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 Abstract: 
 
    Objective:   to study the problem of hearing loss in patients of chronic renal failure on 
regular haemodialysis and The factors which affect it. And to study the effect of sickle cell 
disease on hearing loss. we studied hearing loss in dialysis patients, sickle cell disease 
patients and patients of sickle cell disease with chronic renal failure under dialysis 
compared to normal  control subjects. 
 
     Design:� � !����������	���
���������������	�"	�����"	����  include sickle cell disease 
patients with chronic renal fa�
�	�����	�"�
�	�#��$����
%��&� ��������'��"	����  include 
�������� � (��#� �#	����� 	���
� ���
�	�� ��� 	�"�
�	� #��$����
%�� &��� �������'�"	����  
���
���� �������� (��#� ��)
�� ��

� ������ &��� �������'� ���� "	����  include the normal 
����	�
��*+���&����*+���'�� 
 
         All  groups  are  subjected  to  full  history,  thorough  clinical   examination including 
neurological  and  ENT  examination,   investigations includes Hb, s. creatinine, s.albumen, 
s.calcium and calculation of kt/v for dialysis patients. Full audiological assessment, using 
�#���,-GSI audiometer was done for all groups with special concentration at frequency of 
�������-�.�
     
Results: hearing loss was found in patients with chronic renal failure more than normal 
control. Patient with sickle cell disease have hearing disorders significantly higher than 
��	$�
�����	�
�����	�/����%������-�.���
%��0�������(��#��#	�����	���
����
�	��������)
��
cell disease have significantly.   
         Marked degree of SNHL than those with SCD only. Hearing loss in patients with 
�12���		�
����(��#��*�
�3�
�&	4��!����4�����!�'�����������#����"	������#��	��"��������������
patients with chronic renal failure with or without SCD correlate with duration of dialysis , 
presence of peripheral neuropathy, s. calcium level, efficiency of dialysis marked by kt/v. 
 
Conclusion and recommendation: hearing disorder is common in patients with chronic 
renal failure under regular haemodialysis and it increase with duration of dialysis it should 
be suspected if there is Peripheral neuropathy. It can be reduced with efficient dialysis, 
correction of anemia, adjustment of calcium level. Patients with SCD suffer also some 
degree of hearing loss especially at higher frequency and this degree of hearing loss 
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increase with the degree of anemia precaution to prevent hemolytic crisis and its early 
treatment is the only way to decrease the progression of SNHL. 
 
 
Introduction: 
 
         Patients with sickle cell disease are 
common victims of recurrent attacks of 
hemolytic and thrombotic crises, these 
crises are well documented to impair the 
hearing thresholds of these patients 
during their crisis attacks, but most of 
these cases recover most of their hearing 
abilities within two weeks after 
recovery, but with long term 
sensorineural hearing loss (SNHL) over 
the years �-�. Renal failure too has been 
documented to cause certain degrees of 
SNHL as a result of the metabolic 
alterations ,��, and the process of dialysis 
was proposed to be an additional 
contributing factor for the hearing loss 
although disputed by many studies  . The 
combination of both diseases and the 
effect on hearing has not been widely 
studied due to the relative rarity of 
surviving patients with sickle cell 
disease to the age that they actually 
develop renal failure that necessitates 
dialysis. Based on these facts, we 
decided to study the pattern and severity 
of SNHL in the patients available in a 
renal failure dialysis center, comparing 
those with sickle cell disease to those 
without the disease. We also compared 
them the former group with sickle cell 
disease patients without renal failure and 
normal individuals. 
 
Patients And Methods: 
 
 5#�� ���%� ���
�����  !� ��������
divided into the following groups; 

• Group I; Patients with both renal 
failure under dialysis and with 
��)
����

�������&� ��������'� 

 
• Group II; Patients with renal 

���
�	����
%����������	����
%��&���
patients). 

• Group III; Patients with sickle cell 
��������
%�&����������'� 

• Group IV; Normal person� &���
persons). 

6

����%�"	���7��"��	��"��(�	���	�$��!�
���� �%	�����#������	�
�"	������������(�	��
chosen in the same range. 
        
Inclusion criteria for a patient to be 
termed a sickle cell disease patient were; 

�. Positive family history of sickle 
cell disease. 

�. Positive documented history of at 

���� !� �����)� ���#�$�
%���� �	���
(��#��� �#�� ���� ��� %��	�
necessitating hospital admission. 

!. Hemoglobin (Hb) electroph -oresis 
showing high levels of HbS 
&8,�9'�� ���� 
�(� 
�3�
� ��� �*6��

&:��9'��(��#� �	�(��#����other Hb 
types. 

