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Introduction 
Sensorineural hearing loss (SNHL) has an estimated prevalence of 1 to 3 

per 1,000 newborns.1,2 Congenital hearing loss can range from mild to profound 
and has a critical impact on a child’s speech and language development. The first 
goal in the management of pediatric SNHL is early detection. This has inspired 
the development of universal hearing screening programs in the United States 
and many other countries. Once hearing loss has been detected, a workup is 
undertaken to find the underlying etiology. With improvements in understanding 
and technology, we are now able to identify many causes of hearing loss. 
Determining a specific diagnosis allows a physician to prognosticate, search for 
accompanying medical problems, and tprovide information to the patient’s family 
about the likelihood of hearing loss in other family members in the future. The 
ultimate goal of early detection is early intervention through amplification and, 
in some cases, cochlear implantation. Early amplification has been shown to 
positively affect expressive and receptive language development.
Classification and etiology 

Pediatric SNHL may be inherited or acquired.  Approximately half of 
the cases of congenital hearing loss are hereditary, while the remaining half 
are acquired. Inherited forms may be associated with syndromes or may be 
nonsyndromic. They may be inherited via autosomal recessive, autosomal 
dominant, X-linked, or mitochondrial transmission, or they may not follow a 
Mendelian pattern of inheritance. Acquired SNHL can be associated with perinatal 
infection by TORCH organisms (toxoplasmosis, others, rubella, cytomegalovirus, 
and herpes simplex viruses), hyperbilirubinemia, meningitis, administration of 
ototoxic medications such as gentamicin, prematurity, low birth weight, and low 
Apgar scores.1 

Hereditary	hearing	loss	is	associated	with	a	syndrome	in	30%	of	cases	and	is	
non-syndromic	in	the	remaining	70%.	Approximately	75-80%	of	non-syndromic	
hearing	loss	is	inherited	in	an	autosomal	recessive	fashion.	The	remaining	20%	of	
non-syndromic hearing loss is by autosomal dominant inheritance, with a small 
component also attributable to X-linked and mitochondrial inheritance patterns.1 
(Figure 1).

It	is	estimated	that	40-50%	of	cases	of	recessive,	non-syndromic	congenital	
hearing loss in the United States, Europe, Australia, and Israel may be attributed to 
a mutation in the GJB2 (Gap Junction Beta 2) gene which encodes for the protein 
connexin 26, a gap junction protein that forms a component of intercellular ion 
channels.3 Syndromic causes of congenital hearing loss are described in Table 1.
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Figure 1. Origins of Congenital Deafness

Detection 
In the United States, universal hearing screening programs are presently 

employed in all 50 states; in the rest of the world, infant hearing screening remains 
patchy. Current guidelines recommend that all infants undergo a hearing screening 
test within 1 month of birth. Both otoacoustic emission (OAE) and auditory 
brainstem response (ABR) tests are accepted methods of hearing screening for 
infants in the well-child nursery, and both can detect hearing loss of 40 dB or 
greater. Both modalities, however, can be affected by external or middle ear 
dysfunction, and OAEs cannot detect cases of auditory neuropathy/dyssynchrony. 
Infants cared for in the neonatal intensive care unit (NICU) should be screened 
with an ABR due to the increased incidence of auditory neuropathy/dyssynchrony 
in this patient population.7 Screening test parameters should be set to maximize 
sensitivity without an undue number of false positives, and different centers 
may have different standards for testing. Norton and colleagues evaluated the 
performance of neonatal OAE and ABR testing compared to a gold standard of 
visual reinforcement audiometry performed at age 8-12 months. They found the 
sensitivity	of	OAE	to	be	80%	for	moderate	hearing	 loss	and	98%	for	profound	
hearing	loss;	the	sensitivity	of	ABR	was	84%.8,9 White and colleagues examined 
a 2-stage screening program using OAE followed by automated ABR in the case 
of	failed	OAE,	and	found	that	23%	of	infants	with	permanent	hearing	loss	at	age	
8-12 months would have passed the automated ABR.10 The results of screening 
tests may also be effected by perinatal factors such as method of delivery, as 
infants born by cesarean delivery have been shown in univariate and multivariate 
analysis to have an increased failure rate on OAE compared to infants born by 
vaginal delivery.11 
Infants who fail their initial screening test should have a full audiological and 
medical evaluation within 3 months of birth. Any infant with confirmed permanent 
hearing loss should receive access to amplification and early intervention services 
by 6 months of age, as children who receive intervention by this age have been 
shown to have better language scores than children who’s hearing loss was 
identified after age 6 months.12
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Table 1. Common syndromes involving hearing loss1,3-6

