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ABSTRACT

Mucopolysaccharidosis is characterized by excessive accumulation of glycosaminoglycan sulfate in organs and tissues.
Otorhinolaryngological and upper respiratory tract pathologies are among the earliest clinical manifestations. We realized a
retrospective study of clinical and otorhinolaryngologic findings of 35 patients diagnosed with MPS type II, IV-A and VI of the
Colombian southwest. As a result, we found that 64% of the patients evaluated had hearing loss, 11.3% had hypertrophy of the
tonsils,17.10% short neck and macroglossia. Additionally, 47.8% of the patients presented otitis media. 20% received treatment
with hearing aids. no patient reported otosclerosis or tinittus. In patients with different types of MPS, there is a high frequency and
progressive tendency to suffer audiological losses and recurrent infections, so it is important an opportune diagnosis, permanent

monitoring and adequate therapy to avoid the repercussion of the pathology in the quality of life of patients.
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Background

Mucopolysaccharidosis (MPS) forms a group of inherited
metabolic disorders caused by the specific deficiency of a hydrolase
responsible for a step in the degradation of mucopolysaccharides
or glycosaminoglycans (GAG) due to mutations in the genes that
code for the enzymes involved in said degradation[1]; actually,
four main GAGs are known: chondroitin sulfate, dermatan
sulfate, heparan sulfate and keratin sulfate with variable
localization in the body[2,3]; and its accumulation within the
connective tissue results in a wide range and variety of clinical
effects that depends specifically on the enzyme deficiency.[4]
Thus, based on this enzyme deficiency, 7 different forms of
MPS have been assigned: MPS I (Hurler’s syndrome)[5] MPS
II (Hunter’s syndrome)[6] MPS III (Sanfilippo’s syndrome)[7]
MPS IV (Morquio syndrome)[8] MPS VI (Maroteaux-Lamy
syndrome)[9], MPS VII (Sly disease)[10] and MPS IX (Natowicz
syndrome)[11]; Each of these syndromes has a subtype and in

total eleven enzymatic defects have been detected. All MPS are
inherited as an autosomal recessive trait except Hunter syndrome
(MPS II) which is a disease linked to the X chromosome[12].
The clinical manifestations are extremely heterogeneous, with
very mild manifestations of late development, without cognitive
disorders, and high life time expectation to very severe cases of
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early onset, rapidly progressive, with neural degeneration and
limited capabilities in life[13]; Depending on the MPS subtype,
retardation of growth and development, skeletal abnormalities,
heart valve problems, hepatosplenomegaly, vision and hearing
deficits and upper airway obstruction are observed.[14] Generally,
the area of the head and neck are greatly affected by the early
stages of the disease, so that the treating physician can see
children with MPS before the diagnosis of systemic disease.[15]

The disease may involve nervous, skeleton, digestive, cardiac,
superior and inferior respiratory systems presenting different
levels of severity in an independent manner.[13] Regarding
otorhinolaryngological problems associated with MPS, it has
been determined that the accumulation of GAGs in the upper
respiratory tract produces upper respiratory infections and
otitis media (OM)[16], hearing loss, otorrhea, , hypertrophy of
tonsils and adenoid, recurrent rhinosinusitis, speech disorders,
snoring, oral breathing and nasal obstruction[13]; also, it has
been related to hearing loss with a neurosensory component
and progressive over time, in addition to short neck (SN) and
odontoid hypoplasia[16] hypertrichosis, acetabular dysplasia
and contracted joints.[17]

Specifically about MPS II ( OMIM 309900) , IV ( OMIM
253000) and VI ( OMIM 253200), investigation has been carried
out that allows us to understand many aspects of hearing loss.
It is known that in patients with MPS II have a number of
abnormalities that impact upon their ability to hear. Frequent
upper respiratory infections, chronic otitis media with effusion
(glue ear), and recurrent episodes of acute OM are a common
and early signs of the disorder, in part reflecting adenotonsillary
hypertrophy and subsequent eustachian tube dysfunction[14].
On the other hand, based on a few studies, it is suggested that
hearingloss in MPS IVA is bilateral and progressive in general,
similar to other MPS types[18,19], and its severity ranges from
mild to moderate. Many of the adult patients with MPSIV exhibit
permanent or severe hearing loss[20], and finally, although MPS
VI is characterized by normal intellectual development with
normal hearing in early infancy, it is important to examine for
hearing loss, especially when an infant with this disease shows
developmental delay.[21]

