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Demographic Characteristics, Clinical Features, and Surgical History 
in Children with Mucopolysaccharidoses: A Single-Center Experience

Mukopolisakkaridoz Tanılı Hastalarda Demografik Özellikler, Klinik Bulgular ve 
Cerrahi Öykü: Tek Merkez Deneyimi

Aim: Mucopolysaccharidoses (MPS) are a heterogeneous group 
of lysosomal storage disorders characterized by progressive 
glycosaminoglycan accumulation and multisystem involvement. 
This study aimed to characterize the demographic features, clinical 
manifestations, initial presentations, and surgical history of pediatric 
patients with MPS followed at a tertiary referral center.

Material and Method: This retrospective descriptive study included 10 
patients with confirmed MPS. Demographic characteristics, MPS subtype, 
enzyme replacement therapy (ERT) status, initial presentation and referral 
characteristics, hearing and ophthalmologic findings, cardiac involvement, 
surgical history, timing of surgical procedures relative to MPS diagnosis, 
airway and cervical spine findings, and perioperative complications were 
reviewed from medical records.

Results: Ten patients, including six males and four females, were evaluated. 
The cohort comprised three patients with MPS VI, two with MPS II, and 
one patient each with MPS I, IVA, IIIB, IIIC, and IIID. Seven patients (70%) 
were receiving ERT. Cardiac involvement was documented in six patients 
(60%), hearing impairment in all 10 patients (100%), and ophthalmologic 
involvement in four patients (40%). Six patients (60%) had undergone one 
or more surgical procedures. Otorhinolaryngological interventions were 
the most common, followed by neurosurgical, general surgical, orthopedic, 
and dental procedures. Three patients had undergone at least one surgical 
procedure before the diagnosis of MPS. Upper airway obstruction and 
cervical spine abnormalities were important perioperative findings. No 
perioperative or anesthesia-related complications were documented.

Conclusion: This case series demonstrates the clinical heterogeneity and 
multisystem involvement of MPS. The occurrence of surgical procedures 
before MPS diagnosis and the diversity of initial presenting manifestations 
highlight the importance of clinical awareness across different medical 
specialties. Although no perioperative complications were documented, 
the presence of airway and cervical spine abnormalities supports 
individualized preoperative assessment and multidisciplinary perioperative 
planning.

Keywords: Mucopolysaccharidosis, lysosomal storage disorders, enzyme 
replacement therapy, pediatrics, multisystem involvement

ÖzAbstract

Sabire GÖKALP, Halil Tuna AKAR, Asburçe OLGAÇ

Amaç: Mukopolisakkaridozlar (MPS), glikozaminoglikanların ilerleyici birikimi 
ve çoklu sistem tutulumu ile karakterize heterojen bir lizozomal depo 
hastalıkları grubudur. Bu çalışmada, üçüncü basamak bir merkezde takip 
edilen MPS tanılı çocuk hastaların demografik özelliklerinin, klinik bulgularının, 
ilk başvuru özelliklerinin ve cerrahi öykülerinin değerlendirilmesi amaçlandı.

Gereç ve Yöntem: Bu retrospektif tanımlayıcı çalışmaya, MPS tanısı 
doğrulanmış 10 hasta dahil edildi. Hastaların demografik özellikleri, MPS alt 
tipleri, enzim replasman tedavisi (ERT) durumları, ilk başvuru ve yönlendirilme 
özellikleri, işitme ve oftalmolojik bulguları, kardiyak tutulumları, cerrahi öyküleri, 
cerrahi işlemlerin MPS tanısına göre zamanlaması, havayolu ve servikal omurga 
bulguları ile perioperatif komplikasyonları hasta dosyalarından geriye dönük 
olarak incelendi.

Bulgular: Altı erkek ve dört kız olmak üzere toplam 10 hasta değerlendirildi. 
Olguların üçü MPS VI, ikisi MPS II, birer hasta ise MPS I, IVA, IIIB, IIIC ve IIID tanısına 
sahipti. Yedi hasta (%70) ERT almaktaydı. Kardiyak tutulum altı hastada (%60), 
işitme kaybı hastaların tamamında (%100) ve oftalmolojik tutulum dört hastada 
(%40) saptandı. Altı hastanın (%60) en az bir cerrahi girişim öyküsü vardı. En 
sık kulak burun boğaz girişimleri uygulanmış olup bunları nöroşirürjik, genel 
cerrahi, ortopedik ve dental işlemler izlemekteydi. Üç hasta MPS tanısından 
önce en az bir cerrahi işlem geçirmişti. Üst havayolu obstrüksiyonu ve servikal 
omurga anomalileri önemli perioperatif bulgulardı. Herhangi bir perioperatif 
veya anesteziyle ilişkili komplikasyon kaydedilmemişti.