 
Inclusion criteria for a patient to be 
termed a renal failure patient were; 

�. 1	����������
��	�����
���#������
ml/min. 

�. Patients being diagnosed as renal 
failure needing dialysis for at 

������%��	� 

!. Patients under three sessions of 
dialysi���	�(��)�����#��������
hours at least. 

 
Inclusion criteria for a normal patient 
were: 

�. Free from any chronic disease as 
diabetes, hypertension, renal 
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impairment, rheumatoid diseases, 
etc. 

�. Had no history of previous 
hearing trouble, or ear diseases or 
surgery. 

!. Had absolutely no history of 
ototoxic drug administration. 

�. 6"���	�$��!-� �%	. 
 
All patients were subjected to the 
following; 

• Full history taking including age 
,sex, duration of dialysis, 
frequency of dialysis, and history 
of any ear troubles other than 
diminution of hearing, chronic 
diseases, renal history, to 
categorize or eliminate the 
patient from the study groups. 

• Complete clinical exami -nation 
including neurolo -gical 
examination include -ing 
examination for perip -heral 
neuropathy.  

• Thorough otologic examination, 
including ympanometry, to 
exclude middle ear diseases. 

• Full audiological assess -ment, 
���"��#���,-GSI udiometer, with 
�����
� �������	������ ��� �#�� ��
)�;�� �� )�;�� ���� �� )�;�
frequencies.  

• Biochemical investigations 
including   Serum creatini -ne to 
evaluate renal funct -ion, serum 
calcium, serum albumen. 

• Hemoglobin value, to exclude 
undiagnosed hem -
oglobinnopathies in cases 
considered non-sickle cell 
disease patients, and as a step in 
the work up of sickle cell disease 
patients. 

• Calculation of kt/v for dialysis 
patients. 

 

Additional tests were done to specific 
study groups as follows; 

• Creatinine clearance, and plasma 
urea tests for groups I and II. 

• Hemoglobin electrophoresis for 
groups I and III. 

 
Statistical Analysis 
 After verifying the condition of 
each patient and properly categorizing 
them, the results of the audiometric testing 
was tabulated and analyzed using the (t) 
test comparing the thresholds of hearing of 
each frequency and the mean of the sum of 
frequencies between the different study 
groups. 
           The results of the audiological 
�����"� �	�� #�(�� ��� ��*
�� �-��� ���� �#��
means and standard deviations and the 
$��������#���$�(�	��#�(�������*
���-  
 
Results 
 
      group I� ���
���� � � ��������  � $�
�s 
���� ��� � ��$�
�� (��#� $���� �"�� ���
!���%	�"	���� II� ���
���� ��� �������� ����
$�
�� ������ � � ��$�
�� (��#� $����
�"�!�� %	�"	���� III� ���
������ ��������
(��#�����$�
������<�����$�
��������$����
�"�� ��� !���%	�(#�
�� group IV���
������
�������� (��#� $���� �"�!,��� %	�(��#����
$�
������ ���$�
�� 
        Comparing group I and II showed 
that There is significant difference in Hb 

�3�
� &�4���<'�� ��� �"��������� �����	�����
was found in other parameters. 
         Comparing group I and III showed a 
highly significant difference in s. albumen 
&�� :�����'�� ��	��#�	�
� ���	����#%�
&�:�����'� 
           Comparing group I and IV showed 
that  there is a highly significant difference  
in the factors related to renal failure i.e. 
creatinine, albumen, Hb, peripheral 
neuropathy. 
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And s. calcium. Similar results are 
obtained when comparing group II and 
IV. 
       Comparing group III and IV showed 
that there is a highly significant 
�����	���������*�
�3�
�&�:�����'� 
  

GROUP

����������������

M
ea

n

��

��

��

��

�

AGE

S.ALBUME

HBGM

CREATIN

CA

  
Fi"�	����$�������3�	��*
�� ��������	����
groups 

as regard  hearing 
threshold at different frequencies 
#�(��� �#��� � ���� )�;� �#	�#�
�� �#��
following was found comparing the 
different groups with each other; 
 

• Comparing group I and II, 
showed no I.significant 
difference statistically. 

• Comparing group I and III 
showed a highly significant 
difference statistically. 

• Comparing group I and IV 
showed a highly significant 
difference statistically. 

• Comparing group II and III 
showed a highly significant 
difference statistically. 

• Comparing group II and IV 
showed a highly significant 
difference statistically. 

• Comparing group III and IV 
showed no significant difference 
statistically. 

 
=�����#����)�;��#	�#�
���#����

�(��"�(��
found comparing the different groups with 
each other; 

• Comparing group I and II, showed 
no significant difference 
statistically. 

