Blind-Deafness Syndrome
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Blind-deafness is a syndrome in which the dual sensory impairment, auditory
and visual (Figure 1), produces serious problems of communication, information,
mobility and personal development.
It is not a frequent pathology and has more than 70 causes between congenital and acquired.

Figure 1. Inner hair cells in the cochlea (inner ear); rods and cones in the retina

Hearing and vision are the main senses through which a person perceives the
world around (Figure 2). When they suffer deterioration, educational strategies
must be established in order to help the patient adapt to the environment.
The majority of blind-deaf (BD) patients have some sensory remnant in at least
one of the senses and only 5 to 10% have total deafness and blindness (Table 1).

Pigment epitelium
Melanin granules
Connecting stalks

Discs
Mitochondria

Rods

Gopi apparatus
Cone

Choroid

Pigment
epitelium

Rods
and cones

Bipolar cells

Nuclei
Bipolar cell

Ganglion cells
Ganglion cell

Optic nerve axons

LIGHT

Figure 2. Retina with rods and cones.

LIGHT

262

!

XVI IAPO MANUAL OF PEDIATRIC OTORHINOLARYNGOLOGY

Inner hair cells in the cochlea
(ICC): these are highly sensitive hearing receptors where the sound is transformed from a mechanical stimulus
into an electrical stimulus (Figure 3).
The Auditory pathway: from
the Organ of Corti receptors to the
areas 41 and 42 in the temporal lobe
of the brain.
The auditory and visual pathways may have all their anatomically elements but the brain is the great
Figure 3. Sensory cells (ICC) of the inner ear
integrating center so neurological integrity and neural plasticity are important (Figure 4).
Cones and rods: these are the visual receptors located in the retina.
Cones: less sensitive, they are stimulated by light, responsible for color vision and
this can be achieved because of its 3 pigments.
Rods: they are more sensitive; responsible for night and peripheral vision. They
have only one pigment and are responsible for gray tones.
The primary visual pathway: from the photoreceptors in the retina to the cortical area 17. The area 17 has approximately 140 million neurons. The areas18 and
19 are secondary and the integrating area is located in the occipital cerebral lobe.
The auditory cortex represents only 8% of the cerebral cortex. In the cochlear
neurobiology, a series of cellular and molecular events take place.
Table 1. Visual disability
Total
Total blindness
Does not perceive light
Visual field - 10
Wecher Scale 1/10

Partial
Visual deficiency
With visual remnant
Loss of visual acuity
Perceives central visual field
Tunnel vision

Figure 4. Visual fields (VF)

Normal VF

Central VF Rodes

Peripheral VF Cones
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Blind and deafness can be congenital or acquired (Table 2).
Acquired blindness can occur in childhood or in adulthood and has multiple causes: rubella, congenital cataracts, diabetic retinopathy, trachoma, uveitis, a
variety of syndromes as the Leber Syndrome, macular degeneration, crystalline
opacity, glaucoma, aniridia, malnutrition and environmental causes.
Acquired deafness is also classified as pre-linguistic and post-linguistic depending on whether the patient acquired language or not before the deafness.
Blind-deafness is considered acquired if it presents after 2 years of age and
throughout lifetime.
The blind-deafness is considered congenital when the patient presents hearing and vision problems at birth or in the first 2 years of life
Table 2. Congenital and acquired blindness

Congenital

Acquired

Rubella
Toxoplasmosis
Syphilis
Toxic
Prematurity
Trauma
Meningitis
Intrauterine infections

Usher syndrome 50%
Ischemic
Trauma
Tumor
Radiotherapy
Vascular embolizations
Severe infections

