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ENT and mucopolysaccharidoses
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Abstract

The mucopolysaccharidoses (MPS) are a heterogeneous group of inherited metabolic disorders, each associated
with a deficiency in one of the enzymes involved in glycosaminoglycan (GAG) catabolism. Over time, GAGs
accumulate in cells and tissues causing progressive damage, a variety of multi-organ clinical manifestations, and
premature death. Ear, nose, and throat (ENT) disorders affect more than 90% of MPS patients and appear in the
early stage of MPS; also reported are recurrent otitis media and persistent otitis media with effusion, macroglossia,
adenotonsillar hypertrophy, nasal obstruction, obstructive sleep apnoea syndrome (OSAS), hearing loss, and
progressive respiratory disorders. Undiagnosed MPS patients are frequently referred to otolaryngologists before the
diagnosis of MPS is confirmed. Otolaryngologists thus have an early opportunity to recognize MPS and they can
play an increasingly integral role in the multidisciplinary approach to the diagnosis and management of many
children with MPS. The ENT commitment is therefore to suspect MPS when non-specific ENT pathologies are
associated with repeated surgical treatments, unexplainable worsening of diseases despite correct treatment, and
with signs, symptoms, and pathological conditions such as hepatomegaly, inguinal hernia, macrocephaly,
macroglossia, coarse facial features, hydrocephalous, joint stiffness, bone deformities, valvular cardiomyopathy,
carpal tunnel syndrome, and posture and visual disorders.
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Background
Why is the paediatric otolaryngologist involved and what
is their role in mucopolysaccharidosis?
Ear, nose, and throat (ENT) manifestations in mucopoly-
saccharidosis (MPS) are due to the accumulation of gly-
cosaminoglycans (GAGs) in the head and neck region.
The ENT manifestations are very common and include
protruding or depressed frontal bone, a depressed nasal
bridge, wide nasal alae, thick lips, angled and hypoplastic
mandible (micrognathia), macroglossia, distorted teeth,
gingival hypertrophy, and also restriction of the mouth
opening, adenotonsillary hypertrophy, and thickening of
soft tissues in the laryngopharynx. Head and neck disor-
ders affect more than 90% of MPS patients [1, 2]. The
median age of a first ENT visit is 4.2 years, generally
prior to MPS diagnosis [3–9]. Symptoms such as “noisy
breathing”, sleep apnoea, frequent respiratory and ear in-
fections, chronic nasal discharge, and enlargement of the

tongue, tonsils, and adenoids may often predate a defini-
tive MPS diagnosis by several years, particularly in pa-
tients with an attenuated phenotype. MPS, owing to the
non-specific nature of the early symptoms, is therefore
often unrecognized [10, 11]. The early recognition and
prompt diagnosis of MPS disorders is crucial. Early
treatment considerably improves patient outcomes dur-
ing long-term therapy and is crucial to slow disease pro-
gression before irreversible damage occurs. Undiagnosed
patients are frequently referred to otolaryngologists for
ENT manifestations; these specialists thus have an early
opportunity to recognize MPS. Therefore, the otolaryn-
gologist is an essential member of the care management
team for the disorders of MPS patients and they are in a
prime position to initiate diagnostic work-up and referral
for definitive testing [9].
ENT disease in MPS can be schematically divided into

respiratory disorders and otological or hearing problems.
In summary, otolaryngologists often see as yet undiag-

