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Abstract Background: Morquio syndrome A (mucopoly-
saccharidosis type IVA) is an autosomal recessive, life-
limiting lysosomal storage disease characterized by
deficient activity of the enzyme galactosamine-6-sulfatase.
The disease affects multiple body systems, and patients
require multidisciplinary care from an early age.

Methods: To better understand the natural progression of
the disease, life expectancy and common causes of death,
death certificates were evaluated for 27 patients (15 male,
12 female) with Morquio syndrome A in the UK, covering
the years 1975-2010.

Results: Mean age at death (£standard deviation) was
25.30 &+ 17.43 years, with female patients living longer
than male patients (26.55 4+ 12.28 years versus
22.95 £+ 17.63 years, respectively). Respiratory failure
was the primary cause of death in nearly two-thirds of
patients (63%). Other causes of death were cardiac failure
(11%), post-traumatic organ failure (11%), complications of
surgery (11%) and myocardial infarction (4%). Life
expectancy increased gradually over time (R* = 0.0963),
and mean age at death due to respiratory failure improved
from 17.42 4+ 9.54 years in the 1980s to 30.74 £ 10.84
years in the 2000s.
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Conclusions: The current data suggest that survival of
patients with Morquio syndrome A in the UK has improved
in recent decades. It is possible that improvements in
multidisciplinary care and referral of patients to specialist
centres underlie this trend. It is hoped that novel disease-
specific treatments such as enzyme replacement therapy
and haematopoietic stem cell therapy will help to extend the
lifespan of patients with Morquio syndrome further still.

Introduction

Morquio syndrome A (mucopolysaccharidosis type IVA,
MPS IVA; OMIM 253000) is an autosomal recessive
lysosomal storage disease characterized by deficient
activity of the enzyme galactosamine-6-sulfatase (GALNS).
The absence of GALNS activity results in impaired
catabolism of two glycosaminoglycans (GAGs), keratin
sulphate and chondroitin-6-sulphate (Dorfman et al. 1976;
Glossl and Kresse 1982). The progressive accumulation of
GAGs in various tissues means that the disease affects
multiple body systems. Short stature and skeletal dysplasia
are observed in most patients (Wraith 1995), with bone
deformity as the most common initial symptom (Montafio
et al. 2007). The digestive, cardiovascular and respiratory
systems, and visual and auditory function may also be
affected (Northover et al. 1996).

The incidence of Morquio syndrome A is estimated to be
between 1 in 76,000 and 1 in 450,000 in Europe, and 1 in
200,000 in the USA and Canada (Nelson 1997; Poorthuis
et al. 1999; Applegarth et al. 2000). Clinical presentation of
the disease ranges from a severe, rapidly progressing form
(which represents the classical description of this disorder)
to a phenotype that evolves more slowly. Onset of disease
symptoms commonly occurs before the age of 1 year in
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patients with a severe phenotype or as late as the second
decade of life in patients with the slowly progressing form
of the disease (Montafio et al. 2007).

Cardiac valve disease and respiratory complications
leading to limitations in endurance are common in patients
with Morquio syndrome A from late childhood (John et al.
1990; Hendriksz et al. 2013), and both are associated with
disease involvement in multiple body systems (Hendriksz
et al. 2013). GAG accumulation in the upper airways and
tonsils predisposes the patient to the development of
obstructive sleep apnoea and upper airway obstruction
(Walker et al. 2003; Montafio et al. 2007). Respiratory
function is further compromised by chest wall deformities
and displacement of the diaphragm due to short stature
coupled with hepatosplenomegaly (Hendriksz et al. 2013).
Atlantoaxial instability and spinal cord compression may
also result in respiratory muscle weakness (Tomatsu et al.
2011; Hendriksz et al. 2013). Owing to these changes,
patients with Morquio syndrome A may experience
recurrent infections, progressive loss of pulmonary function
and, ultimately, respiratory failure (Montafio et al. 2007,
Pelley et al. 2007; Tomatsu et al. 2011; Hendriksz et al.
2013). Although the central nervous system is not impacted
directly by GAG accumulation (Wraith 1995), patients with
Morquio syndrome A have a high risk of developing
neurological complications owing to skeletal abnormalities
(Nelson and Thomas 1988).