Inheritance 
pattern Syndrome Clinical characteristics Gene

Autosomal 
dominant

Autosomal 
recessive

Waardenberg 
Syndrome
Type 1

Type 2

Type 3

Type 4

SNHL, dystopic canthorum, heterochromia iridis, 
white forelock

SNHL, heterochromia iridis, white forelock

SNHL, dystopic canthorum, heterochromia iridis, white 
forelock, hypoplasia/contracture of upper limbs

Waardenberg syndrome with Hirschprung disease

PAX3

MITF,
SNAI2
PAX3

EDN3, 
EDNRB, 
SOX10

Autosomal 
dominant

Treacher-Collins 
Syndrome

CHL, hypoplasia of maxilla and mandible, abnormal canthi, 
ocular colobomas, choanal atresia TCOF

Autosomal 
dominant

Branchio-Oto-
Renal Syndrome

MHL, CHL, or SNHL, ear pits/tags, cervical fistulae, renal 
dysplasia EYA1

Autosomal 
dominant

Neurofibromatosis 
Type II

SNHL, bilateral acoustic neuromas, café au lait spots, 
subcapsular cataracts NF2

Autosomal 
dominant Stickler Syndrome SNHL or MHL, cleft palate, micrognathia, myopia, 

cataracts, retinal detachment, marfinoid habitus
COL2A1,
COL11A2

Autosomal 
dominant

Crouzon 
Syndrome

CHL, craniosynostosis, maxillary hypoplasia, shallow 
orbits, ocular proptosis

Autosomal 
dominant Apert Syndrome

CHL, craniosynostosis, syndactyly and synostosis of hands 
and feet, midface hypoplasia, hypertelorism,  
mental retardation

Autosomal 
dominant

Osteogenesis 
imperfecta

CHL, SNHL, or MHL, blue sclera, hyperelesticity of joints 
and ligaments, increased bone fragility

COLIA1,
COLIA2

Autosomal 
recessive Pendred Syndrome SNHL, thyroid goiter. Associated with enlarged vestibular 

acqueduct and cochlear hypoplasia SLC26A4

Autosomal 
recessive

Usher Syndrome
Type 1

Type 2

Type 3

Severe-profound SNHL, vestibular dysfunction, early 
retinitis pigmentosa

Moderate-severe SNHL, retinitis pigmentosa in 3rd-4th 
decade
Progressive SNHL, variable vestivular dysrunction, 
variable retinitis pigmentosa

MYO7A,
USH1A,
USH1C
USH2A,
USH2B,
USH2C
USH3

Autosomal 
recessive

Jervell and Lange-
Nielsen Syndrome SNHL, prolonged Q-T interval, syncope

KVLQT1,
KCNE1

Autosomal 
recessive Refsum Disease Postlingual SNHL, retinitis pigmentosa, peripheral 

neuropathy, cerebellar ataxia, elevated CSF protein
PHYH,
PEX7

X-linked Alport Syndrome SNHL, nephritis, hematuria, ocular changes COL4A5

X-linked Mohr-Tranebjaerg 
Syndrome

SNHL, progressive dystonia, spacticity, dysphagia, optic 
atrophy

TIMM8A

X-linked Otopalatodigital 
Syndrome

CHL, hypertelorism, craniofacial abnormalities, cleft palate, 
bony dysplasia

X-linked Norrie Syndrome SNHL, ocular symptoms, mental disturbance Norrin

X-linked Wildervanck 
Syndrome

SNHL, CHL, or MHL, fused cervical vertebrae, 
CN VI paralysis

Mitochondrial

MELAS 
(mitochondrial 
encephalopathy, 
lactic acidosis, and 
strokelike episode)

SNHL, muscular weakness, hemiparesis, ocular 
symptoms, seizures, ataxia

Mitochondrial
MERRF 
(myoclonic 
epilepsy and red 
ragged fibers)

SNHL, ataxia, dementia, optic nerve atrophy, short 
stature

*SNHL: sensorineural hearing loss; CHL: conductive hearing loss; MHL: mixed hearing loss
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Throughout childhood, any child who demonstrates a delay in auditory 
responses or communication skills should have a repeat audiological evaluation, 
regardless	of	their	initial	hearing	screen	results.	As	of	2005,	approximately	95%	
of newborn infants in the US were screened for hearing loss before discharge from 
the hospital.7 

Neonatal hearing screening requires adequate follow up to be effective, and, 
unfortunately, current data suggest that almost half of newborn infants who fail 
initial screening do not have appropriate follow up.7 Infants who fail newborn 
screening should have follow up arranged before discharge from the hospital. It is 
recommended that these patients undergo rescreening of both ears within 1 month 
of hospital discharge. If an infant is born outside of a hospital or is discharged 
without receiving hearing screening, they should undergo outpatient screening 
within 1 month of birth. Rescreening of children up to 6 months of age should 
include frequency-specific ABR or distortion product OAE (DPOAE) testing 
as well as tympanometry. In children above 6 months of age, behavioral testing 
may be used to determine pure tone averages. Children who fail screening for the 
second time should be referred for a formal audiological evaluation.7 The Wessex 
Universal Neonatal Hearing Screening Trial Group studied over 25,000 children 
who underwent neonatal hearing screening and found the likelihood of hearing 
loss	in	an	infant	who	fails	a	second	screening	test	to	be	6.7%.	In	their	study,	the	
positive predictive value of hearing screening increased in patients cared for in 
the NICU.9,13 
Evaluation 

