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Abstract Materials and methods: Prospective study of 25
Introduction: Sensorineural hearing loss in patients receiving treatment for CRF. The

. . . . threshold of the worsen ear was considered for
chronic renal failure is believed to be of mul-

tifactorial etiology. Associated hypertension statistical analysis.
and diabetes mellitus, use of ototoxic drugs,  Results: 18% of the patients at low frequencies
hemodialysis and the changes in metabolic (250 and 500 Hz), 32% of the patients at mid-
parameters are the various reasons quoted frequencies (1000 and 2000 Hz), and 72% of the
for the hearing loss. patients at high frequencies (4000 and 8000 Hz)
had decreased hearing for both bone and air

Objectives: Our study attempts to correlate

the hearing thresholds with the multiple pa- conduction hearing. We found a positive corre-

. lation between hearing loss and increasing
rameters like blood levels of urea, serum cre-

- . . . number of hemodialysis sessions, the levels of
atinine, sodium, potassium, calcium and he-

. L . blood urea, serum creatinine, serum sodium
moglobin values incriminated in decreased

hearing in CRF patients and use of ototoxic drugs; while serum calcium,
serum potassium and hemoglobin levels had a

negative correlation.
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Conclusion:

Though the management of CRF including hemodi-
alysis has been refined, hearing loss continues to
cause disability in CRF patients.

Introduction

Renal diseases have been associated with audio-
vestibular disorders for a considerable period of
time. With the development of hemodialysis, re-
nal patients live longer, and with a better quality of
life. Sensorineural hearing loss is frequently re-
ported in patients with chronic renal failure. Many
variables may contribute to the pathogenesis of
hearing loss in chronic renal failure patients-
chronic renal failure per se, the mean age of pa-
tients with renal disease, the co-existence of sys-
temic disorders like diabetes and hypertension and
even the ototoxic effects of the treatment used to
alleviate the condition ie. the drugs, hemodialysis
and renal transplantationl.

Materials and Methods

Our study consisted of twenty five patients with
chronic end stage renal disease, receiving medical
treatment at the Nephrology Department of Kas-
turba Medical College, Mangalore. The diagnosis
of chronic renal failure was based on history, phys-
ical examination, laboratory tests and ultrasonog-
raphy. Patients were subjected to a full clinical ex-
amination including otorhinological examination.
Patients with history of ear discharge, decreased
hearing or exposure to noise prior to development
of chronic renal failure were excluded. Details of
the duration of renal failure, number of hemodial-
ysis and use of ototoxic drugs were documented.

Ototoxicity was defined as at least one treat-
ment session with aminoglycosides for seven
days of full therapy and/ or treatment with
furosemide (>1mg/kg) for more than one
week’. Blood Pressure, blood sugar levels,
hemoglobin, blood urea, serum creatinine,
serum sodium, potassium and calcium levels
done just prior to the audiological evaluation
were recorded in all the patients.

Audiological evaluation

All patients underwent audiological assess-
ment by Pure Tone Audiometry in an acousti-
cally treated room. Air and bone conduction
thresholds were measured. Audiogram was
interpreted for the type of loss, degree of loss
and frequency distribution. Normal intensity
was considered in the range of 0 to 25 dB.
Hearing loss intensity was considered mild, in
the range 26 to 40 dB; moderate between 41
to 70dB; severe between 71-90dB and pro-
found above 91dB>. Measured audio frequen-
cies were documented as low (250 & 500 Hz),
middle (1000 & 2000Hz) and high (4000 &
8000 Hz) frequency’.