Sonuç: Bu olgu serisi, MPS’nin klinik heterojenliğini ve çoklu sistem tutulumunu 
göstermektedir. Bazı cerrahi işlemlerin MPS tanısından önce uygulanmış olması 
ve ilk başvuru bulgularının çeşitliliği, farklı tıbbi branşlarda MPS’ye ilişkin 
klinik farkındalığın önemini ortaya koymaktadır. Perioperatif komplikasyon 
kaydedilmemiş olmasına rağmen, havayolu ve servikal omurga anomalilerinin 
varlığı bireyselleştirilmiş preoperatif değerlendirme ve multidisipliner 
perioperatif planlamanın önemini desteklemektedir.

Anahtar Kelimeler: Mukopolisakkaridoz, lizozomal depo hastalıkları, enzim 
replasman tedavisi, pediatri, çoklu sistem tutulumu
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INTRODUCTION
Mucopolysaccharidoses (MPS) are a heterogeneous 
group of lysosomal storage disorders caused by 
deficiencies of enzymes involved in the degradation of 
glycosaminoglycans (GAGs). Progressive accumulation of 
GAGs within lysosomes leads to cellular dysfunction and 
multisystem involvement affecting the musculoskeletal, 
cardiovascular, respiratory, otorhinolaryngological, 
ophthalmological, and central nervous systems. The 
clinical spectrum varies widely according to the affected 
enzyme, residual enzyme activity, accumulated substrate, 
and tissue distribution of storage material.[1,2] 
The phenotypic expression of MPS differs substantially 
among subtypes. Somatic manifestations, including 
coarse facial features, skeletal dysplasia, joint limitation, 
hepatosplenomegaly, airway disease, hearing impairment, 
corneal clouding, and cardiac valve disease, are prominent 
in MPS I, II, IVA, and VI.[1,2] In contrast, progressive 
neurocognitive decline and behavioral abnormalities 
are the major clinical features of MPS III subtypes, while 
somatic involvement may be less pronounced.[3] This 
heterogeneity requires individualized follow-up strategies 
and multidisciplinary care.
Disease-specific therapies have improved the clinical 
course of several MPS subtypes. Enzyme replacement 
therapy (ERT) is available for MPS I, II, IVA, and VI and may 
improve endurance, reduce organomegaly, and stabilize 
some systemic manifestations.[4] However, ERT has limited 
effects on established skeletal disease, cardiac valve 
abnormalities, and central nervous system involvement. 
Therefore, even treated patients may continue to develop 
disease-related complications requiring long-term 
surveillance and supportive interventions.[4,5] 
Surgical procedures are frequently required 
during the clinical course of MPS. Recurrent otitis 
media, adenotonsillar hypertrophy, upper airway 
obstruction, hearing loss, abdominal wall hernias, 
hand involvement, cervical spinal cord compression, 
and orthopedic deformities may necessitate repeated 
surgical interventions.[6-9] These procedures may occur 
before or after diagnosis and often require careful 
perioperative planning. Anesthesia in patients with 
MPS is challenging because of difficult airway anatomy, 
macroglossia, restricted mouth opening, short neck, 
cervical spine instability, restrictive pulmonary disease, 
and cardiac involvement.[10-13] These factors increase 
the risk of perioperative complications and highlight 
the importance of collaboration among metabolic 
specialists, anesthesiologists, surgeons, cardiologists, 
otorhinolaryngologists, and radiologists. The aim of this 
study was to evaluate demographic characteristics, clinical 
findings, surgical history, and perioperative considerations 
in patients with different MPS subtypes followed at a 
tertiary pediatric metabolic diseases center.

MATERIAL AND METHOD
Study Design and Patients
This retrospective descriptive study included patients with 
mucopolysaccharidosis (MPS) who were followed at the 
Pediatric Metabolic Diseases Department of Etlik City Hospital. 
Patients with a confirmed diagnosis of MPS based on enzyme 
analysis and molecular genetic testing and clinical follow-
up data were included in the study. A total of 10 patients 
representing different MPS subtypes were evaluated.

