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Introduction
The mucopolysaccharoidoses (MPSs) are a diverse group of genetic 

lysosomal storage disorders with morbidity. The overall incidence is reported from 
1 in 150000 to as high as 1 in 10000 live births. Diagnosis of MPS syndromes 
are often delayed and these children have a very high frequency of common 
childhood surgeries such as ventilation tubes, adenoidectomy and tonsillectomy, 
and inguinal hernia repair at an earlier age than normal. A significant number 
of surgeries are reported before diagnosis. Earlier disease recognition will 
enable intervention before irreversible disease manifestations occur and alerting 
surgeons and anaesthetists to the increased anaesthetic risk of these children with 
compromised airways.

Children with surgical procedures at a particularly young age, symptoms 
such as progressively coarsening facial features, tongue enlargement, recurrent 
acute otitis media or arrested speech development are all suggestive of a MPS 
disorder. Patients with suspected lysosomal storage disorder should be referred 
to a geneticist for further evaluation and potential diagnosis based on deficient 
enzyme activity.
Pathophysiology and Classification

MPSs are a heterogeneous groups of lysosomal storage disorders (Table 1), each 
caused by defiency of an enzyme involved in the degradation of glycosaminoglycans 
(GAGs). GAGs are complex, branching, protein-carbohydrate polymers which 
form the ground substance in connective tissue. These enzyme deficiencies lead to 
accumulation of partially degraded GAGs in the lysosomes of most cells resulting 
in cell, tissue and organ dysfunction. Therefore a wide phenotypic spectrum is 
observed including hepatosplenomegaly, dysostosis multiplex, central nervous 
and cardiovascular system involvement and joint limitations. GAGs can also be 
excreted in urine. 

There are seven distinct syndromes classified according to 11 different 
enzyme deficiencies. MPSs are inherited in an autosomal recessive manner 
except for MPS II (Hunter syndrome) being X-linked. There is considerable 
heterogeneity at a clinical and genetic level for each syndrome 1. 
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Table 1. The biochemical basis of the different MPS types 
MPS type Eponym Enzyme deficiency Stored material

MPS I H Hurler * 
(severe) Iduronidase Dermatan sulphate, 

heparan sulphate

MPS I S Scheie (mild) Iduronidase Dermatan sulphate, 
heparan sulphate

MPS I H/S
Hurler–Scheie 
compound
(intermediate)

Iduronidase Dermatan sulphate, 
heparan sulphate

MPS II Hunter ** Iduronate -2- sulphatase Dermatan sulphate, 
Heparan sulphate

MPS III A Sanfilippo Heparan-N-sulphatase Heparan sulphate

MPS III B N-acetylglucosaminidase Heparan sulphate

MPS III C Acetyl-CoA-glucosaminidase 
acetyltransferase Heparan sulphate

MPS III D N-acetylglucosamins-6-sulphatase Heparan sulphate

MPS IV A Morquio Galactosamine-6-sulphatase Keratan sulphate

MPS IV B B-galactosidase Keratan sulphate

MPS VI Maroteaux-
Lamy N-acetylgalactosamine-4-sulphatase Dermatan sulphate

MPS VII Sly B-glucuronidase
Dermatan sulphate, 
heparan sulphate, 
chondroitin sulphate

MPS IX Natowicz Hyaluronidase Hyaluronic acid
From: Simmons MA et al. Otorhinolaryngological manifestations 
of the mucopolysaccharidoses. International Journal of Pediatric 
Otorhinolaryngology.69, 589-595. 2005
* Figure 1. Hurler Syndrome / ** Figure 2 . Hunter Syndrome

 Figure 1. Hurler Syndrome   Figure 2. Hunter Syndrome
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Presentation
Presentation may be at birth or within the first 3-4 years of life. Ear, nose 

and throat manifestations include coarsened facial features, prominent forehead, 
communicating hydrocephalus, corneal clouding, upper airway obstruction, 
recurrent ear/nose/throat infections, Eustachian tube dysfunction, developmental 
delay, hearing loss (conductive and sensorineural) and sleep apnoea. Chronic otitis 
media with effusion is common and contribute to conductive hearing loss. The 
mucosa of the middle ear has been described as thick and oedematous, with large, 
foamy cells that stain positive with Periodic Acid Schiff (PAS), indicative of GAG 
storage. Otosclerosis has been described and also contribute to conductive hearing 
loss. The aetiology of sensorineural hearing loss (SNHL) is less well established. 
It may be due to deposition of GAGs in the inner ear or CNS. Reduction in spiral 
ganglion cells and degeneration of hair cells also may contribute to SNHL1.  

