
I would like to go over the evaluation and management of Sensorineural 
Hearing Loss (SNHL), from a Colorado State Perspective.  Colorado, actually is 
a cradle of a lot of hearing research, Marion Downs actually is the person behind 
universal newborn hearing screening in the United States which, of course, started 
in Colorado 1.

I am going to do a brief introduction; I am not going to comment actual 
examples of syndromic and non-syndromic SNH.  I want to talk about the hearing 
clinic that we have, at the Children’s Hospital, in Denver. I would also like to 
share with you data analysis from the previous three years.

The incidence for hearing loss is between two to four 1,000 births, and in the 
United States there are more than 12,000 babies per year that are diagnosed with 
hearing loss, the most common congenital sensory impairment.

In the United States 43 states plus the District of Columbia, as well as Puerto 
Rico have new-born hearing screening (NBHS) written into the law, seven states 
currently lack legislative mandates (Arizona, Idaho, Michigan, North Dakota, 
South Dakota, Vermont and Washington).

When	you	screen	1,000	babies,	20	of	them	do	not	pass. There is a 1% to 
3% false positive rate, based on  screening ABR, and 3% to 10% false positive 
rate, based on OAE.  Of the 20 that are screened to have possible hearing loss, 16 
will have normal hearing, two will have transient treatable conductive loss, one or 
two	will	have	permanent	SNHL	or	conductive	hearing	loss	(CHL).
Classification	of	sensorineural	hearing	loss
●	Congenital			MEANS	PRESENT	AT	BIRTH
●	Hereditary			MEANS	GENETIC
Congenital may or may not be hereditary (e.g. neonatal asphyxia).
Hereditary may or may not be congenital (e.g. delayed causes for SNHL). 

Congenital	versus	Acquired	SNHL
●	Approximately	half	of	SNHL	is	congenital:
50% are genetic, 25% are non-genetic, 25% are idiopathic;
among hereditary / genetic: 35% are syndromic and 65% 
are non-syndromic.
●	Approximately	half	of	SNHL	is	acquired:
TORCHES, meningitis, ototoxicity, trauma, etc.

Syndromic	versus.	non-syndromic
(remember that Syndromes are not necessarily inherited!)
Occurrences: 30% is syndromic
                      70% is non-syndromic.  
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Syndromic: 
●	Associated	with	noticeable	abnormalities;
●	over	400	genetic	syndromes	including	hearing	loss
●	30%	of	prelingual	deafness.
Non-syndromic:
●	NOT	associated	with	noticeable	abnormalities;
●	Connexin	26	most	common	cause;
●	70%	of	hereditary	deafness.

About prelingually deaf (Figure	1)

Figure	1. Prelingually deaf

Frequently Mentioned Syndromes

●	Usher Syndrome (recessive) (Figure	2)

Figure	2. Usher syndrome.
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●	Pendred syndrome (recessive) (Figure	3)

Figure	3. Pendred Syndrome.

The CT Scan in Figure	3 shows an enlarged vestibular aqueduct on the right 
side. In our evaluation, when a CT scan is performed and an enlarged vestibular 
aqueduct is detected we go ahead and do gene testing.

●	Jervell	and	Lange-Nielsen	syndrome (recessive) (Figure	4)  

Figure	4. Jervell and Lange-Nielsen Syndrome.

● Waardenburg	Syndrome (dominant) (Figure	5) 

Figure	5. Waadenburg Syndrome.
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Most common autosomal dominant syndromic hearing loss, Pigmentary 
abnormalities, a white forelock, heterochromia and different color of the eyes, 
dystopia canthorum and the genes associated with Waardenburg are MITF, 
EDNRB, EDN3, SOX10. 

●	BOR	or	Branchio-Oto-Renal	Syndrome is a dominant example. (Figure	6)
The hallmark being branchial cleft cysts or fistulae, preauricular pits, tags, 

external ear abnormalities, They also have all kinds of renal abnormalities.

Fugure	6. BOR Syndrome.

●		Alport Syndrome. 
 X-linked inheritance (85%);
progressive SNHL;
usually manifests in the second decade of life;
progressive glomerulonephritis;
hematuria on urinalysis;
variable ophthalmologic findings.

Nonsyndromic	hearing	loss
70% of hereditary hearing loss.
When	Genetics:
Most autosomal recessive loci: prelingual severe-to-profound hearing loss
Most autosomal dominant loci: postlingual hearing impairment
X-linked: variable onset and progression
Mitochondrial: maternal inheritance)

Connexin	26.  
There is a 3% carrier rate in general population and it accounts for 20% of 

all genetic hearing loss. (Autosomal recessive, DFNB1 locus; GJB2 gene encodes 
Connexin 26; prelingual deafness; usually not associated with vestibular or 
radiographic abnormalities.). 
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Mitochondrial	 DNA	 Mutation	 (aminoglycoside	 toxicity-mitochondrial	
mutation). 