Data Collection
Medical records were reviewed retrospectively. Demographic 
characteristics, MPS subtype, age at diagnosis, enzyme and 
molecular genetic findings, enzyme replacement therapy 
status, age and complaint at initial presentation, first 
consulted medical specialty, hearing and ophthalmologic 
involvement, cardiac manifestations, surgical history, timing 
of surgical procedures relative to the diagnosis of MPS, 
anesthetic exposure, airway and cervical spine findings, and 
perioperative complications were recorded.

Statistical Analysis
Descriptive statistics were used for data analysis. Categorical 
variables were presented as numbers and percentages, 
while continuous variables were summarized using median 
and range values when available. Statistical analyses were 
performed using IBM SPSS Statistics software (version 27.0; 
IBM Corp., Armonk, NY, USA).

Ethical Approval
The study was conducted in accordance with the principles of the 
Declaration of Helsinki. Ethical approval was obtained from the 
Ankara Etlik City Hospital Ethics Committee before data collection 
(Approval No: AEŞH-BADEK1-2026-347; Date: 15.04.2026). Written 
informed consent for the use of clinical data was obtained from 
the parents or legal guardians of all participants.

RESULTS 
A total of 10 patients with mucopolysaccharidosis (MPS) 
were included in the study. The cohort consisted of six males 
(60%) and four females (40%). MPS VI was the most common 
subtype, accounting for three patients (30%), followed by 
MPS II in two patients (20%). One patient each was diagnosed 
with MPS I, MPS IVA, MPS IIIB, MPS IIIC, and MPS IIID. Seven 
patients (70%) were receiving enzyme replacement therapy 
(ERT), including all patients with MPS I, II, IVA, and VI.
Clinical manifestations varied according to MPS subtype. 
Somatic involvement was particularly prominent among 
patients with MPS VI, MPS II, and MPS IVA. Cardiac abnormalities 
were documented in six patients (60%) and included mitral 
regurgitation, aortic regurgitation, mitral valve prolapse, 
bicuspid aortic valve, aortic root dilatation, valvular thickening, 
septal hypertrophy, and patent foramen ovale. Hearing 
impairment was identified in all 10 patients (100%) and included 
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unilateral, conductive, mixed, and moderate hearing loss. 
Ophthalmologic findings were present in four patients (40%) 
and included bilateral corneal clouding, posterior subcapsular 
cataract, and optic nerve sheath abnormalities (Table 1).
Six patients (60%) had undergone one or more surgical 
procedures. Otorhinolaryngological interventions were the most 
common and included adenoidectomy, adenotonsillectomy, 
and tympanostomy tube insertion. Other procedures included 
inguinal hernia repair, dental extraction, ventriculoperitoneal 
shunt placement and revision, cervical stabilization, and trigger 
finger release. Three patients had undergone at least one 
surgical procedure before the diagnosis of MPS, whereas five 
had undergone at least one procedure after diagnosis; some 
patients underwent procedures both before and after diagnosis.
Upper airway obstruction findings were documented in 
three patients. Foramen magnum stenosis and atlantoaxial 
involvement were observed in one patient, while craniovertebral 

junction narrowing was documented in another. Specific 
anesthetic precautions, including preparation for difficult airway 
management and avoidance of excessive neck hyperextension, 
were recommended before surgical procedures. No 
perioperative or anesthesia-related complications were 
documented in the available medical records (Table 2).
The age at initial presentation ranged from 6 to 48 months 
among the nine patients for whom this information was 
available. Presenting manifestations included inguinal hernia, 
recurrent pneumonia, short stature, coarse facial features, 
recurrent otitis media, skeletal abnormalities, hearing loss, 
autistic features, and cranial deformity with macrocephaly. 
One patient was identified through screening because of an 
affected sibling. Four patients initially presented to general 
pediatrics, while the remaining patients were first evaluated by 
pediatric surgery, pediatric metabolism, otorhinolaryngology, 
orthopedics, child psychiatry, or neurosurgery (Table 3).