GAG accumulation in the oropharynx and airway combined with dysmorphic 
features are commonly associated with persistent thick/viscous nasal discharge, 
recurrent and chronic rhinitis, enlargement of the tonsils and adenoids, narrowing 
of the trachea and bronchi, thickening of the epiglottis and vocal folds and 
macroglossia.

This results in upper airway obstruction and symptoms of obstructive sleep 
apnoea which present early and may lead to fatal anaesthetic complications. Bony 
craniofacial abnormalities, especially micrognathia contribute to mouth breathing. 
The skeletal changes of Hunter syndrome lead to poor jaw mobility, which limits 
the ability to open the mouth and negatively affects the ability to chew. Enlarged 
tonsils, adenoids, and/or tongue may interfere with coordination of swallowing 
activity. Neural involvement and cognitive impairment may also influence the 
coordination required for efficient chewing and swallowing. (Figure 2)

Non ENT manifestations include skeletal deformities, cardiac myopathy/
mumur, hepatosplenomegaly, carpal tunnel syndrome, umbilical/inguinal hernia 
and joint stiffness. These problems are the usually the results of deposition 
of storage products in organs leading to increasing bulk and altered function, 
however, the exact pathogenesis is poorly understood. The Hunter Outcome 
Survey in 2008 was a cross sectional description of the signs and symptoms of 
Hunter Syndrome (MPS II). 82% of patients had cardiovascular involvement and 
84% had neurological involvement. Patients are hirsute and may have whitish, 
nodular, pebble-like skin lesions on the posterior thorax and upper arms 2.

 MPS I, II and VII present early in childhood as dysmorphic syndromes. 
MPS I, II and VI present with progressive upper airway compromise and 
obstructive sleep apnoea syndrome. MPS III can present with childhood 
behavioural problems and dementia. MPS IV and VI present with moderate 
dysmorphia, normal intellect and severe bony dysplasia. MPS IX is rare and 
otorhinolaryngological manifestations are not reported. 

The features of each syndrome are summarised in Table 2.
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Table 2 1 Summary of general and ENT features of the MPS syndromes
MPS type General features ENT problems Other problems
MPS I (Hurler/
Scheie)

Characteristic 
dysmorphism 
(coarse facies and 
gum hypertrophy, 
macroglossia, 
thickened nostrils, 
lips, earlobes; 
prominent forehead, 
short stature, stocky 
build) 
initial intellectual 
development normal, 
then deteriorates

Airway problems, 
sleep apnoea, 
upper and lower 
respiratory 
tract infections, 
otitis media, 
sensorineural 
hearing loss
Chronic rhinitis/
rhinorrhoea, 
sinusitis, 
Eustachian tube 
dysfunction, 
dysostosis of the 
intrinsic auditory 
bones

Cardiomyopathy, 
aortic and mitral valve 
disease, hydrocephalus 
(often requiring shunt), 
thoracolumbar kyphosis, 
spondylolisthesis and 
spinal cord compression, 
short neck, progressive 
joint stiffness, 
hepatosplenomegaly, 
mandibular prognathism, 
carpal tunnel syndrome, 
hypertension, restrictive 
lung disease, abdominal 
herniae, corneal clouding, 
glaucoma, optic 
nerve disease, retinal 
degeneration

MPS II (Hunter) Coarse facies, X 
linked inheritance, 
classic nodular 
rash (rare), normal 
intellect initially

Adenotonsillar 
hypertrophy, 
airway problems, 
otitis media, 
sensorineural 
hearing loss

G I dysfunction, 
progressive 
neurodegeneration, 
cervical myelopathy, stiff 
joints

MPS III 
(Sanfilippo)

Most common 
MPS disorder, 
mild dysmorphism, 
severe behavioural 
disturbance

Otitis media, 
adenotonsillar 
hypertrophy

Short stature, odontoid 
hypoplasia, unstable 
craniocervical junction, 
cervical myelopathy, 
aortic valve incompetence

MPS IV 
(Morquio)

