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This chapter is based on three assumptions: (1) deafness is common; (2) the etio-
logic basis varies around the world, and (3) the diagnostic approach should be 
sequential, taking into account the laterality and severity of hearing loss.

1) Deafness is common
Deafness is the most common sensorial deficit. Its prevalence is high. Approximately 
1:1000 offspring has a severe hearing loss.  Up to the end of infancy, more  than 
two in each 1000 children will develop significant hearing loss. The World Health 
Organization estimates that at least 250 million people around the world have 
deafness. Two-thirds of them (approximately 165 million) live in undeveloped 
countries.

2) The etiology varies throughout the world
Environmental factors are the most important in the etiology of deafness in 
undeveloped countries. In Nicarágua, perinatal factors, ototoxicity, and meningitis 
are the most important causes of hearing loss. In Salvador, a city in the northeast 
of Brazil, for example, maternal rubella and meningitis are the most important 
causal factors. In Belém do Pará, a city in the north of Brazil, among 150 patients 
evaluated, congenital rubella, meningitis, and ototoxicity were less frequent than 
just ”unknown causes.” 
In developed countries, another virus seems more important in the genesis of 
deafness. It is cytomegaloviral infection, probably because public vaccination 
programs against rubella in these countries have already been implemented and 
successful and also because systematic investigation and better diagnostic tools 
are available.  At birth, around 21% of their total causes of auditory deficiency 
are due to cytomegalovirus, while the corresponding number for children four 
years old is 25% in developed countries.  Studies indicate that genetic etiology is 
the predominant cause of pre-lingual deafness in developed countries.  At birth, 
genetic causes are already responsible for 68% of cases of deafness and, up to four 
years of age, genetic causes represent 54% of cases. 
Genetic deafness can be syndromic or non-syndromic. It is unlikely we would not 
recognize and investigate a case of syndromic deafness, because the associated 
findings are very showy. This is the case for the renal insufficiency associated 
with Alport syndrome, for the branchial arch malformations in oto-branchial-renal 
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syndrome; for the episodes of syncope associated with Jervell & Lange-Nielsen 
syndrome, for the goiter typical of Pendred syndrome, for the blindness secondary 
to the retinitis pigmentosa of Usher syndrome, for pigmentary problems (white 
forelock, vitiligo, heterochromia iridis) and dystopia canthorum associated with 
Waardenburg syndrome, and for the craniofacial malformations of Treacher 
Collins and Crouzon syndromes, for example.
The problem of early identification of deafness occurs with non-syndromic 
children. The science of the molecular genetics of non-syndromic deafness is 
practically a new science that is expanding quickly, “at the speed of sound.” It 
was only in 1992 that the first linkage-study was published, and as recently as 
1997 that the first non-syndromic gene, the connexin 26 gene, was cloned. Up to 
now approximately 50 genes have been cloned. Connexin 26 is the most important 
gene, for it occurs with high frequency. It is speculated  that it is responsible for up 
to 80% of all cases of autosomic recessive non-syndromic hearing loss (DFNB1). 
Interestingly, in Italians the mutation responsible is 35delG in 85% of cases. In 
Brazil, a study in Campinas (a city in the southeast region) demonstrated that such 
mutation is the cause of 80% of the Brazilian cases of DFNB1. 
Most important is the finding that 10% to 30% of all profound sensorineural 
prelingual hearing losses, at least in developed countries, are caused by mutations 
in the connexin 26 gene. We should emphasize that geographic distance has 
nothing to do with genetic distance. Therefore, European descendants tend to 
repeat the genetic inheritance, even when living in the Americas. Up to 3% 
of the population has this gene heterozygotically. Data from São Paulo, in a 
study involving 620 randomly selected neonates, demonstrated the gene in six 
newborns, a prevalence of 1:103. 
The gene second in frequency is the PDS gene, associated with Pendred 
syndrome (severe to profound sensorineural hearing loss with or without goiter). 
Characteristically, beyond the cochlear malformations, a CT-scan will show an 
enlarged vestibular aqueduct,  the greatest diagnostic track in individuals without 
goiter. It can appear in 80% of cases. However, of all the children who, in their 
initial CT-scan, have an enlarged vestibular aqueduct, around 20% will have 
mutations in the PDS gene.