• Comparing group I and III showed 
a significant difference 
statistically. 

• Comparing group I and IV showed 
a highly significant difference 
statistically. 

• Comparing group II and III showed 
a significant difference 
statistically. 

• Comparing group II and IV 
showed a highly significant 
difference statistically. 

• Comparing group III and IV 
showed no significant difference 
statistically. 

 

» In t#����)�;��#	�#�
���#����

�(��"�(��
found comparing the different groups with 
each other; 
 

• Comparing group I and II, showed 
no significant difference 
statistically. 

• Comparing group I and III showed 
a highly significant difference 
statistically. 

• Comparing group I and IV showed 
a highly significant difference 
statistically. 

• Comparing group II and III showed 
a highly significant difference 
statistically. 

• Comparing group II and IV 
showed a highly significant 
difference statistically. 
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• Comparing group III and IV 
showed a significant difference 
statistically. 

» In the sum of mean of the three tested 
frequencies, the following was found 
comparing the different groups with 
each other; 

• Comparing group I and II, 
showed no significant difference 
statistically. 

• Comparing group I and III 
showed a highly significant 
difference statistically. 

• Comparing group I and IV 
showed a highly significant 
difference statistically. 

• Comparing group II and III 
showed a highly significant 
difference statistically. 

• Comparing group II and IV 
showed a highly significant 
difference statistically. 

• Comparing group III and IV 
showed no significant difference 
statistically. 

     Correlation study showed that 
#��	��"� �#	�#�
�� ��� ��� �>�� )�;� ���
dialysis patients correlate with kt/v 

&�:�����'� �
�� � with  s.  calcium  
&�:�����'����������� 
presence of peripheral neuropathy 
&�:�����'�� ?#�
�� ��	������ ��� ���
%��
��		�
���� (��#� #��	��"� �#	�#�
�� ���>��
)�;� &�:�����'�� 0�	��#�	�
� ���	����#%� ��
found to correlate with duration of 
dialysis, kt/v and hearing t#	�#�
�����������
�� )�;� �

� ��� �� #�"#
%� �"��������� ��"	����
Hb is found to correlate negatively with 
#��	��"� �#	�#�
�� ����-�.�&�:�����'�����
(��#�#��	��"��#	�#�
�����-�.&�:����'�� 
 
 
@�"�	�� &�'� $���� ��� #��	��"� �#	�#�
�� ���
�����	�����	�/�����������#����"	oups. 

 
 

5�*
�� ��� 5#�� �����
�"���
� �#	�#�
�� ���
(Group I) patients in dB. 

Patient no. ���	
���� ���	
���� ���	
���� 
� �� �� �� 
� �� �� �� 
� �� �� �� 
� �� �� �� 
� �� �� �� 
� �� �� �� 
� �� �� �� 
� �� �� �� 
	 �� �� �� 
�
 �� �� �� 
�� �� �� �� 
�� �� �� �� 
�� �� �� �� 
�� �� �� �� 
�� �� �� �� 
�� �� �� �� 
�� �� �� �� 
�� �� �� �� 
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5�*
�����5#�������
�"���
�	��
�����&A	��������������'�����B� 
Patient no. ��)�;��	�/ ��)�;��	�/ ��)�;��	�/ 

� �� �� �� 
� �� �� �� 
� �� �� �� 
� �� �� !� 
� �� �� !� 
� �� �� �� 
� �� �� !� 
� �� �� !� 
	 �� �� !� 
�
 �� �� �� 
�� �� �� !� 
�� �� �� �� 
�� �� �� �� 
�� �� �� �� 
�� �� �� �� 
�� �� �� !� 
�� �� !� �� 
�� �� �� �� 
�	 �� �� �� 
�
 �� �� !� 
�� �� �� �� 
�� �� �� �� 
�� �� �� !� 
�� �� �� !� 
�� �� �� �� 

 
 
5�*
��!��5#�������
�"���
�	��
�����&A	���������������'�����B� 

Patient no. ��)�;��	�/ ��)�;��	�/ ��)�;��	�/ 
� �� �� �� 
� �� �� �� 
� �� �� �� 
� �� �� �� 
� �� �� �� 
� �� �� �� 
� �� �� �� 
� �� �� �� 
	 �� �� �� 
�
 �� �� �� 
�� �� !� !� 
�� �� �� !� 
�� �� �� !� 
�� �� �� !� 
�� � �� �� 
�� �� �� �� 
�� �� �� !� 
�� �� �� !� 
�	 �� �� !� 
�
 �� �� �� 
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5�*
�����5#�������
�"���
�	��
�����&A	��������������' 
Patient no. ��)�;��	�/ ��)�;��	�/ ��)�;��	�/ 

