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1)

Introduction

Mucopolysaccharises (MPSs) are inherited lysosmal stor-

age diseases caused by lysosomal hydrolase deficiencies

that disrupt the catabolism of glucosaminoglycans (GAG).

The pattern of inheritance is generally autosomal recessive,

except for MPSII, which is X-linked
1)
. The incidence of

MPS may be as high as 1 in 29,000 live births. Hurler

syndrome is reported as the most frequently occurring type

in western countries
2-4)

, whereas Hunter syndrome is more
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prevalent in Israel
5)
, Japan, and Korea.

There are at least 10 enzymes known to be required for

the stepwise degradation of dermatan sulfate, heparan sul-

fate, keratan sulfate, and chondroitin sulfate. Deficiencies of

these enzymes lead to a lysosomal accumulation of GAGs

which eventually leads to multi-organ dysfunction. At

birth, these patients are phenotypically normal, but they

gradually develop morphologic changes such as coarse

faces, hepatosplenomegaly, and dystosis multiplex. Other

symptoms including recurrent respiratory infections, joint

stiffness, cardiac problems, and mental deterioration can

also occur
1, 6-9)

. Eleven known enzyme deficiencies can give

rise to seven distinct types of MPS. There is clinical sim-

ilarity among the different enzyme deficiencies, and con-

versely, a wide spectrum of clinical severity within any

enzyme deficiency
1, 6-10)

.
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Purpose : The mucopolysaccharidoses (MPSs) are a heterogeneous group of lysosomal storage dis-

orders. They are caused by a deficiency of the enzymes involved in the degradation of glycosamino-

glycans. Early recognition is important because recombinant enzyme replacement therapy is now

available for MPS. We studied the clinical characteristics of 80 MPS children with the object of

determining the epidemiological, clinical and radiological features in Korean MPS children.

Methods : Diagnosis of MPS was confirmed by skin fibroblast enzyme analysis in 80 patients

between February 1995 and December 2004. Charts were retrospectively reviewed for clinical and

radiological findings, as well as for intelligence and speech evaluations.

Results : Hunter syndrome (MPS type II) was the most prevalent type, appearing in 51/80 cases (64

%), followed by Sanfilippo syndrome (MPS III-18%), Hurler syndrome (MPS I-15%), and Morquio

syndrome (MPS IV-4%). The average age at diagnosis was 5.5 years (range 1 to 20), and the

male-to-female ratio was 4.7 : 1. Typical radiographic changes were observed in 45/54 cases (83%).

Mitral regurgitation was the most common cardiac defect. Moderate to profound mental retardation

and hearing loss were present in 14/35 cases (56%) and 33/38 cases (82%), respectively. Four MPS

II patients had bone marrow transplantation, with mixed outcomes. Five MPS I patients are cur-

rently on enzyme replacement therapy.

Conclusion : Our study showed a high proportion of MPS II cases (64%), which may represent

population variability. By studying the clinical features of these patients, we hope to alert pediatri-

cians of the warning signs of MPS. (Korean J Pediatr 2005;48:1132-1138)
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Treatment of MPS is difficult. Bone marrow transplan-

tation has been partially successful in increasing the life

expectancy and decreasing systemic abnormalities in select-

ed patients with the severe forms of MPS I, MPS II, and

MPS IV
11-14)

. Recently, enzyme replacement therapy has

been shown to be a promising method to reduce GAG

accumulation in some organs
15-17)

.

Over 80 patients are enrolled in the Samsung Medical

Center MPS Clinic, the largest clinic of its kind in Korea.

The object of this study was to better understand the

clinical features of Korean MPS children by studying the

clinical and radiographical findings of 80 patients diagnosed

with MPS at the Samsung Medical Center.

