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Abstract: Aim of the study: This study was carried out to assess the effects of high blood pressure and its associated
changes in the form of high fibrinogen level and high plasma atrial natriuretic peptide (ANP) level on hearing
threshold in hypertensive patients. In this study, 100 persons (200 ears) 50 males and 50 females, with age range of
50-55 years, took part. They were equally divided into two groups, hypertension group and control group.
Hypertension group included hypertensive patients previously diagnosed as hypertensive patients of at least 10 years
duration with systolic BP above 140 mmHg and diastolic BP above 90 mmHg. They were under treatment of
hypertension. After audiometry, the hypertension group was divided into two subgroups according to hearing
threshold, the first subgroup contained hypertensive patients with hearing threshold less than 25 dB(with no hearing
loss) and the second subgroup contained hypertensive patients with hearing threshold above 25 dB(affected with
hearing loss). Control group contained normtensive persons with systolic blood pressure and diastolic blood pressure
less than 140 mmHg and 90 mmHg respectively. Blood pressure (Systolic, diastolic and mean), pure tone audiometry
at different frequencies, plasma fibrinogen level, and plasma ANP level, were measured. Results:- The results
indicated that: 1- There is highly significant (p<0.001) increase in hearing thresholds (worse hearing) at all high
frequencies in hypertensive patients. The highest hearing threshold was recorded at 8000 Hz-frequency.2- There is
an increase in percentage ratio of persons affected with hearing impairment at 2000, 4000 and 8000 Hz frequency
separately (hearing threshold above 25 dB) in hypertensive patients on comparison with control group. The highest
percentage ratio of persons with hearing deterioration at certain frequency is at 8000 Hz—frequency. It may be an
indicator of beginning of hearing impairment in hypertensive patients. 3- There is an increase in percentage ratio of
persons affected with high-frequency hearing impairment (mean hearing threshold in all high frequencies collectively
in the same person above 25 dB) associated with high blood pressure It arrived to 84% in hypertensive patients
instead of 22% in controls. High blood pressure leads to increase in number of affected persons with high-
frequencies hearing impairment to about 4 times as in controls. 4- High blood pressure is associated with highly
significant (p <0.001) high fibrinogen level. That level is positively correlated with hearing threshold at all high
frequencies, and positively correlated with hearing threshold separately at 8000 Hz-frequency.5- High blood pressure
is associated also with highly significant (p <0.001) elevated plasma ANP level. ANP level is positively correlated
with, mean blood pressure, hearing threshold at all high frequencies, and at hearing threshold of 8000 Hz-frequency.
6- In hypertensive patients who affected with high frequency hearing loss, there is significant (p < 0.05) increase of
plasma fibrinogen level and plasma ANP level compared with hypertensive patients without hearing loss.
Conclusion: High blood pressure is a risk factor for high-frequency hearing impairment. Hypertension is also
associated with increase percentage ratio of persons affected with high-frequency hearing impairment. 8000 Hz-
frequency is the most affected frequency in hypertensive persons, and may be an indicator for start of hearing
impairment in them. High plasma fibrinogen level and high plasma ANP level, that are associated with high blood
pressure, are directly related to deterioration of hearing threshold in hypertensive patients. The role of fibrinogen and
ANP in pathogenesis of hearing loss in hypertensive patients must be thoroughly investigated. Also extended high
frequency audiometry is highly recommended for early detection of hearing loss in hypertensive patients.
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1. Introduction: coffers. Few diseases are responsible for so frequent

Systemic arterial hypertension is one of the most and severe complications as the ones occurring from
common cardiovascular diseases. The relevance of arterial hypertension: cerebro-vascular stroke, heart,
arterial hypertension as a human disease is due to kidney and peripheral vascular insufficiencies.
clinical complications, morbidity, and mortality, as Moreover, it is estimated that about half of the deaths
well as the burden to the patient, family, and public of patients above 50 years are due to cardiovascular
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diseases, and 80% of them have high blood pressure.
Cardiovascular diseases and hearing loss are both
highly prevalent among older adults (1). Hypertension
is associated with hearing symptoms e.g. hearing loss
and tinnitus (2). Studies in animals have suggested a
connection between arterial hypertension and hearing
loss (3). Many studies support that hypertension is
considered as an important risk factor in many
pathological process, including hearing loss (2). It
seems apparent that there is a correlation between
hypertension and hearing loss, but it has not been
established that there is a causal relationship between
these two entities, the association is most likely a
complex one. Different forms of hypertension may
have different etiologies (2,4, 5). Experimental studies
tend to factor the concept parallel events rather than
direct effect of hypertension on the cochlear function
(6). On the other hand, many other studies did not
relate hypertension to hearing loss (7, 8). The studies
that prove hypertension as a risk factor for hearing loss
differ in the type of affected frequencies. Some
confirm high frequencies affection (3). Other studies
showed association of hearing loss for speech
frequencies in hypertensive patients (6).