� �� �� �� 
� �� �� �� 
� �� �� �� 
� �� �� �� 
� �� �� �� 
� �� �� �� 
� �� �� �� 
� �� �� �� 
	 �� �� �� 
�
 �� �� �� 
�� �� �� �� 
�� �� �� !� 
�� �� �� �� 
�� �� �� �� 
�� �� �� �� 
�� �� �� �� 
�� �� �� �� 
�� �� �� �� 
�	 �� �� �� 
�
 �� �� �� 

 
 
5�*
�����C��
�������������
����
%��of the study groups. (S.D. = standard deviation) 
 

Frequency Mean S.D. 
ACDE0���&� ��������' 

�


�� � �!! ��, 
�


�� ���!   �� 
�


�� !��<� ���  

Sum of means �!�   ��  
ACDE0����&����������' 

�


�� � ��� ��� 
�


�� ����� ��  
�


�� �<� � ��� 

Sum of means ���,� ��� 
ACDE0�����&����������' 

�


�� ����� !�� 
�


�� �,��� ��� 
�


�� �!��� ��� 

Sum of means ���,, ��< 
ACDE0����&����������' 

�


�� �!��� ��< 
�


�� ���� ��! 
�


�� ���� ��� 

Sum of means �,�� !�� 
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Discussion 
 
          Homozygous cases of sickle cell 
disease were previously considered “early 
fatalities”, this was in part very true due 
to the severity of the disease and 
frequency of occurrence of fatal 
complications, but with recent advances 
in medicine, a definite cure can be offered 
to the patient in the form of stem cell 
transplant <. Although this fact is true, it 
is rarely needed following the precautions 
of proper prophylaxis from conditions 
precipitating attacks of sickle crisis, and 
early treatment of the crisis if it occurs. 
Also proper genetic counseling has 
played a role in reduction of the disease 
severity and number of cases. 
          The geographical distribution of the 
disease variants varies from one source to 
the other, but in the Middle East, and 
specifically in the Arabian semi-island, 
the disease takes a specific pattern !. In 
the full blown case there is a very low 
percentage of HbA�� which may reach 
zero, with very high levels of HbS, and 
the remaining usually HbF. This relative 
high level of HbF (higher than the 
���	�*��� ��9� $�F�$�$� ��� 
���	���	�'�
with the specific property of very high 
affinity to oxygen ameliorates the 
condition greatly, so that the patient may 
#�3���*�
�3�
���
�(���,"$G�
�������

�
live a more or less symptom free life <, 
and is  not  considered  
to be anemic. The amelioration in the 
clinical picture of the disease with 
advances in treatment lines has build up a 
relatively older aged population of sickle 
cell disease patients, thus making these 
patients liable to chronic diseases, 
including renal failure. 
          The concept that inner ear cells are 
sensitive to several metabolic and 
hormonal  disorders  is   a  well     studied  
issue. But, the relationship between 
chronic renal failure and sensorineural 

hearing loss is still a debatable issue by 
the scientific community<         
          The chronic effects of renal failure 
on hearing have previously been studied 
,�� and it has been shown that there is an 
increase in the hearing thresholds, 
especially in the higher frequencies, in 
these patients. Studies have also failed to 
demonstrate any long term affection on 
hearing by the process of dialysis itself  . 
sensorineural hearing loss in these 
patients may be attributed to the 
preexisting renal disease��Other 
investigators found that hearing loss 
seemed to be affected by the method of 
management of the renal insufficiency 
(more in the haemodialysis group than in 
the peritoneal dialysis group). Although 
they found no significant changes in 
audiometric findings before and after 
haemodialysis��-�!. 
          Some investigators found that 
hearing disorders did not correlate with 
serum urea, creatinine, sodium or 
potassium��. 
          the cause of hearing disorder in 
uremic is still debatable some postulated 
causes includes Uremic toxins, ototoxins, 
and axonal uremic neuropathy appear to 
be likely pathogenic factors, also anemia 
seems to be an important factor 
responsible for hearing disorders in 
patients with end-stage renal failure��  
         Severe patient injury was associated 
with exposure to aged cellulose acetate 
membranes of dialyzers, allowing 
cellulose acetate degradation products to 
enter the blood. Clinicians should be 
aware that aged cellulose acetate 
membranes may cause severe adverse 
reactions��. 
          On the other hand, the chronic 
effects of attacks of hemolytic crisis in 
sickle cell disease patients has also been 
studied, showing acute hearing loss with 
the acute attack, especially in the higher 
frequencies, followed by amelioration of 
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the condition, with a cumulative effect 
over the years with repeated attacks of 
crisis �-�. It was hypothesized that the 
prevalence of sensorineural hearing loss 
would be lower than those in children 
with normal hemoglobin due to suspected 
compromised cochlear function as a result 
of vaso-occlusive events characteristic of 
SCD�,.SNHL in SCD patients is mainly 
due to A high erythrocyte aggregability 
and low deformability causing 
obstruction of small blood vesseles��. 
         In some patients with sickle cell 
disease, an enhanced PMN adhesion to 
vascular endothelium could contribute to 
the vascular occlusion that characterizes 
the acute crisis of the disease� . 
          antiendothelial cell antibodies 
(AECA) may play a role in immune-
mediated vasculitis especially in human 
sudden hearing loss�<����. 

