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Abstract Objectives: Hurler syndrome is characterized by
progressive multisystem deterioration leading to early death
in childhood. This prospective study evaluated the long-
term outcomes of patients with Hurler syndrome who
underwent umbilical cord blood transplantation from
unrelated donors.

Study design: Only patients with Hurler syndrome who
underwent umbilical cord blood transplantation between
December 1995 and March 2006 (n ¼ 25) and who were
followed for at least 5 years (n ¼ 19) were included in the
analysis. The patients were longitudinally evaluated by a
multidisciplinary team of specialists following a stand-
ardized protocol.

Results: Median age at transplantation was 15.9 months
(range 2.1–35), and patients were followed up until a
median age of 10.1 years (range 7.2–14.9). Overall survival
was 80%. All successfully transplanted patients achieved
full donor chimerism and normal enzyme levels, and all

children continue to make gains in development. Gross
motor function was the most affected area. Vision and
hearing were compromised in a minority of the patients,
with some requiring corneal transplant or hearing aids.
Cardiopulmonary function improved. Some children
required orthopedic surgery, but severe complications were
prevented in most patients. Although longitudinal growth
was lower than that of unaffected children, it was
considerably higher than expected from the natural course
of the disease. Head circumference normalized. Hydroceph-
alus was not observed at longer follow-up, and cerebral
atrophy decreased over time.

Conclusions: In this descriptive study of children with
Hurler syndrome, unrelated umbilical cord blood transplan-
tation was associated with improved somatic disease and
neurodevelopment.

Introduction

Hurler syndrome is the most severe form of mucopolysac-
charidosis type I (MPS I), an autosomal recessive lyso-
somal storage disorder caused by a deficiency of a-L-
iduronidase (IDUA). The resulting accumulation of glyco-
saminoglycans leads to generalized cell, tissue, and organ
dysfunction. Without treatment, patients with Hurler syn-
drome experience multisystem manifestations including
mental retardation, skeletal deterioration, severe cardiopul-
monary disease, hepatosplenomegaly, visual impairment,
and deafness, usually leading to death within the first
decade of life (Neufeld and Muenzer 2001).

Allogeneic hematopoietic stem cell (HSC) transplanta-
tion was first performed in a patient with Hurler syndrome
three decades ago and has been extensively performed since
that time (Hobbs et al. 1981). The engrafted donor-derived
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stem cells provide a continuous source of IDUA throughout
the body, including the central nervous system. Since
enzyme replacement therapy (ERT) is not capable of
crossing the blood–brain barrier, HSC transplantation is
the treatment of choice for Hurler syndrome. Clinical
outcomes include reversal of organomegaly, preservation
of neurocognitive development, and improved hearing,
vision, and cardiopulmonary function in most transplanted
patients (Guffon et al. 1998; Whitley et al. 1993; Shapiro
et al. 1995; Peters et al. 1996; Vellodi et al. 1997; Peters
et al. 1998; Souillet et al. 2003; Aldenhoven et al. 2008;
Malm et al. 2008). However, outcomes are highly variable,
and manifestations in certain organ systems continue to
progress. These results were often based on small study
populations or short follow-up. Additionally, there is
significant heterogeneity among the stem cell sources used,
conditioning regimens applied, and methods of clinical
evaluation. Finally, enzyme levels were suboptimal in a
significant percentage of these children because of mixed
chimerism or use of a carrier donor.

In addition to bone marrow and peripheral blood,
unrelated umbilical cord blood is an effective HSC source.
There is evidence of improved neurocognitive outcomes
after umbilical cord blood transplantation (UCBT) in
children with Hurler syndrome, adrenoleukodystrophy,
and Krabbe disease, particularly when performed early in
the disease course (Staba et al. 2004; Escolar et al. 2005;
Beam et al. 2007; Prasad et al. 2008). Various studies of
UCBT in Hurler syndrome patients report high rates of
sustained engraftment with full donor chimerism and
normal IDUA activity (Staba et al. 2004; Martin et al.
2006; Prasad et al. 2008). Furthermore, umbilical cord
blood is readily available, reducing the time between
diagnosis and transplantation, which is important for
optimal prognosis (Staba et al. 2004; Escolar et al. 2005).

The purpose of this manuscript is to describe the
outcomes of 25 patients with Hurler syndrome who under-
went UCBT in two institutions and were prospectively
followed long-term using a standardized protocol.