nosed MPS patients. Their careful history collection and
clinical evaluation may play an important role in the
diagnosis and management plan.
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What are the respiratory disorders in MPS?
Respiratory disorders occur in all type of MPS. Airway
problems result from a combination of tissue storage of
GAGs that produce a distortion of airway anatomy and
function [10, 12–16]. Affected individuals classically have a
number of anatomical features predisposing to airway dys-
function [17]. Progressive airway damage develops, often
involving multiple levels within the upper respiratory tract,
secondary to the progressive deposition of GAGs within
the airway [18], at any level from the “lips to lungs” [19].
Airway problems include obstructive sleep apnoea (OSA),
frequent respiratory infections, adenoid (Fig. 1) and tonsil-
lar hypertrophy (Fig. 2), irregular nasal septum, turbinate
hypertrophy, macroglossia (Fig. 3), thickened pharyngeal
wall, laryngeal abnormalities, tracheomalacia, tracheal sten-
osis and short neck, dyspnoea, restricted joint mobility,
skeletal abnormalities, and increased mucus secretions in
the upper and lower airways [20–24]. Chronic rhinosinusi-
tis and chronic otitis media may occur and produce hear-
ing impairment [10, 12]. In extreme cases, excessive tissue
on the arytenoid cartilages and aryepiglottic folds can pro-
lapse into the laryngeal inlet causing stridor and airway ob-
struction [24]. Furthermore, hepatosplenomegaly may limit
diaphragmatic excursion, and interstitial pulmonary GAG
deposits may result in a diffusion defect [13]. Thickened
and copious secretions throughout the upper and lower re-
spiratory tracts are also commonly found and there is a
tendency for frequent upper and lower respiratory tract in-
fections. Recurrent throat and ear infections are present in
more than 50% of patients [25]. However, due to the low
number of patients, no conclusions can be made regarding
the prevalence and severity of respiratory problems for
each MPS type [18]. Initially, obstructive symptoms are
more pronounced in the upper airway; tracheobronchial
manifestations occur later. The respiratory involvement is
usually progressive and can result in morbidity and mortal-
ity early in childhood [10, 26].

The respiratory disorders in MPS can be divided into
airway abnormalities (extrathoracic and intrathoracic),
and alterations in respiratory and sleeping mechanics [18].
Extrathoracic anatomical abnormalities, including ab-

normal cervical vertebrae, a short neck, a relatively high
epiglottis, deep cranial fossa narrowing the nasopharynx,
a hypoplastic mandible with a short ramus, temporo-
mandibular joint ankylosis, a small thoracic cage, fre-
quently complicated by kyphoscoliosis [13, 27, 28], and
mucopolysaccharide infiltration of the nasopharyngeal,

Fig. 1 Adenoid hypertrophy

Fig. 2 Tonsillar hypertrophy

Fig. 3 Macroglossia and typical facies
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Table 1 Respiratory disorders in MPS patients: a review of the literature

No. of patients MPS type (n) Respiratory disorders

Kiely, 2017 [3] 55 MPS I RI (54.5%)
Snoring (85.5%)
OSA (32.7%)
Laryngomalacia (9.1%)

Cohen, 2017 [34] 43 MPS III RI (34.88%)
OSA (30.23%)
T&A (34.88%)

Chiong, 2017 [35] 23 MPS II UAO (39%)
RI (78.3%)
OSA (39%)
T&A (39%)

Lin, 2014 [36] 35 MPS I (1)
MPS II (12)
MPS III (4)
MPS IV (16)
MPS VI (6)

T&A (96%)
OSA (71%)
Laryngomalacia (38%)

Muhlebach, 2013 [37] 31 MPS I (9)
MPS II (19)
MPS III (1)
MPS IV (1)
MPS VI (1)

T&A (72%)
Bronchomalacia (46%)
Laryngomalacia (31%)

Wold, 2010 [9] 9 MPS I (5)
MPS II (3)
MPS VI (1)

UAO (44.4%)

Yeung, 2009 [29] 27 MPS IH (8)
MPS IH/S (3)
MPS II (5)
MPS III B (1)
MPS VI (1)

UAO (70%)
RI (47%)

Bredenkamp, 1992 [38] 45 MPS IH (13)
MPS II (7)
MPS III (12)
MPS IV (6)
MPS VI (5)
MPS VII (2)

UAO (38%)

Semenza, 1988 [17] 21 MPS IH (4)
MPS IH/S (3)
MPS II (3)
MPS IV (6)
MPS VI (3)
MPS VII (4)