Materials and Methods

Eighty patients with different forms of MPS were iden-

tified between February 1995 and December 2004. In every

patient, the diagnosis was confirmed by an enzymatic ac-

tivity assay of skin fibroblasts. Charts were retrospectively

reviewed for clinical features such as age at diagnosis, sex,

family history and previous medical history. Findings on

physical examination were obtained from the physician's

note on admission. Eighty patients were evaluated accord-

ing to our hospital's MPS evaluation protocol, which in-

cludes simple chest X-rays, a radiological skeletal survey,

a brain MRI, an abdominal CT, echocardiography and

nerve conduction velocity testing. An ophthalmologic evalu-

ation was performed by an ophthalmologist to screen for

any corneal opacity. Otolaryngologic evaluations included

examinations of the airway and the tympanic membranes,

as well as hearing tests. Speech was evaluated using a

Preschool Language Scale (PLS) or skills in communica-

tion-revised. A speech delay of less than six months for

the person's age was defined as mild, while a delay of

more than 12 months was called moderate. A delay of

more than 24 months was identified as severe. The eval-

uation of intelligence was performed by using the Develop-

ment Institute's-Wechsler Intelligence Scale for Children

(KEDI-WISC) for children over six years of age. In

younger or uncooperative children, a developmental test of

visuomotor integration or social maturation was used. Pro-

found mental retardation was defined as a social score of

less than 25, while a score of 25-35 represented severe

mental retardation. Those scoring 35-50 were labeled as

moderately retarded, while those in the 50-70 range had

mild mental retardation. A social score over 70 was classi-

fied as normal mental ability.

For confirmative diagnoses, fibroblast cultures from skin

biopsies were sent to the Lysosomal Storage Disease re-

search unit of the Women and Children's Hospital in

Australia.

Results

1. Patient classification

Eighty cases were classified as follows : MPS I 12/80

cases (15%), MPS II 51/80 cases (64%), MPS III 14/80 (18

%), and MPS IV 3/80 cases (4%) (Table 1). The average

age at diagnosis was 5.5 years (ranging from 1 to 20

years). The male-to-female ratio was 4.7 : 1. All Type II

patients were male. A family history of MPS in siblings,

cousins, uncles, or an unexplained death in a family mem-

ber was observed in 27 cases (33%). During this period

three MPS I patients, five MPS II patients and two MPS

Table 1. Classification and Clinical Features of Mucopoly-
saccharidoses

Classification Number
Age of
onset

Sex ratio
(M/F)

Family
Hx

Expire

Type I

HurlerType

ScheieType

Huler-Scheie

Type II

Mild

Severe

Type III

A

B

Unclassified

Type IV

Total

12(15)

4( 5)

5( 6)

3( 4)

51(64)

18(23)

33(41)

14(18)

5( 6)

7( 9)

2( 3)

3( 4)

80

6.8

5.1

5.6

7.7

5.5

7/5

51/0

8/6

－/3

66/14

3

22

2

－

27

3

5

2

－

7

Fig. 1. The frequency of patients by mucopolysaccharidoses
type.
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III patients died (Fig. 1).

2. Presenting symptoms

Most patients had uneventful birth histories. Eighty-five

percent were born at term, with birth weights appropriate

for their gestational ages. Five patients were born before

37 weeks gestation, and only two of these patients were

hospitalized in the newborn period. Causes for this early

hospitalization were meconium aspiration for one patient

and prematurity for the other. All other patients appeared

normal at birth. Sixteen parents (23%) reported that de-

layed development was their first clue that their child was

not progressing normally. Others reported delayed speech

(17%), coarsening facial features (16%) and joint stiffness

(14%). These results are presented in Table 2.

3. Growth and Development

Growth curves showed decreased linear growth in the

postnatal onset pathologic short stature patterns. Growth

parameters were normal or increased through infancy, and

then they decreased dramatically in middle childhood (Fig.

2). By 5-10 years, patients' weights and heights fell below

the third percentile for age in 11% and 44%, respectively.

By 10 years, body weight was below the third percentile

for age in 80%, and height was less than the third per-

centile in 100% (Table 3).

4. Clinical Course

The frequency of seizures in patients was 20%. In five

cases, an obstructive airway severe enough to require tra-

cheostomy was observed, while umbilical or inguinal herni-

orrhaphy was performed in 25 cases. Percutaneous endo-

scopic-guided gastrostomy (PEG) had been done on six

patients, and another six patients were hospitalized for

pneumonia, with one patient having 11 recurrent episodes.