Methods

Patient Characteristics

We reviewed the data of patients with Hurler syndrome
referred for neurodevelopmental evaluations to the Program
for the Study of Neurodevelopment in Rare Disorders
(NDRD) at the University of North Carolina at Chapel Hill.
The patients underwent UCBT between December 1995
and March 2006 at Duke University Medical Center and the

University of Minnesota and were followed by the NDRD
for at least 5 years. In all patients, diagnosis was confirmed
by clinical phenotype and low IDUA activity in peripheral
blood leukocytes. A standardized protocol was used to
assess all patients. Somatic disease was evaluated at various
departments at Duke University, University of North
Carolina, or University of Minnesota. The transplant data
of all the patients were previously reported (Prasad et al.
2008; Orchard et al. 2010). This study was reviewed by the
institutional review board of the University of North
Carolina at Chapel Hill. Parents of all patients provided
written informed consent before enrollment.

Mutation Analysis

Mutation analysis was performed on DNA from skin
fibroblasts by the Department of Genetic Medicine of the
Government of South Australia Children, Youth and
Women’s Health Service in North Adelaide, Australia. All
patients were initially tested for four common mutations
(p.Q70X, p.A327P, p.W4O2X, p.P533R). If the mutations
could not be identified by targeted mutation testing,
sequencing of the IDUA gene was performed, and
mutations were confirmed by restriction fragment length
analysis or allele-specific oligonucleotide analysis. The
decision to proceed with UCBT was based primarily on
clinical phenotype and/or family history and low enzyme
activity. The rationale for this was that although some
common nonsense mutations are associated with the severe
Hurler syndrome phenotype, many MPS I patients have at
least one private mutation, which makes phenotype predic-
tion difficult (Beesley et al. 2001; Terlato and Cox 2003).

Transplantation Procedure

All patients underwent conditioning with busulfan, cyclo-
phosphamide, and horse antithymocyte globulin. Prophy-
laxis against graft-versus-host disease (GvHD) was given
using cyclosporine for 9 months and methylprednisolone
for 2–3 months. Supportive care was provided as previ-
ously described (Staba et al. 2004; Thomas et al. 2006;
Prasad et al. 2008). Most patients underwent tonsillectomy,
adenoidectomy, and pressure-equalizing tube placement
before transplant.

Clinical Follow-Up

Patients were evaluated at baseline and every 6–12 months
after transplant by multiple pediatric subspecialists, including
a cardiologist, audiologist, ophthalmologist, otolaryngology
specialist, orthopedic surgeon, and a neurodevelopmental
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pediatrician working with speech therapists, psychologists,
and physical therapists. Brain magnetic resonance imaging
(MRI) and neurophysiology tests (electromyography, brain-
stem auditory evoked responses) were performed at the
specified intervals. Serial neuroimaging and neurophysio-
logic and neurodevelopmental studies were all performed
within 1 week at each clinical time point.

Neurodevelopmental Assessment All patients underwent
comprehensive neurodevelopmental examinations using
standardized and validated neurobehavioral tools, and
outcomes were compared to norms of typically developing
children (Martin et al. 2006). Age equivalents were used to
allow comparison across tests and determine the acquisition
of new skills. Gross motor, cognitive, language (receptive
and expressive), adaptive behavior, and fine motor skills
were longitudinally assessed. Adaptive behavior is a stand-
ardized measure of independent functioning and self-help
skills based on parents’ perceptions of their child’s abilities.

Somatic Assessments Patients were assessed for somatic
outcomes including:

Cardiopulmonary outcome: Echocardiograms and
cardiologic and otolaryngology consultations were
performed to assess valvular insufficiency, cardiomy-
opathy, and upper respiratory obstruction.
Orthopedic outcome: Orthopedic assessments were
carried out to determine the need for orthopedic
surgery, including those related to kyphoscoliosis,
atlantoaxial instability, cord compression, hip dyspla-
sia, genu valgum, or carpal tunnel syndrome.
Audiologic outcome: Behavioral audiometry and brain-
stem auditory evoked responses were performed to detect
hearing loss and need for hearing aids. Ophthalmologic
outcome: Ophthalmologic examinations were performed
at baseline and during follow-up to assess corneal
clouding and need for corneal transplantation.
Brain MRI: Brain MRI images were analyzed for
abnormalities including hydrocephalus and cerebral
atrophy.
Growth: Weight, longitudinal height, and head circum-
ference were compared to gender- and age-specific
growth charts from the Centers for Disease Control and
Prevention. A subgroup of the patients was tested for
growth hormone deficiency and evaluated to determine
the need for growth hormone treatment.