3) The diagnostic approach must be sequential, taking into account the 
laterality and the severity of the hearing loss.
A detailed clinical history is the indispensable initial step in etiologic investigation 
of deafness in children. Risk factors for deafness must be asked for specifically. 
The most important ones are contained in the mnemonics HEARING and 
SCRATCH. 
 A) “HEARING” where the initials correspond, respectively, to History 
of deafness in the family; Ear, nose and throat malformations; Anoxy; Rx 
with ototoxics; Infections; Neonatal intensive care, and Growth retardation 
(weight < 1,500g). 
B) “SCRATCH” where the initials correspond, respectively, to Syphilis, 
Cytomegalovirus, Rubella, AIDS, Toxoplasmosis, Coxsackie, and Herpes).  
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In 22% to 35% of cases, the cause of deafness can be attributed to some of these 
risk factors, with the addition of maternal abuse of drugs (alcohol, cocaine, 
misoprostol) and exposure to teratogenic drugs. 
The next step in the investigation is tests in the laboratory.  Simultaneous blood 
tests advocated by authors who base their research on standard protocols include 
complete blood count, glucose level, erythrocyte sedimentation rate, antinuclear 
factor, rheumatoid factor, VDRL, Fta-Abs, cholesterol, triglycerides, T3, T4, 
TSH, creatinin, and urea. Additionally, these authors advocate the inclusion of 
urinalysis, EQG, imaging tests (CT-scan and MRI) and genetic tracking, besides a 
routine ophthalmologic evaluation. Recent evidences, however, have shown a low 
yield for these standard protocols. 
A retrospective study in 2002 by Mafong and coworkers, who evaluated 114 
children with a mean age of nine years, showed that, of all the cited tests requested 
simultaneously, none contributed to diagnosis of the etiologic basis of deafness in 
the patients they evaluated. In another study in 2004 by Preciado and colleagues 
that involved 474 patients with a mean age of 5.8 years, the findings were similar, 
with the exception  that two patients’ EQGs established a diagnosis of Jervel and 
Lange-Nielsen syndrome. However, these two patients had their diagnosis already 
suspected through a positive familial history of syncope. Later, a study in 2005 by 
the same group of researchers, evaluating prospectively a sample of 150 children 
with a mean age of 4.8 years, confirmed  the previous finding that asking for all 
these examinations simultaneously did not contribute to etiologic diagnosis of any 
of the patients analyzed.
The conclusion in the light of current evidence is that routine and simultaneously 
requested sanguine examinations for all patients have a low efficiency in diagnosis 
of deafness. However, if the investigation is guided by findings from the history 
and physical examination, the etiologic basis in some patients may be found. 
This strategy would save a lot of financial resources. Exceptions can be made for 
ophthalmologic evaluation and  EQG. The reason for a routine ophthalmologic 
examination is not that a lot of cases of Usher syndrome will be diagnosed, as it is 
a rare disease, but that there is a high prevalence of refractive defects (15 to 20%) 
in the deaf population that will be found and treated. The EQG can be diagnostic 
of Jervel and Lange-Nielsen syndrome, a finding that can save lives. It is justified 
in the presence of syncope in the clinical history.
In relation to imaging tests, however, it seems that the diagnostic yield is greater. 
The same three studies mentioned previously also evaluated the value of imaging 
tests in their diagnostic work-up for deafness. In 39% of children evaluated in 
the first study, the CT-scan elucidated the diagnosis by showing an enlarged 
vestibular aqueduct as the most common finding.  In the other retrospective 
study, around 27% of patients had a positive imaging examination. The biggest 
incidence of positive tomographic findings occurred in patients with unilateral 
deafness. Again, it was an enlarged vestibular aqueduct that was the most frequent 
finding, responsible for about 67% of all tomographic abnormalities in these 
patients. Finally, in the prospectively planned study, the prevalence of a positive 
CT-scan was 30%, also showing clearly the biggest frequency of tomographic 
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abnormalities in cases of unilateral deafness.
Finally, the diagnostic yield of genetic investigation was also evaluated in the two 
studies cited last. They searched for the presence of mutations (35delG and others) 
in the connexin 26 gene. The first study, involving 61 children, showed that 29 
children (18%)  were positive for some mutation. A specific finding was called 
to attention: positive findings in unilateral cases of hearing loss were 0%, while 
38% of cases with bilateral severe-to-profound hearing loss were positive. The 
35delG mutation was the most prevalent. In the prospective study, the global 
prevalence of bi-allelic mutations was 12% in a total of 150 patients. The same 
results were found concerning the laterality of hearing loss: a prevalence of 0% 
in cases of unilateral deafness, and 22% in cases of bilateral severe-to-profound 
hearing loss. 
To summarize the results of the prospective study, the two examinations with 
higher diagnostic yield in an etiologic work-up for deafness were screening for 
mutations in the connexin 26 gene (12%), and a CT-scan (30%). Perhaps the 
most important finding of this study was the demonstration that either a positive 
CT-scan or a finding of mutation in the connexin 26 gene upon screening have 
a high predictive power in anticipating the results of  subsequent examinations. 
Only one patient with a mutation in the connexin 26 gene also had a positive 
CT-scan. The conclusion is that there is no need to ask for a CT-scan in cases 
positive for that mutation, and there is no need to ask for genetic testing in cases 
that have previously shown abnormalities in the vestibular aqueduct on a CT-scan. 
The estimated reduction in costs using this paradigm (not to do a CT-scan in a 
patient already positive for the mutation) would be on the order of U.S.$24,420 in 
CT-scans for each 100 children tested.