The role of increase in fibrinogen level associated
with hypertension and hormonal change in the form of
elevated plasma ANP level, and their relations to
hearing loss were debate and less discussed (9).

This Study Aims To Identify:-

a) The Effects Of High Blood Pressure On Hearing
Thresholds At Different Frequencies In
Hypertensive Patients.

b) Relation Of Hypertension Associated Changes In

The Form Of High Plasma Fibrinogen Level And

High Plasma ANP Level With, Hearing

Threshold At Different Frequencies,

Deterioration Of Hearing, And Its Mechanisms.

Because hypertension is a major public problem,
in view of the result it is possible that early diagnosis
of hypertension, way of treatment, will benefit a
significant number of people who would otherwise
lose their hearing with advanced age.

2. Subjects and Methods
Subjects

One hundred persons (200 ears), 50 males and 50
females, with age range of 50-55 years, were equally
divided into hypertension group and control group.

1-Hypertension Group:-

This group included hypertensive patients
from Sohage University, Internal Medicine Clinic, in
the period from September 2009 to December 2011.
All patients were previously diagnosed as hypertensive
patients of more than 10 years duration with Systolic
BP above 140 mmHg and diastolic BP above 90
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mmHg (1).The hypertensive patients were under

treatment. After audiometry, according to hearing

threshold level, they were divided into two subgroups.

The first subgroup contained eight hypertensive

patients, five males and three females with hearing

threshold at all high frequencies (2000, 4000,and

8000) collectively below 25 dB. The second subgroup

was consisted of forty- two hypertensive patients,

twenty-seven males and fifteen females, with hearing
threshold level above 25 dB (affected with hearing
loss).

2-Control Group:-

Normotensive persons with systolic blood
pressure less than 140 mmHg and diastolic blood
pressure less than 90 mmHg, were included in the
control group.

All persons in hypertension group or control group
were of average body built, and were chosen nearly
with the same circumstances as regard economic and
living states. The included persons either from the
hypertension group or control group had:-

1-A questionnaire was constructed covering a variety
of items about personal and medical histories,
medication use (antihypertensive, ototoxic drugs)
and habit of daily living (smoking, alcohol
consumption, muscular exercise, exposure to noise
for long periods and use of hearing aids). Any
person were excluded if he or she had history of
diabetes, coronary heart diseases, history of
repeated ear troubles, head injury, intake of
ototoxic drugs, and exposure to noise for long
periods.

2-Informed consents from the persons were taken;
including clearance for use of examination data
were done.

3-General examination
Meticulous general examination was done with
special attention to:

Blood pressure that was measured three times at
different times and finally the mean of the three
measures was taken. Systolic and diastolic pressures
were recorded and the mean arterial blood pressure
was calculated from the following formula(10):

Mean blood pressure in mmHg = { diastolic blood

pressure +0.333(systolic blood pressure - diastolic

blood pressure)} .

The patient is considered as hypertensive
patient from the history of anti hypertensive treatment
intake (1) and the follow up card in internal Medicine
Clinic.

Heart for signs of heart failure (congested
neck veins-enlarged liver-edema of lower limb).