Statistical analysis was performed with Mann
Whitney U test and Pearson correlation test
after taking the decibel values of the worst
ear at each frequency tested for right and left
air conduction and bone conduction respec-
tively.
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Results and Observation

25 patients with chronic end stage renal failure
were studied. The age range was from 14 to 73
years with a mean age of 49 years. Duration of re-
nal failure at the time of audiological evaluation
ranged from 1 month to 72 months. 14 patients of
chronic renal failure were treated conservatively.
11 patients underwent hemodialysis, with number
of hemodialysis varying from one to 36. Of the 25
patients, 7 had diabetes mellitus, 17 had hyperten-
sion and 9 patients were on ototoxic drugs (Figure
1).
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Figure 1: Patient distribution for associated etio-
logical factors

Analysis of air and bone conduction was done for
right and left ears separately. The worst ear was
taken into consideration for statistical analysis. It
was found that for air conduction at low frequen-
cies (250 and 500 Hz), 82% of the patients had nor-
mal hearing at low frequencies, 8% had mild hear-
ing loss, 8% had moderate hearing loss and 2% had
profound hearing loss.

At mid frequencies (1000 and 2000 Hz), 68%
had normal hearing, 8% had mild hearing
loss, 22% had moderate hearing loss and 2%
had severe hearing loss. At high frequencies
(4000 and 8000 Hz), percentage of ears with
normal hearing dropped down to 28%; 14%
had mild hearing loss, 36% had moderate
hearing loss, 18% had severe hearing loss and
4% had profound hearing loss (Table 1).

For bone conduction at low frequencies, 86%
of patients had normal hearing, 6% had mild
hearing loss and 8% had moderate hearing
loss. At mid frequencies, 72% had normal
hearing, 16% had mild hearing loss, 10% had
moderate hearing loss and 2% had severe
hearing loss. At high frequencies, 52% had
normal hearing, 22% had mild hearing loss,
24% had moderate hearing loss and 2% had
severe hearing loss (Table 2).

Hearing thresholds were compared for both
air conduction and bone conduction for pa-
tients with chronic end stage renal disease on
conservative treatment and patients who un-
derwent hemodialysis. It was found that in
hemodialysed patients there was a mild hear-
ing loss at 250, 500, 1000 & 2000Hz and mod-
erate hearing loss at 4000 & 8000 Hz. In pa-
tients with CRF on conservative treatment,
hearing threshold was normal at 250 & 500
Hz while there was a mild hearing loss at
1000 & 2000 Hz and moderate hearing loss at
4000 & 8000 Hz.

Drtbalu’s Otolaryngology online



No statistically significant difference was found between the two groups (Figures 2 and 3). Com-
parison of the number of hemodialysis sessions a patient underwent with the hearing thresholds
revealed a significant correlation (p<0.05) of the number of sessions with hearing loss at 250 and
500 Hz, for both air and bone conduction.

Low frequency Mid frequency High frequency
NORMAL HEARING 82% 68% 28%
MILD LOSS 8% 8% 14%
MODERATE LOSS 8% 22% 36%
SEVERE LOSS - 2% 18%
PROFOUND LOSS 2% - 4%

Table 1: Air conduction for the worse ear: patient distribution:

Low frequency

Mid frequency

High frequency

NORMAL HEARING 86% 2% 52%
MILD LOSS 6% 16% 22%
MODERATE LOSS 8% 10% 24%
SEVERE LOSS - 2% 2%

PROFOUND LOSS

Table 2: Bone conduction for the worse ear: patient distribution:
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Figure 2: Air conduction thresholds for CRF pa-
tients on conservative management and those on

hemodialysis.
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Figure 3: Bone conduction thresholds for CRF pa-
tients on conservative management and those on

hemodialysis.

Comparison of chronic renal failure patients
with and without diabetes showed that both
the groups had normal hearing threshold at
low frequencies; mild hearing loss at middle
frequencies and moderate hearing loss at
high frequencies. No significant difference
was observed between the two groups on
statistical analysis. Similarly no significant
difference was found when hypertension was
considered the variable between groups.
Hence hypertension alone does not seem to
worsen the hearing of chronic renal failure
patients.

A significant difference was observed be-
tween the group of patients treated with oto-
toxic drugs and the group which was not,
with patients on ototoxic drugs having poorer
hearing threshold (Figures 4 and 5). The re-
sults hereby show that in addition to chronic
renal failure, if patients are put on ototoxic
drugs, they are likely to have worse hearing.