Patients with Morquio syndrome A require multidisci-
plinary care from primary care physicians, orthopaedic
surgeons, pulmonologists, cardiologists and anaesthesiolo-
gists (Algahim and Almassi 2013). Multiple interventions
are required to maintain optimal respiratory function, and
ongoing management of skeletal manifestations and the
associated neurological complications is critically important
(Hendriksz et al. 2013). At present, there is no disease-
specific treatment for Morquio syndrome A, although
enzyme replacement therapy (ERT) is in development
(Algahim and Almassi 2013). Owing to a limited effect
on skeletal manifestations of other MPS diseases, haema-
topoietic stem cell therapy (HSCT) is not recommended for
patients with Morquio syndrome A (Peters and Steward
2003).

To be able to optimize current management and evaluate
the effectiveness of novel treatments for Morquio syndrome
A, it is necessary to understand the natural progression of
the disease, life expectancy and common causes of death.
Here, we analyse survival and causes of death in patients
with Morquio syndrome A, and how these have changed in
recent decades, using data collected by the Society for
Mucopolysaccharide Diseases (UK). These data will be of
interest to clinicians, healthcare authorities and commis-
sioning bodies, as well as to patients, their families and
patient societies.
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Methods

The Society for Mucopolysaccharide Diseases made avail-
able death certificates of all deceased patients with Morquio
syndrome A held in its database. The death certificates
provided information on date of birth, gender, date of death
and primary cause of death. The society has aimed to
collect data on every patient with Morquio syndrome A in
the UK. Although the number of patients missing from the
database is unknown, it is estimated by the collators to be
very few because most, if not all, individuals with Morquio
syndrome A are treated at a small number of designated
centres.

Results
Patient Characteristics

Death certificates were available for 27 patients (15 male,
12 female) with Morquio syndrome A, covering the years
1975-2010 (Table 1).

Mean Age at Death and Primary Cause of Death

Mean age at death (4 standard deviation [SD]) was
25.03 4+ 17.43 years. In general, female patients tended to
live slightly longer than male patients (mean age at death
[£SD], 26.55 £ 12.28 years versus 22.95 + 17.63 years,
respectively), but the difference was not significant.
Respiratory failure was the primary cause of death in
nearly two-thirds of patients (Fig. la). Other reported
causes of death were cardiac failure, post-traumatic organ
failure, complications of surgery and myocardial infarction.
Although respiratory failure was proportionally a more
common cause of death in male patients than in female
patients (67% versus 59%, respectively), this difference
was not considered significant, nor were there other
numerical differences in cause of death between the genders
(Fig. 1b, ¢).

Differences by Age Group

There was a gradual increase in the proportion of deaths
caused by respiratory failure with each decade of life
(Fig. 2). A high proportion of fatalities in patients younger
than 10 years were attributed to post-traumatic organ
failure, suggesting that accidental deaths were more
common in children than in older individuals. When death
owing to post-traumatic organ failure was excluded from
the analysis, mean age at death (4£SD) increased to
27.73 £+ 16.95 years, with females living longer than male
patients (mean age at death [+SD], 32.54 £ 12.68 years
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Table 1 Patient characteristics

Patient Date of Age at death Primary cause Additional information
(gender) death (years) of death
1 (M) 07/02/1975 4.00 Post-traumatic organ failure, Fell from swing, head injury
pneumonia and lung collapse
2 (F 21/05/1986 26.96 Respiratory failure —
bronchopneumonia
3 (M) 28/05/1987 7.88 Respiratory failure Tracheomalacia
4 M) 27/02/1989 3.08 Complication of surgery — anoxic Cervical surgery
brain damage post-surgery
5(F) 26/10/1989 15.16 Complication of surgery — cerebral Mitral valve replacement
haemorrhage
6 (F) 18/10/1990 10.24 Post-traumatic organ failure — Post-mortem brain stem compression,
cervical stenosis atlantoaxial subluxation
7 (M) 28/03/1992 75.32 Respiratory failure —
bronchopneumonia
8 (M) 13/04/1992 22.56 Respiratory failure —
bronchial asthma
9 (M) 21/08/1993 6.24 Respiratory failure Cervical stenosis
10 M) 22/10/1993 10.08 Respiratory failure
11 (F) 27/09/1995 22.48 Respiratory failure
12 (F) 01/04/1996 46.24 Respiratory failure
13 (F) 23/03/1996 48.56 Respiratory failure —
bronchopneumonia
14 M) 20/05/1997 14.16 Respiratory failure Bronchopneumonia, obstructive
airway disease
15 M) 12/03/1998 20.80 Cardiac failure Aortic valve disease, hypoplastic
lung, trachea
abnormality seen at post-mortem
16 M) 13/01/1999 33.64 Respiratory failure
17 M) 17/02/1999 18.56 Cardiac failure
18 (F) 17/06/2000 52.48 Cardiac failure — acute
left heart failure
19 M) 22/04/2001 42.80 Respiratory failure
20 (F) 27/05/2002 36.88 Myocardial infarction Chest infection
21 (F) 02/06/2003 3.16 Post-traumatic organ failure — Fell at school after a seizure
cervical compression after trauma
22 (F) 28/01/2005 28.16 Respiratory failure — chest infection
(bronchopneumonia)
23 (M) 08/03/2005 20.08 Complication of surgery — Gastrointestinal haemorrhage,
aspiration pneumonia oesophageal tear, post-mortem
outcome was misadventure
24 (F) 01/04/2005 15.40 Respiratory failure
25 M) 03/12/2005 20.16 Respiratory failure
26 (M) 24/07/2008 44.88 Respiratory failure — Community-acquired pneumonia
bronchopneumonia, sepsis
27 (F) 03/10/2010 33.06 Respiratory failure —

