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Evaluation of Peripheral Arterial Disease
in Patients with Tinnitus Using the Ankle Brachial Index
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ABSTRACT Objective: Tinnitus is sometimes the first manifestation
of atherosclerosis. The ankle-brachial index is reported to be a good
marker of atherosclerosis and is indicative of peripheral arterial dam-
age. Material and Methods: It is a non-invasive test that can be eas-
ily applied in the outpatient clinic. We investigated the association of
peripheral arterial disease in patients with nonpulsatile tinnitus using the
ankle-brachial index. This study demonstrates the role of atherosclero-
sis in these patients. We evaluated 25 patients who had no hearing loss
with nonpulsatile tinnitus and a control group of 15 patients who did not
have any tinnitus symptoms. The mean age of all of the patients was
36+12 years. All patients underwent clinical evaluations including a
thorough medical and otologic history, micro-otoscopy, complete blood
count, clinical biochemical analysis, and pure tone and speech au-
diometry. Further investigations included magnetic resonance imaging
of the internal acoustic canal, and Doppler ultrasound of the carotid and
vertebral arteries. Results: Patients with an ankle-brachial index <0.9
were accepted as having peripheral arterial occlusive disease. The
Mann-Whitney U test showed that the ankle-brachial index was sig-
nificantly lower in patients with tinnitus (p=0.02). Conclusion: This
study shows that peripheral arterial disease is more common in patients
with nonpulsatile tinnitus than in controls without tinnitus. Our findings
support the view that atherosclerosis plays an important role in the
cause of nonpulsatile tinnitus.

Keywords: Tinnutus; atherosclerosis; carotid artery disease;
ankle-brachial index

OZET Amag: Tinnitus bazen aterosklerozun ilk belirtisidir. Ayak bi-
legi-kol indeksinin aterosklerozun iyi bir belirteci oldugu ve periferik
arter hasarinin gostergesi oldugu bildirilmektedir. Gereg¢ ve Yontem-
ler: Poliklinikte rahatlikla uygulanabilen noninvaziv bir testtir. Ayak
bilegi-kol indeksini kullanarak nonpulsatil tinnituslu hastalarda, peri-
ferik arter hastalig iliskisini arastirdik. Bu caligma, bu hastalarda ate-
rosklerozun roliinii gdstermektedir. Nonpulsatil tinnituslu isitme kaybi
olmayan 25 hastay1 ve tinnitus semptomu olmayan 15 kontrol grubunu
degerlendirdik. Tiim hastalarin yas ortalamas: 36+12 yil idi. Tiim has-
talara kapsamli bir tibbi ve otolojik 6ykii, mikro-otoskopi, tam kan sa-
yimy, klinik biyokimyasal analiz, saf ses ve konusma odyometrisi dahil
klinik degerlendirmeler yapildi. Daha ileri arastirmalar, dahili akustik
kanali manyetik rezonans goriintiilemesini, karotis ve vertebral arter-
lerin Doppler ultrasonunu i¢eriyordu. Bulgular: Ayak bilegi-kol in-
deksi <0,9 olan hastalarimn periferik arter tikayici hastaligi oldugu kabul
edildi. Mann-Whitney U testi, kulak ¢inlamasi olan hastalarda ayak bi-
legi-kol indeksinin anlamli olarak daha diisiik oldugunu gosterdi
(p=0,02). Sonug: Bu galigma, periferik arter hastaligmmn, nonpulsatil
tinnituslu hastalarda tinnitussuz kontrollere gore daha yaygin oldugunu
gostermektedir. Bulgularimiz, aterosklerozun nonpulsatil tinnitusun ne-
deninde 6nemli bir rol oynadig1 goriisiini desteklemektedir.

Anahtar Kelimeler: Innitus; ateroskleroz; karotis arter hastaliklari;
ayak bilegi-kol indeksi

Tinnitus is the perception of sound when an ex-
ternal stimulus is not present.' Its frequency in adults
is around 10%, and it has a wide range of effects on

quality of life, ranging from minor discomfort to
complete impairment.” There are a number of differ-
ential diagnoses that must be considered in such pa-
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tients, some of which can lead to life-threatening cir-
cumstances. The classification of tinnitus is based on
its pulsatile or continuous (nonpulsatile) presence
and its subjective or objective nature.’ Subjective,
nonpulsatile tinnitus is the most frequent type of
tinnitus. Tinnitus can be induced or exacerbated by
different conditions and factors, including ototoxi-
city, stress, excessive noise, infections of the ear or
sinus, head and neck injury, and other diseases or
diabetes mellitus (DM),
macro/microangiopathy, arterial hypertension
(HT), and disorders of the metabolism.

conditions such as

In many cases, the exact cause is never found.
In most cases, tinnitus is thought to be the result of
atypical activity in the neural circuitry from the
cochlea to the regions of the brain that handle hear-
ing.* Various biochemical or inflammatory alter-
ations and oxidative stress have been implicated in
the development of problems in the auditory cir-
cuitry and auditory symptoms experienced by pa-
tients with tinnitus.’ Most patients with pulsatile
tinnitus are found to have risk factors for athero-
sclerotic disease of the carotid artery, and since the
pulsatile form of disease is often caused by vascu-
lar pathologies, such patients may be experiencing
problems in cochlear micro circulation. In addition,
tinnitus and atherosclerosis frequencies are both
shown to increase with age.