5. Radiographic findings in skeletal survey

Skeletal abnormalities were evident in 45 out of 54 cases

that were radiologically studied (83%). We found the fol-

lowing radiographic findings : canoe paddle appearance of

ribs (59%), thick and short clavicles (50%), anterior inferior

breaking of spine (59%), kyphosis or scoliosis (37%), pos-

terior scalloping (20%), flaring of the iliac wing (56%), coxa

valga (21%), thick and short phalanx (52%), and medially-

tilted radius and ulna (30%). These results are shown in

Table 4.

6. Brain MRI findings

Among the 47 patients in whom brain MRI was per-

Fig. 2. Average weight of MPS patients compared to growth
curve of general population.

Table 2. Presenting Features of Mucopolysaccharidoses

Parental reported first sign (n=70)
Percentage

(%)

Developmental delay

Decreased joint range of motions

Progressive coarsening of facial features

Loss of developmental skills

such as speech

Mental deterioration

Lumbar kyphosis

Unusual gait

Protruding abdomen due to

hepatosplenomegaly

Short stature

Corneal opacity

Frequent URI

Others

16

10

11

12

2

3

4

1

2

1

6

2

23

14

16

17

3

4

6

1

3

1

9

3

Table 3. Distribution of Height and Weight of Mucopolys-
accaridoses Patients by Age

Percentile
for age

Weight Height

<5 yr
(n=25)

5-10 yr
(n=44)

>10 yr
(n=10)

<5 yr
(n=24)

5-10 yr
(n=34)

>10 yr
(n=7)

>97

90-97

75-90

50-75

25-50

10-25

23-10

<3

8

2

7

5

1

2

－

－

6

5

5

6

3

6

3

5(11%)

－

－

－

－

2

－

－

8(80%)

2

4

3

8

4

－

1

2(8%)

2

-

1

1

5

9

5

11(46%)

－

－

－

－

－

－

－

7(100%)
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formed, all but one had abnormal findings. The most com-

mon changes were : poorly defined high signal intensity (57

%), ventriculomegaly (38%), diffuse brain atrophy (36%),

prominent perivascular spaces (34%), and multiple small

cystic lesions (25%). See Table 5 for these statistics.

7. Abdominal CT

An abdominal CT was performed in 40 cases. Common

findings were : hepatosplenomegaly (73%), hepatomegaly (15

%), and umbilical hernia.

8. Echocardiographic findings

Cardiac abnormalities were observed in 54 cases (96%).

The mitral valve was the most commonly affected valve;

82% had thickened mitral valves, 55% had mitral regurgi-

tation, and 29% had mitral valve prolapse. Aortic valve

thickening was observed in 61%, and aortic stenosis was

seen in 16%. Aortic regurgitation was found in 11% (Table

6).

Table 5. Brain MRI Findings

Findings I(n=8) II(n=30) III(n=8) IV(n=1) Total(n=47)

Ill defined high signal intensity lesions on PVWM

Prominent perivascular spaces

Extra-axial CSF space widening

Ventriculomegaly

Diffuse brain atrophy

Multiple small cystic lesion

Meningocele or megacisterna magna

J shaped sella turcica

Spinal cord compression

Normal

6

5

2

2

1

2

1

1

1

－

21

10

5

12

10

10

2

6

1

－

－

1

2

4

6

－

－

2

1

－

－

－

－

－

－

－

－

－

－

1

27(57)

16(34)

9(19)

18(38)

17(36)

12(25)

3( 6)

9(19)

3( 6)

1( 2)

Table 6. Echocardiographic Findings

Echo
MPS
I

MPS
II

MPS
III

MPS
IV

Total
(%)

Mitral valve thickening

Mitral regurgitation

Mitral stenosis

Aortic valve thickening

Aortic regurgitation

Aortic stenosis

Left ventricle hypertrophy

Mitral valve prolapse

Sinotubular junction narrowing

Normal

Total

10

4

1

6

1

3

1

5

－

－

10

31

23

3

28

5

6

6

9

2

1

40

4

3

－

－

－

－

－

2

－

－

4

1

1

－

－

－

－

－

－

－

1

2

46(82)

31(55)

4( 7)

34(61)

6(11)

9(16)

7(13)

16(29)

2( 4)

2( 4)