bronchopneumonia

versus 24.30 + 18.69 years, respectively). When patients
younger than 10 years were excluded from the overall
analysis, the mean age at death (+SD) changed to
29.94 £ 16.00 years, with female patients living slightly
longer than male patients (mean age at death [£SD],
30.51 £ 13.69 years versus 29.37 £ 17.99 years, respec-
tively).

Changes in Longevity Over Time

An analysis of longevity showed a weak trend over time
towards gradual improvement in life expectancy in patients
with Morquio syndrome A (R* = 0.0963; Fig. 3a, b).
Importantly, recent deaths due to respiratory failure appear
to have occurred later in life than deaths in earlier times,
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Fig. 1 Primary cause of death in patients with Morquio syndrome A. (a) All patients (n = 27); (b) male patients only (n = 15); (c) female

patients only (n = 12)
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Fig. 2 Primary cause of death in patients with Morquio syndrome A, stratified by age group

with mean age at death improving from 17.42 £ 9.54 years
in the 1980s to 30.74 £ 10.84 years in the 2000s (Fig. 3c).

One of the greatest advances in the management of
patients with Morquio syndrome A has been the implemen-
tation of routine prophylactic management of the spinal
stenosis and instability in 1990. To evaluate the impact of
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this development on patient survival, an analysis of
longevity and cause of death before 1990 and from 1990
onwards was carried out. Age at death was found to be
greater in patients who died from 1990 onwards than in
those who died before 1990 (Fig. 4a), although this
difference was observed primarily in males. Respiratory
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Fig. 3 Longevity in patients with Morquio syndrome A between 1975 and 2010. (a) Age at death by individual patient; (b) mean age at death

over time; (¢) mean age at death due to respiratory failure

failure was found to be a major cause of death both before
1990 and from 1990 onwards (Fig. 4b). Although death due
to complications of surgery appears to have been more
common before 1990, the dataset is too small to allow any
strong association.

Discussion
This mortality analysis has found that survival in patients

with Morquio syndrome A appears to have improved
gradually over the past three decades. Although the dataset

is too small to allow any strong assertions, it is possible that
efforts to improve disease management and multidisciplin-
ary care, and to refer patients to specialist centres, are being
reflected in extended lifespans for individuals with this life-
limiting condition.

Respiratory failure remains the primary cause of death in
patients with Morquio syndrome A; however, the current
data suggest that this occurs later in recent years than
previously. One reason for this may be advances in
pulmonary care for these patients, including regular
immunizations, prompt and aggressive treatment of respira-
tory tract infections, prevention of weight gain and
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Fig. 4 (a) Longevity and (b) primary cause of death in patients with Morquio syndrome A before 1990 and from 1990 onwards

availability of respiratory support (Hendriksz et al. 2013).
In addition, improvements in prophylactic neck manage-
ment in the last two decades may have helped to prevent
respiratory compromise due to atlantoaxial instability and
spinal cord compression. The introduction of CI1/C2
cervical fusion to improve neck stability in the mid-1980s
is particularly notable. This was driven by the patient
organization investing in expertise and inviting world
leaders to collaborate and proactively manage this known
risk for the cohort. Once diagnosed, patients now undergo
regular assessment to evaluate spinal involvement and
monitor its progression. It is recommended that patients
undergo a neurological examination at least every 6
months, with annual magnetic resonance imaging and
radiological examination every 2-3 years (Solanki et al.
2013). Pathological changes observed during any of these
evaluations may indicate a need for surgical intervention
(Solanki et al. 2013).

