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Abstract The purpose of our study was to determine the
incidence of hearing loss and to describe the hearing
impairment and the possible contributing factors, respon-
sible for sensori neural hearing loss in chronic renal failure
(CRF) patients. This was a prospective study carried out on
50 cases of CRF attending otorhinolaryngological services
for hearing disturbance and on 50 healthy volunteers for
control study, having the same inclusion criteria except
(does not suffering with CRF) having normal renal function
tests. These volunteers attended the ENT OPD, for oto-
rhino-laryngological services but not for hearing problems.
14 (28%) out of 50 cases of CRF had sensori neural hearing
loss of moderate to severe degree in the high frequency
range which was bilateral and symmetrical, while in con-
trol group the incidence of sensorineural hearing loss was
only 6%.

Keywords Chronic renal failure (CRF) -

Sensori neural hearing loss (SNHL) -

Brainstem evoked response audiometery (BERA) -
Oto acoustic emission (OAE) - Haemodialysis (HD)

Introduction

Presence of hearing loss and estimation of type and degree
constitute one of the most common method used to
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investigate the effects of renal disease on the auditory
system. The incidence of sensorineural hearing loss
(SNHL) among patients with CRF is considerably higher
than general population and varies from mild hearing dis-
turbance found in 77% cases [1] to moderately severe
hearing loss in 46% of the tested patients [2]. Most of
hearing loss is in high frequency range with a notch at
6 kHz. The degree of hearing loss may give an indication
of the extent of damage to auditory function whereas the
type of hearing loss may distinguish between lesion in
outer and middle ear (conductive hearing loss) or cochlea
and the neural pathways (SNHL). This study was con-
ducted to evaluate hearing loss in chronic renal failure
(CRF) patients and to find the possible factors responsible
for hearing loss, i.e., elevated serum urea, creatinine and
serum electrolytes, number of haemodialysis and to cor-
relate extent of hearing loss with duration of CRF and
kidney size. The kidney size for every case was measured
by ultrasonography (USG). The USG was preferred to
measure the kidney size because it is least invasive and
does not have any side effect. Small kidney size indicates
long standing renal disease (e.g., contracted kidney pre-
sents in end stage renal disease), thus impaired renal
functions. Although small kidney may be a normal variant
but in that case the renal functions will be normal. Large
kidney size usually presents in acute conditions (e.g.,
infection) which are reversible thus in case of large size of
kidney, reversible impairment of function may occurs.

Materials and Methods

This is a prospective study carried out on 100 cases. Out of
these 50 cases suffering with CRF and 50 cases were
healthy volunteer, in the age range of 15-60 years, who
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attended the Departments of ENT and Medicine at Jawahar
Lal Nehru Medical College and Hospital, Ajme
(Rajasthan).

There were five criteria for cases selection (inclusion
criteria): all five criteria were present in all 50 cases.

(1) age range of 15-60 years;

(2) hearing impairment after the occurrence of renal
failure (elevated level of biood urea, serum creatinine
with oliguria) which necessitated ENT referral;

(3) no history of noise exposure;

(4) no history diabetes; and

(5) no history renal transplantation.

Criteria for healthy volunteers were: (1) age range of
1560 years; (2) normal renal function tests; (3) no history
of noise exposure; (4) no history of diabetes; and (5) no
history of renal transplantation.

Renal failure was diagnosed by elevated level of blood
urea and serum creatinine and associated oliguria. Hae-
modialysis was done in 14 patients. An informed consent
was taken from all the patients. A thorough clinical
examination and a complete ENT check up was done.
Other investigations like serum electrolytes (Na®, K*, C17)
and urine for protein (albumin) were also carried out. USG
abdomen (for kidney size) was advised for every patient.
Audiological examinations includes Tuning fork tests, Pure
tone audiometery, Tympanometry and BERA and were
done in all cases to describe the (type and extent) hearing
loss.

Observations

In the study of control group of 50 healthy volunteers only
3 cases (6%) of 31-60 years age group had SNHL. Out of
these only 2 cases were male and one was female. All the
three cases had moderate SNHL of high frequency range.

All the healthy volunteers had their serum creatinine,
blood urea, serum electrolytes level and kidney size with in
normal limit and all having their systolic blood pressure
<140 mmHg.

The CRF is found in all age groups, but its incidence
varies with age (Table 1). Out of the total 50 cases of CRF 38
(76%) were males and 12(24%) were females. Thus, CRF is
more commonly seen in age group of 31-45 years in males.
In our study total 14 out of 50 (28%) patients had hearing loss
(SNHL). Out of these 14 cases, 10 were males and 4 females.