56

Table 4. Radiographic Findings on Skeletal Survey

I(n=9) II(n=39) III(n=4) IV(n=2) Total(n=54)

Chest

Canoe paddle appearance of ribs

Thick and short clavicle

Narrowing of trachea

Spine

Anterioinferior breaking of spine

Kyphosis or scoliosis

Posterior scalloping

Atlantoaxial subluxation

Pelvis

Flaring of the iliac wing with narrowing of distal part of ilium

Coxa valga

Narrowing of femoral head

Hand

Thick and short trapezoidal phalanx with widening of diaphysis

Distal ulna radius tilted medially

Osteopenia

Dystosis multiplex

8

7

－

4

4

3

1

6

3

1

4

3

1

9

21

17

2

24

14

8

－

22

8

4

21

11

2

31

2

2

－

3

－

－

－

2

－

1

3

2

－

4

1

1

－

1

2

－

－

－

－

－

－

－

－

1

32(59)

27(50)

2( 4)

32(59)

20(37)

11(20)

1( 2)

30(56)

11(21)

6(11)

28(52)

16(30)

3( 6)

45(83)
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9. Nerve conduction velocity (NCV)

Among the 35 patients in whom an NCV study was

performed, 25 patients (71%) had abnormalities of the me-

dian nerve conduction. Three of these patients had only

sensory losses while two had only motor losses, and a

total of 20 patients had both motor and sensory losses.

10. Ophthalmologic examination

Corneal opacity was evident in 13/46 (28%) patients,

while a fundus examination revealed optic disc swelling in

one patient. The frequency of corneal opacity was highest

in Type I patients at 70%.

11. Otolaryngologic examination

Sixty-three patients received otolaryngologic examina-

tions. Middle ear effusion (MEE) was observed in 46/63

cases (73%), a V-tube was inserted in 28/63 cases (44%),

and a tonsillectomy and adenoidectomy was performed in

13 cases (21%).

The average ABR threshold was 64 dB with the highest

average appearing in Type II patients (66.9 dB), and the

lowest seen in patients with Type IV (20 dB). Hearing

loss occurred in 87% and severe to profound hearing loss

was found in 68% of the patients (Table 7).

12. Intelligence and speech evaluation

Intelligence examinations were performed on 35 Type I,

II and III patients. The average IQ was 62.2, and the high-

est scores were seen in Type I patients (87.2). Of the 25

patients examined, 14 patients (40%) had normal intelli-

gence, seven (20%) had mild mental retardation (MR),

eight (23%) had moderate MR, and six (17%) had severe

to profound MR.

Speech delay was observed in 24 of the 25 patients (96

%). A mild speech delay was seen in one (4%), a moder-

ate delay in five (20%) and a severe delay in 18 cases (72

%). See Table 8 for a summary of these results.

Discussion

MPSs are a heterogeneous group of lysosomal storage

disorders, each caused by a deficiency of an enzyme in-

volved in the degradation of glycosaminoglycan. These

enzyme deficiencies can lead to an accumulation of glyco-

saminoglycan in the lysosomes, which can result in cell,

tissue, and organ dysfunction
1, 6-9)

.

The overall prevalence of the MPS disorders is difficult

to estimate because of the small number of population-

based studies. An epidemiologic study in Western Australia

reported the incidence of MPS to be approximately 1 in

107,000 live births for MPS I, 1 in 58,000 for MPS II, 1 in

58,000 for MPS III, 1 in 640,000 for MPS IV A, and 1 in

230,000 for MPS VI. The overall incidence for all types of

MPS was approximately 1 in 29,000 live births
3)
. These

estimates are in agreement with figures from British

Columbia population studies
2)
. MPS Type I is the most

prevalent type in Caucasians
2-4)

, whereas MPS II is more

common in people from Israel, Japan, and Korea
5)
. Our

results show a high proportion of MPS II cases (64%),

which may represent population variability.