All patients were followed at least 5 years; we divided
the follow-up before and after 2 years to help identify
outcomes that occurred closer to the time of transplantation
and those that were at least 2 years from transplantation.

Statistical Analysis

The cumulative incidences of engraftment and GvHD were
calculated by standard methods. The probability of event-
free survival (survival with durable engraftment of donor
cells) was calculated by Kaplan–Meier analysis. The cutoff
date for data analysis was December 1, 2011. To evaluate
neurodevelopment, a general linear mixed model was fit to
the data. Age at evaluation and age-equivalent scores were
used to describe and compare development across different
domains of function (neurocognitive, language, motor, and
adaptive). Descriptive statistics were used to describe
somatic outcomes.

Results

Patient Characteristics

Twenty-five children (11 boys, 14 girls) were included in
the study, and 19 children were followed up for >5 years
after UCBT. Median follow-up time was 13.0 years (range
9.9–18.5) after transplantation, and median age at last
follow-up was 10.1 years (range 7.2–14.9). Most (88%) of
the children were of European descent (Table 1). Median
age at diagnosis was 11.0 months (range 0–28 months), and
median age at transplantation was 15.9 months (range
2.1–35). None of the patients received ERT. Only patients
transplanted at Duke fit the inclusion criteria and were used
for the analysis.

Mutation Analysis

Mutation analysis was performed for 19/25 patients. At
least two putative disease-causing IDUA mutations were
detected in 14 patients, one disease-causing mutation in
four patients, and an unknown mutation in one patient
(Table 2). Fifteen patients were homozygous or compound
heterozygous for mutations associated with the severe
phenotype. In four patients an unknown mutation was
identified. Targeted mutation analysis for the four common
mutations detected two (p.Q70X, p.W4O2X) IDUA muta-
tions in eight patients, and targeted mutation analysis
combined with gene sequencing detected both mutations
in seven other patients. For four patients targeted mutation
analysis detected only one mutation, with no additional
mutations identified by gene sequencing, and for two
patients gene sequencing identified both mutations. The
following six IDUA mutations were identified by sequence
analysis: p.M133I, p.Y202X, Q400X, p.R628X,
c.1614delG, and IVS9-1G>T.
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Engraftment and GvHD

Six children had chronic and extensive GvHD, whereas
seven patients had mild cases with only skin involvement.

Survival

As of December 1, 2011, five of the 25 children died post-
transplant because of infection (n ¼ 2), hepatic/gastrointes-
tinal bleeding (n ¼ 1), respiratory failure (n ¼ 1), or
chronic GvHD (n ¼ 1). Graft failure occurred in two
patients, both of whom underwent a second transplant.
One of these patients died, and the second failed to engraft.
Overall survival was 80%. All patients who underwent
successful transplantation achieved full donor chimerism
(>90%), and all showed IDUA activity within the reference
range.

Neurodevelopmental Function

Post-transplantation neurodevelopmental function of chil-
dren with Hurler syndrome was compared to the neuro-
developmental function of unaffected children. All six areas
of development (gross/fine motor, cognitive, receptive/
expressive language, adaptive behavior) contribute to
overall functioning. Gross and fine motor functions were
the most affected, progressing at significantly lower rates
compared to those of unaffected children of the same age.
On the other hand, after successful UCBT, patients gained

Table 2 Mutation analysis for 19 of 25 patients

Patient Allele 1 mutation Allele 2 mutation

1 W402X W402X

2 W402X M133I/Y202X

3 Q70X W402X

4 None detected None detected

5 Missing Missing

6 Q70X Q70X

7 W402X Unknown

8 Missing Missing

9 W402X Unknown

10 Missing Missing

11 Missing Missing

12 W402X W402X

13 W402X W402X

14 W402X E299X

15 W402X W402X

16 W402X c.1614delG

17 Q400X IVS9-1G>T

18 W402X Q70X

19 Q400X IVS9-1G>T

20 W402X W402X

21 W402X Unknown

22 W402X Unknown

23 W402X R628X

24 Missing Missing

25 Not performed Not performed

Table 1 Patient and donor graft characteristics, engraftment, graft-versus-host disease, and survival of Hurler syndrome patients who underwent
umbilical cord blood transplantation

