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Is there any relation between coronary atherosclerosis and
tympanosclerosis?

Koroner ateroskleroz ve timpanoskleroz arasinda bir iliski var midir?
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ABSTRACT

Objective: Atherosclerosis is a chronic inflammatory disease of medium and large-sized arteries. Tympanosclerosis is the hyalinization and
calcification of the connective tissue in the middle ear, including the tympanic membrane. The etiology and pathogenesis of tympanosclerosis
are still controversial. There are some reports about the possible relationship between development of tympanosclerosis and atherosclerosis.
Therefore, we aimed a cross-sectional study to investigate relationship between tympanosclerosis and atherosclerosis in patients referred for
coronary angiography.

Methods: The study population consisted of 203 consecutive patients (145 men, mean age 59+11years) who underwent coronary angiography.
Otoscopic examination was performed in all patients. All angiographies were examined to calculate coronary artery vessel stenosis and extent
scores. Mann-Whitney U test was used to compare the angiographic scores with existence of tympanosclerosis.

Results: Among the 203 patients, 35 (17%) patients had angiographically normal coronary arteries without any atheroma plaque and 168 (83%)
had coronary atherosclerosis. In the otoscopic examination, tympanosclerosis was found in 14 patients (6.9%). No significant differences in
distribution of clinical atherosclerotic risk factors (age, gender, body mass index, hypertension, diabetes mellitus, cigarette smoking and
cholesterol levels) were found between groups with and without tympanosclerosis. Tympanosclerosis was found in 4 patients with normal
coronary arteries (11.4%). In the group of coronary atherosclerosis, 10 patients have tympanosclerosis (5.9%). In addition, there was no
statistically significant association of coronary artery vessel, stenosis or extent scores of atherosclerosis with tympanosclerosis (p>0.05).
Conclusions: We could not find any association between tympanosclerosis and angiographic extent and severity of atherosclerosis, contrary to other
studies. More studies are needed to understand etiological mechanisms and association between them. (Anadolu Kardiyol Derg 2010; 10: 121-5)
Key words: Atherosclerosis, tympanosclerosis, coronary angiography, angiographic scoring

OzeT

Amagc: Ateroskleroz orta ve biiyiik arterlerin kronik inflamatuvar bir hastaligidir. Timpanoskleroz, timpanik zari da igine alacak sekilde orta kulak
bag dokusunda hyalinizasyon ve kalsifikasyon olusmasidir. Timpanosklerozun etiyoloji ve patogenezi hala tartismalidir. Ateroskleroz ve timpa-
noskleroz gelisimi arasinda olasi iligkiye yonelik bazi calismalar mevcuttur. Biz bu kesitsel ¢alismada, koroner anjiyografiye gonderilen hasta-
larda timpanoskleroz ve ateroskleroz arasindaki iliskiyi arastirmayi amacladik.

Yontemler: Koroner anjiyografiye gonderilen 203 ardisik hasta (145 erkek, yas 59+11 yil) calismaya alindi. Biitiin hastalara otoskopik muayene
yapildi. Koroner anjiyografilerde damar, darlik ve yayginlik skorlari hesaplandi. Timpanoskleroz varligi ile anjiyografik skorlari karsilastirmak igin
Mann-Whitney U testi kullanildi.

Bulgular: iki yiiz iic hastadan, 35 (%17) hastanin anjiyografisi aterom plagi olmadan normal bulunurken, 168 (%83) hastada koroner ateroskleroz
tespit edildi. Otoskopik muayenede, 14 (%6.9) hastada timpanoskleroz bulundu. Timpanoskleroz olan ve olmayan hasta gruplari arsinda klinik
aterosklerotik risk faktorleri (yas, cinsiyet, viicut kitle indeksi, hipertansiyon, diyabetes mellitus, sigara kullanimi, kolesterol seviyeleri) agisindan
anlamli farklar tespit edilmedi. Normal koroner arterleri olan hastalardan 4’tinde (%11.4) timpanoskleroz tespit edildi. Koroner ateroskleroz
grubunda ise, 10 (%5.9) hastada timpanoskleroz mevcuttu. Ayrica, timpanoskleroz ile aterosklerozun damar, darlik ve yayginlik skorlari arasinda
istatistiksel olarak énemli bir iligki bulunmadi (p>0.05).

