mean age 61.3 years,

range 33-72) with atherosclerotic
endovascular plaques (range 1.5-
3.0 mm) and bilaterally normal
otoscopy. In one patient, no
atherosclerotic  lesions were re -
vealed in the arteries examined by
DU, but an abdominal aortic
aneurysm secondary to athero-
sclerosis was present. In subgroup
2, seven patients (4 females and 3
males, mean age 61.5 years, range
48-77) had atherosclerotic plaques
(range 1.5-4.2 mm) and sclerotic
plaques of the tympanic mem-
brane. Tympanic plaques were
recorded bilaterally in 4 out of 7
patients. Subgroup 3 included two
subjects with tympanic plaques
(bilateral in one patient and mono-
lateral in one patient) but no vas-
cular plaques, although both had
intima-media thickening (IMT) of
1.2 mm, which is reported to be a
noteworthy vascular wall abnor-
mality.10,11 Finally, subgroup 4
included 21 patients (11 females
and 10 males, average age
50.7 years, range 37-74) with
neither  atherosclerotic vascular
plaques nor tympanic sclerotic
plaques. In total, 17 (42.5%)
out of 40 subjects were affected
by atherosclerotic endovascular
plaques and, among them, 7
(41.2%) out of 17 had tympanic
sclerotic plaques at otoscopy. It is
interesting to note that in sub-
group 2, in which the association
between atherosclerosis and tym-
panosclerosis was present, the
thickness of endovascular plaques
was greater than in subgroup 1. In
the control group, only 2 (4.9%)
out of 41 patients had unilateral
(left ear) sclerotic plaques of the
tympanic membrane. Tables 1 and
2 report the overall results with
statistical analysis, showing sig-
nificant differences between the
study and control group concern-
ing the prevalence of the plaques
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and, within the study group,
 concerning the association of
 tympanic and arterial plaques. 

Discussion

Hypercholesterolemia is reported
in more than half of American
adults12 and the prevalence of
extracoronary arterial plaques in
patients with asymptomatic
hypercholesterolemia is though to
exceed 70%.13 A possible relation-
ship between tympanosclerosis
and atherosclerosis has been pre-
viously reported3-5; we continued
the investigation of this relation-
ship to include subjects with
hypercholesterolemia but no
 clinical symptoms of athero -
sclerotic disease.

As in previous studies,4,5 the
comparison between study group
and control group is based on the
absence of vascular and metabolic
risk factors in controls.
Accordingly, we did not schedule

an arterial DU study for the sub-
jects belonging to the control
group; the above reported results
(see Table I) supported our deci-
sion. It is interesting to note that
there is a significant prevalence of
tympanic sclerotic plaques in the
group of subjects with hypercho-
lesterolemia compared to controls.
Moreover, the age difference
between groups was not relevant
enough to suggest a further divi-
sion in subgroups in order to avoid
a potential bias as concerns the
age related risk factor  

On the other hand, it is
 noteworthy that a statistically
 significant majority of patients
with hypercholesterolemia and
sclerotic plaques of the tympanic
membrane also on DU (see
Table II); additionally had vascu-
lar plaques on DU; additionally,
patients failing to meet the
 diagnosis of atherosclerotic
plaque did have documented
 vascular abnormalities. This

 confirms the existence of a link
between atherosclerosis and
 tympanosclerosis. To our
 knowledge, this is the first report
of this link in asymptomatic
patients, and thus provides the
possibility of screening and
 prevention strategies in this
patient population. The morpho-
logic similarity between
 tympanosclerotic lesions and
 atherosclerotic plaques is well
known, having been outlined in
the early 1970.14 These similarities
highlight the central role inflam-
mation in both lesions. In fact,
tympanosclerosis is generally
accepted to be a response to an
inflammatory stimulus. The gene-
sis of atherosclerosis is known to
include traumatic factors, such as
blood flow, in addition to inflam-
mation and infective factors.4,15 In
particular, inflammation is now
believed to be the event which
precedes the development and
progression of atherosclerosis: the
process is thought to begin with
endothelial injury, causing an
alteration in the intimal layer and
subsequent leukocytes influx,
 followed by deposition of low
density lipoproteins (LDL) and
platelets adhesion to the endothe-
lium.16

Based on these pathogenic
mechanisms, the subjective
response to inflammation seems
to play a central role. The
 hypothesis of Koç and Uneri3

 concerning a genetic predisposi-
tion to the formation of plaques in
response to an inflammatory
 stimulus seems plausible given the
identification of a subgroup of
hypercholesterolemic patients
more prone to atherosclerotic
 disease.

Finally, the data presented here
do not address the utility of
 otoscopy in cardiovascular disease

Table I

Incidence of tympanosclerosis in subjects with hypercholesterolemia (study group)
and control group

* p = 0.02.

Table II

Incidence of association between tympanosclerosis and arterial Doppler ultrasound
findings in subjects with hypercholesterolemia

* p = 0.01.

Patients Tympanosclerosis Normal tympanic
membrane

Total

Study group 9/40 (22.5%)* 31/40 (77.5%) 40/40 (100%)

Control group 2/41 (4.9%) 39/41 (95.1%) 41/41 (100%)

Doppler
Ultrasound

Tympanosclerosis Normal tympanic
membrane

Total

Positive 7/17 (41.2%)* 10/17 (58.8%) 17/17 (100%)

Negative 2/23 (8.7 %) 21/23 (91.3%) 23/23 (100%)
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screening, and it should be recog-
nized that tympanic sclerotic
plaques were detected in much
less than 50% of the subjects posi -
tive for endovascular alterations
on DU examination. This study is
limited by a small sample size,
and further studies with larger
populations are required. Our
results do, however, suggest that
the contemporary presence of
hypercholesterolemia and oto-
scopic tympanosclerotic features
should prompt DU analysis in
order to evaluate for atheroscle -
rotic lesions. Otoscopy is a rapid,
cheap, and non-invasive investiga-
tion, and could be considered an
additional tool in of the absence of
more accurate and specific diag-
nostic procedures.

Conclusion

There is a significant difference in
the prevalence of tympano -
sclerotic plaques between hyper -
cholesterolemic and control
patients. Moreover, a significant
majority of patients with both
hypercholesterolemia and scle -
rotic plaques of the tympanic
membrane were found to have
atherosclerotic lesions on arterial
Doppler ultrasound, confirming
the existence of a link between
tympanosclerosis and athero -
sclerosis. To our knowledge, this
is the first report of a link between
pre-clinical atherosclerosis and
tympanosclerosis.
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