Normal intellect, 
severe bony 
dysplasia

Otitis media, 
adenotonsillar 
hypertrophy

Short stature, odontoid 
hypoplasia, unstable 
craniocervical junction, 
cervical myelopathy, 
aortic valve incompetence

MPS VI 
(Maroteaux-Lamy)

Progressive 
diffuse airway 
narrowing, 
adenotonsillar 
hypertrophy, otitis 
media

Carpal tunnel syndrome, 
cardiomyopathy, 
endocardial fibroelastosis, 
cervical myelopathy, 
macroglossia

MPS VII (Sly) Very rare, mild 
Hurler type 
phenotype

1. Simmons MA et al. Otorhinolaryngological manifestations of the mucopolysaccharidoses. International 
Journal of Pediatric Otorhinolaryngology.69, 589-595. 2005
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Genetic abnormalities may cause MPS with varied phenotypes. It is widely 
accepted that mutational heterogeneity underlies the clinical heterogeneity of 
MPS I and that phenotype is largely determined by mutation. Currently, the 
Human Gene Mutation Databse lists 110 mutations in a-L-iduronidase associated 
with MPS I, of which the majority are nonsense mutations, missense mutations, or 
small deletions. The frequency of MPS I alleles varies among ethnic populations. 
Patients who are homozygous for a nonsense allele or have 2 different nonsense 
alleles have the severe form of MPS I. Most patients with attenuated disease have 
>1 missense mutation. More than 30 polymorphisms or non-pathogenic sequence 
variants in the iduronidase gene have been detected. These sequence variants may 
modify the severity of the clinical disease if they are present with a pathogenic 
MPS I allele 3. 

Hunter syndrome (Figure 2) is an X-linked, recessive inherited disease 
that affects males nearly exclusively. The I2S gene (IDS) is located at Xq28 and 
>300 mutations have been described. These mutations include whole and partial 
deletions and large gene rearrangements, which may be responsible for up to 25% 
of cases of Hunter syndrome, and point mutations and other changes (eg deletions, 
insertions, small duplications). Female carriers of mutations in 1 IDS allele are 
usually asymptomatic. Enzyme activity cannot be used to identify female carriers 
because, although on average I2S activity in female carriers is ~50% of that 
seen in on affected individuals, considerable overlap exists. However, random 
X-chromosome inactivation of the paternal gene leads to Hunter syndrome 
in females. The severity of the phenotype seems to depend on the individual 
mutation and degree of skewing of X-chromosome inactivation. 

Death usually occurs before adulthood due to cardiorespiratory failure. 
Children with severe MPS I die within the first decade of life. Patients with 
milder forms survive into adulthood, albeit with significant morbidity. Neuronal 
degeneration can occur with MPS IIIA (Sanfilippo syndrome) leading to death.
Investigations

Diagnosis of MPSs is typically made based upon clinical findings and 
investigations include urine GAG test, serum or skin fibroblast lysosomal enzyme 
assay and genetic testing. Enzyme activity is markedly deficient (<1% normal) 
in affected patients. Prenatal diagnosis via measurement of enzyme activity in 
amniotic fluid, amniocytes, or chorionic villus tissue is available. 

Polysomnography is the first-line investigation for MPS of any age in 
which OSA is suspected. In patients with OSA, multiple sites of obstruction are 
often observed in the same subject. Upper airway CT and nasal endoscopy give 
information on different sites of obstruction. CT may demonstrate aspects of upper 
airway disease that are not revealed on PSA or nasendoscopy. Polysomnography 
studies in MPS children demonstrate higher prevalence of OSA secondary to 
adenotonsillar hypertrophy and GAG deposition in the oropharynx. Retropalatal 
and retroglossal spaces are significantly smaller in MPS children resulting in 
sleep disordered breathing as shown on CT or neck MRI in one study. CT has 
been selected as a reliable outcome measure of efficacy of medical or non-
medical interventions in OSA. Data from this study also confirmed that adenoidal 
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hypertrophy due to deposition of GAGs is a frequent complication in MPS and 
that assessment of adenoid size can be achieved by fibreoptic examination 4,5,6 .
Management of Otorhinolaryngological manifestations

A multidisciplinary team approach is required in management of these 
patients. Medical and genetic counselling are important, especially if prenatal 
diagnosis is available.