         The combined effect of a patient 
being a sickler, and having end stage 
renal failure needing dialysis has not been 
widely studied, if studied at all. The idea 
of our study was to find if the affection of 
a patient with both conditions would lead  
to a simple additive effect on hearing or 
there is a synergistic effect on hearing, 
comparing the results with those of other 
groups of patients in the same 
environment and within the same age 
group where the study was carried out. 
            The results showed that in 
comparing the normal control group (IV) 
to the sickle cell disease group patients 
(III), a significant difference was found 
��
%�����#����)�;��	�/����%���#��������"�
agrees with most of the previous studies 
that demonstrated an affection of hearing 
in chronic sickle cell patients, but the 
limitation of affection in our study to the 
�� )�;� �	�/����%� $�%� *�� ���� ��� �#��
amelioration by the high HbF levels, so 
only the higher frequencies (most 
sensitive) were affected. 

         Also when comparing the patients 
with chronic renal failure (group II) with 
the control group (IV), a significant 
hearing loss was found in all frequencies, 
agreeing with most previous studies ,��. 
         When comparing our target group 
(I) with the control group (IV), a 
significant difference in all hearing 
thresholds tested was found, and the same 
highly significant statistical difference in 
all thresholds was found when comparing 
them with the sickle cell disease group 
(III), but interestingly enough no 
statistical difference in any level was 
found when they were compared with 
group (II) patients having renal failure 
only. 
         The overall results show that there 
is no significant affection of hearing 
�#	�#�
��� ��� 
���� ��� �#�� ����-����� �;�
range between chronic renal failure 
patients under dialysis between sicklers 
and non-sicklers, this may be explained 
by the more severe and permanent 
metabolic effect of chronic renal failure 
on hearing that overrides the effect of 
chronic and repeated sickling on hearing. 
         The degree of hearing loss was 
found to correlate with kt/v which mean 
the better the efficiency of dialysis the 
less the sesorineural deafness this may 
support the hypothesis of effect of uremic 
toxins on hearing not the effect of dialysis 
although there was no correlation with 
creatinine the responsible toxins is not 
defined .also hearing loss correlates with 
the presence of peripheral neuropathy this 
may indicate that sesorineural hearing 
loss may be part of generalized 
neuropathy which happen to the patients 
of renal failure on haemodialysis. The 
degree of hearing loss was also found to 
correlate with s. calcium may be 
explained by decreasing the threshold of 
nerve stimulation by hypocalcemia. 
Prevalence of peripheral neuropathy in 
dialysis patients was found to increase 
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with the duration of dialysis and decrease 
with more efficient dialysis. 
         The role of hemoglobin level in the 
development of sensorineural hearing loss 
in dialysis patients had been suggested, 
we found correlation between Hb level 
and hearing threshold at higher frequency 
&�� )�;'� (#��#�	� ��� ���
%��� ��)
�	� ���
dialysis or sickle cell patients not having 
renal problem. This relation is not found 
��� �� ��	�� )�;�� 5#�� $���#�� (��#� �#��
����
����� *%� �#�#���� ��� �
�� &����). 
Acute SNHL had been found in patients 
used outdated cellulose acetate membrane 
but the chronic use of cellulose acetate 
membrane had not been studied. The 
correlation between Hb level and SNHL 
in patients with sickle cell disease without 
renal disease may be related to the 
severity of the vascular effects of the 
disease which is also associated with 
lower Hb level. 
Conclusion 
 The SNHL accompanying chronic 
renal failure is apparently not aggravated 
if associated with sickle cell disease, and 
if any effect would be present, it would 
only be additive, not synergistic. It 
increases with duration of dialysis, degree 
of anemia and with the presence of 
peripheral neuropathy. It can be reduced 
with more efficient dialysis. 
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