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Introduction

Mucopolysaccharidoses (MPS) constitute a group of
diseases in which the storage of lipids in neurons and of
polysaccharides in connective tissues results in a conjunc-
tion of neurological and skeletal abnormalities that are
virtually unique. The nervous system may also be in-
volved secondarily through hyperplasia of connective tis-
sue. This can lead to obliteration of the subarachnoid
space and consequently hydrocephalus or to dural thick-
ening resulting in spinal neurological manifestations.

Patients with Maroteaux-Lamy syndrome [MPS type 6
(MPS6)] have a defect of the enzyme arylsulfatase B.
Intelligence is normal but severe skeletal deformities are
present. The neurological manifestations are not sharply
delineated. There are reports of patients with MPS6 who
presented with hydrocephalus communicans, pseudo-
tumor cerebri and empty sella syndrome as well as cervi-
cal and lumbar spine disease [1–5]. We report the case of a
14-year-old patient with Maroteaux-Lamy syndrome who
was initially treated elsewhere for compressive damage of
the optic nerves and subsequently for hydrocephalus com-
municans and who presented to our service with progres-
sive tetraparesis secondary to craniocervical stenosis and
ligamentum flavum hypertrophy. The case is presented as
a basis for discussion of the mechanisms of neurological
manifestations in patients suffering from this rare meta-
bolic disorder.

Case Report

A 14-year-old female patient was admitted for evaluation of pro-
gressive tetraparesis. She was diagnosed as having MPS6 (Maro-
teaux-Lamy syndrome) at the age of 2. Initial investigations included
urine metabolite screening that showed abnormal excretion of der-
matan and heparan sulfate. All the clinical signs, including typical
facies of Maroteaux-Lamy syndrome (large upper eyelid, hyperplas-
tic lips, head tilted backward) and dwarfism, were present. The child
had been doing well until the age of 8, when she reported visual
impairment. The ophthalmological examination in another hospital
showed full-thickness corneal clouding in the right eye and moderate
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Fig. 1. A preoperative axial T1-weighted image demonstrating bilat-
eral atrophy of the intradural part of the optic nerve (arrows) and
large lipid deposits within the orbit.

clouding in the left eye. A penetrating keratoplasty was performed on
the right eye. Visual acuity improved and the patient did well until
the age of 12, when she was admitted again for progressive visual
loss. Based on the findings of the ophthalmological examination, it
was decided to perform a keratoplasty on the left eye. Nine months
after surgery, visual loss was still progressive. Fundus examination
revealed bilateral optic atrophy. A cranial magnetic resonance imag-
ing (MRI) examination showed optic canal stenosis and bilateral
optic nerve atrophy (fig. 1). Due to disease progression, craniotomy
and bilateral optic nerve decompression by enlargement of the optic
canal was performed. The patient initially benefited from the proce-
dure, but the postoperative course was complicated by respiratory
insufficiency and a permanent tracheostomy had to be placed.

Five months later, the patient had to be hospitalized again
because of headaches and drowsiness. A cranial computed tomo-
graphic scan (CCT) revealed moderate symmetrical ventriculomega-
ly with prominent temporal horns and widening of the subarachnoid
space compared to a study that had been done 6 months earlier. A
spinal puncture revealed a pressure of 16 cm H2O. The patient
underwent a ventriculoperitoneal shunt with a favorable outcome.

The clinical course was stable until the patient reached the age of
14, when she was admitted to the neuropediatric service because of
progressive tetraparesis. Six weeks before admission, her arms and
legs became increasingly spastic. Finally, she was unable to walk, ele-
vate her arms or use her hands for eating and drinking. Physical
examination showed, beside the typical signs of Maroteaux-Lamy
syndrome, a spastic tetraparesis which was greater in the legs. MRI
studies of the craniocervical junction showed a multisegmental ste-
nosis of the upper cervical spine and marked flavum hypertrophy but

no signs of cervical myelopathy (fig. 2). Laminectomy from C1 to C3
and consecutive enlargement of the foramen magnum was per-
formed (fig. 3). Promptly after decompression of the bony canal ste-
nosis and removal of the thickened flavum ligament, the dura started
pulsating and appeared normal. The postoperative course was favor-
able. There was considerable reduction of spasticity and the patient
started regaining motor control of all four extremities. Two months
after the operation, she was able to walk without support for 20–30
meters, raise her arms and hands to head level and feed herself inde-
pendently.

Discussion

Patients with Maroteaux-Lamy syndrome may present
with various neurological symptoms. Disease pathology,
as in almost every case of MPS, is attributed to lipid accu-
mulation in the CNS and the musculoskeletal system. The
present case is of particular interest because of the insid-
ious development of neurological symptoms and the dra-
matic improvement after neurosurgical interventions.