Liver for manifestations of liver cell failure
(jaundice -tremors-manifestations of hypo-proteinemia
e.g. edema &bleeding tendency).
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Kidney for manifestations of renal failure
(manifestations of uremia).
4- Local examination

Otoscopic examination was done for both
ears. External ear, middle ears, Nose, and throat were
locally examined.
S-Investigations

a-Special investigations

- 1-Audiometry: 1-Audiometry and
Immittancemetry: All ears that passed otoscopic
examination, Basic audiological evaluation
including pure tone and speech audiometry using
a computerized two channel audiometer Amplaid
model 309 in sound treated room [AC model
1602, and acoustic immittance testing
(tympanometry, acoustic reflex threshold
measurement), using Immittancemeter Amplaid
model 775. Threshold was considered the lowest
hearing level at which responses occurred for at
least half of series of ascending trials with
minimum of two responses out of three
presentations at a single level. Audiometry was
done for each ear, either right or left and After
hearing thresholds estimation for standard
audiometric frequencies in each ear were done,
the mean for both ears at each frequency was
taken, The mean hearing threshold at all low
frequencies in the same person was calculated and
the mean for all high frequencies also was
calculated (13). Hearing loss is defined when the
hearing threshold averages are above 25dB at any
frequency (11).

2- Estimation of plasma fibrinogen level

3-Estimation of plasma ANP peptide Level

b- General investigations

The following investigations were done for each

person in this study:

-ECG (model CARDIPIA 200)

-Blood sugar (fasting and post prandial )

-Kidney function tests (urea and creatinin )

-Bleeding time and coagulation time

Each person with any of the

manifestations was excluded
Manifestation of cardiac ischemia in ECG,

fasting blood glucose above 90 mg/dl, post prandial

blood glucose above 140 mg/dl, urea more than 40

gm/dl, creatinin more than 40 mg/dl, bleeding time

above 6 minutes, and coagulation time above 8

minutes(10)

Sampling:

Blood samples were collected at about 12 p.m. by

a chilled Syringe and each sample was divided into

two specimens. Each specimen was transformed into

poly propylene tube. One tube contained EDTA

(mg/ml) for ANP estimation and the second contained

following
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0.1 M sodium citrate for fibrinogen level estimation.
Samples were stored at -80°C till time of investigation.
Fibrinogen level was estimated in plasma by Assay
Max Human Fibrinogen (FBG) ELISA Kits supplied
by Gentaur Company, USA. ANP level was estimated
by using enzyme- immunoassay technique. This assay
employed a quantitative competitive enzyme immune
assay technique which was availed with the kit used
for ANP estimation of Uscnk Company.
Statistical analysis

Data were collected and analyzed by computer
program SPSS (ver.17) Chicago. USA. Data expressed
as mean * Standard Errors (SE), and percentage of
change. Using, Student "t" test to determine significant
for numeric variable, Chi. Square to determine
significant for non—parametric variable, person
correlation for numeric variable in the same group, P >
0.05 is not significant.

3. Results

Table (1): Shows the mean values of blood
pressure (systolic, diastolic, and mean BP) for
hypertension group and control group.

Effects of high blood pressure on hearing threshold at
different frequencies.

Table (2) and Figs (1): Show that in hypertension
group, there is highly significant (p< 0.001) increase
of hearing threshold "worse hearing" at all high
frequencies with increase percentage of 57% versus
control group. Maximum increase percentage is at
8000 Hz-frequency (130%). On the other hand, at low
frequencies there is significant increase at 250 Hz
frequency (P<0.05) and insignificant change is present
at 500 Hz,1000 Hz frequencies, so insignificant
increase in mean hearing threshold level at all low
frequencies was observed.

Hearing deterioration in hypertensive patients
affects the high frequencies. Hypertension is a very
important risk factor for high frequency- hearing loss.

Table (3): Shows the percentage ratio of
persons who have hearing impairment at different
frequencies (hearing threshold > 25 dB). Affection
with hearing impairment is more predominant in
hypertension group than in Controls. In hypertension
group, the highest percentage ratio of affected persons
was recorded at 8000 Hz — frequency (100%) followed
by 4000 Hz — frequency (40%), then 2000 Hz-
frequency (22 %). But in Controls, 4000 Hz-
frequency, is the most affected one (30%) followed by
8000 Hz-frequency (24%).

Percentage ratio of persons with hearing
impairment at 8000 Hz in hypertension group is four
times as in controls that indicate the role of high blood
pressure in deterioration of hearing especially at 8000
Hz-frequencies.
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Fig (2): Shows the percentage ratio of persons
affected with high -frequencies hearing loss (mean
hearing threshold for all high frequencies collectively
for the same person > 25 dB). In hypertension group,
percentage ratio of persons affected with hearing loss
is 84%, but in Controls it is 22%.