Conclusion
Taking into account the best available evidences, we suggest the algorithm 
presented below, from Preciado and colleagues. The main features are the 
sequential approach, taking into account the laterality and the severity of hearing 
loss. The first and most important step is to perform a comprehensive clinical 
history, physical examination, and audiologic evaluation. The laboratory tests 
are transferred from the beginning (the traditional approach to a simultaneous 
algorithm) to the final steps, always preceded by a CT-scan and genetic tests. 
If these two tests are negative, laboratory tests should be done, always guided 
by findings from the clinical history and physical examination. The exception 
is the EQG test, which can save lives if diagnostic of Jervel and Lange-Nielsen 
syndrome.
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Algorithm : sequential approach to detect hearing loss

Recommended readings

1. Smith RJH, Bale JM, White KR. Sensorineural hearing loss in children. 
Lancet 2005; 365: 879-90.

2. Mafong DD, Shini EJ, Lalwani AK. Use of laboratory evaluation and radio-
logic imaging in the diagnostic evaluation of children with sensorineural hear-
ing loss. Laryngoscope 2002; 112: 1-7.

3. Preciado DA, Lim LH, Cohem AP, Madden C, Myer D, Ngo C, et al. A 
diagnostic paradigm for childhood idiopathic sensorineural hearing loss. 
Otolaryngol Head Neck Surg 2004; 131: 804-9.

4. Preciado DA, Lawson L, Madden C, Myer D, Ngo C, Bradshaw JK. Improved 
diagnostic effectiveness with a sequential diagnostic paradigm in idiopathic 
pediatric sensorineural hearing loss. Otol Neurotol 2005; 26: 610-15.

5. Morzaria S, Westerberg BD, Kozak FK. Evidence-based algorithm for the 
evaluation of a child with bilateral sensorineural hearing loss. J Otolaryngol 
2005; 34: 297-303.

6. Morton CC, Nance WE. Newborn hearing screening: a silent revolution. New 
Engl J Med 2006; 354: 2151-64.

HISTORY. PHYSICAL EXAMINATION, 
AUDIOLOGICAL WORK-UP

Appropriate treatment

GJB2 screen

Genetic
Counseling

CT scan

–– ++

ECG

Lab tests as
indicated

CT scan

Appropriate
treatment

GJB2 screen

Lab tests as
indicated

CT-scan,
Preferential seating, 
Serial audiograms,
Consider GJB2 screen

Diagnosis apparent Diagnosis uncertain

Bilateral

Mod-Sev Mild-to-ModSev-to-Prof

Unilateral

Preciado and colleagues, 2005