Sonug: Diger calismalardan farkli olarak timpanoskleroz ile aterosklerozun anjiyografik yayginligi ve ciddiyeti arasinda bir iligki tespit edemedik. Bu iki
hastalik arasindaki iligkiyi ve etiyolojik mekanizmay anlayabilmek i¢in daha fazla ¢alismaya ihtiyag vardir. (Anadolu Kardiyol Derg 2010; 10: 121-5)
Anahtar kelimeler: Ateroskleroz, timpanoskleroz, koroner anjiyografi, anjiyografik skorlama
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Introduction

Atherosclerosis is a multifocal immuno-inflammatory dis-
ease of medium and large-sized arteries fuelled by lipids.
Endothelial cells, leukocytes and intimal smooth muscle cells
are the major players in the development of this disease (1).
Chronic inflammation and immune mechanisms are involved in
genesis, especially during progression phase and during the
onset of vulnerable plaques (2).

Tympanosclerosis is a disease characterized by hyaliniza-
tion and calcification of the collagen layer in certain areas of the
tympanic membrane and middle ear mucosa and appears as
white chalky patches (3-5). The exact etiology and pathogenesis
of tympanosclerosis is not well known. Some reports have been
in agreement that inflammation could initiate formation of the
tympanosclerosis (6, 7).

There are some reports about the possible relationship
between development of tympanosclerosis and atherosclerosis
(8-10). Therefore, in the current study, we aimed a cross-sec-
tional study to examine the relation between tympanosclerosis
and angiographic extent and severity of atherosclerosis in
patients referred for elective coronary angiography. In addition,
we investigated the effect of traditional risk factors on tympano-
sclerosis.

Methods

The study population consisted of 203 consecutive patients
(145 men, mean age 59+11, 27-86 years) who underwent coro-
nary angiography. All of them underwent diagnostic coronary
angiography to determine coronary artery disease (CAD)
because of typical or quasi-typical symptoms of angina and
electrocardiographic changes at the Cardiology Clinic of Mersin
University Hospital.

Otoscopic examination

Otoscopic examination was performed bilaterally by a single
examiner in order to detect the presence of possible tympanic
plaques. Patients with previous otologic disease and otosurgical
procedures were excluded. We obtained a verbal informed con-
sent from patients for otoscopic examination. Presence of tym-
panosclerosis was noted as described by Bluestone in 2003 (11).
If at least 20% of the eardrum was occupied with plaques, the
case was considered as tympanosclerosis positive. In addition,
tympanosclerosis detected in patients was staged as follows:

Stage 1. Tympanosclerosis limited to tympanic membrane
and hearing is unaffected,

Stage 2. Tympanosclerosis limited to tympanic membrane,
but hearing loss occurs secondary to tympanosclerosis;

Stage 3. Tympanosclerosis involving the middle ear only with
no hearing loss;

Stage 4. Tympanosclerosis involving the middle ear with hear-
ing loss;

Stage 5. Tympanosclerosis involving the tympanic membrane
and middle ear, with no hearing loss;

Stage 6. Extensive tympanosclerosis involving both the tym-
panic membrane and middle ear with hearing loss (11).

Risk factors of CAD

The coronary risk profile (blood pressure, diabetes mellitus,
smoking status, lipid profile) and current medication were
obtained from the patients’ records. Diabetes was defined as
hyperglycemia requiring previous or ongoing pharmacological
therapy. Hypertension was defined as increased systolic or dia-
stolic blood pressure above 140/90 mmHg or ongoing antihyper-
tensive therapy. Body mass index (BMI) was calculated as weight
divided by height squared. Smoking was defined as current use of
cigarettes >10 cigarettes daily at least for one year. Family history
of CAD was considered positive if patient’s first- degree relatives
had been diagnosed with CAD before 55 years of age.