Hearing loss in hypertension group is about
four times as in Controls.
Fibrinogen level and hearing threshold.

Table (4) and Figs (3a, b): Show that there is
highly significant (P<0.001) increase in fibrinogen
level in hypertension group compared with control
group (percentage ratio of increase is 52.17%). This
increase in fibrinogen level is positively correlated
with hearing threshold at all high frequencies and with
hearing threshold at 8000 Hz-frequency, with
correlation coefficient of 0.4. It is obvious that
hypertension is associated with high fibrinogen level.

Table(5) and Fig(3c): Show significant (P <
0.05) increase in mean plasma fibrinogen level in
hearing loss-affected subgroup of hypertension group
versus non affected one. Difference between mean
mean blood pressure values in both subgroups were
insignificant.

The deterioration of hearing threshold in
hypertensive patients may be caused by the increase in

fibrinogen level not the high blood pressure. with
possible role of high plasma fibrinogen level in
pathogenesis of hearing loss in hypertensive patients.
Atrial natriuretic peptide plasma level, and hearing
threshold.

Table (4) and Figs (4a-c): show that there is
highly significant (P <0.001) increase of mean ANP
plasma level in hypertension group compared with
control group with increase percentage ratio of
35.35%. ANP level hypertension group is positively
correlated with mean blood pressure (correlation
coefficient is of 0.5). Hearing threshold at all high
frequencies and at 8000 Hz-frequency are also
positively correlated with plasma ANP level with
correlation coefficient of 0.6 and 0.5 respectively.

Table (5), and Fig (4d ): show significant ( p <
0.05) increase in mean plasma ANP level, and
insignificant increase in mean blood pressure in
hearing loss-affected subgroup of hypertension group
versus the non affected subgroup.

High plasma ANP level which associated with
high blood pressure may share in hearing deterioration
process in hypertensive patients not high blood
pressure.

Table (1): Mean values of arterial blood pressure (mmHg) in control group and hypertension group.

Systolic pressure Diastolic pressure Mean pressure
Control Hypertension Control Hypertension Control Hypertension

group group group group group group
Mean 126 195.5 83.6 114 97.71 141.13

+ + + + + + +

SE 1.02 0.74 0.97 0.89 0.93 0.78

P values vs. controls oo oo oo
% of Increase 55.15 36.36 44.43

SE= Standard Error vs. = versus eee = Significant at P < 0.001 % =percentage ratio

Table (2) Mean hearing threshold in dB at different frequencies in hypertension group and control group.

All low All high
Frequency in 250 500 1000 frequencies 2000 4000 8000 frequencies
HZ
Mean 10.5 12.5 10.1 11.13 23.5 25.5 46.3 30.37
£ + + + + + + + + +
g %‘ SE 0.57 0.65 0.83 0.61 0.60 0.62 0.39 0.47
f =~
& @) P values vs ° NS NS NS YY) YY) YY) YY)
E, controls.
Pergﬁzgagg: of 1 20.6%t | 58%1 | 10.6%] 3.8%1 38%1 | 29%1 | 130%1% 57%1
'g =3 Mean 8.7 12.1 11.3 10.7 17 19.7 20.1 19.3
g (% + + + + + + + + +
© SE 0.51 0.56 0.73 0.51 0.68 0.91 0.89 0.62
SE= Standard Error e Significant at P< 0.05 | =Decrease NS = not significant
VS = Versus. eee =Significant at p< 0.00l 1 = Increase
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Fig (1): Hearing thresholds at different
frequencies in hypertension group and control

group
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Table(3):Percentage ratio of persons with hearing
at different frequencies
(Hearing threshold above 25 dB) for
control group and hypertension group

impairment

Group Control Hypertension
Frequency in group group
Hz
250 - -
500 - -
1000 - -
2000 - 22%
4000 30% 40%
8000 24% 100%

affected
84.0%

Non affected
16.0%

Hypertension group

Fig (2): Percentage ratio of persons affected with hearing loss (Mean hearing threshold at all high frequencies
collectively >25dB) in hypertension group and control group
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Table (4): Mean plasma fibrinogen level and ANP
level for control group and hypertension group