Ten out of the 14 cases (71.42%) had undergone for
haemodialysis; at least once (1 case), twice (2 cases), thrice
(6 cases) and 4 times (1 case). Thus, 4 out of these 10 cases
(40%) had a hearing loss of over 75 db and had undergone
for HDs 3-4 times. In contrast only 4 out of 36 cases
without SNHL had undergone for haemodialysis; once (1
case), twice (1 case) or thrice (2 cases). Thus, the degree of

Table 1 Age and sex distribution of cases (N = 50) and healthy
volunteer

Age range Cases of CRF (50) Healthy volunteers (50)

(years)
SNHL No SNHL Total SNHL No SNHL Total
M F M F M F M F
15-30 2 3 17 5 17 - - 8 6 14
31-45 5 1 16 2 24 2 - 15 8 25
46-60 3 - 5 1 9 - 1 6 4 11
15-60 10 4 28 8 50 2 1 29 18 50

hearing loss correlated with the number of haemodialysis
(HDs) as seen in the Table 2. The possible mechanism is
haemodialysis induced changes in fluid and electrolyte
composition of endolymph.

The onset of hearing loss was sudden in two patients and
gradual in remaining twelve patients. All the 14 patients of
CRF with SNHL had moderately severe to severe degree of
hearing loss.

As the number of haemodialysis (3—4) increases, the
chances of developing SNHL and degree also increases.

The duration of CRF was related to the degree of SNHL
and the relationship is shown in Table 3. Patients who were
suffering with CRF from more than 3 years, had underwent
for haemodialysis more frequently (10 out of 14). There is
higher incidence of SNHL in patients with long standing
CRF. As the duration of CRF progresses, patients become
more prone to develop hearing loss. Out of 8§ patients with
SNHL of more than 70 dbs only 7 had CRF for more than
4 years and only one had the duration of less than 4 years.
Such relationship was not observed in CRF without SNHL.

The serum electrolytes were measured in all the studied
cases and the mean values are shown in the Table 4.

There was no difference in the level of serum electro-
Iytes between the groups of patients with SNHL of
50-70 db and those without hearing loss. However,
Patients with SNHL over 70 db had significantly low
sodium and higher potassium and chloride values. This
signifies the role of electrolyte disarray in causing SNHL.

Serum creatinine idicates the extent of renal damage.
However, the results of this study (Table 5) shows that its

Table 2 Degree of hearing loss and haemodialyses (HD)

Hearing Number of cases according to HD number
loss (dbs) -
Nil I 1I I v

55-65 2 1 - 2 -
>65-75 - - 2 1 -
>75-85 2 - - 2 -
>85-90 - - - 1 1
Total (n = 14) 4 1 2 6 1
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Table 3 Relationship between Duration

Number with SNHL

Number without SNHL

duration of CRF and degree of of CRF (years)

SNHL Degree of SNHL (db) Number according Number according
to HDs to HDs
50-60 >60-70 >70-80 >80-90
1-2 - - - - - 9 2
2-3 2 - - - - 11
34 - 2 - 1 4 -
4-5 - 1 3 2 4 7 1
5-6 - 1 1 1 2 -
Table 4 Serum electrolytes in patients with CRF with and without Table 6 Proteinuria in CRF patients
SNHL
Urine albumin Cases (50) Percentage
Electrolyte With SNHL (Mean + SD) Without SNHL
(mEq/l) 5070 db 90 b (Mean £ SD) 1+ 9 18
7 - 2+ 18 36
Sodium 133.5 £ 2.6 127.7 £ 5.6* 133.1 £ 7.8 3+ 16 32
Potassium 524+09 6.8 £ 0.7* 54409 4+ and above 7 14
Chloride 1023 £ 1.9 107.1 + 4.1* 1049 £3.8 Urine albumin Cases with SNHL (14) Percentage
P < 0.05 significant versus (50-70 dbs) 1+ _ 3
) ) o 24 7 50
Table 5 Relationship between creatinine levels and SNHL 34 5 355
Serum creatinine Number according Number without 4+ 2 143

(mg%) to SNHL SNHL
1.0-2.0 1 1

2.0-4.0 3 4

>4.0-6.0 - 3

>6.0-8.0 2 5
>8.0-10.0 1 8
>10.0-12.0 3 7
>12.0-14.0 3 6
>14.0-16.0 1 2

Mean £ SD 8.87 £4.58 9.43 £ 3.51

Normal serum creatinine level is up to 1.5 mg %

levels are similarly raised in cases of CRF with or without
SNHL. Therefore, it cannot predict the occurance of SNHL
(Table 6).