Paediatric otolaryngologists play an integral role in the diagnosis of patients 
with MPS due to early referral for recurrent otitis media, hearing loss and upper 
airway obstruction. Clinical suspicion, early recognition and prompt diagnosis is 
crucial as outcomes of treatment in many cases appear time-sensitive with better 
results being achieved when intervention is initiated at a younger age or prior 
to progression of the disease. Surgical treatment is undertaken for symptomatic 
patients or to pre-empt future problems. Quality of life is improved by reducing 
persistent rhinorrhoea, reducing frequency and severity of ear infections and 
relieving upper airway obstruction.
General surgical and anaesthetic considerations

There is a high risk of complications from a general anaesthetic in particular 
if there are cardiovascular manifestations, short necks, atlanto-axial instability 
and compromised airway. A survey of airway complications in a group of MPS 
VI patients at the Royal Manchester Children’s Hospital (Manchester, United 
Kingdom) showed an overall incidence of difficult intubation of 25% of all 
subgroups and a failed intubation rate of 8%. Spontaneous breathing with a 
volatile agent is recommended 6. Airway is usually secured with a laryngeal mask 
and if intubation is required,, fibreoptic nasendoscopy, guidewires or bougies 
may be required especially if there is macroglossia, subglottic stenosis, stiff 
temporomandibular joints, atlantoaxial joint instability and prognathia. MPS I, II 
and VI have more challenging airways. MPS IV A (Morquios’s syndrome) pose 
anaesthetic challenges after cervical fusion for odontoid peg instability. Emergency 
tracheostomies may be required if unable to secure airway for surgical procedures.

Post operative pulmonary oedema may occur after surgery to relieve 
airway obstruction due to preexisting pulmonary hypertension. The precise 
pathophysiologic mechanism is not known, but the primary mechanism is forced 
inspiratory effort against an obstruction, resulting in large negative transpulmonary 
pressure gradient that results in translocation of fluid from pulmonary capillaries 
to the interstitial space. The use of a helium-oxygen breathing mixture at the 
time of extubation may relieve the obstruction and improve outcome, because 
the reduced density of this air mixture compared with ambient air decreases the 
work of breathing and increases linear flow rates. There are also cases of post-
anaesthetic respiratory obstruction which may have fatal outcomes.

Diligent intraoperative monitoring, positioning and post operative care are 
required preferably at a tertiary centre with experienced anaesthetists.

Sedation is risky in MPS patients because of airway obstruction. It should 
be performed only in a setting appropriate for general anesthesia, with careful and 
continuous monitoring and provision for immediate and appropriate intervention 
by an experienced anaesthetist.
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Otological disorders
Post nasal space, Eustachian tube and middle ear deposition of GAGs leads 

to increased risk for otitis media with effusion and acute otitis media. This is most 
commonly found in type I and II. Ventilation tubes and hearing aids are indicated. 
Because hearing loss can contribute to behavioural problems and learning 
difficulties, it is important to perform routine otologic and audiologic evaluations 
every 6 to 12 months. 
Adenotonsillar hypertrophy

Adenotonsillar hypertrophy is seen universally as well as deposits in the 
pharyngeal wall. Patients are at risk of obstructive sleep apnoea especially if there 
is macroglossia and mandibular abnormalities. Recurrent tonsillitis is also seen. If 
PSG confirms moderate to severe OSA, adenotonsillectomy is performed as first 
line treatment. If this is inadequate, nasal CPAP is second line treatment. Extreme 
cases require tracheostomy. 

Care is taken when undertaking tracheostomy because of neck instability which 
is seen in MPS IV (Morquio’s syndrome) and other types. Temporomandibular 
joint stiffness and short stiff neck found in other MPS types (eg MPS II) can also 
be problematic.
Laryngeal disorders

Deposits of GAGs can be seen in the pharyngeal/laryngeal walls eg arytenoid 
cartilages, aryepiglottic folds, trachea. This may prolapse into the airway and cause 
stridor and severe airway compromise. Direct laryngotracheobronchoscopy under 
general anaesthesia is performed to investigate and sometimes tracheostomy is 
required. Endoscopic laser excision of excess tissue has been described 5 .
Non surgical treatment