Classification of Blind-Deafness
The group of patients with the blind deafness syndrome is complex, depending on the etiology, type, degree of loss, time of appearance, order of appearance,
additional deficits and environmental characteristics for development. There are
four groups (Figure 5): 1. Congenital; 2. Progressive; 3. Combined; 4. Acquired.
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Figure 5. Classification of Blind-Deafness
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1. Congenital BD Syndrome
The child is born with hearing and vision problems or they appear during the
first 2 years of life and this prevents the development and acquisition of language.
Many have additional problems. Infections during pregnancy such as rubella, toxoplasmosis, syphilis, cytomegalovirus or other etiologies as diabetes, drugs, trauma,
meningitis, infections, prematurity and sepsis have been identified.
Several syndromes are related to BD and congenital rubella is the most
frequent. Other syndromes are Usher, CHARGE, Turner, Goldenhar, Cockayne,
Laurence-Moom-Bardet-Bield, Didmoad or Wolfram Syndrome, Hallgren-Graefe-Sjogren and Aicardi. They are usually accompanied by multiple deficiencies.
Rubella may produce only deafness or present as the complete congenital
rubella syndrome with bilateral severe sensorineural deafness, blindness due to
cataracts or retinopathy, cardiopathy, microcephaly and bone alterations.
2. Progressive BD syndrome
This is the classical congenital deafness with retinitis pigmentosa.
Retinitis pigmentosa
It is a genetic and incurable eye disease, involving different genes with damage to the retina with significant decrease in night vision. Hereditary degeneration
of the retina occurs in 1 per 4000. Prevalence by sex: 60% male and 40% female.
Inheritance is autosomal dominant, autosomal recessive or linked to sex.
The impaired vision leads to total bilateral blindness, due to accumulation
of pigments in the periphery of the retina and it is present in several syndromes
(Figure 6).
Etiology of retinitis pigmentosa (RP)
Genetic mutation of protein Rhodopsin 25% to 30%
Hypothesis ciliated cells
Equivalent light
Neural exocytosis
Apoptosis or programmed cell death or suicide of the photoreceptors.
There are 3 types of RP:
Typical 71%
Atypical 9%
Associated with retinal dystrophy 20%

Retinitis pigmentosa
Healthy retina
Figure 6. Healthy retina and retinitis pigmentosa
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The Usher syndrome is the most frequent etiology in 60% of the patients. In
Margarita Island at the Macanao peninsula in Venezuela (where the authors TMM
/ MAPG are from) its frequency is high ,76 per 100,000 inhabitants.
This syndrome was first described by a British ophthalmologist in 1858 and
afterwards by Carlos Usher in 1919. It is hereditary and 13 genes are known to
be involved (Table 3). Inbreeding is a risk factor. The condition is inherited in an
autosomal recessive pattern.
Table 3. Loci and genes related to Usher syndrome.
USH Locus

Chromosome

Gene/Protein

References

USH1A
USH1B/DFNB2
DFNA11
USH1C/DFNB18

14q32

–/–

Kaplan et al. 1

11q13.5

MYO7A/miosina VIIA

Weil et al. 2

11p15.1

USH1C/harmonina

Smith et al. 3
Verpi et al. 4

USH1D/DFNB12

10q22.1

CDH23/cadherina 23

Wayne et al.5
Bork et al. 6

USH1E

21q21

–/–

Chaib et al. 7

USH1F/DFNB23

10q21.1

PCDH15/protocadherina 15

Ahmed et al. 8

USH1G

17q25.1

SANS/SANS

Mustapha et al. 9
Weil et al. 10

USH2A/RP

1q41

USH2A/usherina

Kimberling et al.11
Eudy et al. 12

U SH2B

3p23-24

–/–

Hmani et al. 13

USH2C

5q14.3

VLGR1

Pieke-Dahl et al. 14
Weston et al. 15

USH3A

3q25.1

USH3A/clarina-1

Sankila et al. 16
Joensuu et al. 17

USH (Usher syndrome); DFNA (autosomal dominant deafness); DFNB (autosomal recessive deafness).