UAO (50–90%)
T&A (67%)
Supraglottic narrowing (92%)
OSA (89%)

MPS mucopolysaccharidosis, OSA obstructive sleep apnoea, RI respiratory infection, T&A adenoid and/or tonsillar hypertrophy, UAO upper airway obstruction,

Table 2 Respiratory manifestations in classic/severe forms of MPS disorders

MPS Upper airway obstruction Lower airway obstruction Restrictive lung disease

I +++ +++ +++

II +++ +++ ++

III Minimal Minimal Minimal

IV ++ + +++

VI +++ +++ ++

VII +++ +++ ++

Data from Rapoport et al. [40]
MPS mucopolysaccharidosis
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oropharyngeal, hypopharyngeal, and laryngeal tissues,
are typically seen in children with MPS and predispose
them to upper airway obstruction [29]. Intrathoracic air-
way obstruction is also a common complication, and tra-
cheobronchial abnormalities due to enlarged cartilage
cells or soft-tissue growths can also cause narrowing of
the tracheal lumen [18]. The trachea can be narrow, tor-
tuous, or occluded by the accumulation of soft tissue [29].
Semenza et al. [17] also suggested alveolar and interstitial
pulmonary involvement by GAG deposition. Depending on
the site and severity of obstruction, patients may present
with stridor, dyspnoea, retractions, cough, cyanosis, or diffi-
culty with feeding [26], and the severity of respiratory dys-
function varies according to the MPS type [29].
Multiple abnormalities in MPS patients can reduce the

ventilator capacity, manifesting as a reduction in vital

capacity [18]. Short stature [30], kyphoscoliosis, and pec-
tus carinatum are common, and diaphragm excursion
may be compromised by hepatosplenomegaly [13, 30].
Tracheal distortion is characteristic for MPS and may re-
flect a disproportionate length of the trachea relative to
the shortened spinal length [31, 32]. In combination with
laxity of the tracheal tissue, it can cause airway collapse
[31]. Cervical or lumbar spinal cord lesions may weaken
expiratory muscles, impair cough, and reduce secretion
clearance, predisposing patients to recurrent pneumonia.
Diaphragmatic weakness may result from spinal cord
compression above the phrenic nerve origin [18]. The
combined effect of these alterations in respiratory me-
chanics together with airway abnormalities may lead to re-
spiratory failure. Airway obstruction and parenchymal
abnormality can impair pulmonary O2 uptake and CO2

Table 3 Obstructive sleep apnoea (OSA) distribution and severity in each type of MPS

No. of patients MPS type (n) OSA prevalence OSA rating

Kiely, 2017 [3] 55 MPS I 32.7% NA

Gonuldas, 2014 [1] 76
(only 42 studied with polysomnography)

MPS I (8)
MPS II (9)
MPS III (23)
MPS IV (13)
MPS VI (21)
MPS VII (2)

95% Mild (40.47%)
Moderate (14.28%)
Severe (40.47%)

Morimoto, 2014 [41] 35 MPS I (5)
MPS II (25)
MPS III (2)
MPS IV (2)
MPS VI (1)

43% NA

Kasapkara, 2014 [42] 19 MPS I (4)
MPS II (4)
MPS VI (11)

94.7% Mild (26.3%)
Moderate (10.5%)
Severe (57.9%)

Mesolella, 2013 [2] 20 MPS I (7)
MPS II (6)
MPS III (4)
MPS IV (1)
MPS VI (2)

45% NA

John, 2011 [12] 28 MPS VI 85.1% Mild (14.28%)
Moderate (17.85%)
Severe (50%)

Lin, 2010 [14] 24 MPS I (3)
MPS II (15)
MPS III (1)
MPS IV (1)
MPS VI (4)

100% Mild (9.1%)
Moderate (31.81%)
Severe (59.09%)

Nashed, 2009 [15] 11 MPS IH (4)
MPS IH/S (2)
MPS II (3)
MPS IV (2)

