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ABSTRACT  
 

Background: Sickle cell anemia (Hbss) is a growing public health problem in underdeveloped 
and developing countries. It is known to be accompanied by different types and degrees of hearing 
loss either of conductive hearing loss (CHL) or sensory neural hearing loss (SNHL). Little 
information about the pattern of hearing among children complaining of sickle cell anemia is 
available. Aim: Studying the occurrence of hearing loss among children with sickle cell anemia. 
Subjects and methods: First group consisted of 50 patients with sickle cell anemia; aged 5–16 years 
old recruited from the Audiology Outpatient Clinic at El-Hussein Hospital, Al-Azhar University, 
Cairo, Egypt as a case group; and the second group consisted also of 50 hematologically normal 
children (HbAA) as a control group. We matched both groups for age and sex. Prospective study of 
their pure tone audiological assessment (PTA) and tympanometric evaluations was done. Results: Age 
range of patients was 5–16 years with a mean of 9.4 for the sickle cell anemia group and 9.7 for the 
control group. The male/female ratio was 1.3:1 and 1.5:1 for sickle cell anemia and control group 
respectively. 21 children had abnormal audiograms among the sickle cell anemia patients and otitis 
media with effusion (OME) was the cause in 16 subjects and 5 of them had mild sensory neural 
hearing loss (SNHL) which was bilateral. However, in the control group 12 had abnormal audiograms 
and all were due to otitis media with effusion and none had sensory neural hearing loss. Otitis media 
with effusion was bilateral in 13 subjects with sickle cell anemia, two on the right and only one on the 
left. In the control group, 8 children with otitis media with effusion was bilateral, 3 were on the right 
side and 1 on the left side. The prevalence of sensory neural hearing loss was 6.25% and otitis media 
with effusion was 32%. Conclusion: Our results suggested that sensory neural hearing loss is age 
dependent and uncommon in early childhood, especially in the preschool period and years of language 
acquisition. Also, the incidence of otitis media with effusion was almost the same in both groups 
which can lead to educational difficulties due to hearing impairment. 
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Introduction 
 

Sickle cell anemia is an autosomal recessive genetic disease occurring as a result of the 
presence of a mutated form of hemoglobin (NHS, 2015). The maximum percentage is in Africa. 
About 20% of African people are carriers of the sickle gene. It has a percentage of about 8% in the 
African-American people with less prevalence in the Middle East (Al Naama et al., 2015). It is one of 
the most common severe monogenic disorders in the world (Rees et al., 2010). It is a chronic 
hemolytic anemia with vaso-occlusive attacks and was first described by Herrick (1910); Piltcher et 
al., 2000). Sickle cell disease is caused by a single nucleotide exchange on beta globin gene on short 
arm of chromosome no.11; leading to the formation of hemoglobin S (HbS) that is polymerized under 
low oxygen circumstances, leading to the formation of rigid and sickle-shaped red blood cells. These 
sickled cells lead to stimulation of remaining circulating cells as neutrophils in procedures mimic 
those seen in vasculopathies. The subsequent resultant ischemia causes tissue infarction as the tissue 
loses its blood supply (Oluseyi and Aika, 2006). The CNS is well known to be sensitive to even 
temporary hypoxia; therefore, occurrence of peripheral and central auditory disorders is marked in 
patients with sickle cell anemia than the normal population (Forman-Franco et al., 1982). Sensory 
neural hearing loss is one of the numerous problems seen in sickle cell anemia patients (Aderibigbe et 
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al., 2005; Ajulo et al., 1993) and it was noted to happen in 8% of sickle cell anemia patients in 
America ,4% in Egypt, 8% in Nigeria, 36.5% in Kenya and 60% in Ghana (Mgbor and Emodi, 2004). 
Hearing dysfunction is known to be a complication that is caused by excessive sensitivity of cochlea 
to vascular obstruction, leading to decreased blood and oxygen supply to the cochlea, as the sickled 
blood cells obstruct the flow of blood to the epithelium of cochlea (Ondzotto et al., 2002). The inner 
ear is very sensitive to trivial circulatory changes because it is principally fed by Labyrinthine artery, 
which is known to be a single ending artery (Ogawa and Kanzaki, 1994). The petrous temporal bone 
marrow expansion and ischemic destruction that happen to the organ of corti’s hair cells of the 
cochlea as a result of micro thrombotic occlusions of the cochlear venous system causes marked 
compression of the auditory canal which can lead to sensorineural hearing loss (Morgenstein and 
Menace, 1979). The importance of the early diagnosis of hearing dysfunction has become an 
emerging need, because the loss caused by such impairment is often irreversible, and can affect oral 
language as well as the child's global development and school performance (Kral et al., 2001). 