We considered that atherosclerotic disease
may contribute to nonpulsatile tinnitus develop-
ment, and therefore, sought to investigate the pos-
sible role of peripheral artery occlusive disease
(PAD) in patients with nonpulsatile tinnitus. PAD
is most often the result of occlusion or stenosis in
limb arteries as a result of atherosclerotic plaque
formation. PAD has a prevalence of five percent at
age 60 with a subsequent increase with age.® Al-
though PAD generally does present with symp-
toms, it can occasionally lead to claudication
symptoms that worsen with time.” The ankle-
brachial index (ABI) has long been utilized as an
atherosclerosis marker, with values lower than 0.9
shown to be diagnostic for PAD.? In fact, patients
with possible PAD initially undergo non-invasive
testing that includes ABI measurement.’

I MATERIAL AND METHODS

This study was submitted to the local Ethics Com-
mittee of Van Research Hospital on Institutional Re-
search which approved the study design (date:
26.11.2013 no: 2013/4). The study was conducted in
accordance with the principles of Helsinki Declara-
tion. All participants provided informed consent. In
the study group, 25 patients who were admitted to our
ear nose throat clinic at a tertiary health facility with
complaints of nonpulsatile tinnitus were followed for
18 months. The time from the onset of tinnitus to ad-
mittance to our clinic was a maximum of 1 year.
All of the patients had nonpulsatile tinnitus. Fifteen
people were included in the control group and they
were selected from patients who applied to our ear
nose throat clinic with complaints other than ear
disease.

All patients underwent clinical evaluations in-
cluding a thorough medical and otologic history,
micro-otoscopy, complete blood count, biochemical
measurements, and pure tone and speech audiome-
try. Further investigations included magnetic reso-
nance imaging (MRI) of the internal acoustic canal,
and Doppler ultrasound of the carotid and vertebral
arteries. Blood samples were also analyzed with re-
gard to the hemogram, glucose, urea, creatinine, thy-
roid function tests (TFT), triglyceride, cholesterol,
aspartate aminotransferase, and alanine aminotrans-
ferase. Study and control patients who had normal re-
sults for micro-otoscopy examination, complete
blood count, and biochemistry analyses were in-
cluded. All patients (study and control group) who
had normal pure tone audiometry were evaluated and
included in the study.

For the calculation of ABI, an ABI-form device
(Dopplex D900 audio Doppler; Huntleigh Healthcare
Ltd., Cardiff, UK) which used an oscillometric tech-
nique to concurrently measure blood pressure in both
arms and ankles was used, and the device provided
automated results. ABI calculation was performed by
dividing the systolic blood pressure of the ankle by
the systolic blood pressure of the arm. Patients with
an ABI of <0.9 were accepted as having peripheral
arterial occlusive disease (PAD).
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The Mann-Whitney U test was used to compare
the study and control groups. Statistical analyses
were performed using SPSS 16.0 for Windows (IBM,
United States) and p values of <0.05 were accepted to
indicate significance.

I RESULTS

The research comprised 25 patients with tinnitus (12
men, 13 women), and 15 control patients (8 men, 7
women). The overall mean age was 36+12 years,
ranging from 19 to 49 years. Eight patients had tin-
nitus in the left ear, seven patients had it in the right
ear, and 10 patients had bilateral tinnitus. None of the
patients in the study group were diagnosed with DM,
while three had HT and 11 were smokers. No sub-
jects had DM or HT in the control group, while 6
were smokers. Participants in the study and control
groups had normal values of hemogram, cholesterol,
and TFT. Carotid arterial and vertebral arterial
Doppler ultrasonography investigations did not re-
veal prominent plaque formation, stenosis, or occlu-
sion. The common/internal/external carotid artery
(CCA, ICA, ECA) calibrations and their blood-flow
(direction, properties) were visualized and evalua-
tions showed that these features were normal. MRI
of the ear did not reveal any pathological signs in any
patient.

All patients in the control group had an ABI>1.
The ABI differed statistically significantly between
the patients with and without tinnitus, i.e. the study
and control group (p=0.02) (Figure 1, Table 1). The
ABI was significantly lower in the patients with tin-

nitus, and this was taken to indicate that they had pe-
ripheral arterial occlusive disease (PAD).