The serum creatinine values had a positive
correlation with hearing thresholds in air con-
duction which was not significant (p>0.05),
but in bone conduction there was significant
correlation at 500 and 1000 Hz with the hear-
ing loss (p<0.05). In case of blood urea also
there was a positive correlation with hearing
loss but it was not statistically significant
(p>0.05).
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Figure 4: Air conduction thresh

olds for CRF pa-

tients with and without ototoxic drugs.
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Figure 5: Bone conduction thres

holds for CRF pa-

tients with and without ototoxic drugs.

The serum sodium levels had a positive corre-
lation with the hearing thresholds for both air
and bone conduction. Using Pearson’s corre-
lation test we found significance with hearing
loss at 250, 500, 1000 and 2000Hz (p<0.05).
On the other hand, serum potassium levels
and blood hemoglobin levels correlated nega-
tively with the hearing thresholds. However,
p was>0.05 in both cases.

The serum calcium values when compared
with the hearing thresholds for air and bone
conduction using Pearson Correlation test
revealed a significant negative correlation at
4000 and 8000 Hz (p<0.05).

Discussion

Although the gross anatomy of the kidney
and cochlea differ, a very many similarities
exist between the nephron and the stria vas-
cularis at the anatomical, physiological, phar-
macological, pathological and ultra structural
levels. All this may make the nephron and the
stria vascularis susceptible to the same type
of haemodynamic or pharmacological in-
sults®.

Many studies have documented the associa-
tion between the hearing loss and chronic
renal failure. Accelerated presbyacusis, dura-
tion of renal failure, hemodialysis, ototoxic
drugs, hypotension, circulating uremic toxins,
anemia, electrolytic imbalances and metabol-
ic disturbances are some of the causes listed
in literature as possible causes for hearing
loss in patients with chronic renal failure™.
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In fact Oda et al has even suggested a quantitative
relationship between treatment, degree of impair-
ment, and temporal bone pathologys.

The documented hearing loss in chronic renal fail-
ure patients vary from 20% to 87% mostly depend-
ing on the different criteria for sample selection2.
Though all frequencies can be affected in chronic
renal failure, the susceptibility of high frequency to
renal damage is well known®’. The overall preva-
lence of hearing loss in our study was 80% of
which 80% had high frequency hearing impair-
ment. But a significant 44% had middle and 20%
had low frequency hearing impairment. Statistical
tests to correlate the duration of chronic renal fail-
ure to hearing loss proved negative.

Accelerated presbyacusis has been mentioned in
the literature as a probable cause of hearing loss in
patients with renal failure®. The audiometric
pattern of the loss in old age varies from a sloping
high tone loss to a flatter audiogram with a loss for
all frequenciess. In our study, though there was a
positive correlation between the age and the hear-
ing thresholds, we were unable to demonstrate a
statistical significance, probably because the maxi-
mum numbers of patients were in the fourth and
fifth decade with a mean age of 49 years.

No significant correlation has been proved previ-
ously between blood pressure and hearing loss.
Similarly there is no evidence of atherosclerosis
occurring in any of the smaller vessels of the ear”.
However Kligerman et al suggested that patients
with chronic renal failure are at risk for premature
cardiovascular aging, and the potential for the de-
velopment of clinically significant hearing loss al-
ways exists’.

Moreover hypotension is one of the possible
complications of hemodialysis. We did not
find any significant difference in hearing
thresholds of renal failure patients with hy-
pertension and without hypertension. Dia-
betics, as a whole, are deafer particularly in
the lower frequencies and diabetes may be
associated with accelerated sensorineural
hearing loss in CRF but at present the evi-
dence is inadequate'. We did not find any
significant difference between CRF patients
with and without diabetes with respect to the
hearing thresholds.

Uremia affects the function of various organ
systems and patients with chronic renal fail-
ure suffer widespread complications that are
either the result of the chronic renal failure
or the adaptive mechanism of the body in
response to the disturbed homeostasis™'.