Control Group | Hypertension Group
(M+SE) (M+SE)
Fibri level
Mean 2.30 3.5
+ +
SE 0.013 0.045
P values vs. control group ooe
% of Increase 52.17
ANP level
Mean 71.96 97.4
+ +
SE 0.28 0.75
P values vs. control group ooe
% of Increase 3535

SE= Standard Error eee =Significant at 7 <0.001. vs.
=versus. % =Percentage

Table (5): Comparison between hearing loss affected

and non affected subgroups of hypertension group.
Variable Non affected Affected with P Values

sub- group HL

Sub-group

2- Mean
hearing 22.67+0.121 31.62+£0.414 | *#x
threshold
3- Mean mean
blood 135312 0.642 | 143.23 +0.688 NS
pressure
Plasma 3.3520.122 3.6120.04 *
fibrinogen
Plasma ANP 1 1.1 00 97.99+0.83 *
level

623

*P value <0.05 SE= Standard error

**% P value <0.001 HL~= hearing loss
ANP= Atrial Natrinretic peptide

NS=Not significant

4.Discussion

Hypertension is a path-physiological
concomitant of aging that seems to be an important risk
factor for hearing loss. Hypertension has been
associated with hearing symptoms e.g. tinnitus (14).
Many studies suggested a connection between arterial
hypertension and hearing loss (15).

In the present study, the effects of hypertension in
old age on hearing threshold at different frequencies
were examined; the associated changes with
hypertension in the form of fibrinogen level and level
of ANP and their relation to hearing threshold were
examined also.
1-Effects of high blood pressure on hearing

Results of the present study revealed that

-High blood pressure lead to deterioration of
Hearing i.e. increase in hearing threshold that affect all
high frequencies. So that, high blood pressure is a risk
factor for high frequency- hearing loss in old age.

-High blood pressure is not only associated with
increase hearing threshold at high frequencies but
associated also with increase percentage ratio of
persons affected by high- frequencies hearing loss
about four times as controls.

The results of this study are in accordance with
many studies either experimental or clinical. Li Sui
research on Spontaneous Hypertensive Rats Species
had demonstrated that hypertension was the risk factor
of hearing loss(2). Safar and Frohlich concluded that
long term hypertension resulting in abnormal
accommodation of hearing and finally damaging the
hearing (16). Ma Kishima found positive relation for
hearing loss and hypertension in older adults(17).
Fang supported that age related hearing loss might be
accelerated by  hypertension (18). Kathleen
hypothesized that healthy CV system attenuates the
effect of age on hearing process(19).
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Sheila, Karamitsos and Parving are not with this
results as they reported that the lack of cardiac vascular
diseases influence on hearing sensitivity (11,20,21). It
is possible that lack of CVD effect might relate to the
composite and mixed nature of subclinical and clinical
CVD as defined in their study.

-The results that recorded in this study found
that mean blood pressure is not correlated with Hearing
threshold at all high frequencies in old hypertensive
patients.

Rosenhall, Study concluded that animals with
induced hypertension showed no correlation between
hearing loss and systolic blood pressure. Pyykko study
found no correlation between systolic blood pressure
and hearing loss in human (6).

This result differs with Raymond (22). They
found that there is 32% greater risk of developing
hearing loss for every 20- mmHg increase in systolic
pressure. Brant found that systolic blood pressure
showed significant relationship with hearing loss (23).
Also Elizabeth Study found that higher diastolic blood
pressure is associated with hearing loss (24).This may
be explained by wide range of blood pressure in their
study and longer duration of hypertension.

-It is clear from this study results that 8000 Hz —
frequency is the most affected frequency in
hypertensive patients. The highest hearing threshold
and the highest percentage ratio of persons affected
with hearing deterioration are at 8000 Hz-frequency.

This study results are in accordance with Esparza
et al who found that there is an increase in hearing
threshold at 8000 Hz frequency in hypertensive
patients (15). Hearing loss of vascular cause lead to
cochlear ischemia that could lead to reduction of
endocochlear potential and that could affect all turns of
the cochlea and so CVD is associated with high
frequency-hearing loss is reasonable (25). Kogak in
their animal study found that in ischemia related
dysfunction, there is sporadic fusion of hair cells ten
days after ischemia, the mean percentage cell loss of
inner hair cells, was 6.4% in the basal turn, and 0.8%
in apical turn and member of spiral ganglion cell
neurons decreased to 89% of pre-ischemic status(26).