All infants diagnosed with hearing loss should receive an evaluation by an 
otolaryngologist. This evaluation should begin with a thorough clinical and fam-
ily history including birth history, prenatal, perinatal, and postnatal history with 
attention to maternal and fetal perinatal infection, NICU stay, hyperbilirubine-
mia, and meningitis. A family history should be taken, with a focus on familial 
syndromes and hearing loss. A complete head and neck examination should be 
performed including evaluation of the auricles, the external auditory canals, the 
tympanic membranes and middle ear landmarks, an ocular exam, an evaluation of 
pigmentary abnormalities, and an evaluation of microsomia or other craniofacial 
abnormalities. Laboratory testing including CBC, platelet, TSH, ESR should be 
obtained. A microscopic urinalysis should be obtained to look for cellular casts 
suggesting of renal dysfunction; it will be abnormal long before BUN and creati-
nine levels rise. EKG should be obtained to rule out prolonged QT syndrome as its 
identification and subsequent treatment is life saving. CMV testing may be consid-
ered. Temporal bone imaging should be obtained to evaluate for external, middle 
and	inner	ear	malformations;	nearly	30%	of	children	with	hearing	loss	will	have	
identifiable abnormalities including large vestibular aqueduct, lateral semicircular 
canal dysplasia, and cochlear malformations.14 A pediatric ophthalmologic con-
sultation should be obtained on every child with hearing loss to not only rule out 
syndromic forms of hearing impairment associated with ocular abnormalities, but 
also to make sure that visual acuity is normal.15 A referral to a geneticist should be 
made available to all parents; the geneticist can be crucial in evaluation of genetics 
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factors contributing to hearing loss by performing a comprehensive physical exam 
looking for findings suggestive of a syndromic diagnosis, by ordering genetics 
testing including GJB2 mutation testing and providing genetic counseling. This 
workup should be conducted in a timely fashion, and should not delay the fitting 
of hearing aids, which may occur concurrently.
Intervention 

The ultimate goal of early screening and diagnosis is early intervention. 
Increased time elapsed before intervention has been correlated with poorer 
speech and language outcomes. The mechanism by which this occurs may be 
reorganization of the auditory cortex after a critical period without auditory 
stimulation.2 The first branch point in the management of pediatric SNHL is a 
parental decision to rehabilitate a child with auditory-oral forms of communication, 
manual communication such as American Sign Language, or a combination of 
the two known as total communication.1 All children diagnosed with bilateral 
SNHL who pursue auditory-oral communication should undergo a trial with well-
fitted hearing aids and intensive auditory training. Children who do not achieve 
substantial benefit from an amplification trial should be considered for cochlear 
implantation. Cochlear implants are FDA-approved for children 12 months or 
older with bilateral severe to profound hearing loss. There is currently a trend 
for implantation by 12 months of age, as younger age at implantation has been 
associated with steeper increases in language comprehension and expression.16 

Consideration of implantation at less than 12 months of age should be given 
to patients who are diagnosed with profound SNHL after bacterial meningitis, 
as resultant labyrinthitis ossificans can make cochlear implantation difficult 
or impossible. Philippon and colleagues investigated cochlear implantation 
in children and adults with postmeningitic deafness; they found labyrinthitis 
ossificans	 in	 62%	 of	 implanted	 patients	 at	 the	 time	 of	 surgery.	 The	 authors	
recommend early implantation in this population.17 The population of infants with 
deafness attributable to GJB2 mutation has also been exclusively studied. These 
patients have been found to perform well with cochlear implants; their auditory 
performance and speech recognition with cochlear implantation is equivalent 
to patients without this mutation,18-20 and patients with the GJB2 mutation were 
shown to score higher on reading performance and tests of cognitive function than 
their counterparts.21 Whether an infant or child is treated with amplification or 
cochlear implantation, therapy should be accompanied by a rigorous educational 
and social support team.
Conclusion 

Pediatric SNHL affects a child’s ability to interact with their environment. 
Universal hearing screening allows for early identification of infants born with 
hearing loss. A thorough workup to determine the etiology of hearing loss may 
reveal a syndromic diagnosis, or may allow a physician to prognosticate a child’s 
hearing progression and response to treatment. Early amplification is a key tenant 
in achieving meaningful auditory-oral communication, and consideration should 
be given to early cochlear implantation in appropriate candidates.
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