Pathological changes in the cochlea range
from mild loss of outer hair cells and spiral
ganglion to complete absence of the organ of
Corti’. The presence of an unidentified ure-
mic toxin, which leads to uremic nephropathy
of the eighth cranial nerve, leading to hearing
loss has also been suggested™. In our study
we found that with increasing urea levels,
hearing loss of the patient with chronic renal
failure increased. But this was not of statisti-
cal significance. We also found that patients
with chronic renal failure had worsening
hearing thresholds as their serum creatinine
values increased. This correlation was proved
statistically for bone conduction values at low
frequencies.
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Chronic renal failure is characterized by disturbed
Na+, K+ blood levels. This may result in poor cou-
pling of energy from the footplate of stapes to the
hair cells'’. In fact some researchers have suggest-
ed that the degree of hearing loss in CRF is directly
related to the degree of hyponatremia®®. But in our
study we found that hypernatremia worsened the
hearing thresholds with significant correlation at
lower and middle frequencies. However serum po-
tassium did not demonstrate any significant corre-
lation with hearing thresholds.

Patients with chronic renal failure after long term
hemodialysis, suffer from deranged calcium-
phosphorus metabolism, accelerated atherosclero-
sis, bone disease and metastatic calcification in
soft tissues and vasculature®®. But cochlear strial
deposits of calcium seen in CRF patients may bear
little relationship to the disturbed calcium metabo-
lism though the size may be related to presence of
hearing loss™. In our study the serum calcium lev-
els showed a significant correlation with hearing
thresholds, with hearing loss present at higher fre-
guencies.

The extension of life with the development of he-
modialysis has brought new problems. Hemodialy-
sis has been implicated both in the development of
high frequency loss’ and also in improvement of
low frequency losses in CRF**. Though the role of
dialysis is unclear, adverse factors possibly related
to hemodialysis are acute hypotension, reduction
in blood osmotic pressure, acute clearance of urea,
increased red blood cell mass and immunologic
reaction to dialyzer membranes®. Further, it has
been proposed that long term hemodialysis may
cause electrolyte, osmotic and biochemical altera-
tions leading to sensorineural hearing loss” though
a single session may not have significant effect on
hearing™.

Statistically we did not find a significant sig-
nificance in the hearing thresholds of patients
of chronic renal failure who were on con-
servative treatment and patients who were
undergoing hemodialysis but we found a sig-
nificant correlation between the increasing
number of hemodialysis to the hearing loss
Many pharmacological agents act both on the
inner ear and the kidney'*. Patients with re-
nal insufficiency are conservatively managed
with antihypertensive drugs, diuretics, beta
blockers and calcium antagonists and antibi-
otics; all of which may be potentially ototoxic.
Ototoxicity may be defined as “ the tendency
of certain therapeutic agents and other
chemical substances to cause functional im-
pairment and cellular degeneration of the
tissues of the inner ear, and especially of the
end organs and neurons of the cochlear and
vestibular divisions of the eighth cranial

nerve”®,

In our study nine patients with
chronic renal failure were on ototoxic drugs
as part of the medical treatment. The audio-
grams of these patients revealed mild hearing
loss at low frequencies and moderate hearing
loss at middle and high frequencies and a sig-
nificant difference between the two groups

was observed.
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Conclusions

In our study, we have made certain conclusions
regarding the effect of various etiological factors
on the hearing thresholds in patients with chronic
renal failure based on a single audiological evalua-
tion. Patients with CRF are subject to wide fluctua-
tions in hemodynamic and metabolic parameters
over time. Though we have arrived at certain
broad conclusions based on our results, we cannot
presume to identify the exact etiological factors
responsible for hearing loss. Further studies are
required wherein weekly or perhaps biweekly au-
diometric evaluations are carried out in these pa-
tients and correlated with the metabolic as well as
therapeutic events that have taken place in the
interval.

References

1. Stavroulaki P, Nikolopoulos TP, Psarommatis
|, Apostolopoulos N. Hearing evaluation with dis-
tortion-product otoacoustic emissions in young
patients undergoing hemodialysis. Clin Otolaryngol
Allied Sc, 2001; 26:235-242.