On the other hand, this study results are not with
Rosenhall and Valtes who found that there is
correlation between high blood pressure and hearing
loss in low and mid frequencies in elderly women of 79
year-old and 85-year-old women(6). That may
explained by older age patients than in this study and
also the female patient affected by hormonal changes
there is gender differences in progress of
cardiovascular diseases and hearing loss and
differences in hearing sensitivity that may be hormone
dependent (24).

2- Plasma Fibrinogen level and hearing threshold
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In this study it was found that High blood
pressure is associated with elevated fibrinogen level.
Fibrinogen level was positively correlated with hearing
threshold at all high frequencies and also positively
correlated with hearing threshold at 8000 Hz-
frequency. Higher level of plasma fibrinogen is present
in hypertensive patients affected with hearing loss
compared with hypertensive patients without hearing
loss.

The present study agree with many studies e.g.
Carrasco and Gates who justified the hearing loss that
happens with aging is related to a microcirculatory
insufficiency that occurs due to vascular occlusion
caused by emboli and this happen because of syndrome
of hyper viscosity caused by hypertension (25,26).
Zhang concluded that elevated plasma fibrinogen may
be a major pathogenesis in hearing loss (27). Also
Minka found that oxygenation of the cochlear
structures was decreased by perfusing the ears with
polycythemic hyper viscous blood in guinea pigs (28).
Heigl stated that sensory neural hearing loss may be
caused by reduction in cochlear perfusion. Fibrinogen
negatively influences rheological properties of blood
thus leading to alternation of microcirculation (29).
Elizabeth found that current salcylates use and chronic
use were associated with lower odds of hearing loss,
perhaps due to cardioprotective effect of salicylate and
its anticoagulation effect(4). Increase in blood viscosity
which reduce capillary blood flow and ends up
reducing O, transport causing tissue hypoxia thus
leading to hearing loss(1). It was found that blood
viscosity can affect cochlear action potentials and
oxygenation that by, they perfused the ears of guinea
pigs with polycythemic hyperviscous  blood to
vertebral artery lead to decrease rate of flow of blood
through cochlear vessels. Hyper viscous blood were
associated with reduced Po, in scala media to 53.3% of
normal (28). Elevated plasma fibrinogen may lead to
elevated plasma viscosity lead to hyper coagulability
state which impairs cochlear perfusion (30).
Hypertension is associated with virchow's triad for
thrombogenesis is leads to hypercoagulability state due
to change platelet endothelium and fibrinolytic
pathway (31).

3-Plasma ANP level and hearing threshold

-The present study revealed elevation in the level
of ANP in hypertensive patients. This elevation is
positively correlated with mean arterial blood pressure,
hearing threshold at all high frequencies, and hearing
threshold at 8000 Hz-frequency. Hypertensive patients
affected with hearing loss have higher ANP level.

These results agree with Mc Cormick who said
that ANP may be one of the direct causes of
hypertension-related hearing loss. ANP is present in
blood of hypertensive patients and animals; it may be
the cause of many forms of hypertension. Battar and
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Mc Cormick said that preliminary results in their
laboratory indicate that natriuretic hormone sample can
suppress the cochlear potential in guinea pigs which
leads to hearing loss(32). Oiao concluded that ANP
regulate blood pressure and could play an important
role in modulating of microenvironment of inner ear
(33). Receptors of ANP in inner ear has been widely
reported in studies concerning both rat and human
inner ear (34). Arterial high pressure may cause ionic
changes in cell potential lead to hearing loss (1). With
aging, the hypertensive animal had a higher
electrochemical potential happen only in extremely
aged animal while potassium concentration increase
not only in endolymphatic cells but also in
perilymphatic one, ANP hormone may cause sensory
neural hearing loss by inhibiting sodium/potassium
pump of the stria vascularis of inner ear, Also ANP
may cause hypoxia of stria vascularis or the sensory
hair cells. or both by increasing vascular reactivity of
the arterioles supplying inner ear (9).