We aimed in our research to find about the high occurrence of hearing impairment in patients 
with sickle cell anemia (HbSS) in comparison to the control group who are hematologically normal 
(HbAA) matched for age and sex. 
 
Subjects and Methods 
 

We conducted this prospective study at the Audiology Outpatient Clinic, El-Hussein Hospital, 
Al-Azhar University, Cairo – Egypt.  Inclusion criteria: Sickle cell anemia patients who are having 
hemoglobin electrophoresis (HbSS), crisis free and in a steady state. Controls that were 
hematologically free, having normal hemoglobin electrophoresis with (HbAA) pattern and no other 
hematological disorders were randomly selected and enrolled in the study. Both groups were matched 
for age and sex. Exclusion criteria: Children less than 4 years old as they give inaccurate audiometric 
testing responses and those with diseases like meningitis, mumps, measles, chronic suppurative otitis 
media (CSOM), drug ototoxicity or past history of hearing impairment, children with ongoing sickle 
cell crises and children with other blood diseases. All patients and controls were subjected to detailed 
history, otological and audiological examinations. Demographic data and clinical course of sickle cell 
anemia findings were assessed by a designed survey performed by the researchers. Both ears of each 
patient were examined for the condition of tympanic membrane and tuning fork tests (Rhine & 
Weber's tests) were performed by 512 Hz tuning forks to detect any hearing impairments. Assessment 
composed of tympanometry, pure tone audiometry and speech audiometry. Calibration of the pure 
tone audiometer used was done according to American National Standard Institute (ANSI, 1969) 
parameters. Degrees of hearing were measured individually in every ear in a sound proof booth at 
frequencies of 250, 500, 1000, 2000, 4000 and 8000 Hz. Measurements were calibrated into ISI 
standard by damplex AS 67 diagnostic audiometer and shown as decibels and impedance audiometer 
AT 235 DK 5610 Assens used for tympanometry. 

 
A modified Jerger's classification of tympanograms was used as shown in this table: 

Category A—normal peak at O 
Type B—flat curve without apparent peak (correlated with 
OME) 

Category AS—shallow peak 
Type C—negative peak (correlated with dysfunction of 
eustachian tube. 

Category Ad Peak more than full scale 

(Jerjer, 1970). 
 
Audiological ambient noise level outside the booth was <30 dB assessed by a sound meter. Pure 

tone thresholds of 25 dB or more in one or more test frequencies from 250 to 8000 Hz was considered 
a hearing loss. 50 age/sex matched hematologically normal patients were subjected to similar 
assessment. Pure tone audiological assessment (PTA) thresholds were marked as conductive and 
sensorineural hearing impairments. Hearing loss was classified into mild, moderate, severe and 
profound. Calculation of hearing thresholds for each frequency was done by simple averaging. Data 
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analysis was by EPI INFO 2005-3.3.2 Version. Variables were compared by student's t test and all 
analysis was assessed with a level of significance of p > 0.05. written informed consent was taken 
from all participants’ guardians after explaining details of study to them before participation in the 
study.  

 
Results 
 

50 Children with homozygous sickle cell anemia (HbSS) and 50 children without sickle cell 
anemia and normal hemoglobin electrophoresis (HbAA) were enrolled in our research. (From table 1), 
age ranged from 5-16 years. The mean age for cases was 9.4 years (S.D. 3.5) and 9.7 (S.D. 3.4) for 
controls. The maximum age was 5-8 years (28 children) (56%), then 9-12 years (14 children) (28%) 
and finally 13-16 years old being 16%. As regards the sex distribution among HbSS, there were 29 
males (58%) and 21 females (42%) with a male/female ratio1.3:1.0 and1.4:1.0 for the control group. 
The age/sex distribution was matched in them all. 