Blood Pressure

All the patients of CRF having raised BP but the all the
patients suffered from SNHL had BP >160 mmHg (sys-
tolic). There is no clear relationship between diastolic BP
and occurrence of SNHL.

Blood Urea
All patients of CRF with SNHL having raised blood urea

level but number of patients does not increases with the
increasing level of blood urea.

@ Springer

This table shows presence of proteinuria among patients suffering
from CRF

All the patients of CRF with SN hearing loss had 24+ and more
proteinuria

Kidney Size in Patients

All the patients (50) had decreased kidney size [in 33
(66%) cases both kidney and in 17 (34%) cases single
kidney].

All the patients who had SN hearing loss (14) also had
decreased kidney size [in 10 (71.4%) cases both kidney and
in 4 (28.6%) cases single kidney].

Discussion

The cochlea and kidney have similar physiological mech-
anism namely the active transport of fluid and electrolytes
accomplished by the stria vascularis and glomerulus
respectively [2, 5]. These may also have common antige-
nicity [6, 7]. These may accounts for similar effects of
medications (i.e. nephrotoxic and ototoxic effects of ami-
noglycosides) and immunological factors on two organs.
Inner ear and kidney development are both influenced by
similar genetic factors in hereditary conditions such as al-
port’s syndrome and branchio-oto-renal syndrome.
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Several aetiological factors have been linked to hearing
loss in renal failure [4, 8] including use of ototoxic medi-
cations, electrolyte disturbances, hypertension [9, 10] and
haemodialysis treatment itself [1, 3, 11, 12]. Brookes [13]
suggested that vitamin-D deficiency might be a contribut-
ing factor to hearing loss in renal failure. Alder et al. found
a significant reduction of Na*, K™ activated ATPase in the
inner ear of uremic guinea pigs. They also reported an
inverse correlation between serum creatinine levels and
Nat, K activated ATPase. As the Na®, KT activated
ATPase in the cochlea is important for maintaining cationic
gradients, they suggested that inhibition of this enzyme
system may be a contributing factor in inner ear dysfunc-
tion among uremic patients [14]. Treatment evolution may
have modified the contribution of several factors in causing
hearing loss. For example hyponatremia was a common
occurrence three decades ago [10], but it is no longer
concern with newer haemodialysis methods.

From above observations and results the positive factor
which could be a cause of hearing loss in CRF patients was
long duration of renal failure. Finally it can be said that
hearing loss (SNHL type) occurs in patients with CRF is
not of genetic origin. This happened even after exclusion of
known risk factors, like noise exposure, ototoxic drugs,
head injuries etc. The presence of additional factors
accelerate the cause of hearing loss. The presence of
electrolyte imbalance, hypertension, proteinuria, haemodi-
alysis are some of the factors which seems to have
cumulative effect on deterioration of hearing in patients
who were suffering with CRF.

Conclusion

In the present study of 50 cases (38 were male and 12 were
females) only 14 (10 male, 4 female) patients had SNHL.

In CREF patients 28% (14) had SNHL as compared to 6%
(3) in healthy volunteers thus there is higher incidence of
SNHL in CRF patients.

All the patients had SNHL of moderately severe to
severe degree in high frequency range, which was bilateral
and symmetrical.

The incidence and degree of hearing loss were increases
with the number of haemodialysis.

Patients with SNHL over 70 dB had significantly low
sodium and higher potassium and chloride value.

All the 14 patients who had SNHL had long duration of
renal failure and all had hypertension.

All the 14 patients with SNHL had been suffering with
2+ and more proteinurea.

Out of 14 patients, 10 had bilateral decrease in kidney
size and 4 had unilateral decrease in kidney size (small
kidney size).

All 14 patients of SNHL had systolic blood pressure
>160 mm Hg but no clear relationship with diastolic BP.

The increase level of serum creatinine and blood urea
can not predict the occurrence of hearing loss.

So it can be concluded from the study that patients
suffering from long standing renal failure (long duration)
had more chances of hearing loss than the healthy volun-
teers and there is cumulative effect of other risk factors
such as haemodialysis, electrolyte imbalance, hyperten-
sion, proteinurea on SNHL in CRF patients. Hearing loss is
becoming increasingly evident, as the patients tends to live
longer because of improved quality of life of CRF patients.
The raised blood urea level, serum creatinine level, and
decrease kidney size does not predict the occurrence of
SNHL.
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