Biochemical analyses

Total cholesterol, triglycerides and high-density lipoprotein-
cholesterol (HDL-C) were analyzed by glycerophosphate oxidase,
peroxidase/4-aminophenazone (GPO/PAP), cholesterol oxidase,
peroxidase/4-aminophenazone (CHOD/PAP) and direct COHD/
PAP enzymatic colorimetric methods, respectively. The content of
very low-density lipoprotein-cholesterol (VLDL-C) and low-density
lipoprotein-cholesterol (LDL-C) was calculated according to the
equation described by Friedewald et al (12). All these parameters
were determined by a Cobas Integra 800 biochemical analyzer
(Roche Diagnostics, GmbH, Mannheim, Germany).

Coronary angiography

Coronary angiography was applied by femoral approach
using standard Judkins technique (13). Coronary angiographies
were interpreted visually and were always analyzed in two
orthogonal views. Coronary angiograms were independently
reviewed by experienced cardiologists blinded to the patients’
clinical and laboratory findings. The patients, who had any
angiographic evidence of atherosclerosis in their epicardial
coronary arteries, including a plaque, were classified as having
CAD. The patients who did not have any coronary lesion were
classified as without CAD (normal coronary arteries-NCA). All
angiographies included in CAD group were examined to deter-
mine to the severity of coronary atherosclerosis. The evaluation
included three different scoring systems, described by Sullivan
et al. (14-16).

Vessel score: Vessel score was 0 to 3 points. Each of the
main coronary arterial branches (left anterior descending, left
circumflex artery, right coronary artery) having >1 stenoses of
>70% was given 1 point each. If the left main stem, which was
regarded as one vessel and the left anterior descending and/or
the left circumflex artery were affected, this was counted as 2
points.

Stenosis score: Stenosis score was 0 to 32 points. The maxi-
mum diameter reduction of 8 coronary segments (left main stem,
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left anterior descending artery, main diagonal branch, main septal
branch, left circumflex artery, main marginal branch, right coronary
artery, right posterior descending branch) was scored with 1to 4
points according to a luminal narrowing of 1% to 49% (1 point), 50%
to 74% (2 points), 75% to 99% (3 points), or a total occlusion (4
points).

Extent score: Extent score was 0 to 100 points. According to
the proportional length of each vessel segment in the coronary
artery tree, segments were graded with different maximum num-
bers of points: 5 points for the left main stem, 20 for the left ante-
rior descending artery, 10 for the main diagonal branch, 5 for the
first septal branch, 20 for the left circumflex artery, 10 for the
obtuse marginal and posterolateral vessels, 20 for the right coro-
nary artery, and 10 for the right posterior descending branch. The
number of points for each segment (irrespective of the degree of
diameter reduction) was expressed as the percentage length of
visible lesions within the total segment. Occluded vessels that
were filled with contrast medium by collateral flow were scored
according to the visible irregularities of the vessel wall. If no col-
lateral flow existed, the mean value of all other vessel segments
of this angiogram was given to this occluded vessel segment.

Statistical analysis

Statistical analysis was assessed by computer software SPSS
for Windows version 11.5 (Chicago, lllinois, USA). All data were
presented as mean+SD, median values and proportions/percent-
ages. Differences were considered significant at a value of
p<0.05.

Analysis of differences in categorical binary variables (gen-
der, hypertension, diabetes mellitus, family history of CAD)
between groups with and without tympanosclerosis was accom-
plished using Chi-square test. Independent samples t test was
used to figure out differences between groups in continuous
variables (age, total cholesterol, LDL-C, HDL-C, triglycerides,
body mass index). Mann-Whitney U test was used to compare
the vessel, stenosis and extent scores with existence of tympa-
nosclerosis.