Table 1. Demographic and Clinical Characteristics of Patients with Mucopolysaccharidosis

Patient Sex Age 
(years)

MPS 
Type

Age at Diagnosis 
(months)

Enzyme 
Deficiency ERT Hearing 

Impairment Ocular Involvement Cardiac Involvement

1 M 4.5 VI 14 ARSB Yes Left sided 
hearing loss

Bilateral corneal 
clouding

Bicuspid aortic valve, aortic root dilatation, 
mitral cleft, mitral regurgitation

2 M 8 II 72 IDS Yes Moderate 
hearing loss None Mitral regurgitation, aortic regurgitation

3 M 4 VI 6 ARSB Yes Mixed hearing 
loss

Optic nerve sheath 
abnormalities, 

corneal clouding
Mitral and aortic valve thickening, mitral 

regurgitation

4 F 9 VI 24 ARSB Yes Mixed hearing 
loss Corneal clouding PFO, MVP, mitral regurgitation, aortic 

regurgitation

5 F 6.5 I 60 IDUA Yes Conductive 
hearing loss

Bilateral posterior 
subcapsular cataract Minimal MR, trivial AR

6 M 9 II 48 IDS Yes Moderate 
hearing loss None None

7 F Not 
recorded IVA 13 GALNS Yes Moderate 

hearing loss None Mitral regurgitation, aortic root dilatation, 
septal hypertrophy

8 M 9 IIID 96 GNS No Mixed hearing 
loss None None

9 F 9 IIIB 72 NAGLU No Moderate 
hearing loss None None

10 M 5 IIIC 60 HGSNAT No Moderate 
hearing loss None None

Abbreviations: ERT, enzyme replacement therapy; ARSB, arylsulfatase B; IDS, iduronate-2-sulfatase; IDUA, α-L-iduronidase; GALNS, N-acetylgalactosamine-6-sulfatase; N-acetylglucosamine-6-sulfatase (GNS) PFO, 
patent foramen ovale; MVP, mitral valve prolapse.

Table 2. Surgical History and Perioperative Characteristics of Patients with Mucopolysaccharidosis

Patient Surgical Procedures Number of 
Procedures

Timing of Surgery Relative 
to MPS Diagnosis

Airway/Cervical Spine 
Findings Complications

1 Inguinal hernia repair, dental extraction 2 Before/after diagnosis Upper airway obstruction 
findings None

2 Neurosurgical intervention, two 
ventriculoperitoneal shunt revisions 3 After diagnosis Upper airway obstruction 

findings None

3 Adenotonsillectomy 1 After diagnosis Foramen magnum stenosis, 
atlantoaxial involvement None

4 Adenoidectomy, tympanostomy tube 
insertion, cervical stabilization 3 Before/after diagnosis Craniovertebral junction 

narrowing None

5 Trigger finger release 1 After diagnosis None None

6 Adenoidectomy 1 Before diagnosis Upper airway obstruction 
findings None

7 Not applicable 0 Not applicable None None
8 Not applicable 0 Not applicable None None
9 Not applicable 0 Not applicable None None

10 Not applicable 0 Not applicable None None
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DISCUSSION
This study presents the demographic and clinical 
characteristics, surgical history, and perioperative 
considerations of 10 patients with different MPS subtypes. 
Although the cohort was small, it included patients with 
MPS I, II, IIIB, IIIC, IIID, IVA, and VI, reflecting the clinical 
heterogeneity of MPS. Consistent with the multisystemic 
nature of these disorders, cardiovascular, auditory, 
ophthalmological, respiratory, skeletal, and perioperative 
issues were observed in the cohort.[1,2] 
MPS VI was the most frequent subtype in our cohort, followed 
by MPS II. This distribution should not be interpreted as an 
epidemiological pattern because the study was based on a 
small single-center cohort. Registry-based and population-
based studies have shown that the distribution of MPS 
subtypes varies across countries and populations.[2] Referral 
patterns, regional genetic background, consanguinity rates, 
and the structure of specialized metabolic centers may 
influence the subtype distribution observed in individual 
series. Therefore, the predominance of MPS VI in this cohort 
most likely reflects center-specific referral characteristics 
rather than the true population frequency of MPS subtypes.
Seven patients were receiving ERT, including patients 
with MPS I, II, IVA, and VI. This finding is consistent with 
current therapeutic availability, as ERT is established for 
several somatic MPS subtypes but remains limited for 
neuronopathic MPS III forms.[3] ERT has changed the natural 
course of many MPS disorders by improving endurance 
and some systemic manifestations; however, several 
disease components may progress despite therapy. Skeletal 
deformities, spinal involvement, cardiac valve disease, 
hearing loss, and established airway abnormalities may 
persist or require additional interventions.[4,5] In our cohort, 
the presence of surgical history and ongoing perioperative 
concerns among ERT-treated patients supports the need for 
long-term multidisciplinary care beyond disease-specific 
therapy alone.
Cardiac involvement was documented in six patients. 
The observed findings included mitral regurgitation, 
aortic regurgitation, valvular thickening, bicuspid aortic 
valve, mitral valve prolapse, patent foramen ovale, septal 