All living cells in the human body depend on a
proper supply of oxygen and nutrients in order to
maintain their functions, and such supply depend on
the functional and structural integrity of the heart and
blood vessels. Hypertension, the most common
vascular disorder, may facilitate structural changes in
the heart and blood vessels (35). The mechanisms that
cause degeneration of hearing apparatus are caused by
circulatory problems most specifically caused by high
blood  pressure (D). These  are  several
pathophysiological parameters related to hypertension
that may potentially depress the inner ear performance.

Cochlear potential maximum intensity function is
highly correlated with number of viable sensory hair
cells in inner ear (9, 36,37 ). Normally functioning
cochlear microcirculation is critically important for
maintaining endocochlear potential, ions, fluid balance
in inner ear and in preventing toxic substances from
entering cochlea because hair cells are strikingly
vulnerable to ischemia (38,39). Animal models
provided fundamental information about the relation
between cochlear blood flow and cochlear structural
integrity (40). The ostria uses much of metabolic
energy in maintaining endocochlear potential. This
energy transformation in cochlea allows for auditory
sensory function to occur and this is one of the first
steps in hearing (41). The cochlea is principally
supplied from the inner ear artery, terminating spiral
modiolar artery which is a branch of ant. inf
Cerebellar artery. Cochlear blood flow is a function of
cochlear perfusion pressure, which is calculated as the
difference between mean arterial blood pressure and
inner ear fluid pressure "peri lymphatic and
endolymphatic"(41).

Any degeneration in the stria vascularis affects
the quality of endolymph causing disruption of
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physical and chemical processes by which energy is
created in Organ of Corti . If the blood supply to
cochlea is not constantly replenished the health of
system become vulnerable (41). Lawrence has
discovered a direct metablic dependence of sensory
hair cells on microcirculation bed in the inner ear: The
vas- spirale, such system potentially could be
influenced by change in systemic blood pressure,
related to alternation in cochlear blood flow (42). It
was found a positive correlation between cochlear
potential and blood pressure (43). ‘Sound stimulation of
inner ear imposes an energy demand. A well regulated
cochlear blood flow is needed to meet this requirement.
Auto regulation of cochlear blood flow has been
demonstrated in some animal models in viva,
suggesting that similar to brain, blood vessels
supplying the cochlea have the ability to control flow
within normal limits, despite variations in systemic
blood pressure(44). Regulation of cochlear blood flow
is hypothesized to include both local auto-regulatory
and central control through neural pathway(38).
Contraction of smooth muscle cells in spiral modiolar
artery is hypothesized to be tightly regulated to meet
the demand of cochlear tissues(39). Sympathetic
adrenergic nerve fibers have been found in spiral
modiolar artery of gerbil and guinea pig (45,46).

Inner ear circulation has at its disposal a marked
ability of auto-regulation, its microcirculation
correlates with aortic pressures, decrease in blood
pressure, sympathetic stimulation leads to decrease and
sympathectomy lead to increase cochlear circulation
(47). Nor epinephrine-induced vascorstriction in the
spiral modiolar artery is mediated ly olA-adrenergic
receptors (48). Stimulation applied in the sympathetic
ganglia, stellate ganglion, or sup cervical chain in the
guinea pig has been shown to alter Cochlear blood
flow in situ ( 49- 51). These findings support
hypothesis that Co BF is controlled by neuronal signals
at the level of the spiral modiolar artery (52,53). On the
other hand, capillary mediated local control of
perfusion was first reported (54). The pericytes express
contractile proteins o smooth muscle actin and
tropomyosin exhibit vasocontractility under both in
vivo and in vitro conditions(55).The contractility of
pericytes could affect flow resistance of vascular
network and may profoundly alter the overall blood
(38). CoB F is regulated by multiple metabolic factors
e.g nitric oxide and prostaglandin. Degoute reported
that sympathetic nerve regulation via its vasomotor
tone at the level of cochlear microcirculation occurred
markedly when blood pressure was above 160 mmHg
and that the autonomic nervous system appeared to
control cochlear blood flow against larger variation in
blood flow in response to hypertensive phenomenon
(56).
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Seidman said that age is associated with state of
low blood flow and stasis decrease in cochlear blood
leads to decrease in auditory sensitivity (57) . It was
found that decrease in blood flow in older animals was
clearly not related to loss of strial capillaries with aging
(58). The decrease flow to lateral portion must arise
from either decrease perfusion pressure or from
increased vascular resistance. This dedcrease in blood
flow support vascular theory. Brown observed that
cochalear vascular reactivity was less in old mice than
in young mice (59).

