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

Mukopolisakkaridoz Tanili Hastalarda Demografik Ozellikler, Klinik Bulgular ve
Cerrahi Oykii: Tek Merkez Deneyimi
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Abstract

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 I, and
one patient each with MPS |, IVA, 1lIB, llIC, and IlID. 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.
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Oz

Amag: Mukopolisakkaridozlar (MPS), glikozaminoglikanlarin ilerleyici birikimi
ve c¢oklu sistem tutulumu ile karakterize heterojen bir lizozomal depo
hastaliklari grubudur. Bu ¢alismada, GcUncl basamak bir merkezde takip
edilen MPS tanili cocuk hastalarin demografik 6zelliklerinin, klinik bulgularinin,
ilk basvuru 6zelliklerinin ve cerrahi dykulerinin degerlendirilmesi amaclandi.

Gere¢ ve Yontem: Bu retrospektif tanimlayici calismaya, MPS tanisi
dogrulanmis 10 hasta dahil edildi. Hastalarin demografik ézellikleri, MPS alt
tipleri, enzim replasman tedavisi (ERT) durumlari, ilk basvuru ve yonlendiriime
ozellikleri, isitme ve oftalmolojik bulgulari, kardiyak tutulumlari, cerrahi dykileri,
cerrahiislemlerin MPS tanisina gére zamanlamasi, havayolu ve servikal omurga
bulgulari ile perioperatif komplikasyonlari hasta dosyalarindan geriye dontk
olarak incelendi.

Bulgular: Alti erkek ve dort kiz olmak tzere toplam 10 hasta degerlendirildi.
Olgularin Ggt MPS VI, ikisi MPS 11, birer hasta ise MPS |, IVA, 11IB, IlIC ve IlID tanisina
sahipti. Yedi hasta (%70) ERT almaktaydi. Kardiyak tutulum alti hastada (%60),
isitme kaybr hastalarin tamaminda (%100) ve oftalmolojik tutulum dort hastada
(%40) saptandi. Alti hastanin (%60) en az bir cerrahi girisim 6ykusd vardi. En
sik kulak burun bogaz girisimleri uygulanmig olup bunlari nérosirrjik, genel
cerrahi, ortopedik ve dental islemler izlemekteydi. U¢ hasta MPS tanisindan
énce en az bir cerrahi islem gecirmisti. Ust havayolu obstriiksiyonu ve servikal
omurga anomalileri dnemli perioperatif bulgulardi. Herhangi bir perioperatif
veya anesteziyle iliskili komplikasyon kaydedilmemisti.

Sonug: Bu olgu serisi, MPS'nin klinik heterojenligini ve ¢coklu sistem tutulumunu
gostermektedir. Bazi cerrahi islemlerin MPS tanisindan 6nce uygulanmis olmasi
ve ilk basvuru bulgularinin cesitliligi, farkli tibbi branslarda MPS'ye iliskin
klinik farkindaligin énemini ortaya koymaktadir. Perioperatif komplikasyon
kaydedilmemis olmasina ragmen, havayolu ve servikal omurga anomalilerinin
varligr  bireysellestirilmis  preoperatif degerlendirme ve multidisipliner
perioperatif planlamanin 6nemini desteklemektedir.

Anahtar Kelimeler: Mukopolisakkaridoz, lizozomal depo hastaliklar, enzim
replasman tedavisi, pediatri, coklu 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."?

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, Il, IVA, and VL'? In contrast, progressive
neurocognitive decline and behavioral abnormalities
are the major clinical features of MPS Il subtypes, while
somatic involvement may be less pronounced.®! 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 |, II, IVA, and VI and may
improve endurance, reduce organomegaly, and stabilize
some systemic manifestations.”! 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.*"!

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.™® 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.'®'! 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: AESH-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 Il in two patients (20%). One patient each was diagnosed
with MPS I, MPS IVA, MPS IlIB, MPS 1lIC, and MPS IIID. Seven
patients (70%) were receiving enzyme replacement therapy
(ERT), including all patients with MPS |, 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

. Age MPS Age at Diagnosis Enzyme Hearing q
Patient Sex (years) Type (months) Deficiency ERT Impairment Ocular Involvement Cardiac Involvement
Left sided Bilateral corneal Bicuspid aortic valve, aortic root dilatation,
L i = Ul L& sl s hearing loss clouding mitral cleft, mitral regurgitation
Moderate . o . o
2 M 8 Il 72 IDS Yes hearing loss None Mitral regurgitation, aortic regurgitation
Mixed hearin Optic nerve sheath Mitral and aortic valve thickening, mitral
3 M 4 Vi 6 ARSB Yes foes 9 abnormalities, NG e 9
corneal clouding gurg
Mixed hearing . PFO, MVP, mitral regurgitation, aortic
4 F 9 Vi 24 ARSB Yes Toee Corneal clouding regurgitation
Conductive Bilateral posterior - -
5 F 6.5 | 60 IDUA Yes hearing loss  subcapsular cataract Minimal MR, trivial AR
Moderate
6 M 9 Il 48 IDS Yes hearing loss None None
Not Moderate Mitral regurgitation, aortic root dilatation,
v recorded B L2 s e hearing loss etz septal hypertrophy
8 M 9 1 % GNs  No Mixedhearing None None
Moderate
9 B 9 1B 72 NAGLU No hearing loss None None
10 M 5 e 60 HGSNAT No Moderate None None
hearing loss

Abbreviations: ERT, enzyme replacement therapy; ARSB, arylsulfatase B; IDS, iduronate-2-sulfatase; IDUA, a-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

. q Number of Timing of Surgery Relative Airway/Cervical Spine S
Patient Surgical Procedures Pracaaties to MPS Diagnosis Findings Complications

1 Inguinal hernia repair, dental extraction 2 Before/after diagnosis SRS alrﬁv;l]a:j)i/nogbsstructlon None
Neurosurgical intervention, two - . Upper airway obstruction

z ventriculoperitoneal shunt revisions E After diagnosis findings N

. . . Foramen magnum stenosis,

3 Adenotonsillectomy 1 After diagnosis e et o S None
Adenoidectomy, tympanostomy tube - 5 Craniovertebral junction

4 insertion, cervical stabilization 3 Before/after diagnosis narrowing None

5 Trigger finger release 1 After diagnosis None None
. . . Upper airway obstruction

6 Adenoidectomy 1 Before diagnosis 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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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 I 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 | 48 months Coarse facial features Pediatrics

6 MPS I 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 11IB 24 months Autistic features Child Psychiatry

10 MPS 1lIC 12 months Cranial deformity and macrocephaly Neurosurgery
DISCUSSION hypertrophy, and aortic root dilatation. Valvular involvement
This study presents the demographic and clinical was the predominant cardiac manifestation in our cohort,

characteristics, surgical history, and perioperative
considerations of 10 patients with different MPS subtypes.
Although the cohort was small, it included patients with
MPS |, 1I, 1B, NIIC, NID, 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.l'?

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.”” 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 |, 1l, 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 Il forms.® 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.**! 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

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.™

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.®” 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 | and VI, and results
from GAG accumulation within corneal stromal tissue."
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,
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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 | registry data, surgical procedures
were frequent, and myringotomy-related procedures were
among the most common operations.”*

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.'*®

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.'*'® 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.*'® 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.['”]

The presence of three MPS Il subtypes in the cohort is
noteworthy. Patients with MPS IlIB, IlIC, and IlID 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.® 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 Ill 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.
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