Usher Syndrome is defined as a condition that causes a gradual loss of vision
and hearing over time due to abnormalities found within the ears and eyes. These
abnormalities affect the inner ear, ultimately leading to hearing reduction while also
causing the onset of retinitis pigmentosa (RP) in the eye. Retinitis pigmentosa is a
disease that damages and deteriorates the light-sensing region of the retina, which is
located at the back of the eye. This condition ultimately threatens a person’s vision.
Most people impacted by this type of vision loss usually experience loss of night
vision first, which then gradually and eventually leads to the formation of blind spots
and even tunnel vision. Retinitis pigmentosa leads to total blindness.
What causes Usher’s Syndrome? Usher syndrome has been linked to an autosomal recessive gene where each parent carries one copy of a mutation of the
gene, resulting in the disorder being expressed in the offspring carrying both cop-
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ies. These mutated genes are originally responsible for producing the necessary
proteins required in promoting normal healthy vision, hearing and balance. These
proteins directly impact the proper function of the photoreceptors found within
the retina, and the development of the hair cells located in the ear. These hair cells
normally help transmit sound from the inner ear to the brain.
There are in fact multiple genetic mutations that result in different classifications of this disorder. These classifications consists of three different categories
of the disease ranging from Type 1, Type 2 and Type 3. An individual’s respective
category will be classified based upon the severity of the condition and its symptoms, which include balance, vision and hearing.
Usher Syndrome Type 1
A person is classified as having Usher Syndrome Type 1 if they meet three
conditions:
 exhibits severe hearing loss from birth
 vision loss during childhood due to retinitis pigmentosa
 develops issues with balance
A person diagnosed with Usher Syndrome Type 1 experiences abnormalities
within their inner ear, which directly impacts their spatial orientation and balance.
This condition is relatively more severe than the other two because of the age at
which it is expressed and its impact on the performance of the most remedial of
tasks, such as walking.
Usher Syndrome Type 2
Usher Syndrome Type 2 is categorized by hearing loss at birth and vision
loss being expressed during adolescence or young adulthood. Unlike the severe
hearing loss experienced in Type 1, Type 2 can range from mild to severe, limiting
the ability to hear high-frequency sounds. One of the major symptoms of this version as compared to those of Type 1 is that there are no abnormalities that develop
within the inner ear.
Usher Syndrome Type 3
Type 3 is the less frequent, affecting approximately 2 percent of all Usher Syndrome cases. In many ways this version of Usher Syndrome is seen as the least
severe of all 3. For instance, hearing loss only begins later on in life unlike the expression of the disease at birth as noted for the other two categories. Also, vision loss
may start during adolescence or later. There are abnormalities in the inner ear that
could impact balance and orientation.
How to Treat Usher Syndrome?
Currently there is no known cure for this disease but there are some treatment
options that can be considered and that may help. For instance, hearing loss may
be treated with hearing aids or cochlear implant. For impaired vision the use of
corrective lenses may help along with other options such as cataract surgery etc.
Usher Syndrome is a somewhat uncommon and obscure disease but its’ impact on a person’s quality of life can be extensive. However, for those couples who
may be concerned about their genetic history and how they may be affected as is
related to having children, it is highly recommended that they undergo genetic
testing in order to become better informed about the prevailing risk of the disease
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for their potential progeny. Therefore, genetic counseling is very important to determine the prevailing risk and to improve early detection of cases.
3. Combined BD Syndrome
Includes two groups of patients:
1. Congenital visual impairment and acquired hearing loss
2. Blindness due to endo or exogenous causes and progressive deafness due
to various causes like meningitis, encephalitis, measles, mumps, varicella, diabetes, tumors, acoustic trauma, HIV and aging.
4. Acquired BD Syndrome
Patients are born without visual or auditory deficiencies and afterwards present loss of vision or hearing during lifetime due to several causes: ischemic, traumatic, tumor, radiotherapy, embolizations or severe infections.
Blind-deafness treatment
Blind-deafness is considered a disability, not a disease, therefore patients
should receive interventions to help overcome their limitations. The type of treatment depends on the degree of disability. In mild cases, the use of magnifying
glasses or screens to improve vision, and hearing aids to overcome the hearing
impairment have a great impact on the possibility of efficient communication and
helps them to develop socially.
Rehabilitation is based on communication centered on the sense of touch
and to put in practice educational strategies and measures to adapt to the environment. The language and alphabet adopted may vary depending on the country or
may use others as the Lorm blind-deaf alphabet.
Treatment involves managing hearing, vision, and balance problems. When
an early diagnosis is possible the educational programs will take into consideration
the severity of the hearing and vision loss and the child’s age and ability. The rehabilitation services may include hearing aids, assistive listening devices, cochlear
implants, auditory (hearing) training, and/or learning American Sign Language or
other. To improve the possibility of independent living, rehabilitation intervention
may include orientation and mobility training for balance problems, Braille instruction, and low-vision services.
The more severe cases may be treated with cochlear implants.
Retinal implants and treatments with stem cells to treat the degeneration of
photoreceptors in retinitis pigmentosa are new paths still under development in
order to help recover vision once lost.
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