Our clinical investigation revealed short stature of less

than third percentile for age in 44% of children above five

years, and in all children older than 10 years. Dystosis

multiplex, a term used to describe the array of radio-

graphic skeletal findings including a thickened, large skull,

paddle-like ribs, or an anterior breaking of the vertebral

bodies, was observed in 45/54 cases (83%). Cardiac invol-

Table 8. Intelligence and Speech Evaluation

MPS I
(n=6)

MPS II
(n=24)

MPS III
(n=5)

Total
(n=35)

Social score

Normal(>70)

Mild(50-70)

Moderate(35-50)

Severe(25-35)

Profound(<25)

Average IQ

Speech

Normal

Mild(6-12 Mo delay)

Moderate(12-24 Mo delay)

Severe(>24 Mo delay)

5

1

－

－

－

87.2

(n=3)

1

－

－

2

9

5

7

－

3

62.2

(n=18)

－

1

5

12

－

1

1

1

2

32.2

(n=4)

－

－

－

4

14(40%)

7(20%)

8(23%)

1( 3%)

5(14%)

62.2

(n=25)

1( 4%)

1( 4%)

5(20%)

18(72%)

Table 7. Otolaryngologic Findings

Finding (n=63) Percentage(%)

Middle ear effusion

V-tube

Tonsillectomy and adenoidectomy

Hearing loss

Moderate(ABR 35-50)

Severe(ABR 50-70)

Profound(ABR >70)

Total

46

28

13

(n=38)

7

13

13

33

73

44

21

18

18

34

34

87
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vement was found in 54 of the 55 cases evaluated (96%).

The most common changes were abnormalities of the

mitral and aortic valves. Hepatosplenomegaly was detected

in 29/40 cases (73%). Twenty-five out of 35 cases (71%)

had abnormal findings seen on NCV of the median nerve.

Corneal opacity was observed in 13/46 cases (28%), and

MEE in 46/63 cases (73%). Moderate to profound mental

retardation was present in 56% of Type I to III. Intelli-

gence was normal in all MPS IV patients and in 83% of

MPS I patients.

Possible limitations of this study include the uneven

distribution of patients in each subtype and a discrepancy

in the number of subjects for each evaluation. Only 47

patients completed the full battery of studies, while others

were excluded due to incompliance or other limiting cir-

cumstances. For example, evaluations of intelligence were

executed in patients with better performance, and patients

with poor cooperation were excluded from ophthalmic eval-

uations, while children unable to stand were not measured

for height.

Until the early 1980s only palliative and nonspecific

therapies were available for patients with an MPS disorder.

This changed with the advent of bone marrow transplan-

tation (BMT), which proved beneficial in selected cases of

MPS I, MPS II and MPS IV
11-14)

. Early transplantation in

MPS I (before 24 months of age and any onset of neu-

rological disease) can improve hearing, cardiac function,

upper airway functioning, and linear growth, as well as

reduce organomegaly and slow intellectual deterioration
11-14)

.

However, BMT did not significantly alter the development

of musculoskeletal changes in MPS I
12, 19, 20)

.

From 1995 to 2004, four MPS II patients in this group

had BMT from HLA-matched siblings. The mean age at

BMT was 6.9 years (with a range of 2.8-15 years). Six

months after BMT, all four children showed improvement

of joint mobility as well as an improvement of the char-

acteristic coarse facial features. One patient had improved

hearing. However, seven months after BMT, one patient

died from complications related to a graft vs. host reaction.

The remaining three children were evaluated five years

after BMT. One patient suffered from severe depression,

and all three children required special education due to

mental retardation. Thus, the outcome of BMT seems to

depend on the timing of evaluation. The long-term out-

come may not be as encouraging as was once hoped.

Recent clinical trials of enzyme replacement therapy have

shown promise in the treatment of MPS I, MPS II and

MPS IV, and enzyme replacement therapy recently became

commercially available for MPS I
15-17)

. Early treatment,

before any development of irreversible damage, results in

an improved outcome. Thus, it is imperative that physi-

cians are aware of the warning signs and symptoms of

MPS so that patients can be diagnosed and provided with

up to date care. Currently, five MPS I patients in this

group are being treated with enzyme replacement therapy.

Although early results are promising, the long-term out-

come remains to be established.