Complications of surgery were reported as a cause of
death in three patients, one in each of the first three decades
of life. It is reassuring that the incidence of fatal complica-
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tions of surgery is low, although the fact that two of the
deaths were probably related to intubation or extubation
(patients 4 and 22) highlights the risks associated with
general anaesthesia in patients with Morquio syndrome A.
Most anaesthetists are not familiar with the issues associated
with surgery in individuals with Morquio syndrome A, so it
is recommended that these patients should be referred to
specialist centres with an experienced paediatric anaesthetist
supported by a multidisciplinary team practised in the
perioperative management of mucopolysaccharide (MPS)
diseases (Walker et al. 2013). In general, the key to
successful anaesthesia in patients with MPS diseases is
planning, with a thorough preoperative evaluation of
anaesthetic risk factors in consultation with a multidisciplin-
ary team (Walker et al. 2013). Assessment of existing
respiratory and cardiac manifestations, as well as cervical
and tracheolaryngeal anatomy, may help the anaesthetist to
anticipate potential problems that may arise during the
procedure, such as difficult intubation and ventilation, and
cardiac and cervical spine issues. Consideration should also
be given to monitoring and postoperative care.
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It is notable that the accidental deaths associated with
trauma all occurred during the first two decades of life. This
is perhaps to be expected, because children and adolescents
tend to be more susceptible to falls and accidents than
adults. The fact that only one death in this age group was
attributed to cardiac failure may also indicate that the
cardiovascular complications associated with Morquio
syndrome A have yet to become life-threatening in this
age group, particularly as cardiac failure is likely to develop
secondary to respiratory impairment and loss of mobility
due to skeletal and respiratory complications.

There is an opportunity for novel treatment options such
as ERT to slow or halt the development of skeletal,
respiratory and cardiac complications by preventing the
accumulation of GAGs in bodily tissue. It is too early to
determine what effect ERT will have on the somatic
manifestations of Morquio syndrome A, but functional
endpoints (such as the 6-minute walk test and forced vital
capacity) will be useful in making these assessments,
especially if they could be linked to patient-reported
outcomes or quality of life measures.

The current data are based entirely on death certificates
from patients with Morquio syndrome A, supplemented
with limited information from their families. Although
death certificates provide a useful source of information
regarding mortality rates and causes of death in patients
with rare diseases, a limitation of this study is the absence
of clinical notes for each of the patients. Anecdotal reports
indicate that all except two patients in the current dataset
(patients 2 and 7) had short stature and experienced severe
signs and symptoms of Morquio syndrome A. However,
there is no information available about each patient’s
functional ability and the presence or absence of comorbid-
ities, which may have provided useful context for the trends
observed here. For example, it is unclear why the mean age
of mortality in boys with Morquio syndrome A is so
dramatically different before and after 1990. It can be
speculated that this may simply be an anomaly owing to
small patient numbers, but without further clinical informa-
tion, no firm conclusion can be made.

In conclusion, the findings of this study suggest that
survival in patients with Morquio syndrome A in the UK
has improved in recent decades. It would be of interest to
assess whether a similar trend has occurred in other
countries. In addition, it would be of interest to evaluate
whether changes in multidisciplinary care have led to
improvements in patient and carer quality of life. Although
quality of life will inevitably decline as the disease
progresses, steps can be taken to keep patients active,
pain-free and independent for as long as possible. It is
hoped that as experience of caring of individuals with
Morquio syndrome A increases, this will be reflected in
improvements in outcomes for patients and their carers.

Acknowledgements Scientific editorial assistance was provided by
Dr Jonathan Morton (Oxford PharmaGenesis™ Ltd, Oxford, UK) and
was funded by an unrestricted grant from BioMarin Europe Ltd,
London, UK.

Take-Home message

Evaluation of death certificates from patients with Morquio
syndrome A in the UK has shown that survival in this
population has improved in recent decades.
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