64% Mild (9.09%)
Moderate (27.27%)
Severe (27.27%)

Schwartz, 2007 [43] 120 MPS II 48% NA

Leighton, 2001 [13] 26 MPS I (10)
MPS II (6)
MPS III (4)
MPS IV (4)
MPS VI (2)

92% NA

MPS mucopolysaccharidosis, NA not available
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excretion [18]. Ventilatory dysfunction is exacerbated by
normal sleep mechanisms that increase upper airway col-
lapsibility [33]. The severity of respiratory damage varies
according to the MPS type [3, 9, 17, 29, 34–38] (Table 1).
The prevalence of obstructive sleep apnoea syndrome
(OSAS) is between 100% of cases as reported by Lin et al.
[14] and 33% of MPS patients as described by Kiely et al.
[3]. The prevalence of OSAS in patients with MPS was re-
ported as 69.8% by Moreira et al. [39]. Upper airway ob-
struction has been described for all MPS disorders [40]
(Table 2). Other studies in the literature report inter-
mediate percentages [1–3, 12–15, 41–43] (Table 3).
MPS I and MPS VI patients appear to be at the greatest
risk for severe OSA [1, 15, 42].

What is the possible management for respiratory
disorders in MPS?
Currently, treatment of airway obstruction in patients
with MPS is controversial, and has met with only mod-
erate success [29]. Management of airway involvement
begins with the surgical removal of the obstruction [37],
and the accumulation of GAGs in the adenoids and ton-
sils, with resulting hypertrophy, makes these structures
frequent targets for surgical intervention [2]. Therefore,
MPS patients with clinical symptoms of upper airway ob-
struction are often subjected to adenoidectomy and/or
tonsillectomy, with data reported in the literature ranging
from 70 to 20% of cases [1–3, 7, 12, 19, 29, 34, 37, 42]
(Table 4). Tonsil volume increase is also secondary to
GAG deposits in the tonsillar fossa. In principle, this
would make coblation intracapsular tonsillectomy not rec-
ommendable for treatment of OSA in MPS children [38].
Adenoidectomy and/or tonsillectomy in 35–50% of cases
are performed prior to MPS diagnosis [7, 44]. Despite ade-
notonsillectomy being a routine procedure in most chil-
dren, the risks are usually higher in an MPS child,
including post-operative haemorrhage, airway oedema,
and failure to extubate [10]. Therapeutically, adenoidect-
omy and tonsillectomy provide initial but only temporary
relief of upper airway obstruction. Furthermore, the recur-
rence rate of adenoid hypertrophy after adenoidectomy in
the MPS population is 56% [1, 45], while in the normal
population it is between 0.55 and 1.5% [42]. Adenotonsil-
lectomy alone may not be a sufficient treatment for upper
airway obstruction in patients with MPS. The limited re-
lief afforded by adenotonsillectomy is attributable to the
multifactorial pathogenesis of airway obstruction and the
benefit of the procedure also depends on the extent and
severity of airway narrowing at other levels [10].
When local airway procedures are no longer adequate, or

when there is significant tracheobronchial involvement,
non-invasive continuous positive airway pressure (CPAP)
may be employed by some patients during sleep [19] and it
is often added to the management plan [37]. It may provide

temporary relief for some of these patients before surgical
intervention, but it is generally poorly tolerated in patients
with behavioural disturbance [10] and may become less ef-
fective as the airway disease progresses [29]. If patients tol-
erate CPAP but hypoxaemia persists, bi-level positive airway
pressure (BiPAP) can be advantageous in patients with add-
itional respiratory failure and baseline low oxygen levels.
Progression of upper airway obstruction when less in-

vasive interventions are no longer adequate may often
require a tracheotomy. Tracheotomy in MPS children
may be performed to treat refractory progressive upper
airway obstruction, to safeguard an anticipated difficult
airway management before a planned non-ENT surgical
procedure, and in emergency airway management. Yeung
et al. report a rate of 11% for tracheotomy [29]. This rate
compares with those in other studies reported in the lit-
erature [2, 7, 12, 19, 29, 37, 38, 46] (Table 5). Computed
tomographic scan of the chest and airway is recom-
mended prior to surgery to exclude airway narrowing dis-
tally from the carina [26] and multidetector computed
tomography (MDCT) is suggested for pre-operative