For the patients affected with this disease, enzyme
replacement therapy (ERT) has been implemented, which consists
in supplying the patient with the exogenous protein that is being
abnormally synthesized in their organism[4]; This therapy has
been shown to be effective in decreasing the excretion of urinary
GAGs, improving performance on the walk test and increasing
forced vital capacity. In addition, organomegaly decreases, left
ventricular hypertrophy and improves the range of joint mobility.
[22] For the treatment of otorhinolaryngological failures, the
efficacy of ERT in airway permeable maintenance, the reduction
of obstruction (tonsillectomy and adenoidectomy) has been
reported[23] and the effectiveness in reducing respiratory arrest
related to the dream[24]; also to present improvement of the
recurrent infections, rhinorrhea, and general respiratory status,
expressive and significant improvement of the hearing loss,

tympanometric curve pattern, sleep disorders, macroglossia
and tonsils and adenoid hypertrophy.[13].

This article describes and characterizes the otorhinolaryngo-
logical manifestations found in a group of 35 patients diagnosed
with MPS in southwestern Colombia.

Methods

Retrospective study of the clinical and otolaryngological findings
of 35 patients (18 men and 17 women) from Southwestern
Colombia with clinical, enzymatic and molecular diagnosis of
Mucopolysaccharidosis II, IV-A and VI, with ages between 2
and 60 years. We include results of different evaluations reported
in the patient’s medical records, taking into account the type
of MPS, sex, age at the last visit, audiological tests, audiometry
test according to their age, polysomnography study, language
changes and report of hearing treatments.

Inclusion Criteria

We included patients with MPS type II, IV-A y VI of all ages
who had a report of hearing problems, any surgery or medical
otolaryngology. Patients and relatives who signed the respective
consent and assent informed.

Exclusion Criteria

6 patients who did not have otolaryngology information.

Results

The otorhinolaryngological results showed that for the three
types of MPS studied (II, IV-A and VI), hearing loss and OM
were the most frequent diagnoses found, occurring in a large
percentage of the cases evaluated (Figure 1). 44% of patients with
MPS IV reported according to the medical history, changes in
language since the onset of symptoms.

Approximately 65.64% of the patients evaluated according
to the types of MPS, presented hearing loss, whether it was mild
conductive or bilateral sensorineural, 11.3% had hypertrophy of
the tonsils, 17.10% diagnosed with a SN. 3 patients who presented
OSAHS were found through polysomnography (8,5%) (Table 1)
in general the parameters associated with polysomnography
were low with respect to the control; finally, 17.1% of the patients
presented OM (Chronic or acute) (Table 2). In the case of those
affected by MPSII, the incidence of OM was reported in 33%, and
for MPSIV-A and VTit occurred in 12.5% and 20% respectively
(Table 3). Language changes associated with high percentage
diagnosis were reported (Figure 2).

As for the problems related to the respiratory tract and
hearing problems, there is a relationship between the SN and
apnea with bilateral sensorineural Hearing loss mild and
conductive hearing loss (Table 3).

The results were detailed by type of MPS as follows:
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Table 1. reference values for polysomnography study and reported data.

Parameters Standar Values Reported Data for OSAHS
TST (h) 26h <5h

Sleep efficiency > 80% 60-78%

REM sleep (% TST) 15-30% 8-12%

Slow wave sleep (% TST) 10-40% 43%

Apnea Index (N / h) : 513 -

PetCO?2 Peak > 92%

Nadir SatO2 <14 2-4%

Figure 1. Frequency of Hearing Loss and Otitis Media in MPS II, IV-A and VI. The high frequency of Bilateral —Severe Neurosensory Hearing
Loss in patients with MPS |, and the incidence of Mild Conductive hearing loss in patients with MPS.

Figure 2. Percentage of changes in language. It is observed that that in MPS Il and IV there is a higher percentage of change in language,
compared to MPS VI, however it is important to take into account the number of participating patients for this mucopolysaccharidosis group.
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Table 2. Frequency of signs and symptoms in patients with MPS. It is observed that the greater number of affected has been diagnosed with
Mild bilateral sensorineural hearing loss, obtaining a frequency of 31,% of all patients. Tonsillar hypertrophy Il was the diagnosis with the lowest
frequency (2.8%).