Patient Characteristics n (%)

Total number of patients (N ¼ 25)

Gender Male 11 (44)

Female 14 (56)

Race American Indian/Alaska Native 1 (4)

Asian 1 (4)

African American 1 (4)

White 22 (88)

Ethnicity Hispanic 3 (12)

Median Range

Age at diagnosis (months) 11 0–28

Age at UCBT (months) 15.9 2.1–35

Age at last follow-up (years) living and engrafted 10.1 7.2–14.9

Age at last follow-up (years) (n ¼ 6 deceased or graft failure) 1.8 0.9–3.2
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cognitive skills at a normal rate and maintained the gains
over time (Fig. 1). Because of the degree of motor
involvement, many activities of daily living were affected,
leading to lower adaptive behavior compared to age-
matched unaffected children.

Somatic Function

Table 3 outlines somatic manifestations present before
treatment, during the initial 2 years after transplantation,
and after the subsequent 2-years to understand which
outcomes are expected closer and further away from the
time of transplant.

Cardiopulmonary Outcome Cardiomyopathy was
observed at baseline (15%), during the first 2 years post-
transplant (27%), and after the 2-year follow-up (16%).
However, cardiomyopathy resolved in all but one patient
after longer follow-up. In contrast, cardiac valve insuffi-
ciency appeared to progress over time, detected in 29% of
patients before UCBT, 25% during the first 2 years post-
transplant, and 68% after the 2-year follow-up.

Orthopedic Outcome Orthopedic manifestations requiring
surgical intervention included kyphoscoliosis (32%), hip

dysplasia (21%), genu valgum (63%), and carpal tunnel
syndrome (47%). Other operations performed were trigger
finger surgery, surgery for valgus deformity of the ankles,
and Achilles tendon lengthening. All orthopedic interven-
tions were performed more than 2 years after transplanta-
tion. No interventions were required for atlantoaxial
instability, and none of the patients had cord compression.

Audiologic Outcome Amplification for hearing loss was
required for 0% of patients before UCBT, 27% of patients
during the first 2 years post-transplant, and 37% of patients
after the 2-year follow-up. After 2 years only one patient
had abnormal brainstem auditory evoked responses.

Ophthalmologic Outcome After 2 years of follow-up,
95% of the patients had corneal clouding (mild, n ¼ 8;
moderate, n ¼ 7; severe, n ¼ 3). Corneal clouding pro-
gressed over time in 56% of patients, stabilized in 38% of
patients, and improved in 6% of patients. Corneal trans-
plantation was required for severe corneal clouding in 21%
of patients >2 years post-transplant.

Neurological Outcome Neurosurgical intervention with a
ventriculoperitoneal shunt (VPS) was performed for hydro-
cephalus in 16% of patients before transplantation, 33% of

Fig. 1 Neurodevelopmental function of children with Hurler syn-
drome after umbilical cord blood transplantation compared to that of
unaffected children. Age-equivalent scores were used to compare and
monitor developmental progress. The colored lines depict the mean
developmental curves (i.e., cognitive, adaptive, gross motor, fine

motor, receptive language, and expressive language) of the surviving
patients. These lines were plotted against the mean typical cognitive
growth curve (gray continuous line) and approximate variability
(95%; gray area) observed in typically developing children
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the patients required a VPS in the first 2 years post-
transplantation, and 32% continued to require a VPS
>2 years post-transplant. However, none required addi-
tional VPS insertions 2 years after transplantation.

Cerebral MRI Cerebral atrophy was present in 50% of
patients at baseline but was detected in only 32% of
patients >2 years post-transplant.

Growth Longitudinal height, weight, and head circumfer-
ence are shown in Fig. 2a–f. After successful transplanta-
tion, longitudinal height remains most affected, ranging
from <5th to 50th percentile in both boys and girls. Eleven
patients received growth hormone treatment. Weight was
normal in the vast majority of patients, and head circumfer-
ence normalized during longer follow-up.