hypertrophy, and aortic root dilatation. Valvular involvement 
was the predominant cardiac manifestation in our cohort, 
consistent with previous reports. Cardiac disease is a well-
recognized manifestation of MPS and may involve cardiac 
valves, myocardium, coronary arteries, and the conduction 
system. Valve thickening and regurgitation, particularly of 
the mitral and aortic valves, are among the most common 
cardiovascular findings. Because cardiac disease may be 
clinically silent in early stages but contributes substantially 
to morbidity, routine echocardiographic surveillance is 
essential in all MPS subtypes with somatic involvement.[5] 

Hearing impairment was documented in ten patients. 
Hearing loss in MPS may be conductive, sensorineural, 
or mixed. Conductive hearing loss is commonly related 
to recurrent otitis media with effusion, Eustachian tube 
dysfunction, and ossicular abnormalities, whereas 
sensorineural components may reflect inner ear or neural 
involvement.[6,7] Since hearing impairment may negatively 
affect speech, communication, learning, and quality of 
life, regular audiological assessment should be part of 
standard follow-up. The presence of tympanostomy tube 
placement in our cohort also supports the importance of 
otorhinolaryngological monitoring.

Ophthalmological involvement was documented in four 
patients and included corneal clouding, bilateral posterior 
subcapsular cataract, and optic nerve sheath abnormalities. 
Corneal clouding is particularly characteristic of several 
somatic MPS subtypes, especially MPS I and VI, and results 
from GAG accumulation within corneal stromal tissue.[4] 
Ophthalmological findings may progress slowly and may be 
underestimated unless patients are evaluated systematically. 
Therefore, periodic ophthalmological assessment is 
important, particularly in patients with visual symptoms, 
corneal involvement, or craniovertebral abnormalities.

Surgical interventions were documented in six patients. 
Otorhinolaryngological procedures were the most common 
interventions and included adenoidectomy, adenotonsillar 
surgery, and tympanostomy tube placement. This finding 
is consistent with previous studies showing that ENT 
involvement is frequent and often appears early in the 
disease course. GAG accumulation in the upper airway, 

Table 3. Initial Presentation and Referral Characteristics of Patients with Mucopolysaccharidosis
Patient MPS Type Age at Initial Presentation Presenting Complaint First Consulted Department/Specialty

1 MPS VI 12 months Inguinal hernia Pediatric surgery
2 MPS II 24 months Recurrent pneumonia Pediatrics
3 MPS VI 6 months Screening due to an affected sibling Pediatric metabolism
4 MPS VI 24 months Short stature Pediatrics 
5 MPS I 48 months Coarse facial features Pediatrics
6 MPS II 12 months Recurrent otitis Otorhinolaryngology 
7 MPS IVA Not recorded Skeletal abnormalities Orthopedics
8 MPS IIID 48 months Coarse face, hearing loss Pediatrics
9 MPS IIIB 24 months Autistic features Child Psychiatry