Hypertension is a risk factor of degeneration of
hearing apparatus (27). An electron microscopy study
demonstrated that the primary site of involvement of
hypertension within the cochlea is the stria vascularis
followed by Organ of Corti (14). It was suggested that
cardiovascular disease may result in hearing loss by
causing reduced vascular supply to the cochlea (60). A
positive relation has been reported for hearing loss and
(a) degree of internal auditory artery steno sis. (b) The
degree of spiral ganglion atrophy based on histological
studies of temporal bones and brain sections from older
adults with hypertension (17).

Fang study suggested that progress of vessel
change in patients with age related hearing loss might
be accelerated by atherosclerosis and hypertension.
Atherosclerosis has been hypothesized to cause
reduced blood flow to the cochlea via stiffening or
constriction of internal auditory artery (18) Insufficient
cochlear blood supply can disrupt chemical balance of
inner ear fluid, endolymph. This in turn affects
electrical activity of hair cells and so auditory nerve
(24). Zhang found that hypertensive patients with
retinal arteriosclerosis had hearing threshold above
patients with hypertension without arteriosclerosis
which may indicate the role of arteriosclerosis
associated with hypertension in hearing Loss (38).
Inhibitory  effects  of  endothelium  against
vasoconstrictor stimuli e.g. nor-epinephrine decrease
with aging and hypertension (61- 63).

High pressure in vascular system may cause inner
ear hemorrhage which may cause progressive hearing
loss (1).

Acetyl choline, an important neurotransmitter
having direct effect on efferent nerve terminal and the
bottom of hair cells, adjusts the hearing function.
Long-term hypertension affects the secretion of Acetyl
choline, result in abnormal accommodation of hearing
and final damaging of hearing (2). During
hypertension, sodium is retained and extra cellular
volume is enlarged then in inner ear, the volume of
perilymph increases in particular and this lead to
impaired conduction through the inner ear fluid with
affection of high and low frequency disorders of
conduction function of fenestrae. Hypertension is for
the organ of hearing an important risk factor in
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predisposed subjects with affection of inner ear is
equally malignant and has a similar background as
glaucoma (64). Increase in hydrostatic pressure could
itself affect inner ear microcirculation function An
imbalance of autonomic nervous system in
hypertension could also affect inner ear function,
autonomic nervous system innervate inner ear. These
are good studies of adrenergic and cholinergic activity
in inner ear (32). Oxidative stress has been implicated
as an important mechanism of vascular endothelial
dysfunction induced by aging (65,66). It was also been
recently demonstrated to be an important path-
physiological ~ mechanism  of  alternation  of
microcirculation which is hypertension associated (67).
Hypertension is associated with increase level of
reactive oxygen species which may scavenge
endothelium derived NO and therapy diminish it
vasorelaxant effects (68). Recent observations link
oxidative stress to further damage in inner ear caused
by endothelial dysfunction in cochlear microcirculation
(69).

Conclusion

In conclusion, high blood pressure is a risk
factor for hearing loss not only associated with increase
in hearing threshold (worse hearing) in hypertensive
persons, but also associated with increase percentage of
affection with hearing loss. In hypertensive patients,
hearing loss is at high frequencies, 8000 Hz-frequency
is the most affected frequency. Plasma fibrinogen level
and ANP level are elevated with high blood pressure;
direct relationship is present between them and hearing
deterioration. That may indicate that hearing
deterioration which associated with high blood
pressure may be due to high plasma fibrinogen level
and high plasma atrial natriuretic peptide level not due
to high blood pressure.

Recommendation

e Early diagnosis of arterial hypertension, must
take part in hearing loss-control programs.

e 8000 Hz-frequency can be used in early
detection of hearing affection in hypertensive
patients.

e Drugs that can decrease level of plasma
fibrinogen can help in preservation of hearing
in hypertensive patients.

e Plasma ANP level and its control can help
not only in control of hypertension but also in
hearing loss control
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