한 요 약

한국 뮤코 다당체 침착증 환자에

대한 임상적 고찰

성균관대학교 의과대학 소아과학교실

손우연·이지현·백경훈·권은경·김안희·진동규

목 적:뮤코 다당체 침착증은 glycosaminoglycan을 분해하

는 라이소솜 효소의 유전적 결핍에 의해 라이소솜에 전구 물질

이 축적되는 질환군이다. 임상 양상은 매우 다양하지만, 일반적

으로 만성적이고 진행되는 경과를 보이며 투박한 얼굴 모양, 관

절의 경직, 간비 비대, 성장 지연, 신경학적 퇴화를 특징으로 한

다. 최근 뮤코 다당체 침착증 I형의 효소 대체 요법이 가능하며

곧 II형에서도 실용화될 전망이다. 임상 증상이 나타나기 전에

효소 치료를 시작함으로써, 뮤코 다당체 침착증 환자에서 보이는

신경학적 및 근골격계 퇴행의 예방이 가능할 것으로 기대하고

있으며, 이에 조기 진단이 더욱 강조되고 있는 상황이다. 저자들

은 본원 뮤코 다당체 침착증 환아 모임에 가입된 환아 80명을

대상으로 임상 양상을 분석하여, 국내 뮤코 다당체 환아들의 임

상양상을 연구하고자 하 다.

방 법: 1995년 2월부터 2004년 12월까지 삼성서울병원 소아

과를 방문한 환아 중, 피부 섬유아세포 배양 효소 검사에 의해

뮤코 다당체 침착증이 확진된 환아 80명을 대상으로 하 다. 입

원기록 및 외래기록을 검토하여 진단시 연령과 성별, 가족력, 이

학적 특징, 방사선 검사, 이비인후과 검사, 안과 검사, 지능검사,

언어 평가에 대한 결과를 분석하 다.

결 론:유형별로 II형이 51명(64%), III형이 14명(17.5%), I형

이 12명(15%), IV형이 3명(3.8%)으로 II형의 빈도가 월등히 높

았다. 진단시 연령은 1세부터 20까지 있었으며, 평균 5.5세 다.

남녀비는 4.7:1이 고, II형 헌터 증후군 51명은 모두 남아 다.

부모가 환아에서 이상을 느낀 첫 징후는 발달 지연이 12례(17

%)로 가장 많았고, 그 외에 언어 발달지연(17%), 외모의 이상

(16%), 관절 경직(14%) 등이 있었다. 방사선 검사상 전형적인

골격계 변화가 45례(83%)에서 관찰되었다. 55례에서 심장 초음
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파 검사를 시행했는데 판막의 비후와 경한 역류 소견이 많았고

특히 승모판막의 비후와 역류가 각각 46례(82%), 31례(55%)로

가장 빈번하 다. 이비인후과 평가를 받은 63례 중 46례(73%)에

서 중이저류가 관찰되었고, 28례의 환아는 환기관 삽입을 시행

받았다. 33례(82%)에서 중등도 이상의 청력소실이 있었고, 특히

II형 환아들의 ABR 역치 평균이 66.9로 가장 높았다. 지능검사

가 가능했던 35례의 환아 중에서 중등도 이상의 정신 지체가 14

례(56%) 다. II형 51례의 환아 중에서 4명이 HLA 일치되는

형제로부터 골수이식을 받았다. 그 중 1명은 이식편대 숙주 반

응 합병증으로 사망하 고, 나머지 3명에서도 신경학적 퇴행을

예방하지 못하 다. 현재 5명의 I형 환아들에서 효소 대체 치료

를 시작하 고 이들의 임상 경과를 주목하고 있다.

결 론:본 연구에서는 80명의 뮤코 다당체 침착증 환자를 대

상으로 임상 양상을 분석하 고 유형별로는 II형 헌터 증후군의

빈도가 64%로 외국 연구에 비해 월등히 높았으며 이는 인구학

적 차이를 반 한다고 사료된다. 발달 지연, 저신장, 근골격계

변화, 심장판막 변화, 정신 지체, 청력 소실 등 뮤코 다당체 침

착증의 전형적인 증상들이 환아의 대부분에서 관찰되었다. 저자

들은 국내 뮤코 다당체 침착증 환아들의 임상적 양상을 연구함

으로써 조기 진단과 적절한 치료를 하는데 도움이 되고자 하

다.