OTORHINOLARYNGOLIC CHARACTERISTICS IN PATIENTS WITH MPS 11, IV A AND VI

Characteristic Number of affected (#) Frequency (%)
Short Neck 6 171
Tonsillar hypertrophy |l 3 8.5
Tonsillar hypertrophy IlI 1 2.8
Turbinate hypertrophy 4 11.42
Mild conductive hearing loss 6 17.14
Mild bilateral sensorineural hearing loss 11 314
Severe bilateral sensorineural hearing loss 6 171
Mandibular Hypoplasia 3 8.5
Macroglossia 2 57
Acute Otitis Media 2 5.7
Chronic Otitis Media 4 114
Wide and depressed nasal bridge 3 8.5
Apnea-Hypopnea syndrome 3 8.5
Table 3. Colombian patients with different types of MPS and their relationship with hearing loss.
TYPE OF GENDER AGE DIAGNOSIS AUDIOLOGICAL
MPS BSH MCH ToH OM SN TH MH OSAHS WDN MC TREATMENT
MPS I M 6 X X Hearing aids
MPS I M 8 X
MPS I M 15 X
MPS I M 16 X
MPS I M 28 X X Hearing aids
MPS I M 35 X X Hearing aids
MPS IV A F 5 X X
MPS IV A F 6 X
MPS IV A M 9 X
MPS IV A M 9 X X
MPS IV A M 10 X
MPS IV A M 13 X X
MPS IV A F 16 X X X
MPS IV A F 16 X
MPS IV A F 17 X X
MPS IV A F 17 X X
MPS IV A M 18 X
MPS IV A M 19 X Hearing aids
MPS IV A M 20 X
MPS IV A M 20 X
MPS IV A F 20 X
MPS IV A F 20 X
MPS IV A M 22 X
MPS IV A F 24 X X
MPS IV A M 25 X X
MPS IV A F 27 X X Hearing aids
MPS IV A M 28 X
MPS IV A M 31 X
MPS IV A F 33 X
MPS IV A F 60 X X Hearing aids
MPS VI F 2 X X
MPS VI F 9 X X
MPS VI F 15 X X X
MPS VI F 18 X
MPS VI F 19 X X Hearing aids

BSH : Bilateral Sensorineural Hearing Loss , MCH : Mild Conductive Hearing Loss, ToH : Tonsillar Hypertrophy , OM :Otitis media, SN :
Short Neck, TH : Turbinate hypertrophy, MH: Mandibular Hipoplasia, OSAHS: Apnea-Hypopnea Syndrome , WDN: Wide and Depressed
nasal Brigde, MC : Macroglossia
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Mucopolysaccharidosis type Il (Hunter syndrome)

We reviewed six cases, all male, with an average age of 18 years
(SD 10, 37 years). In the diagnosis of otorhinolaryngology,
5 patients were found to be affected by hearing loss (83.3%),
of these, 1 had conductive hearing loss (16.6%), 3 had severe
bilateral sensorineural hearing loss (50%) and 1 (16.6%) mild
bilateral sensorineural hearing loss; of the latter, only 1 presented
conditions due to macroglossia (MC). In addition, it was found
that 33.3% of patients presented with OM (chronic and acute).
16% of the cases presented tonsillar hypertrophy 111, as well as
acute OM. For patients diagnosed with this type of MPS, at
50% (3 patients) the use of hearing aids was suggested as an
audiological treatment.

Mucopolysaccharidosis type IV A (Morquio syndrome)

Twenty-four cases of patients with Morquio A syndrome
were evaluated, of these, 12 were female and 12 male, with
an average age of 20 years (SD 11, 25 years). In the diagnosis
of otorhinolaryngology, 12 patients (50%) were found who
presented bilateral sensorineural hearing loss: 9 (37.5%) had mild
hearing failure and 3 (12.5%) presented it severely. In addition,
in 3 patients (12.5%) OM was reported, 2 chronically and one
acutely. Short nose and mandibular hypoplasia (MH) were
reported in 3 patients (12.5%), mild conductive hearing loss in 3
of the patients (12.5%), and 3 patients had a SN diagnosis. Finally,
turbinate hypertrophy was reported in 3 patients (8.3%) as well as
OSAHS and tonsil IT hypertrophy, detected by polysomnography
test (Tablel). In this case, the use of hearing aids was suggested
as an audiological treatment for those patients who presented
severe bilateral sensorineural hearing loss (12.5%).