Recently, targeted enzyme replacement therapies (ERT) have been developed 
for several MPS disorders and it seems apparent that benefits are likely to be 
greatest in those patients treated prior to the development of significant physical 
or mental morbidity. Commercially available treatments include Laronidase 
(recombinant	 human	 α-L-iduronidase;	 Aldurazyme	 [Genzyme,	 Corporation,	
Cambridge, MA]) for MPS I, Idursulfase (Elaprase, Shire Human Genetic 
Therpies, Inc, Cambridge, MA) for MPS II and galsulfase for MPS VI. Long term 
data on efficacy is not available 4. Significant increase in forced vital capacity, 
likely resulting from an improvement in chest wall impedance to lung expansion, 
and decrease of apnoea-hypopnoea index, probably due to reduced GAG storage 
in upper airway tissues, have been demonstrated after Laronidase administration 
in MPS I. Research has shown that the AHI improved in these patients 5. A 6 year 
follow-up study of five of the original 10 patients in a phase II/III trial found 
clinical improvement or stabilization, in contrast to the natural history of the 
disease, as well as some additional decrease in urinary GAG excretion and liver 
size. Overall, the evaluated patients with MPS I who were treated with Laronidase 
for six years reported improved ability to perform normal activities of daily living 3.

Bone marrow transplantation is used in children under two with MPS I or 
those with mild MPS II, VI or VII. Long-term data has demonstrated reduction 
in hepatosplenomegaly, airway obstruction, intracranial hypertension, mental 



216 X IAPO MANUAL OF PEDIATRIC OTORHINOLARYNGOLOGY

retardation and overall lower GAG deposition in the cerebrospinal fluid, liver and 
skin of children undergoing bone marrow transplant, presumably by restoring the 
body’s ability to degrade accumulated substrates at the cellular level. In the head 
and neck, it also results in improvement of both hearing and voice over those 
without treatment. 2. For newly diagnosed MPS I patients under two years who are 
cognitively intact, it is important to preserve cognitive abilities. If deterioration 
is anticipated, bone marrow transplantation has more long-term clinical impact 
than laronidase in stabilizing neurocognitive function. If an attenuated phenotype 
is suspected, then the preferred option is Laronidase. For children with severe 
physical disease who are cognitively intact, Laronidase administration before 
transplantation may help to improve their health status and physical condition 
and to increase their chances for a successful transplant outcome. For children 
<2 years who are not cognitively intact, less benefit is expected from transplant. 
Laronidase may improve the physical manifestations of the disease and improve 
quality of life. For older patients in whom developmental decline already has 
occurred, Laronidase is the more reasonable option for palliative therapy. 
For children who have no neurological or cognitive damage, Laronidase is 
recommended. Transplant is discouraged for such children because it offers no 
therapeutic advantage over Laronidase and places the patient at increased risk 
from the procedure 3.

It is suggested these treatments are most beneficial prior to development of 
significant physical or mental morbidity.

Interventions for mild OSA may include montelukast, a leukotriene receptor 
antagonist, as there is recent evidence that there is increased expression of the 
leukotriene receptors in lymphoid tissue in children.

Aggressive management of airway secretions is recommended and antibiotics 
if infection is present. Vaccinations against respiratory pathogens such as influenza 
and Streptococcus pneumoniae should be considered.
MPS registry

Long term clinical outcome data are needed for better understanding of 
how different treatment options affect clinical disease and for provision of an 
evidence-based rationale for management recommendations. A MPS I registry 
was established by BioMarin Pharmaceutical (Novato, CA) and Genzyme 
(Cambridge, MA) as part of a postmarketing regulatory commitment after the 
approval of Laronidase. It is a voluntary disease registration program initiated 
by Genzyme Coporation in 2003 to track clinical onset, symptoms and outcomes 
of MPS I patients regardless of disease severity, treatment status and capturing 
information prospectively and retrospectively from routine clinical and laboratory 
assessments 7. The registry, if used should be able to capture treatment and 
outcome data that ultimately can guide clinicians to develop the most-effective 
therapeutic strategies for the full spectrum of cases of MPS I 3. 

A MPS VI Clinical Surveillance Program is also available.
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Conclusion
MPSs are a heterogeneous group of patients with systemic presentations. 

A multidisciplinary approach is required and care must be taken prior to any 
surgical intervention. Otolaryngologists play an integral role in the diagnosis and 
management of many children with MPS.
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