The reported patient initially presented elsewhere with
sudden visual impairment. In patients with MPS6, cor-
neal clouding develops in the first decade of life [5]. There
are several reports of cases that had to be treated with cor-
neal transplantation due to progressive visual loss [6, 7].
Papilledema and optic atrophy may also occur [8, 9]. The
pathophysiology of optic atrophy remains unclear. An
autopsy study suggested that lipid deposition in the dura
of the optic nerve sheath is responsible for optic nerve
damage in this patient population [9]. Neglected hydro-
cephalus may also accelerate the progression of visual loss
in patients with MPS. In cases where examination of
visual acuity and fundoscopy fail to provide a sufficient
explanation for disease progression, a CCT and MRI
studies should be performed to rule out hydrocephalus
and optic nerve compression. In the case reported here,
MRI images showed large lipid deposits surrounding the
intraorbital and intradural part of the optic nerve. Despite
a normal appearance of the bony canal, the optic nerve
was bilaterally atrophied (fig. 3). Because of progressive
visual loss, 8 mm of the bony optic canal were removed
and the falciform fold was incised. Although the postoper-
ative course was complicated by respiratory insufficiency,
the patient finally benefited from the procedure, since
postoperatively, visual acuity improved.

The cause of hydrocephalus in patients with MPS,
although it constitutes a well-known entity in such cases,
remains controversial. There have been several reports of
hydrocephalus communicans in children with Hurler’s
syndrome (MPS1), Sanfilippo’s syndrome (MPS3) and

 
  

  
  

  
  

  
 

 
  

  
  

  
  

  
  

  
  

  
  

  
   

  
  

  
  

  
  

  
  

  
 



                              
                       

                                 

Fig. 2. Sagittal T2-weighted images of the
upper cervical spine and the craniocervical
junction performed preoperatively in 1997
(A) and 1999 (B). Note the effect of the cran-
iocervical decompression as well as disease
progression in the postoperative images (C).
The fourth ventricle is completely filled with
lipid deposits.

Maroteaux-Lamy syndrome (MPS6) [1, 10, 11]. Patients
may present with signs of raised intracranial pressure,
macrocephaly, behavioral disturbance or visual impair-
ment due to optic atrophy. It is postulated that storage of
mucopolysaccharides and infiltration by PAS-positive
phagocytes into the arachnoidal villi result in a significant
reduction in cerebrospinal fluid reabsorption with conse-
quent ventricular enlargement [1, 12]. Fowler et al. [13]
proposed that infiltration of the leptomeninges with mu-
copolysaccharide material might cause obliteration of the
cranial subarachnoid space. In most cases, a ventriculo-
peritoneal shunt leads to rapid clinical improvement.
Placement of a ventriculoatrial shunt in cases of Maro-
teaux-Lamy syndrome should be avoided when possible,
because cardiac disease is relatively common [14].

Infiltration of the pachymeninges, which is also quite
common in children suffering from storage diseases, may
result in an obliteration of the subarachnoid space over
the cerebral convexity or spinal cord compression. Elec-
tron microscopic studies of the thickened cervical dura in
a patient with Maroteaux-Lamy syndrome revealed nu-
merous chondrocyte-like balloon cells that contained
stacked membranes [3]. Spinal cord compression due to
dural or ligament hypertrophy and bony stenosis should
always be kept in mind in children with MPS6 [3]. My-
elopathy may also be secondary to atlantoaxial disloca-
tion, resulting in instability and developmental anomalies
of the odontoid process [15]. Interestingly, our patient
had degenerative changes of the atlantoaxial joint and a
normal odontoid process (fig. 3). Spinal cord compression
is not restricted to the cervical level. The lumbar spine
may also be involved [16]. Surgical decompression in-

Fig. 3. Postoperative CT images of the craniocervical junction and
the atlantoaxial joint. Note the degenerative changes in the right
atlantoaxial joint.

 
  

  
  

  
  

  
 

 
  

  
  

  
  

  
  

  
  

  
  

  
   

  
  

  
  

  
  

  
  

  
 



                                                                      
                   

cluding laminectomy and removal of the thickened dura
when needed is the treatment of choice [3]. Disease pro-
gression may be insidious and life threatening [17]. In the
case reported here, the child developed a complete tetra-
paresis and dissociated sensory loss within 6 weeks. Inter-
estingly, although the MRI images showed an abnormal
thickening of the pachymeningeal structures, the dura
appeared to be macroscopically normal. Therefore, and
considering the extent of lipid deposition, we decided
intraoperatively not to incise the dura. Nevertheless, bony
stenosis and flavum hypertrophy were very prominent.
The rapid onset of clinical improvement after the perfor-
mance of a decompressive laminectomy was very impres-
sive. Postoperative images suggest that the patient actual-

ly benefited more from the enlargement of the foramen
magnum than from the laminectomy.

The clinical course of patients with MPS6 can be com-
plicated by a number of neurological conditions. The dif-
ficulty of making the right diagnosis promptly is often
underestimated. Since patients with MPS6 are usually not
mentally retarded, a simple procedure may essentially
contribute to improvement in the quality of life. Hydro-
cephalus, optic nerve compression and spinal myelopathy
should always be kept in mind in order to avoid severe
complications such as irreversible visual loss, herniation
and tetraparesis. A neurosurgical intervention, when indi-
cated, is essential for the adequate treatment of patients
suffering from this metabolic disorder.
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