Table 4 MPS and adenotonsillectomy

No. of patients MPS type (n) Surgery (%)

Cohen, 2017 [34] 43 MPS III T&A (23.25%)

Kiely, 2017 [3] 55 MPS I A (72.7%)
T (61.8%)

Gonuldas, 2014 [1] 76 MPS I (8)
MPS II (9)
MPS III (23)
MPS IV (13)
MPS VI (21)
MPS VII (2)

T&A (34.21%)

Kasapkara, 2014 [42] 19 MPS I (4)
MPS II (4)
MPS VI (11)

A (26.3%)
T (5.3%)
T&A(15.8%)

Muhlebach, 2013 [37] 31 MPS I (9)
MPS II (19)
MPS III (1)
MPS IV (1)
MPS VI (1)

T&A (16.12%)

Mesolell, 2013 [2] 20 MPS I (7)
MPS II (6)
MPS III (4)
MPS IV (1)
MPS VI (2)

A (15%)
T (10%)
T&A (25%)

Malik, 2013 [19] 10 MPS II T&A (70%)

John, 2011 [12] 28 MPS VI A (21.4%%)
T&A (10.7%)

Mendelsohn, 2010 [7] 527 MPS II A (49.5%)
T (35.5%)

Yeung, 2009 [29] 27 MPS IH (8)
MPS IH/S (3)
MPS II (5)
MPS IIIB (1)
MPS VI (1)

T&A (70.37%)

A adenoidectomy, MPS mucopolysaccharidosis, T tonsillectomy,
T&A adenotonsillectomy
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airway assessment [47]. MDCT images produce additional
information on the glottic and subglottic structures, and
airway reconstruction using MDCT derived from previous
CT studies could provide a useful assessment tool in the
pre-operative airway evaluation and planning of anaesthe-
sia for MPS children. All tracheotomies in patients with
MPS result in tracheotomy-related complications. Infra-
stomal tracheal stenosis is the most frequent complication
(85.7%), and stomal narrowing (Fig. 4) also occurs fre-
quently (71.4%) after each tracheotomy [46]. Granulation
formation and wound infection are described [18]. These
complications cause difficult cannula care, with a high fre-
quency of surgery revisions. Airway problems may persist
after tracheotomy due to persistent airway collapse distal
to the tip of the endotracheal tube [21], and tracheobron-
chial stents may be useful [48, 49].

Is hearing loss an important symptom for the diagnosis
of MPS?
Hearing loss is almost a universal finding in children
with MPS [29, 50, 51]. From the hearing standpoint, it is

very common to find conductive hearing loss. However,
many patients present a sensorineural component [52].
The conductive component of hearing loss is attributed
to the presence of seromucinous otitis (Fig. 5) or bone
chain deformities [53], disruption in ossicular conduc-
tion by histopathological anomalies similar to otoscler-
osis, or by arthropathy [54]. Sensorineural hearing loss
(SHL) is thought to be caused by the accumulation of
GAGs in the cochlea, auditory nerve, and brain stem.
Auditory pathophysiology in the central nervous system
in Hurler syndrome remains unknown [55]; however, de-
creased cochlear hair cells may be one of the important
factors for the sensorineural component of hearing loss.
In many patients, mixed-type hearing loss can also be
seen. In MPS II (Hunter syndrome), the most prevalent
otolaryngological manifestations and interventions re-
ported are otitis (either acute otitis media or chronic oti-
tis media [72%]), hearing loss (67%), insertion of
ventilation tubes (50%), adenoidectomy (47%), and hear-
ing aids (41%) [5]. Tables 6 and 7 describe the different
audiological findings in subtypes of MPS [52, 56].