10 MPS IIIC 12 months Cranial deformity and macrocephaly Neurosurgery 
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adenotonsillar tissue, middle ear, and craniofacial structures 
contributes to recurrent otitis media, hearing loss, nasal 
obstruction, obstructive sleep apnea, and progressive airway 
compromise. In MPS I registry data, surgical procedures 
were frequent, and myringotomy-related procedures were 
among the most common operations.[7,8] 
Other procedures in our cohort included inguinal hernia 
repair, trigger finger surgery, cervical stabilization, 
neurosurgical intervention, and dental extraction. These 
findings reflect the broad clinical spectrum of MPS-related 
surgical needs. Hernias are common in MPS because of 
connective tissue weakness and abnormal extracellular 
matrix composition. Hand manifestations, including 
trigger finger and carpal tunnel syndrome, may result 
from tendon sheath thickening and soft tissue deposition. 
Orthopedic and neurosurgical interventions may be 
required when skeletal deformity, spinal stenosis, or 
craniovertebral junction involvement becomes clinically 
significant.[14-16] 
Cervical spine involvement was one of the most important 
perioperative issues in this cohort. Foramen magnum 
stenosis, atlantoaxial involvement, craniovertebral 
junction narrowing, and cervical instability were 
documented in some patients. Spinal cord compression 
and cervical instability are recognized complications of 
MPS, particularly in MPS IVA and VI, but they may also 
occur in other subtypes.[14-16] These abnormalities may 
progress silently and can lead to severe neurological 
injury. Early recognition through clinical surveillance 
and appropriate imaging is therefore critical, especially 
before surgical procedures requiring anesthesia or neck 
manipulation.
Perioperative management in MPS requires particular 
caution. Difficult airway anatomy, macroglossia, limited 
neck mobility, cervical spine pathology, restrictive 
thoracic disease, and cardiac involvement may increase 
anesthesia-related morbidity.[9-13] In our cohort, specific 
recommendations included preparation for difficult 
airway management and avoidance of excessive cervical 
hyperextension. No perioperative or anesthesia-related 
complications were documented in the available medical 
records. However, because this study was retrospective 
and detailed anesthesia records were not available for all 
procedures, the absence of documented complications 
should not be interpreted as evidence of low anesthetic 
risk. The airway and cervical spine abnormalities observed 
in the cohort remain clinically relevant considerations for 
individualized preoperative assessment. Previous reports 
have similarly emphasized the need for experienced 
anesthesia teams and careful preoperative evaluation in 
patients with MPS.[17] 
The presence of three MPS III subtypes in the cohort is 
noteworthy. Patients with MPS IIIB, IIIC, and IIID were not 
receiving ERT and had no documented surgical history. 

This pattern may reflect the predominantly neurocognitive 
and behavioral phenotype of Sanfilippo syndrome, in 
which progressive neurological involvement is generally 
more prominent than severe somatic disease.[3] In contrast, 
patients with MPS VI typically exhibit prominent somatic, 
airway, skeletal, and cardiac manifestations that may 
result in a greater requirement for surgical intervention. 
Therefore, the overall surgical burden in this cohort should 
be interpreted in light of the marked phenotypic differences 
among MPS subtypes. Pooling predominantly somatic 
and predominantly neurocognitive subtypes may obscure 
subtype-specific differences in surgical frequency and 
perioperative risk. The small number of patients prevented 
meaningful subtype-based comparisons, and larger 
cohorts are required to characterize these differences more 
accurately.
This study has several limitations. First, its retrospective 
design and reliance on medical records limited 
the availability of some clinical and perioperative 
details, including comprehensive anesthesia records, 
communication between metabolic specialists and surgical 
teams, and information regarding individual surgeons’ 
previous experience with patients with MPS. Second, the 
sample size was small, reflecting the rarity of these disorders. 
Third, the inclusion of phenotypically distinct MPS subtypes 
within a single cohort limited subgroup comparisons and the 
interpretation of overall surgical burden and perioperative 
risk. In particular, combining somatically predominant MPS 
VI with predominantly neurocognitive MPS III may have 
obscured subtype-specific patterns. Nevertheless, the study 
provides real-world data from a tertiary metabolic center 
and highlights the coexistence of clinical, surgical, and 
perioperative considerations in children with MPS.

CONCLUSION
This cohort demonstrates that patients with MPS have 
substantial multisystem involvement requiring long-term 
multidisciplinary care. ERT-treated patients may still require 
surgical and supportive interventions because cardiac, airway, 
skeletal, auditory, ophthalmological, and spinal manifestations 
may persist or progress. Otorhinolaryngological procedures 
were the most frequent surgical interventions, while cervical 
spine abnormalities and difficult airway risk were important 
perioperative considerations. Comprehensive follow-up and 
coordinated perioperative planning are essential to reduce 
procedure-related risk and optimize clinical outcomes in 
patients with MPS.

ETHICAL DECLARATIONS 
Ethics Committee Approval: Ethical approval was obtained 
from the Ankara Etlik City Hospital Ethics Committee before 
data collection (Approval No: AEŞH-BADEK1-2026-347; Date: 
15.04.2026). 