Table 3 Somatic manifestations in Hurler syndrome patients who were evaluated more than 5 years after receiving umbilical cord blood
transplantation

Organ system Manifestation At baseline (pre-UCBT)
n (%)

At 0–2 years FU (post-UCBT)
n (%)

At >2 years FU (post-UBCT)
n (%)

Cardiopulmonary Valvulopathy:
insufficiency

4/14 (29) 4/16 (25) 13/19 (68)

Cardiomyopathy 2/13 (15) 4/15 (27) 3/19 (16)

Upper respiratory
obstruction

4/13 (31) 0/15 (0) 13/19 (68)

Orthopedic Thoracolumbar
kyphosis: spinal
surgery

0/13 (0) 0/15 (0) 6/19 (32)

Hip dysplasia:
surgery

0/13 (0) 0/15 (0) 4/19 (21)

Genu valgum:
surgery

0/13 (0) 0/15 (0) 12/19 (63)

Carpal tunnel
syndrome:
surgery

0/13 (0) 0/15 (0) 9/19 (47)

Cord compression:
surgery

0/13 (0) 0/15 (0) 0/19 (0)

Atlantoaxial
instability:
surgery

0/13 (0) 0/15 (0) 0/19 (0)

Other surgery* 0/12 (0) 0/15 (0) 4/19 (21)

Audiologic Hearing loss:
BAER
abnormalities

2/13 (15) 0/15 (0) 1/19 (5)

Hearing loss:
amplification

0/13 (0) 4/15 (27) 7/19 (37)

Ophthalmologic Corneal clouding 8/14 (57) 8/16 (50) 18/19 (95)

Degree None 6/14 (43) 8/16 (50) 1/19 (5)

Mild 5/14 (36) 6/16 (38) 8/19 (42)

Moderate 3/14 (21) 2/16 (13) 7/19 (37)

Severe 0/14 (0) 0/16 (0) 3/19 (16)

Corneal transplant 0/13 (0) 0/15 (0) 4/19 (21)

Cerebral MRI Hydrocephalus:
surgery (VP
shunt)**

3/13 (16) 5/15 (33) 6/19 (32)

Cerebral atrophy 8/16 (50) 5/15 (33) 6/19 (32)

Growth GH deficiency 0/13 (0) 0/15 (0) 7/19 (37)

GH treatment 0/13 (0) 0/15 (0) 11/19 (58)

*Other operations: trigger finger release 2/24 (8%), ankle surgery 2/24 (8%), Achilles tendon lengthening 1/24 (4%)
**New cases of VP shunt insertion
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Discussion

In this study we evaluated the long-term functional out-
comes of 19 children who underwent UCBT for Hurler
syndrome. The safety and efficacy of UCBT from unrelated

donors was similar to that reported by previous studies
(Staba et al. 2004; Martin et al. 2006; Prasad et al. 2008).
However, this is the only comprehensive prospective
longitudinal study on a large cohort of patients with Hurler
syndrome who were evaluated before and after transplanta-

Fig. 2 Longitudinal height, weight, and head circumference in boys
and girls from umbilical cord blood transplantation until last follow-up
visit. The gray curves represent standard growth curves (3rd, 5th,

10th, 25th, 50th, 75th, 90th, 95th, and 97th percentiles) for (a, b)
height, (c, d) weight, and (e, f) head circumference. The red lines
represent individual patients

JIMD Reports 83



tion using a standardized protocol. Transplantation was
performed using a single graft source (umbilical cord
blood) and the same conditioning regimen for all patients.
Full donor chimerism and normal enzyme levels were
obtained in all successfully transplanted patients. Clinical
follow-up consisted of multidisciplinary evaluations
performed within a single week and at regular intervals
for a mean of 8.6 years (range 0.1–14.9) after transplanta-
tion. Neurodevelopmental data provided information in the
six areas of functional skills.

Our results show that UCBT successfully provided a
means of enzyme replacement and stabilized the disease in
these patients. Motor skills were more severely affected
than other functional domains and responded less well to
treatment, affecting adaptive behavior, self-help skills, and
ability to carry out activities of daily living. On the other
hand, cognitive development was preserved, with continued
gains in cognitive function.

Long-term somatic outcomes were encouraging. Cardio-
pulmonary function significantly improved in most
patients, with cardiomyopathy or severe respiratory
obstruction rarely seen after the 2-year follow-up. Transient
cardiomyopathy was observed before or within the first
2 years after transplantation, mainly due to steroid use or as
a transplantation-related complication. Valve involvement
was still common at longer follow-up but did not appear to
significantly interfere with cardiac function. More than
2 years after transplantation, hearing was considerably
compromised in some patients, requiring amplification.
Although residual corneal clouding was common, progres-
sion to an advanced state requiring corneal transplantation
was prevented in most patients.