Table 5 MPS and tracheotomy

No. of patients MPS type (n) Tracheotomy (%)

Muhlebach, 2013 [37] 31 MPS I (9)
MPS II (19)
MPS III (1)
MPS IV (1)
MPS VI (1)

19.35%

Mesolella, 2013 [2] 20 MPS I (7)
MPS II (6)
MPS III (4)
MPS IV (1)
MPS VI (2)

5%

Malik, 2013 [19] 10 MPS II 100%
Complications:
Granulation (40%)
Wound infection (30%)
Ulceration (10%)

John, 2011 [12] 28 MPS VI 3.6%

Mendelsohn, 2010 [7] 527 MPS II 4.4%

Yeung, 2009 [29] 27 MPS IH (8)
MPS IH/S (3)
MPS II (5)
MPS III B (1)
MPS VI (1)

11%

Jeong, 2006 [46] 3 MPS II 100%
Complications:
Stomal narrowing (71.4%)
Granulation (57.1%)
Wound infection (28.6%)
Infrastomal stenosis (85.7%)

Bredenkamp, 1992 [38] 45 MPS IH (13)
MPS II (7)
MPS III (12)
MPS IV (6)
MPS VI (5)
MPS VII (2)

16%

MPS mucopolysaccharidosis
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Are these signs typical of early-onset MPS?
Early recognition of MPS requires careful attention to
the presence of multiple signs and symptoms, many of
which overlap with common childhood complaints.
Children with MPS have a high risk of hearing loss and
this is an early symptom. Thus, early otolaryngological
evaluation and intervention are recommended [56].
Clinical suspicion of the disease can be triggered by par-
ticular clusters of signs and symptoms that are unlikely
to appear in an unaffected child but that often occur to-
gether in the child with MPS II (Table 8).

What is the therapeutic treatment for these audiological-
otologic findings?
Sensorineural or mixed conductive and sensorineural
hearing loss commonly develop in Morquio A patients
in the first decade of life [57]. Conductive hearing loss
due to retained middle ear fluid can be treated using

ventilation tubes. Long-lasting types of tympanostomy
tubes (Fig. 6) are preferable for use on the first occasion
considering the anaesthetic risks and the risk of the
re-occurrence of the middle ear fluid. Post-aural hearing
aids may be most appropriate if a progressive neurosen-
sory element to hearing loss is present. However, despite
hearing normalisation after placement of transtympanic
drainage tubes, this does not exempt such patients from
a periodic audiological follow-up [51, 58]. Both amplifi-
cation with hearing aids and transtympanic ventilation
tubes appear to be effective in improving language devel-
opment in children with moderate cognitive impairment
[59]. Periodic follow-up of these patients is mandatory
because of hearing impairment and consequences for
their development and quality of life.

Conclusion
MPS are rare, progressive, and multisystem diseases with in-
sidious signs and symptoms. Various ENT manifestations
appear in the early stage of MPS, including otitis media,
macroglossia, adenotonsillar hypertrophy, nasal obstruction,
OSAS, progressive respiratory disorders, and hearing loss.
As the incidence of hearing loss is high in MPS patients,
hearing loss should be determined at an early stage. After
the diagnosis, the required treatments should be started
promptly with the aim of increasing the quality of life. How-
ever, it has to be considered that this is only possible as a re-
sult of regular and systematic follow-up. Respiratory
disorders occur in all types of MPS. The respiratory involve-
ment is usually progressive and can result in morbidity and
mortality early in childhood [10, 26]. MPS patients with clin-
ical symptoms of upper airway obstruction often undergo
adenoidectomy and/or tonsillectomy (20–70% of cases).
Adenoidectomy and/or tonsillectomy in 35–50% of cases
are performed prior to MPS diagnosis [7, 44]. Progression of
upper airway obstruction when less invasive interventions
are no longer adequate may often require a tracheotomy.
All tracheotomies in patients with MPS result in
tracheotomy-related complications.
Undiagnosed MPS patients are frequently referred to

otolaryngologists because of their early onset of ENT
manifestations, before the diagnosis of MPS is con-
firmed. Otolaryngologists thus have an early opportunity
to recognize MPS and they can play an increasingly inte-
gral role in the multidisciplinary approach to the