Mucopolysaccharidosis type VI (Maroteaux Lamy
syndrome)

Five cases of patients with MPS VI were evaluated, all of
them female, with an average age of 12.6 years (10.85 years). In
the diagnosis of otorhinolaryngology it was found that 60% (3
patients) had mild bilateral conductive hearing loss, 2 patients
(40%) had both SN diagnosis and turbinates hypertrophy, 1
patient was reported with tonsillar hypertrophy Il and a single
patient (2%) presented chronic OM and moderate bilateral
sensorineural hearing loss, the latter being the only one that
was suggested as an audiological treatment using hearing aids.

Discussion

Different researches around the world have reported levels of
hearingloss in patients with MPS, demonstrating that when this
condition occurs it is usually mixed, which includes diversity
of conditions at the same time in the same patient. In general,
hearingloss is usually attributed to problems associated with OM
and eustachian tube dysfunction[25]; In addition, there has been
talk of the loss of sensorineural hearing of unknown etiology,

possibly due to the accumulation of GAGs, in the cochlear duct,
cochlear nerve and vascular stria[4], which prevents its efficient
functioning. Specifically, in Colombia there were no studies
associated with hearingloss in patients with MPS, in this ways
the problems associated with OM were found in 47.8% of the
patients evaluated, which represents a considerable figure for
this condition.

In previous studies conducted by Bicalho et al[26] Wold etal[27]
and Vargas-Gamarra et al.[16], an increase in the prevalence
of hearing loss is also reported in patients with different types
of MPS; Likewise, studies realized by Santos in 2011 showed
that children with MPS are at greater risk to develop bilateral
sensorineural hearing loss, as well as the OSAHS[15] and may
present more strongly as it progresses age; This allows us to
explain the presence of hearing loss, whether mild, bilateral,
severe or mild, in 60% of the patients evaluated in this study.
On the other hand, the studies conducted by Gékdogan in 2016,
affirmed that the incidence of mixed hearing loss is related to
age; Although conductive hearingloss is determined at early ages
and in patients who were diagnosed early, it has been established
that a mixed hearing loss can also be observed, and that this rate
is between 33% and 71% of the cases. patients as age increases
[28], this makes it possible to understand the fact of finding
a more accurate and mixed diagnosis in elderly patients with
respect to infants.

Specifically, our work found that approximately 66% of
patients with MPS IT had some type of conductive hearing loss.
Investigations conducted by Keilmann et al (2011), determined
that hearing loss is the most frequent experienced type of hearing
loss in younger patients with MPS IT and affirms that the majority
of patients with MPS II have mixed hearing loss. Hearing loss
was reported for 67%, with a median age of onset of 4.8 years in
Keilmann’s studies.[14] Likewise, in studies conducted by Zanetti
et al (2018) was found that hearing loss of cochlear type appeared
in 77.8% of patients (82 patients /10 with MPS II).[29] This is
related to the findings found in our research. Although hearing
impairment does not directly contribute to mortality, hearing
impairment does have significant contribution to development
of speech and language, and quality of life[30], for this reason
several authors have agreed that patients with MPS II need
regular otolaryngological assessment because of the potential
for progressive upper airway obstruction and obstructive sleep
apnea, chronic or recurrent upper aerodigestive tract infections,
and the prevalence of progressive hearing loss at an estimated
rate of approximately 1 dB per year.[14,29]

On the other hand, we reported 62.5% of patients MPSIVA
with BSH besides having diagnostic characteristics such as short
stature, short neck, rough fascies.; although commonly reported
hearinglossin MPSIVA is conductive in nature[30], sensorineural
hearing loss has also been documented in some patients.[31]
Riedner and Levin (1977)[18] reported that conductive hearing
loss was observed in patient, but that mixed and sensorineural
hearing loss were also found in older patients. Permanent
hearing loss has not been observed until adolescence.[28]
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Nagao et al (2018) reported that 14 individuals with MPS IV
(13 MPS IVA and 1 MPS IVB; aged between 12 and 38 years
old) participated in the current study. They obtained auditory
neurophysiological responses (auditory brainstem responses
and otoacoustic emissions test) in addition to pure-tone
audiometry and middle ear function tests (tympanometry
and acoustic reflexes). The results indicated various levels
and types of hearing loss with abnormal neurophysiological
responses even in those patients with MPS IVA with normal
pure tone thresholds. They found a strong relationship between
height (short stature is an indicator of skeletal severity) and
hearing sensitivity as well as a strong relationship between
height and outer hair cell function in the inner ear (measured
by otoacoustic emissions) among MPS IVA patients.[20] Their
results indicated that the strong correlation between reduced
height and hearing loss indicates that patients with severe
skeletal dysplasia may be at higher risk of developing more
severe hearing loss. More importantly, the spectrum of hearing
disorders indicates that MPS IV patients should have annual
neurophysiological hearing tests in addition to audiometric
testing from an early age regardless of their skeletal severity
to more carefully monitor disease progression[20].