2. Mancini ML, Dello Strologo L, Bianchi PM,
Tieri L, Rizzoni G. Sensorineural hearing loss in pa-
tients reaching chronic renal failure in childhood.
Pediatr Nephol, 1996; 10: 38-40.

3. De los Santos CA, Bau AR, d’Avila DO, de Sou-
za EO, Moussalle H, etal. Audiometric changes in
patients reaching chronic renal failure in child-
hood. Transplant Proc, 1999; 31:3011-3012.

4, Quick CA, Fish A, Brown C. The relation-
ship between cochlea and kidney. Laryngo-
scope, 1973; 83:1469-1482.

5. Oda M, Preciado MC, Quick CA, Pa-
parella MM. Labyrinthine pathology of chron-
ic renal failure patients treated with hemodi-
alysis and kidney transplantation. Laryngo-
scope, 1974; 84: 1489-1506.

6. Nikolopoulos TP, Kandiloros DC, Segas
JV, Nomicos PN, Ferekidis EA, et al. Auditory
function in young patients with chronic renal
failure. Clin Otolaryngol Allied Sci, 1997; 22:
222-226.

7. Gatland D, Tucker B, Chalstrey S, Keene
M, Baker L. Hearing loss in chronic renal fail-
ure- hearing threshold changes following he-
modialysis. JR Soc Med, 1991; 84: 587-589.

8. Borchgrevik HM, Tambs K, Hoffman HJ.
The Nord-Trondelag Norway audiometric sur-
vey 1996-98:
prevalence of hearing impairment for adults >
20 years. Noise health 2005;7:1-15.

unscreened thresholds and

9. Karlsmose B, Lauritzen T, Parving A. A
five year longitudinal study of hearing in a
Danish rural population aged 31-50 Years. BrJ
Audiol 1999;33:395-402.

10. Kligerman AB, Solangi KB, Ventry IM,
Goodman Al, Weseley SA. Hearing impair-
ment associated with chronic renal failure.
Laryngoscope, 1981; 91: 583-592.

11. Glasscock ME, Shambaugh GE. Diagno-
sis of ear disease. In: Glasscock ME, Johnson
GD, eds. Surgery of the ear 4th ed. Philadel-
phia, W.B. Saunders Company, 1990; 55-84.

Drtbalu’s Otolaryngology online



12. Byrne JET, Kerr AG. Sensorineural hearing
loss. In: Kerr AG, Booth JB, eds. Scott-Brown’s Oto-
laryngology 6th ed. Oxford, Butterworth-
Heinemann, 1997; 3/16/1- 3/16/6.

13. Jones N, Ludman H. Acquired sensorineural
hearing loss. In: Harold Ludman, Tony Wright, eds.
Diseases of the ear 6th ed. London, Arnold, 1998;
495-502.

14. Samir M, Riad H, Mahgoub HM, Awad Z,
Kamal N. Transient otoacoustic emissions in chil-
dren with chronic renal failure. Clinical otolaryngol
Allied Sci, 1998; 23: 87-90.

15. Yassin A, Badry A, Fatt-Hi A. The relationship
between electrolyte balance and cochlear disturb-
ances in cases of renal failure. Journal Laryngol
Otol,1970; 84: 429-435.

16. Bergstrom L, Thompson P, Sando I, Wood RP
2nd. Renal disease-Its pathology, treatment and
effects on the ear. Arch Otolaryngol, 1980; 106:
567-572.

17. Serbetcioglu MB, Erdogan S, Sifil A. Effects of
a single session of hemodialysis on hearing abili-
ties. Acta Otolaryngol, 2001; 121: 836-838.

18. Wright A, Forge A, Kotecha B. Ototoxicity. In:
Kerr AG, Booth JB, eds. Scott- Brown’s Otolaryngol-
ogy 6th ed. Oxford, Butterworth-Heinnemann,
1997; 3/16/1- 3/16/36.

Drtbalu’s Otolaryngology online