Table 6 Audiological findings in subtypes of MPS

Sign/symptom MPS I MPS II MPS III MPS IV MPS VI MPS VII

Hearing loss ++ ++ + + ++ ++

Recurrent ear
infections

++ ++ + + ++ ++

MPS mucopolysaccharidosis
++ exhibited by majority of patients with diagnosis, + exhibited by some
patients with diagnosis

Fig. 4 Stomal narrowing

Fig. 5 Middle ear effusion
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diagnosis and management of many children with MPS.
The ENT commitment is therefore to suspect MPS
when non-specific ENT pathologies are associated with
repeated surgical treatments, unexplainable worsening of
diseases despite correct treatment, and with signs, symp-
toms, and pathological conditions such as hepatomegaly,
inguinal hernia, macrocephaly, macroglossia, coarse fa-
cial features, hydrocephalous, joint stiffness, bone
deformities, valvular cardiomyopathy, carpal tunnel syn-
drome, and posture and visual disorders. Prompt diag-
nosis may also help avoid complications during surgical
intervention. Patients with MPS submitted to surgery
may experience difficulty or complications with all kinds
of surgical procedures, possibly leading to emergency
tracheotomy or even death. If a patient is recognized
pre-operatively to have MPS, a well-prepared team of
anaesthesiologists and surgeons can be primed for any
surgical intervention required and they will know to use

specific surgical and intubation/extubation techniques
that are recommended for patients with MPS [60].
Therefore, we suggest that otolaryngologists should

consider MPS for an early detection of a possible
MPS-affected child when collecting the medical history
of all children, and especially those being sent to an
ENT specialist earlier than usual (at 2–3 years of age)
for adenotonsillectomy. The possible association with
recurrent otitis media with effusion, inguinal or umbil-
ical hernia, adenotonsillar hypertrophy, sensorineural/
conductive hearing loss, OSAS, worsening respiratory
obstruction, and bone/joint anomalies should be empha-
sised. Future studies should consider the use of sleep
disordered breathing as an objective parameter of clin-
ical and metabolic improvement [61].

Table 8 “Red flag” signs and symptoms of MPS II that occur
early in the disease course

Coarse facial features (may be subtle in the attenuated phenotype)

Recurrent respiratory infections

Chronic rhinorrhoea

Upper airway restriction/noisy breathing/snoring

Recurrent otitis media

Hearing loss

Heart murmur

Hepatomegaly

Umbilical and inguinal hernia

Recurrent watery diarrhoea

Joint stiffness

Developmental delay and/or speech delay (in severe phenotype only)

MPS mucopolysaccharidosis
Fig. 6 Ventilation tube

Table 7 Audiometrical findings of patients with MPS

Patient Age (years) Diagnosis Tympanometrical findings Type of hearing loss Degree of hearing loss

Right Left Right Left Right Left

1 9 MPS VI Type C Type A Conductive Conductive Slight Mild

2 4 MPS VI Type C Type C Mixed Mixed Moderate Moderate

3 3 MPS I Type B Type B Mixed Mixed Severe Severe

4 3 MPS I Type B Type B Mixed Mixed Severe Severe

5 9 MPS VI Type B Type B Conductive Conductive Moderate Moderately severe

6 8 MPS IV Type B Type B Mixed Mixed Moderate Mild

7 6 MPS I Type B Type B Conductive Conductive Moderate Moderately severe

8 7 MPS IV Type B Type B Mixed Mixed Moderate Moderate

9 2 MPS III Type B Type B Mixed Mixed Severe Profound

MPS mucopolysaccharidosis
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