Finally, 60% of the patients with MPS VI analyzed in this
study presented MCH and other characteristics like SN and TH.
According to some authors, in the case of patients with MPS VI
generally do not display any features of the condition at birth.
They often begin to show signs and symptoms of MPS VI during
early childhood. The features of MPS VIinclude macrocephaly,
distinctive-looking facial features, and MC. The airway may
become narrow in some patients with MPS V1, leading to frequent
upper respiratory infections and short pauses in breathing during
sleep. They may also have recurrent ear infections and hearing
loss. Unlike other types of mucopolysaccharidosis, MPS VI
does not affect intelligence[9,21].

Affected individuals may experience chronic watery,
rhinorrhea, OM, hearing loss is common. Hearing loss may
be due to failure of sound to be conducted from the outer ear
trough the eardrum and tiny bones of the middle ear (conductive
hearing loss) or may be due to damage to the inner ear or the
nerves that transmit sound from the inner ear to the brain. In
rare cases, hearing loss may be due to a combination of both
problems (mixed hearing loss).[31,32,33]

We reported that 50% of MPSII (3 of 6 cases), 8% of patients
with MPS type IV-A (2 of every 24 cases) and 20% of patients
with MPS VI required adaptation of hearing aids during
the review period; This, added to the percentage of patients
who presented language disorders associated with tonsillar
hypertrophy, SN, turbinate hypertrophy, MH, short nose and
MC, is an indirect sign of the impact of hearing loss on their
development. However, the cognitive deficit associated with
some of these patients must also be taken into account.[16] The
hearing loss in patients with MPS is confirmed in our work as
a prevalent finding that should be considered in the differential
diagnosis of this population. The obstruction of the airway and

the different set of otorhinolaryngological conditions allow us
to indicate that patients with this pathology constitute a risk
group, especially when dealing with the pediatric population

Generally, in patients with a diagnosis of MPS, the initiation
of treatment in the early stages of development is of great
importance in terms of the prognosis of the disease. However,
due to the late onset of symptoms, the definitive diagnostic
range is 3-4 years of age[28], so at ages lower than these, the
findings of some level of hearing loss become more difficult to
determine the condition correctly.

Furujo et al (2017) reported in an ERT follow-up that in
patients with MPS IV the hearing improved after 36 months
of therapy and 10 years later they had normal hearing (20 dB
for both ears). They conclude that the ERT was well tolerated
and effective in preventing disease progression. although ERT
is limited in terms of many other effects, which requires further
investigation.[34]

Therefore, it is necessary to make a timely diagnosis, to
provide an effective and personalized treatment based on the
progress of the ERT, which has been shown to have positive
effects on the development of the disease.

Conclusion

In this retrospective study, we found a high frequency and a
progressive tendency to suffer audiological loss in patients with
MPS 11, IV-A and VI, highlighting the incidence of bilateral
sensorineural hearing loss and OM. In the same way, taking
into account the progression of the disease determined by age,
a relationship between mixed hearing loss is proposed as age
advances.

The early diagnosis of patients with MPS, as well as the
development of audiological studies, allow us to approach a
personalized medicine based on the initiation of an adequate
ERT and the correct treatment of auditory disorders, improving
the quality of life in the short and long term. In addition, the
diagnosis and timely treatment generate a correct genetic
counseling, educating parents, relatives and patients in the
management of the disease and, therefore, having a positive
impact on those affected.

Limitations of the Study

A history of audiological involvement is unknown, there are
no controls - progression, only the data on admission to the
comprehensive care program is described.
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