References

1) Neufeld EF, Muenzer J. The mucopolysaccharidoses. In :

Scriver CR, Beudet AL, Sly WS, Valle D, editors. The

metabolic and molecular basis of inherited disease. 8th ed.

New York : McGraw Hill, 2001:3421-52.

2) Lowry RB, Applegarth DA, Toone JR, MacDonald E,

Thunem NY. An update on the frequency of mucopoly-

saccharide syndromes in British Columbia. Hum Genet

1990;85:389-90.

3) Nelson J, Crowhurst J, Carey B, Greed L. Incidence of the

Mucopolysaccharidoses in Western Australia. Am J Med

Genet 2003;123:310-3.

4) Nelson J. Incidence of the mucopolysacharides in Northern

Ireland. Hum Genet 1997;101:355-8.

5) Schaap T, Bach G. Incidence of mucopolysaccharidoses in

Israel : Is Hunter disease a “Jewish disease”? Hum Genet

1980;56:221-3.

6) Kurihara M, Kumagai K, Goto K, Imai M, Yagishita S.

Severe type Hunter’s syndrome. Polysomnographic and neu-

ropathological study. Neuropediatrics 1992;23:248-56.

7) Muenzer J. Mucopolysacharidoses. Adv Pediatr 1986;269-

302.

8) Muenzer J. The mucopolysaccharidoses : a heterogeneous

group of disorders with variable pediatric presentations. J

Pediatr 2004;144(5 Suppl):27S-34S.

9) Young ID, Haper PS. The natural history of the severe

form of Hunter’s syndrome : a study based on 52 cases.

Dev Child Neurol 1983;25:481-9.

10) Colville GA, Bax MA. Early presentation in the muco-

polysaccharide disorders. Chil Care Health Dev 1996;22:

31-6.

11) Peters C, Balthazor M, Shapiro EG, King RJ, Kollman C,

Hegland JD, et al. Outcome of unrelated donor bone mar-

row transplantation in 40 children with Hurler syndrome.

Blood 1996;87:4894-902.

12) Guffon N, Souillet G, Maire I, Straczek J, Guibaud P. Fol-

low up of nine patients with Hurler syndrome after bone

marrow transplantation. J Pediatr 1998;133:119-25.

13) Vellodi A, Young E, Cooper A, Lidchi V, Winchester B,

Wraith JE. Long term follow-up following bone marrow

transplantation for Hunter disease. J Inherit Metab Dis

1999;22:638-48.

14) Herskhovitz E, Young E, Rainer J, Hall CM, Lidchi V,

Chong K, et al. Bone marrow transplantation for Maro-

teaux-Lamy syndrome (MPS IV) : long term follow up. J

Inherit Metab Dis 1999;22:50-62.

15) Kakkis ED, Muenzer J, Tiller GE, Waber L, Belmont J,

Passage M, et al. Enzyme replacement therapy in mu-

copolysaccharidosis I. N Engl J Med 2001;344:182-8.

16) Clarke L, Muenzer J, Klodny EH, Pastores G, Beck M,

Wraith JE. RhIDU enzyme replacement therapy for MPS I :

24 week extension study. Am J Hum Genet 2002;71(Suppl):

481.

17) Wraith JE, Clarke LA, Beck M, Kolodny EH, Pastores GM,

Muenzer J, et al. Enzyme replacement therapy for mu-

copolysaccharidosis I : a randomized, double blinded, place-

bo-cotrolled, multinational study of recombinanat human

alpha-L-laronidase. J Pediatr 2004;144:581-8.

18) Weisstein JS, Delgado E, Steinbach LS, Hart K, Packman

S. Musculoskeletal manifestations of Hurler syndrome :

Long term follow-up after bone marrow transplantation. J

Pediatr Orthop 2004;24:97-101.

19) Field RE, Buchanan JA, Copplemans MG, Aichroth PM.

Bone marrow transplantation in Hurler's syndrome. Effect

on skeletal development. J Bone Joint Surg (Br) 1994;76:

975-81.

20) Vellodi A, Young EP, Cooper A, Wraith JE, Winchester B,

Meany C, et al. Bone marrow transplantation for muco-

polysaccharidosis type I : experience of two British centers.

Arch Dis Child 1997;76:92-9.

- 1138 -