Results

The study population included 203 patients with a mean age
of 59+11 years (145 male with mean age of 58+11 years and 58
female with mean age of 61211 years). Forty-three (21%) patients
had diabetes mellitus, 111 (55%) patients had systemic
hypertension and 87 (43%) patients had history of cigarette
smoking. Forty-three (21%) subjects had a family history of
premature CAD.

Otoscopic examination of 203 patients was performed and
tympanosclerosis was found in 14 patients (6.9%), it was bilat-
eral in five patients. The involvement degree of tympanosclero-
sis was stage 1 in all patients. No significant differences in
clinical atherosclerotic risk factors (age, gender, body mass
index, hypertension, diabetes mellitus, cigarette smoking, family
history of CAD, and cholesterol levels) were found between

patients with and without tympanosclerosis. The associations of
baseline clinical characteristics with presence of tympanoscle-
rosis are presented in Table 1.

Among the 203 patients, 35 patients (17%) have angiographi-
cally normal coronary arteries and 168 have coronary athero-
sclerosis. The prevalence of coronary atherosclerosis was 83%.
The 44 (22%) patients had one-vessel disease (>70% stenosis),
44 (22%) patients had two-vessel disease and 41 (20%) had
three-vessel disease. The mean vessel score was 1.9+1.4
(range, 0 to 3), mean stenosis score was 5.7+4.4 (range, 0 to 32),
and mean extent score was 24.9+16.2 (range, 0 to 100).

Tympanosclerosis was found in 4 out of 35 patients with NCA
(11.4%). In the group of coronary atherosclerosis, 10 patients have
tympanosclerosis (5.9%). There was no statistically significant differ-
ences in vessel, stenosis and extent scores between groups of
patients with and without tympanosclerosis (p>0.05) (Table 2).

Discussion

We could not found any association between tympanoscle-
rosis and atherosclerosis. With difference of previous studies,
we examined also the severity of atherosclerosis and deter-
mined vessel, stenosis and extent scores for each patient.
However, there were also no statistically significant associa-
tions between existence of the tympanosclerosis and the vessel,
stenosis or the extent scores.

In the literature, there are two studies about the relation
between atherosclerosis and tympanosclerosis (8-10). Kog et al.
(8) found a statistical correlation between tympanosclerosis and
atherosclerosis. They examined 1024 patients with known CAD
and they found an incidence of 67% tympanosclerosis in patients

Table 1. Baseline characteristics of patients with and without
tympanosclerosis

Variables Tympanosclerosis| Tympanosclerosis | p*
present absent
(n=14) (n=189)
Age, years 59.8+10.9 59.3+11.4 NS
Men, n (%) 11(79) 134(71) NS
Hypertension, n (%) 6(43) 105 (55) NS
Diabetes, n (%) 2(14) 41(22) NS
Smoking, n (%) 3(21) 84 (44) NS
Family history of CAD, n (%) 1(7) 42(22) NS
Laboratory findings
Total cholesterol, mg/dl 203.5+59.0 195.9+46.9 NS
LDL cholesterol, mg/dI 133.8462.5 115.6+37.6 NS
HDL cholesterol, mg/dl 40.0+139 46.3+15.1 NS
Triglycerides, mg/dl 178.8+113.1 175.3+£103.2 NS
Body mass index, kg/m? 26.1+3.7 26.5+39 NS
Data are presented as mean+SD and proportions/percentages
*-ttest for independent samples and Chi-square test
CAD - coronary artery disease, HDL - high-density lipoprotein, LDL - low-density lipoprotein,
NS - not significant, p>0.05
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Table 2. Results of coronary angiography and the atherosclerosis score of
patients with and without tympanosclerosis