248Sabire GÖKALP, Clinical characteristics of children with MPS

Informed Consent: Written informed consent for the use of 
clinical data was obtained from the parents or legal guardians 
of all participants.
Referee Evaluation Process: Externally peer-reviewed. 
Conflict of Interest Statement: The authors have no conflicts 
of interest to declare. 
Financial Disclosure: The authors declared that this study 
has received no financial support.
Author Contributions: All of the authors declare that they 
have all participated in the design, execution, and analysis of 
the paper, and that they have approved the final version. 

REFERENCES
1.	 Hampe CS, Yund BD, Orchard PJ, Lund TC, Wesley J, McIvor RS. Differences 

in MPS I and MPS II disease manifestations. Int J Mol Sci. 2021;22(15):7888. 
2.	 Zhou J, Lin J, Leung WT, Wang L. A basic understanding of 

mucopolysaccharidosis: Incidence, clinical features, diagnosis, and 
management. Intractable Rare Dis Res. 2020;9(1):1-9. 

3.	 Shapiro EG, Eisengart JB. The natural history of neurocognition in MPS 
disorders: A review. Mol Genet Metab. 2021;133(1):8-34. 

4.	 Hampe CS, Wesley J, Lund TC, et al. Mucopolysaccharidosis type I: Current 
treatments, limitations, and prospects for improvement. Biomolecules. 
2021;11(2):189. 

5.	 Braunlin EA, Harmatz PR, Scarpa M, et al. Cardiac disease in patients with 
mucopolysaccharidosis: Presentation, diagnosis and management. J 
Inherit Metab Dis. 2011;34(6):1183-97. 

6.	 Wolfberg J, Chintalapati K, Tomatsu S, Nagao K. Hearing loss in 
mucopolysaccharidoses: Current knowledge and future directions. 
Diagnostics (Basel). 2020;10(8):554. 

7.	 Bianchi PM, Gaini R, Vitale S. ENT and mucopolysaccharidoses. Ital J 
Pediatr. 2018;44(Suppl 2):127. 

8.	 Arn P, Wraith JE, Underhill L. Characterization of surgical procedures in 
patients with mucopolysaccharidosis type I: Findings from the MPS I 
Registry. J Pediatr. 2009;154(6):859-864.e3. 

9.	 Frawley G, Fuenzalida D, Donath S, Yaplito-Lee J, Peters H. A retrospective 
audit of anesthetic techniques and complications in children with 
mucopolysaccharidoses. Paediatr Anaesth. 2012;22(8):737-44. 

10.	Ammer LS, Dohrmann T, Muschol NM, et al. Disease manifestations 
in mucopolysaccharidoses and their impact on anaesthesia-related 
complications: A retrospective analysis of 99 patients. J Clin Med. 
2021;10(16):3518. 

11.	Clark BM, Sprung J, Weingarten TN, Warner ME. Anesthesia for 
patients with mucopolysaccharidoses: Comprehensive review of the 
literature with emphasis on airway management. Bosn J Basic Med Sci. 
2018;18(1):1-7. 

12.	Walker R, Belani KG, Braunlin EA, et al. Anaesthesia and airway 
management in mucopolysaccharidosis. J Inherit Metab Dis. 
2013;36(2):211-9. 

13.	Moretto A, Bosatra MG, Marchesini L, Tesoro S. Anesthesiological risks in 
mucopolysaccharidoses. Ital J Pediatr. 2018;44(Suppl 2):116. 

14.	Solanki GA, Alden TD, Burton BK, et al. A multinational, multidisciplinary 
consensus for the diagnosis and management of spinal cord 
compression among patients with mucopolysaccharidosis VI. Mol Genet 
Metab. 2012;107(1-2):15-24. 

15.	Terai H, Nakamura H. Surgical management of spinal disorders in people 
with mucopolysaccharidoses. Int J Mol Sci. 2020;21(3):1171. 

16.	Pantel T, Lindschau M, Luebke AM, et al. Spinal cord compression in 
patients with mucopolysaccharidosis. Eur Spine J. 2022;31(7):1693-9. 

17.	Scaravilli V, Zanella A, Ciceri V, et al. Safety of anesthesia for children with 
mucopolysaccharidoses: A retrospective analysis of 54 patients. Paediatr 
Anaesth. 2018;28(5):436-42.