It has something to do with aminoglycoside-induced hearing loss, making 
certain people with this mutation more susceptible to aminoglycoside.
Hearing	Clinic

This is nothing new. Mehra, Eavey and Keamy, in 2009, published a paper 
documenting previous studies, and a lot of these studies quoted were attempts 
to try to evaluate and manage these kids 2. We were lucky that a philanthropic 
foundation, Daniel’s Fund, located in Denver, has funded a 10-year grant to the 
departments of pediatric audiology and otolaryngology, and we are in year four 
of this cycle. We have had a hearing clinic program at the Children’s Hospital 
but it was never formalized until 2005. And currently we see over 80 children a 
year with newly-identified hearing loss in this clinic.  It should be noted that we 
primarily see patients with newly identified hearing loss of all types and therefore, 
the make-up of this cohort is dependent on referral rather than a scientific sampling 
of the children in our region.  I think this model can easily be replicated in inter-
America, to serve this population. Of course we were fortunate to be funded in this 
way, we used the funding to pay for a genetic counselor and a family consultant 
along with providing various support to the families and educational opportunities 
to the hearing professionals regionally. 

As you may or may not know, in the United States, unless you generate 
income by seeing patients, your services have to be covered in this manner, 
otherwise no one wants to pay for your services. So, genetic counselor service is 
frequently ignored. A family consultant is a marvelous thing, the woman that we 
have on our team is a mother of three, she is in her forties and she has bilateral 
profound hearing loss, which has been progressive. About three years ago she 
actually underwent a cochlear implantation and she has an extremely calming 
effect to parents with their newly diagnosed child, who has a hearing loss. She 
basically can throw her arms around these families and say: your child can grow 
up to and be like me. Even though I have bilateral SNHL and a cochlear implant, 
I am a productive member of society. 

This is how we do things in the Hearing Clinic. 
First of all we take	a	history. In taking a history, we look at the nature of 

the hearing loss, the speech status, we look at prenatal risk factors and we try to 
get birth information and neonatal information, medical history, developmental 
milestones and we also take a family history.  Incidentally, developmental 
milestone history is very important.  A lot of children with hearing loss have other 
developmental issues that cannot be neglected,

Then we do an examination. We look at the ears, the head and neck area -- 
we are not experts in syndromes, as ENTS. So the genetic counselors really help 
us in pointing the possibility of abnormalities found in the physical examination 
and if that is the case the patients are sent to the genetic consult.  Of course, 
otolaryngologists are not syndromologists and should rely on the geneticist’s 
expertise. 
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Audiometric	 testing. Age-appropriate testing should be performed.  
Whenever ear specific information cannot be obtained, an auditory brainstem 
response test is recommended.

Imaging. We do imaging on kids with unilateral hearing loss, or with 
moderate to profound bilateral hearing loss (temporal bone CT/MRI scan). On 
some of them, when we are worried about branchial-oto-renal-syndrome, we also 
get an ultrasound of the kidneys.

Laboratory	testing. In patients with moderate, worse than moderate hearing 
loss, bilateral moderate hearing loss we get connexin 26 testing, we get CMV 
testing in the neonates, and tests like urinalysis, autoimmune and FTA-ABS are 
rarely ordered.

Ophtalmologic	 examination is also rarely ordered because kids, or 
newborns would need a EKG if > 60dB hearing loss, to diagnose Usher’s. 

This is a flowchart showing which tests are recommended (Figure	7). This 
is a publication from 2005.

Figure	7. Flowchart with the recommended tests.

To conclude, this is a summary	of	 the	patients	seen	 in	Denver	from	2006	to	
2009. 

A total of 244	patients were seen, almost equally divided between male and 
female, the mean age is 4,6 years and about 60% of them are non-Hispanic, about 
a third of them are Hispanic and there are 5% of other racial groups. Primarily we 
see patients from the state of Colorado.

Hearing Clinic  types and severity (Figure	8)
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Figure	8. Types and severity summary.

 As to the etiology, you can find that in our particular cohort, for 60% of 
these kids we do not know the cause of the hearing loss (Figure	9). This is a little 
higher than the recorded 50%, but that is ok because it all depends on what kind 
of net you use to evaluate these patients. 

Figure	9. Etiologies summary.

Finally, the genetic	etiology. We had a positive Connexin 26 homozygous 
rate of 6.8% (12 out of 176 tests or 6.8% turned out positive); two Waardenburg; 
one 4q deletion; one Pendred; one Down Syndrome.  Obviously, this is not a true 
representation of the genetic causes of hearing loss due to sampling bias.  

A great resource as a quick reference for genetic hearing loss can be found 
at the National Institute of Health3.
Imaging	study
Imaging abnormalities – 19/78 (24.4%). Of those: 
inner eard dysplasia / malformation – 10; 
enlarged vestibular aqueduct 7; 
small auditory nerve 2. 
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