I DISCUSSION

The inner ear is considered to be a sensory neural
organ that is sensitive to systematic pathology such
as cardio-metabolic, autoimmune, or inflammatory
conditions.’ Tinnitus results from damage to the
cochlea’s hearing sensory cells, with or without
concurrent damage to central auditory system com-
ponents, due to a variety of factors.!® Exposure to
loud, hearing impairment, aging, DM, HT and mid-
dle ear infection are associated with its develop-
ment.'" Tinnitus may also be a condition that
manifests as the initial symptom of atherosclero-
sis.!>!3 Various triggering events may be responsi-
ble, including microcirculation dysfunction in the
inner ear (related to atherosclerotic carotid artery
disease) or turbulent blood flow in the carotid ar-
teries.!*!> However, the precise etiology is yet to be
determined.

Although peripheral arterial disease is a disease
that presents substantial healthcare burden and is an
independent risk factor for cardiovascular mortality
and systemic atherosclerosis, it often cannot be iden-
tified until advanced symptoms appear. When evalu-
ating patients for PAD, proper diagnostic tools are
just as crucial as clinical knowledge and competence.
Nowadays, for the diagnosis of PAD, the ABI has be-
come an important tool. Lower ABI values have been
associated with generalized atherosclerosis, as a re-
sult of studies investigating CCA intima-media thick-
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TABLE 1: Ankle brachial index in patients with tinnitus and controls without tinnitus.

Ankle-brachial index {mean+SD) 0.96+0.04

Patients with tinnitus (n=25)

Control group (n=15)
1.12+£0.18

p value
0.02

SD: Standard deviation.

ness (IMT) and stenosis in the intracranial ICA and
middle cerebral artery.'®!”

Arterio-arterial anastomoses, arteriovenous
shunts, and intraluminal irregularities of the carotid
system (carotid atherosclerosis, atherosclerotic
carotid stenosis, and fibromuscular dysplasia), aber-
rant carotid artery, middle ear vascular neoplasms,
and heart murmurs are all factors associated with pul-
satile tinnitus.'® Atherosclerotic carotid artery disease

causes pulsatile tinnitus.'

IMT values are extensively used as markers of
atherosclerosis.'” In individuals with pulsatile tinni-
tus, higher IMT was suggested to represent intracra-
nial arterial sclerosis according to Fukatsu et al. They
found significantly elevated IMT values in patients
with pulsatile tinnitus compared to those without."”
Terzi et al. also reported similar findings.>’ Wada et
al. evaluated the IMT of the carotid artery in patients
with benign paroxysmal positional vertigo, and found
it thicker. Thus, they demonstrated that atherosclero-
sis is more extensive in peripheral vestibular dis-
eases.”!

We investigated patients with nonpulsatile tin-
nitus using MRI of the ear, and carotid and vertebral
arterial Doppler visualization and we did not detect
any pathology. We did not measure IMT but we did
not note a higher degree of intimal thickness or
plaque formation in the carotid Doppler study. So
atherosclerotic signs were not present in the carotid
artery in our study. In reported studies, carotid ather-
osclerosis and atherosclerotic carotid stenosis com-
monly lead to pulsatile tinnitus.'*?° In our patients,
extensive atherosclerosis was present in the periph-
eral arteries apart from the carotid artery, which may
be related that atherosclerosis is present in patients
with nonpulsatile tinnitus but it exists in different lo-
cations.

In our study, all causes that may lead to tinnitus
were excluded (by hemogram, extensive biochemi-

10

cal analysis, and abnormal signs in MRI, carotid
Doppler, and vertebral arterial Doppler, audiogram),
and the presence of peripheral arterial disease was in-
vestigated in these patients by considering that ath-
erosclerosis might play a role in the etiology of
tinnitus. Our results revealed a higher frequency of
peripheral arterial disease in patients with nonpul-
satile tinnitus. This supports the view that athero-
sclerosis is a risk factor in nonpulsatile tinnitus.

Nondabhl et al. found that, among the cardiovas-
cular-related risk factors, peripheral vascular disease
was associated with tinnitus.!® Recent research has
examined hearing impairment as a sign of circulatory
instability.” Tan et al. found that a history of cardio-
vascular disease (CVD) and almost all modifiable
CVD factors were associated with hearing loss.?? The
presence of tinnitus without hearing loss in a patient
may indicate the initiation of cellular damage that has
not yet reached a level to produce loss of hearing. The
present study demonstrates that atherosclerosis had
actually begun to develop in those patients experi-
encing tinnitus but was present together with normal
results for all analyses including audiometry. In our
study, a duration of tinnitus for less than 1 year in all
patients, and normal results for all parameters apart
from the ABI, support the view that tinnitus is an
early manifestation of atherosclerosis.

We selected patients with a normal microscopic
ear examination and who did not have hearing loss,
and whose results of the hemogram, biochemical
analysis, and MRI of the ear were normal; however,
we did not exclude HT and smoking which can be
causes of tinnitus. Therefore, all the other risk factors
that might cause tinnitus have been excluded apart
from these 2 factors.

I CONCLUSION

In conclusion, this study shows that PAD has higher
frequency among individuals with tinnitus. There-
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fore, it is possible to speculate that atherosclerosis
might play a significant role in the etiology of non-
pulsatile tinnitus. Additionally, tinnitus may be an
early marker for CVD and for that reason, further
studies are needed.
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