Variables Tympanosclerosis | Tympanosclerosis | p*
present absent
(n=14) (n=189)
NCA without any atheroma 4 31 NS
plaque
Coronary atherosclerosis 10 158 NS
Atherosclerosis scoring
Vessel score 14403 1.2+0.1 NS
2(0-3) 1(0-3)
Stenosis score 6.3+1.4 5.7+03 NS
85(0-14) 5(0-19)
Extent score 220445 25.1£1.2 NS
25 (0-45) 25 (0-60)
Data are presented as mean+SD, median (min-max) values and proportions
* - Mann Whitney U and Chi-square tests
NCA - normal coronary arteries, NS - not significant, p>0.05

with CAD compared with 12% of the normal population (8). The
prevalence of tympanosclerosis in the atherosclerosis group was
higher than in our study, but their study criteria were different.
Although they had chosen control patients without ear problems,
174 of 1024 patients in the atherosclerosis group had medical
histories of ear complaints and infections. In addition, their con-
trol subjects were younger than atherosclerotic patients.

Ferri et al. investigated the possible relationship between
tympanosclerosis and atherosclerosis in 84 patients with sig-
nificant carotid disease and presented in two publications (9,
10). They found that patients with carotid atherosclerosis had
higher incidence of tympanosclerosis compared to the controls
(38 vs 13%, p=0.05; 36 vs 12%, p=0.005).

Major pathophysiological process of coronary atherosclero-
sis is a defect or injury of the arterial endothelial function and
represented by the impairment of blood flow. There is a close
link between atherosclerosis and high total cholesterol levels.
Also, smoking, high body weight, high blood pressure, elevated
fasting glucose and diabetes are important risk factors and the
rate of progression of atherosclerosis is highly variable (17, 18).
Studies identified that inflammation plays a pivotal role in the
onset and progression of atherosclerosis (19, 20). There were no
studies on whether these risk factors were associated with
tympanosclerosis.

The pathogenesis of tympanosclerosis is unclear. In order to
clarify the cause of tympanosclerosis, several hypotheses have
been proposed and different scavenging agents were used for
prevention (21-24). Otitis media and/or transtympanic tube appli-
cation are most widely accepted explanations for the genesis of
this pathology (7, 25, 26). The inflammation known to exist in
secretory otitis media probably plays an important role (6, 7, 27).
Some patients develop tympanosclerosis after mild inflammato-
ry otitis media processes whereas some heal without tympano-
sclerosis after more aggressive infections. This difference may
be due to individual variations in the inflammatory response. The
incidence of tympanosclerosis in otitis media varies from 20% to

43% in different clinical series (28, 29). Animal models were
developed for development of tympanosclerosis after otitis
media. Giles et al. (30) examined the development and progres-
sion of tympanosclerosis in rats using a new model for persis-
tent otitis media. Tympanosclerosis developed as a main
response to the prolonged otitis media and severity of disease
was directly proportional to the duration of otitis media. Flodin et
al. (7) inoculated Streptococcus pneumonia to the middle ear of
the rats. They found that immunocompetent cells and some
mediators are presented time-dependently in otitis media and
lead to tympanosclerosis development.

Under the electron microscope, tympanosclerosis plaque is
seen as an irregular three-dimensional collagen lattice, enclosing
spherical mineralized aggregates that are masses of calcium
phosphate (6, 31). Although, the calcification process in the mid-
dle ear resembles that occurring in atherosclerosis, body may
display similar histopathological reactions to different injuries.
Healing responses to inflammation were the same, but predispos-
ing factors are different for middle ear and coronary arteries.

Study limitations

This study has the major limitation of including only patients
undergoing coronary angiography for suspected CAD. The con-
clusions do not necessarily apply to patients who have not
undergone coronary angiography.

We diagnosed tympanosclerosis in only 14 of 203 patients
(6.9%). The number of cases is too limited for broad generaliza-
tions. A larger study with more patients is thus necessary to
confirm our results.

Conclusion

Inflammation has evolved as a protective response to insult
or injury. Both tympanosclerosis and atherosclerosis are the
final steps of an inflammatory process, which continues for
many years due to a traumatic lesion like endothelial damage or
an infection. Although histopathological appearance may be
similar in both diseases, these are two different disease affect-
ing different sides of the body with different risk factors. More
studies are needed to understand etiological mechanisms and
association between these two pathologies.
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