 
Table 1: Categories of age among cases HbSS and controls HbAA 

Age (years) 
Frequency Percentage (%) 

HbSS HbAA HbSS HbAA 

5–8 28 37 56% 74% 

9–12 14 10 28% 20% 

13–16 8 3 16% 6% 

Total 50 50 100% 100% 

 
 

 
 

Fig.1: Age distribution among cases HbSS and controls HbAA 
 
In table 2, our results showed that only 5 children their age ranges from 5-8 years old 

complained of mild sensory neural hearing loss and all were of HbSS group and none from the control 
group (HbAA). For the age group from 5-8 years old there were 21 children with conductive hearing 
loss (12 with HbSS and 9 with Hb AA). For the age group from 9-12 years old there were 4 children 
with conductive hearing loss (2 with HbSS and 2 with Hb AA). For the age group from 13-16 years 
old there were only 3 children with conductive hearing loss (2 with HbSS and 1 with Hb AA). 
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Table 2: Age/hearing deficit distribution in cases/controls 

Age (years) 
Frequency CHL SNHL HbSS only 

HbSS HbAA 
 

5–8 12 (75%) 9 (75%) 5 (15%) 

9–12 2 (12.5%) 2 (16.6%) – 

13–16 2 (12.5%) 1 (8.3%) 
 

Total 16 12 5 

 

 
 

Fig. 2: Age/hearing deficit distribution in cases /controls 
 
The pure tone audiometric pattern from table 3, was normal in both ears in 29 children (58%), 

but we found proof of conductive hearing loss in both ears of 13 children (26%) with a pure tone 
average of 30–40 dB; 1 was having CHL (2%) in left ear and 2 (4%) having CHL in rt ear. 5 children 
below 7 years old (3.8%) were having sensorineural hearing loss (SNHL) with a pure tone average of 
30–40 dB bilaterally. In control group, we found 8 with proof of CHL with a pure tone average of 30–
35 dB bilaterally in all test frequencies with no SNHL seen. 

 
Table 3: Pure tone audiometric type in SCA cases and controls 

Hearing type HbSS HbAA 

Normal bilateral 29 38 

CHL (bilateral) 13 8 

CHL (left)  1 1 

CHL (right)  2 3 

SNHL 5 _ 

Total 50 50 

CHL: Conductive hearing loss (mild to moderate degree) SNHL: sensorineural hearing loss 
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Fig. 3: Pure tone audiometric type in SCA cases and controls 
 

Discussion  
 

Sickle cell anemia is a cosmopolitan disease, specifically seen in areas with colored 

populations, as the SS sickle cell form is widespread. Some studies found that the hearing impairment 

occurring with sickle cell anemia is uncommon with ordinary symptoms and associated more with its 

pathogenesis (Ondzotto et al., 2002). The association of sickle cell anemia with hearing loss was 

obviously proved. A lot of investigations correlated sensorineural hearing impairment with a large 

amount of results. Many literatures classified deficits of hearing loss from mild to profound degrees. 

Unilateral hearing loss was seldom found while many cases of them have bilateral hearing loss 

(Mgbor and Emodi, 2004; Koussi et al., 2001; Diggs, 1956). Numerous previous studies reported 

increasing occurrence of sensorineural hearing loss seen in children with sickle cell anemia in 

comparison to the normal ones; they attributed that to the cochlear ischemia and the supporting cells 

through the peripheral and central auditory routes. stria vascularis ischemia and secondary hypoxia of 

organ of corti as an apparent sequalae of sickle crisis, considered as marked auditory system negative 

effect (Mgbor and Emodi, 2004). The auditory system is subjected to the hemolytic anemia and 

occlusion of blood vessel that are main criteria of homozygous sickle cell anemia (Okeowo& 