Overall, the skeletal system responded less well to
UCBT, as demonstrated by the need for orthopedic
interventions. Importantly, severe complications including
cord compression and atlantoaxial instability were pre-
vented, and linear growth was significantly higher than
would be expected during the natural course of the disease.
Without treatment, children with Hurler syndrome show
severe growth failure by the age of 2 years, achieving a
maximal height of 110 cm (Neufeld and Muenzer 2001).
However, this increased height after transplantation may
have contributed to the progression of orthopedic compli-
cations. Eleven patients received growth hormone treat-
ment; however, whether a defined subgroup of patients will
benefit from treatment with growth hormone needs further
evaluation. Hydrocephalus did not develop at longer
follow-up in most patients, and a VPS was placed mainly
before, during, or immediately after transplantation. Fur-
thermore, longitudinal head circumference normalized and
subsequently stabilized during long-term follow-up. The
presence of cerebral atrophy on MRI also decreased over
time.

At present, HSC transplantation is the only treatment
able to provide the IDUA enzyme throughout the body,
including the central nervous system, making it the
treatment of choice for Hurler syndrome patients. For
patients who do not undergo transplantation because of
delayed diagnosis, lack of a compatible donor, or major
concerns of parents, ERT has been used in an attempt to
improve quality of life (Thomas et al. 2006; Tokic et al.
2007; Wraith et al. 2007). Although some clinical benefits
have been reported for ERT, continued musculoskeletal and
central nervous system deterioration have been observed. In
a study of patients with severe MPS I younger than 5 years
of age, follow-up was too short to draw any conclusions on
neurocognitive outcome (Wraith et al. 2007). Another
potential limitation of ERT is the induction of an immune
response to the therapeutic enzyme. Antibodies produced
against IDUA may neutralize the effect of enzyme
replacement by reducing the efficiency of enzyme uptake
and redirecting the enzyme to other target tissues (Dickson
et al. 2008). To circumvent the blood–brain barrier,
intrathecal ERT is currently being studied; however, the
long-term safety and efficacy remain unclear (Tolar et al.
2009). Transplantation of HSCs genetically modified to
express supranormal levels of IDUA showed promising
results in MPS I mice (Visigalli et al. 2010). Whether this
therapy represents an effective and safe therapeutic option
for human patients in the future warrants further clinical
studies.

In several other lysosomal storage disorders, early
treatment with HSC transplantation has resulted in superior
neurodevelopmental outcomes. We have also demonstrated
benefits for Hurler syndrome, with transplantation before 9
months of age associated with improvements in cognitive
function, receptive and expressive language, and adaptive
behavior (Poe et al. 2014). Early treatment may have
similar effects for some of the somatic manifestations of
Hurler syndrome, but whether orthopedic complications
can be prevented remains to be elucidated. Our results
regarding neurodevelopmental function and growth suggest
that newborn screening for Hurler syndrome is needed to
optimize the benefits from transplantation. The challenges
with newborn screening, however, will be predicting which
children who screen positive will develop neurological
disease and therefore require transplantation.

Our results are consistent with previous studies reporting
that certain disease manifestations continue to progress
despite successful transplantation. Insufficient enzyme
delivery to poorly vascularized tissues is thought to account
for musculoskeletal deterioration after transplantation,
similar to that of untreated children (Weisstein et al. 2004;
Aldenhoven 2008). Although HSCT may improve ventric-
ular hypertrophy and ventricular function, cardiac valve
disease persists (Braunlin et al. 2010), and hearing
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impairment, persistent corneal clouding, and noninfectious
pulmonary complications (e.g., diffuse alveolar hemor-
rhage, idiopathic pneumonia syndrome) after transplanta-
tion are also common (Souillet et al. 2003; Kharbanda et al.
2006). Therefore, these patients require close follow-up
consisting of at least annual assessment by a multidisciplin-
ary team with experience treating children with MPS I
(Muenzer et al. 2009).

In our study long-term follow-up of patients with Hurler
syndrome who underwent UCBT showed significant
improvement of cardiopulmonary function and neurocog-
nitive functioning, prevention of hydrocephalus and severe
orthopedic complications, amelioration of vision and
hearing impairment, and preservation of cognitive develop-
ment in the large majority of the patients. These effects
accounted for the dramatically increased life expectancy
and improved quality of life after transplantation. Further
studies are needed to determine whether even earlier
transplantation might further improve the prognosis of
these patients.
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