Akinsete, 1980). There is a consensus in the previous audiological studies, that subjects complaining 

of sickle cell anemia have significant occurrence of sensorineural hearing loss than the normal 

ones (Ajulo et al., 1993). Although, literature on tympanometry findings among children with sickle 

cell anemia is very few; but many studies reported auditory deficit in sickle cell anemia patients 

which is caused by the cochlear ischemia (Diggs, 1956; Morganstein and Menace, 1969; Odetoyinbo 

and Adekile, 1987). Many studies reported the incidence of hearing impairment in sickle disease 

patients to be 11–41% (Koussi et al., 2001). A study done in a group of children with sickle cell 
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anemia by Odetoyinbo and Adekile, 1987 reported the prevalence of sensory neural hearing loss to be 

21.4%; while Ogisi and Okafor, 1986 reported its incidence to be 8%, different from studies done in 

other countries of Africa, in Kenya and Ghana, with a recorded increased incidence of sensory neural 

hearing loss to reach 36.5% and 60% respectively among children with sickle cell anemia. These 

different incidence rates of sensorineural hearing impairment can be assumed to difference in age, 

area and type of hemoglobin gene of the patients around the world (Mgbor and Emodi, 2004). The 

incidence rate in our study was much less than other studies; this could be attributed to that; the sickle 

patients in our study were crisis free and are followed up on a regular basis in the outpatient clinic. 

Also, about half of the parents were educated and understand the significance of regular follow-up 

visits and ideal nutrition for those patients. Also, Aderibigbe et al., 2005, reported an incidence rate of 

4.3% sensorineural hearing loss in a group adult complaining of sickle cell anemia, this could be 

attributed to improvement in medicine that leads to a better care of sickle cell anemia patients and 

advance in welfare of subjects with sickle anemia. Furthermore, Piltcher et al., (2000), found an 

improved expectation of life in patients as a result of earlier diagnosis of sickle cell anemia besides 

better management of the problem. Other studies have reported that sensorineural hearing loss 

becomes more profound with progress in age and repeated incidence of sickle cell crisis among 

subjects (Ajulo et al., 1993; Okeowo& Akinsete, 1980). In our research, there was no marked 

elevation in hearing loss frequency with age progress; as there were few of them after 12 years old 

while many of them were below 8 years old.  Our results agreed with findings shown by Freidman et 

al. (1980). The sensorineural hearing impairment in our study in sickle patients was of mild type (30–

40 dB) and was not seen in control group. Thresholds of pure tone hearing demonstrated proof of mild 

conductive hearing loss in 16 patients in every tested frequency in sickle patients. MacDonald et al. 

(1999) differentiated between conductive hearing loss and sensorineural hearing loss in their study. In 

our study, one third of sickle patients with audiogram abnormalities had conductive hearing loss and 

otitis media with effusion which was the etiology in over four fifth of them. This came in agreement 

with a study performed by MacDonald et al. (1999) in the USA among cohort of patients of sickle cell 

anemia, 19 out of the 84 examined children and middle ear effusion was the cause while 3 had mild 

sensorineural hearing loss. Otitis media with effusion is found to be rare in Africans as there have 

been scanty researches on its occurrence among African children (Murphy, 1981). Among low 

occurrence of 4.9% in Okeowo, (1985) and 8.9% in Ogisi, (1988) studies to 23.8% in Akinlade et al. 

(1998). Our results among both groups were the same as Akinlade et al. (1998); where majority of 

cases were more than 5 years of age and reported that otitis media with effusion is of the same 

frequency in both groups. 

To conclude, our findings suggested that sensorineural hearing loss is not common phenomenon 

in early period of life particularly during language acquisition period and early schooling. That means, 

it is an age dependent incidence rate of sensorineural hearing loss among sickle patients. However, no 

difference in prevalence of otitis media with effusion among children with sickle cell anemia and 
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those who are normal.  Early detection of hearing impairment by regular audiometry is mandatory to 

observe hearing thresholds in those patients to avoid subsequent language deficits that can lead to 

possible educational obstacles. 
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